T




CERN News

Superconducting coill
for Omega

Following a series of successful tests on
a superconducting coil using a new cool-
ing technique, it has been decided to
adopt this new type of coil for the magnet
of the Omega project. The new technique
uses a hollow superconductor through
which liquid helium is circulated to estab-
lish the necessary low temperature. The
Omega coil will be the first of its type to
be built apart from the test coils developed
at CERN in the group led by M. Morpurgo.

The Omega project was described in
CERN COURIER vol. 9 page 31. It is
designed to provide for electronics expe-
riments (those employing electronic coun-
ters and spark chambers as detectors) a
‘universal’ instrument (somewhat similar
to a bubble chamber) capable of easy
adaption to a variety of experimental set-
ups. The detectors will be installed .inside
the aperture of a large magnet which will
have removable pole pieces for camera
access and modular sides which can be

built up as dictated by the requirements
of a particular experiment.

The main parameters of the magnet are:

Maximum field at the centre 18 kG
Inner diameter of circular coils 3 m
Free gap between coils 15 m
Free gap between poles 2m
Weight of magnet 1300 tons

The decision as to whether the magnet
should be conventional or superconduct-
ing was left until quite recently in order to
complete tests on the new cooling tech-
nique. The capital costs were anticipated
to be about the same but the supercon-
ductor will be much more economical in
operation (a conventional magnet would
take about 7.5 MW of power).

Superconducting coils are normally
operated immersed in a bath of liquid he-
lium which is itself surrounded by a
vacuum enclosure for heat insulation. The
idea of having a hollow superconductor
with forced cooling by circulating helium
yields several advantages. The cooling is
more uniform, the assembly is more com-
pact (dispensing with the liquid helium en-
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closure, the cryostat is simpler as the
helium consumption is smaller).

Two trial coils have been built at CERN.
The first used an extruded aluminium con-
ductor in which niobium-zirconium (the
superconductor) wires were embedded.
The second, larger, coil was of copper
with niobium-titanium wires. The dimen-
sions of this coil were: length 45 cm, in-
ternal diameter 28 cm, external diameter
58 cm, conductor cross-section 5 x 6.5
mm?  cooling channel cross-section
2.2 x 3.8 mm?2 Liquid helium from a 200 W
refrigerator was forced through the coil at
a pressure of 8 atmospheres, emerging at
a pressure of 5 atmospheres. (The coil was
tested at 200 atmospheres pressure differ-
ence without any trouble.)) The current
fed to the coil was taken up to 1400 A
corresponding to a magnetic field of
50 kG. Beyond this level the superconduct-
ing property is lost.

The specification for the Omega coil is
that it shall be a copper conductor with
niobium-titanium as superconductor. The
conductor cross-section is 18 x 18 mm
with a cooling channel 9 x 9 mm. [t will
take a peak current of 5000 A which will
establish a field of 20 kG in the magnet
aperture. The helium will be provided from
a 800 W refrigerator and will be circulated
in the coil with an input pressure of
8 atmospheres.

One of the special problems concerns
the mounting of the coil in the magnet.
The coil supports need to be strong
enough to withstand a force of 2000 tons
when the coil is powered, must not con-
duct heat significantly between the coil at
45°K and the magnet yoke at room tem-
perature, and must allow horizontal dis-
placement of the coil as the coil contracts
under cooling. A system of long thin struts
cooled by liquid nitrogen will be used in
a geometric pattern such that movement
in the horizontal plane is possible.

Another problem was the possibility of
induced currents in closed loops in the
superconducting wires and the copper
when the magnet power was switched off
(the superconducting temperature being
retained). It was calculated that these
could result in a magnetic field around
10 % of the peak field which could take
months to die down. The solution found
was to have the superconducting wires

twisted around one another in the form of
a spiral which will reduce the decay time
of induced currents to a few hours.

To produce the superconducting coil in
this form is not easy. But the coil for
Omega is an interesting technological de-
velopment in the field of superconductivity
which will probably be taken up elsewhere.

Topping 2 x 1012
The intensity of the accelerated beam in

the proton synchrotron had been increas-
ing almost daily. In mid-Jduly, it climbed

Assembly, in March of this year, of the rig where
a superconducting coil, which was cooled by
circulating helium within the holfow
superconductor, was tested. Following the recent
successful completion of these tests, it has been
decided to adopt this new cooling technique for
the large superconducting magnet of the Omega
project.

CERN/PI 19.3.69
over 2 X 10'? protons per pulse — reach-
ing a record of 2.03 X 10'2 protons per
pulse. When pulses were recorded over
10'? some experimenters called for mercy.
The flood of particles was so much more
than they had designed for that counters
were saturating. Most of the people con-
cerned were, however, more than pleased.
To have been able to improve the per-
formance of the synchrotron by more than
100% over recent months is a consider-
able achievement.

The reasons for the success remain di-
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verse as they were when the upward climb
started some months ago (see CERN
COURIER, vol. 9, page 105). Some of them
are as follows:

— the excellent operation of the linac,
which remains a necessary, but not
in itself sufficient condition;

— the steady improvement of the
vacuum in the synchrotron ring;

— the machine tuning, which is a dif-
ficult reason to pin down because
it is a matter of flair and accu-
mulated experience on the part of
the operators, who have under their
hands a vast range of controls some
of which were not even thought of
a few years ago.

Previously, attempts were made in par-
ticular to correct the position of the
‘closed orbit’ at injection, but now pro-
blems such as the beam size and non-
linear effects, which influence the beam
in a complex manner, can be tackled. The
close cooperation between the machine
operators and the machine study group,
which has undertaken the study of
non-linear phenomena, has been very im-
portant in attacking these problems.

One of the most fruitful manoeuvres was
to vary the mean radial position of the
beam during the first few milliseconds of
each machine cycle in order to prevent
instabilities developing. Another mancsuvre
aims to reduce the longitudinal oscillations
of the beam by playing tricks with the r.f.
accelerating field. This also avoids the
particle bunches contracting too much in
the longitudinal direction which causes
major space charge effects.

Finally mention should be made of
multi-turn injection which has been in
operation during July and which has
taken the maximum accelerated beam
from 1.93 x 10% to 2.03 x 10™.

The PS and the linac were originally
designed for single-turn injection. Attempts
at multi-turn injection made in 1966 (see
CERN COURIER vol. 6 page 29) were not
satisfactory. However, now that the linac
can provide very stable pulses for 20 ps,
things are different. Injection for 2'/2 turns
was used very promisingly. The technique
has not been used to its full potential.

Before the Booster synchrotron injector
comes into operation, the linac will be
able to provide pulses 100 ps long which
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General view of the LSD. In the foreground is the
operator’s desk with the mirror, attached to the
ceiling, which projects views onto the table.

On the right is the film transport system with

its six vacuum boxes at the front. In the
background on the left is the PDP 9 computer,
the monitoring oscilloscope and the two magnetic
tape units. On the right is the electronic
equipment which monitors and controls the
operation of the machine.

will make possible multi-turn injection for
ten turns.

LSD Progress

A description of the spiral reader (known
at CERN as LSD after the initials of the
French title ‘Lecteur a Spirale Digitisée’)
appeared in CERN COURIER vol. 8 page
246. It is one of the instruments for the
automated measurement of bubble cham-
ber photographs, this particular type origi-
nating in Berkeley. The CERN spiral reader
was built in collaboration with the Collége
de France, in Paris.

The LSD automatically measures an
event by scanning it through a slit which
travels around a spiral centred on the
point of interaction. Whenever the slit with
its associated electronics detects a track,
the polar coordinates of its position are
recorded on a magnetic tape by means of
an on-line computer (PDP 9). The tape is
then fed to one of the CERN central com-
puters (CDC 6600 or 6400), where spurious
tracks are filtered out, and only the event
is retained for further analysis by the
physicist.

[t was originally intended to operate
the machine from 1 April 1969. Actually, on
this date, several events were successfully
fed through the entire analysis programme
chain. It was then decided to begin pro-
duction measurements while continuing to
develop those parts of the machine which
are not absolutely essential for measure-
ment, but which simply serve to increase
the speed. It was also decided to take
steps to turn what was still a prototype
into a piece of production equipment,
improving its reliability and accuracy.
Finally, the main emphasis was put on
training staff involved in operation and use
of the machine, supervision and assistance
during measurement.

In practice, this development programme
was planned in three stages:

1) The initial period, during which the
machine was used for measurement for
two days a fortnight, the rest of the time
being employed in modifying those com-
ponents found to be the least reliable, such
as the film transport system and the
mechanical cone-periscope assembly, Du-
ring this period, the measurement analysis
programmes showed up a systematic error

The photograph below shows the operator’s desk.
On the left are the control buttons for measuring
the various parts of the photograph (fiducial
marks, vertices, ‘crutch’ points, stopping points,
etc.). On the right are the ‘speed-ball’ for
controlling the X-Y movement (manual) of the
stage, the television screen (by means of which
the vertex can be accurately positioned on the
optical axis) and the typewriter which provides
communication with the PDP 9 computer.

in the measurement of fiducial marks.
Investigating this problem revealed three
main sources of trouble:

— the tension applied to the film by
the vacuum boxes;

— the positional adjustment of the
guide rollers;

— the inertia of the capstan which is
driven by the film during the move-
ments of the X-Y stage.

The following modifications were made
and succeeded in completely eliminating
the systematic error:

— installating a new film gate which,
in all three views, separates the
photograph to be measured from
those next to it which remain sub-
ject to the force exerted by the
vacuum boxes;

— adjusting the 45° rollers as ac-
curately as possible, increasing the
pressure of the compressed-air
cushions and installing a buffer re-
servoir to stabilize this pressure;

— during the measurement stage, re-
placing the capstan vacuum by
compressed air to provide an air-
cushion over which the film can
slide without friction and thus with-
out driving the capstan and its
motor (the vacuum is, in fact, need-
ed during the actual transport of
the film to give sufficient adhesion
between capstan and film).

2) The present period, in which the ma-
chine is used for measurement for a week
(ten hours a day for five days) and is then
available for two weeks for development.
The emphasis is being laid on developing
the automatic system for measuring the
fiducial marks. At present, they are mea-
sured manually — the operator has to
pin-point accurately each fiducial mark
individually. The basis for the automatic
system perfected at CERN is the Berkeley
automatic system (with the difference that
four marks per view are measured at the
same time instead of two which is intend-
ed to give a commensurate saving of
time). The measuring rate, currently 20 to
30 events per hour, could be increased to
rates of the order of 70 to 100.

As in the previous period, efforts to
improve reliability are continuing. A new
system for detecting the position of the
film in the vacuum boxes has been install-
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ed. It is a very sensitive system which has
made it possible to reduce the vacuum in
the boxes. This has the double advantage
of reducing the force exerted on the film
and of lowering the maximum torque
applied to the spools by the motors. In
addition, new power amplifiers for the film
transport spool motors have been fitted.
The substitution of three-phase for single-
phase power supplies has enabled the vi-
bration of the printed-circuit motor rotors
to be reduced and this should, in the long
run, reduce wear on them.

Finally, modifications have been made
to the electronic system which receives
the photomultiplier pulses. This system
automatically corrects the gain of the
video amplifier in relation to the var.ations
in luminosity during the spiral scan. The
aim is to produce pulses with a height
proportional to the contrast between the
track and the background. Changes have
mainly involved the addition of devices for
adjusting the level of discrimination of use-
ful tracks against the background of the
photograph.

3) In the next stage, which will begin in

a month or two’s time, the machine will
continuously measure the photographs
made in an experiment involving 50000
events. Clearly, this new phase depends
very largely on the introduction of the
system fcr zutomatically measuring the
fiducial -rarks. The latter system, as al-
ready stated, should reduce the measure-
n.ent time per event by one-third, and is
virtually essential at this stage.

In conclusion, it should be pointed out
that, by 1 August 1969, the machine had
measured some 4000 events from the ex-
periment involving pictures. of ne'gative
pions of 3.9 GeV in the CERN 2 m bubble
chamber. The interesting events have four
or two prongs (four or two tracks emerg-
ing from the particle interaction point).
The current reject rate, which has con-
tinued to improve in step with the develop-
ment of the machine and of the filtering
and spatial reconstruction programme
(POOH - THRESH), is of the order of 10 to
15 % at the output of the GRIND kinematic
programme. Finally, the accuracy of meas-
urement appears to be similar to that of
conventionyal'measuring equipment (IEP).

For example, in 1700 two-pronged events,
the average value of the residue on the
tracks is of the order of 8 microns in the
film plane. It appears possible to improve
this value by adjustments to the filtering
programme, primarily by better elimination
of the poinfts which are not part of the
desired event.

Tricks at transition

A method of reducing the disturbance felt
by the beam in the proton synchrotron
when it ‘goes through transition’ has been
successfully tested. The resulting impro-
vement in the beam quality has important
implications for.the Intersecting Storage
Rings and the method will almost certainly
also be built into the Booster of the 300
GeV machine. ,

What's transition ? In a bunch of pro-
tons orbiting a synchrotron there are two
competing effects : .

(1) It seems almost trite to say-that the
faster moving particles take a shorter time
to travel round the machine. .

(2) However, at a particular strength of
the magnetic field in the ring, the faster
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moving particles move out onto a bigger
radius and could, in fact, take longer to
travel round the machine because of the
bigger circumference they traverse.

Which of these effects
crucial of the way in which the kick of
acceleration has to be applied in the r.f.

is winning is

accelerating cavities. In the CERN PS,
because of the strong focusing forces,
effect (1) is predominant at lower energies.
The higher energy proton travels ahead of
the average, and the field in the r.f. cavity
is arranged to be rising in strength as the
bunch passes through. Then the proton
arriving first, seeing a lower accelerating
field than the average, is slowed down
with respect to the rest of the bunch. This
keeps the bunch stable.

As the energy goes up and the proton
velocities get close to the speed of light,
the increase in velocity per revolution be-
comes less, and effect (1) falls in impor-
tance. Then effect (2) predominates. The
faster proton is coming round slower than
the average and, if the bunch is now to
be kept ‘stable, the accelerating field in
the r.f. cavities has to be falling as the
bunch goes through. Then the particle
coming round first sees the higher field
and is speeded up with respect to the rest
of the bunch. '

The energy at which the switch from
effect (1) to effect (2) occurs is known as
the transition energy (about 5 GeV in the
case of the CERN PS). At this energy the
r.f. fields have to abruptly about-face.

It was in fear and trembling that the
builders of the PS first took the proton
beam through transition and the great
surprise, which has by now contributed to
a machine performance in terms of inten-
sity a hundred times better than the de-
sign figure, was that transition caused
much less trouble than anticipated.

But it still causes some disturbance to
the beam mainly related to the effects of
space-charge forces resulting from the
positive charges carried by the protons
tending to push the particles away from
one another. These effects have not been
too troublesome up to now but in a few
years time they could be a major pro-
blem. The advent of the 800 MeV Booster
will take the PS intensity even higher and
will increase the space-charge forces. The
advent of the Intersecting Storage Rings
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will require attention to the length of the
PS bunches .which is affected by space-
charge. The interaction rate in the ISR
will be inversely proportional to the fourth
power of the bunch length.

The factors affecting bunch length are
complex. Without space charge forces the
length decreases as the energy goes up
to transition and then increases as the
energy goes up beyond transition due to
the effect of the r.f. fields. Superimposed
on this length variation are the space-
charge effects. Below transition this re-
sults in a relative increase in length.
Above transition it results in a relative
decrease in length. The change from one
situation to another on either side of tran-
sition does not occur smoothly but results
in the beam length oscillating above tran-
sition.

The aim of the recent work has been
to reduce the beam blow-up and the
amplitude of the oscillations by taking
the beam through transition faster. The
trick has been to play with the focusing
forces in the ring. We have already indi-
cated that the transition energy is dictated
by the focusing forces which control the
energy range where effect (1) predomi-
nates. By fast switching of quadrupole
magnets the focusing situation is abruptly
changed a few milliseconds before the
normal transition energy (a trick known to
the specialists as a ‘Q jump’). The transi-
tion energy is made to fall sharply so that
the beam spends less time going through
transition. This greatly reduces the dis-
turbances due to space-charge and the
beam blow-up and the amplitude of the
oscillations are much smaller.

Many people have contributed to this
achievement. H. G. Hereward was one of
the first to consider these problems in the
context of the design study for the 300 GeV
machine in 1965. Shortly afterwards A.
Sprenssen began work on the theory.
People concerned with the 300 GeV Boo-
ster, W. Hardt and D. Méhl, recently be-
came involved and it was they who sug-
gested the experiments on the PS in which
G. Merle, visiting scientist from Karlsruhe,
also participated. L. Thorndahl played an
important part in quickly developing the
supply to power the quadrupoles. J. Ga-
reyte, R. Cappi and R. Ley brought inva-
luable expertise during the machine runs.

Two photographs (on the same scale) showing
the improvement in beam quality gained by
applying ‘Q jump’ at transition energy in the
proton synchrotron. This new technique reduces
the length of the proton bunches and their
oscillations.

The relevant traces are the faint upper ones
which record the bunch length (an inverse signal
from the beam observation station in the ring).
The photograph on the left is without Q jump —
the blow-up and the amplitude of the oscillations
are considerable. The photograph on the right is
with Q jump where the improvement in beam
quality is very striking.

CERN COURIER
10th anniversary

The first issue of CERN COURIER was
published in August 1959. We wish simply
to use the occasion of the 10th anniver-
sary to record our appreciation of the
willing help received from many people, at
CERN and elsewherg, in the gathering and
presentation of information concerning
sub-nuclear physics and the accelerator
Laboratories where it is carried out.

In particular, we would like to list the
correspondents we have in other Labora-
tories. Their contributions go largely unac-
knowledged throughout the year and it is a
pleasure to recognize the valuable new
interest that their reports have helped to
bring to the journal:

Argonne T.H. Groves
Batavia C.W. Larsen
Berkeley G. Kalmus
Brookhaven J. Spiro
Cambridge Wm. A. Shurcliff
Cornell K. Berkelman
Daresbury T.W. Aitken
DESY G. Séhngen
Dubna V.A. Biryukov
Frascati M. Ghigo
Los Alamos W.H. Regan
Rutherford A.P. Banford
Saclay G. Neyret
Stanford J. Sanders
TRIUMF E. Auld
Villigen W. Hirt

Finally a word of appreciation to the
printer, Ed. Cherix et Filanosa S.A. at
Nyon. Cherix have printed CERN COURIER
from the first issue ten years ago (an
eight page issue of 1000 copies) to the
present (thirty-two page issues of 9600 co-
pies). Far from fulfilling a passive produc-
tion role, they bring to the journal an
interest and a craftsmanship which contri-
bute a great deal to its success.

It is gratifying to note that the present
estimates for 1969 give an increase, com-
pared with 1968, of 2000 people who have
asked to receive CERN COURIER
(an increase of 25°%). At the same
time the number of pages has been in-
creased by 20°% thanks largely to the
growing involvement of other Laborato-
ries.



On 23 July a four engined turbo-prop
aircraft of Aeroflot airlines, an Antonov 12,
landed at Geneva airport. The plane was
chartered by CERN to carry experimental
equipment (including a Cherenkov
ditferential counter and other particle
detectors) back from the first joint
experiment between CERN and Soviet
scientists at the 76 GeV proton
synchrotron at Serpukhov. First results
from this experiment, which finished on
10 July, were covered in CERN COURIER
vol. 9 page 99, and further results, which
have produced a considerable surprise,
are covered on page 232.

The top photograph shows the plane being
loaded for its return trip on 24 July with
equipment for joint experiment number 2.
The crate (2.33 x 2.35 x 1.3 m®) contains
a wide gap wire spark chamber to be used
in an experiment which is scheduled to
begin about March 1970. The joint team
will be pursuing the search for negative
bosons into the higher mass range
available at Serpukhov, using the missing
mass technique which has proved so very
successful in experiments at CERN in
recent years.

Receiving the wire chamber so far in
advance will help the Serpukhov scientists
to familiarize themselves with the
equipment without interrupting the
experiment (see CERN COURIER vol. 9,
page 8) which is continuing at CERN until
about the end of the year. The chamber
is the first item of equipment to leave but
there is much more to follow (a total
weight of 200 tons). The largest and
heaviest item is a spectrometer magnet
weighing 110 tons (lower photograph)
which arrived at CERN in August. This
magnet will make it way to Serpukhov by
train and ship after being tested at CERN.
These tests will include installation in the
current experiment at CERN. During the
autumn shutdown of the proton synchrotron
the magnet, which has a larger aperture
(1.5 x 1 m?) and higher field, will
replace the one currently in use. There
will then be several weeks of operation
using almost all the equipment which is
scheduled for the experiment at
Serpukhov.

CERN/PI 1.8.69
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Some Physics Post-Lund

The latest major Conference on particle physics
was that at Lund in Sweden from 25 June

to 1 July. It was in the series of European
Conferences held in alternate years. The three
topics selected for this article were important
ones at lLund. They are treated here, however,
not in the way of summarizing proceedings of

the Conference but more generally to try to bring
out their interest and the present relevant
exparimental evidence.

Getting flatter sooner

Is access to higher energies in the next
generation of accelerators going to dot
the ‘i's and cross the ‘t's of what we
know already, or is it going to overthrow
many of our present conceptions ? We
obviously cant say yet but it is probably
significant that the first of the new ma-
chines, the 76 GeV proton synchrotron at
Serpukhov, has thrown up a surprise in
one of its earliest experiments. It is extre-
mely gratifying to those who have pursued
the CERN-Serpukhov collaboration that
this surprise emerged from the first joint
experiment between CERN and Soviet
scientists.

Stage one of this experiment concerned
the measurements of particle production
at the newly available high energies and
was reported a few months ago (see
CERN COURIER vol. 9 page 99). Stage
two concerned the measurement of ‘total
cross-sections’ at high energies and the
results reported at Lund have led io the
scratching of many theoretical heads.
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Negative particle beams of pions, kaons
and antiprotons were fired at a hydrogen
target. The total cross-section, that is the
probability of the negative particle inter-
acting, in no matter what way, with the
proton at the nucleus of the hydrogen
atom, was then measured. The momentum
of the bombarding beam was varied in
steps of 5 GeV/c over the range
20 GeV/c to 65 GeV/c.

What was expected to happen ? Up to
the energies investigated previously, the
total cross-section had been falling stead-
ily as the energy or momentum increased.
This can be explained simply as follows.
The particle at a particular momentum has
a wavelength associated with it, and this
wavelength can be thought of as the re-
gion over which the influence of the par-
ticle is felt. As the momentum increases
the wavelength decreases — the particle’s
region of influence decreases and the
probability of it interacting with another
particle decreases. In addition, the: many
resonances produced at low energies are
having less effect. Thus the total cross-
section fails off with increasing energy.

On the left of the photograph is the counter
system used in the measurements of total cross-
section by the joint CERN-Soviet team at the 76
GeV proton synchrotron at Serpukhov. On the
right is the array from which the muon
contamination of the particle beam was estimated.

(Photo Serpukhov).

The most popular theoretical interpre-
tation predicted that this fall off would
continue until a certain total cross-section,
an asymptotic value, was approached at
very high energy. This would correspond,
loosely speaking, to the energy at which
the wavelength of the particle becomes
smaller than its physical dimensions. The
region of influence would continue to de-
crease until it corresponded to the physi-
cal boundaries of the particle itself. Some
theoreticians put the energy at which this
would occur in the region of a thousand
GeV.

The surprise from the experiment at
Serpukhov is that the steady fall off flatt-
ened out very much sooner than antici-
pated, well above the predicted asymptotic
limit. Already over the investigated mo-
mentum range up to 65 GeV/c the curves
for pions and kaons look flat, and for all
the particles the total cross-section values
are higher than expected from theory.

Most of the head scratching is con-
cerned with another aspect of the theory
which said that at extremely high energies,
the total cross-section of particle and of
antiparticle would be the same. At such
energies, the differences between particle
and antiparticle, which prohibit certain in-
teractions and have a considerable impact
at low energies on the total probability of
an interaction taking place, would be insig-
nificant because of the many different
ways in which an interaction could occur.
Thus the total cross-section of negative
pion and proton would be identical to that
of positive pion and proton, negative kaon
and proton would be identical to positive
kaon and proton, antiproton and proton
would be identical to proton and proton.

This all looked feasible pre-Serpukhov.
The total cross-sections, though not iden-
tical over the energy range investigated,
could, if they had continued to fall off
slowly at different rates, have approached
the same asymptotic value. Since the new
measurements show that the fall off for
negative particles gets flatter sooner than
expected, it looks as if the positive kaon
and negative kaon curves will never come
to the same value, unless this were
to occur at very much higher energy than
expected or unless in some extraordi-
nary way the total cross-section for the



positive kaon starts to increase with in-
creasing energy.

A Serpukhov team hopes to look at
positive particle cross-sections over the
same momentum range in the near future
and their results will be eagerly awaited.

Split over splitting

One of the liveliest topics at the Lund
Conference was concerned with the splitt-
ing of the neutral A2 meson and the theo-
retical attempts to explain it. New measure-
ments were presented at the Conference
and a transatlantic confrontation has de-
veloped with results from the USA in con-
flict with those from Europe.

The A2 splitting story started with the
first Missing Mass Spectrometer experi-
ment at CERN over the years 1964 to 1966
(see CERN COURIER vol. 7 page 31).
Besides identifying seven new mesons,
this experiment showed that a particle
with a mass of about 1300 MeV, called
the A2 meson, instead of appearing as a
single peak like other particles, consists
of two peaks of about equal height
close together with a deep and very
narrow gap between them. (This can be
seen, and is .fuller explained, on the dia-
gram.)

It was obviously important to have an-
other look at this strange phenomenon
and several experiments have been carried
out since. At CERN, the A2 mass region
was re-examined using a new missing
mass technique (the CERN Boson Spectro-
meter which measured the momentum of
the recoil proton (in the interaction
ap — pA2 as opposed to measuring
the angle of the recoil proton as done in
the MMS experiment. Again the splitting of
the A2 emerged clearly and the experiment
recorded a very large number of events
in the region of the A2 mass (the com-
bined MMS and CBS results give about
1000 events within each mass range of
10 MeV).

Bubble chamber experiments at Brook-
haven and CERN (some of these results
being announced at Lund) have also con-
firmed the splitting. A Brookhaven experi-
ment in 1968 used the bubble chamber
effectively as a missing mass spectrometer
picking out the decays of the A2 into three

Splitting of the A2 meson. The graphs show —

a) results from the CERN Boson Spectrometer

b) results from the CERN Missing Mass
Spectrometer

c) the combined results from these two d.fferent
experimantal techniques.

The number of events corresponding to the A2

meson are plotted vertically against energy.

The double peak appears clearly and the

symmetrical shape suggests the presence of two

particles, with almost the same mass, with

identical quantum numbers.

pions (75°%. of A2 decays are into three
pions). A CERN-College de France colla-
boration picked out the rarer decays into
kaons (a neutral kaon and a charged kaon
produced in antiproton annihilations) and
a Bonn, Durham, Ecole Polytechnique, Nij-
megen, Torino collaboration picked out
the pion decays (an experiment done in
the British National Hydrogen Bubble
Chamber during its stay at CERN). The
statistics from the bubble chamber expe-
riments are in general lower — an order
of magnitude down on the spark chamber
experiments.

So everyone is now agreed that the A2
is split. The controversy begins when we
ask what does this mean.

The first possibility is that two radically
different particles, both with legitimate
quantum numbers (a qualification which
may become clearer later), just happen to
have almost identical mass. This would
mean that we have discovered a new par-
ticle with mass close to that of the ‘true’
A2. The A2 has been known for some time
to fit nicely into the particle grouping
scheme. The new particle has no obvious
slot waiting for it but could well belong
to some new group.

The second possibility is that the two
halves of the A2 (call the heavier one of
mass 1318 MeV ‘A2 high’, and the lighter
one of mass 1278 ‘A2 low’) have identical
quantum numbers. This is an attractive
possibility because the symmetric shape of
the double peak seems most likely to
come from the interference of two identi-
cal particles.

If this is so, then the quark model,
which has been so very successful in
explaining the regular occurrence of the
mesons, has to stretch itself to accommo-
date the observation, and in so doing
would loose some of its simplicity.

The quark model says that the meson
is a quark and an antiquark in combina-
tion rather like an electron and positron
in combination in positronium. To under-
stand how the different masses, or energy
levels, can arise we need to consider the
combination in terms of its orbital angular
momentum ‘L’ (the quark — anti-quark
rotating around one another) and of the
intrinsic spin ‘s’ of each quark. s has the
value /2 and thus the total intrinsic
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spin'S’ of the quark,and anti-quark combi-
nation is | when the two spins are parallel,
and O when they are anti-parallel. Then
for each value of L (which can have values
0,1,2,3,...) we have several possible energy
levels (several possible particles of differ-
ent mass) depending on the possible
ways in which L and S come together to
give the total spin J’. (This is exactly ana-
logous to the explanation of the energy
levels corresponding to the atomic spec-
tral lines much earlier this century.) Just
to add to the complication, at each mass
level there are in fact nine particles of an
SU3 group. So far, these concepts have
worked beautifully.

But let us go back to the A2. A possible
assignment for its spin value is J=2 with
positive parity quantum number. Then
Jp=2* If it is found that A2 high and A2
low both have Jr=2* the quark model can
say that one of them is the top member
of the L=1 group of mass levels and the
other is the bottom member of the L=3
group of mass levels. This is not easily
acceptable because the separation bet-
ween the L=1 group and the L=3 group
is expected to be about 2 GeV while with-
in a group of mass levels the four mem-
bers are separated by only about 100 MeV
(judging by the observations of the groups
at the lower values of L). Thus the L=3
and L=1 groups should be very well
apart. However it may be that the mem-
bers within the L=3 group are GeVs apart
which could bring the JP=2" member
down to the L=1 group mass range. Not
easily acceptable in the quark model but
not impossible.

There is an experiment which could add
weight to this argument. We said above
that each member of a group of mass
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levels in fact represented nine particles of
an SU3 group. If the A2 finds itself in-
vaded by a particle of almost identical
mass, then other members of the SU3
group containing the A2 might very well
show a similar splitting due to interference
from another particle from the SU3 group
of the A2 invader. An experiment with
high statistics is now being analysed at
Berkeley precisely to look for the splitting
of the K* particle which has a mass of
1400 MeV and which is in the same SU3
group as the A2. The result will be very
important.

The remaining possibility is that the A2
splitting is due to two different particles
which have quantum numbers which are
not permitted under the quark model out-
lined above. Such an overthrow of the
model is not looked on with enthusiasm.
Some theoretical attempts to accommodate
this possibility have already been made
but they involve considerable contortions
and, in general, the beauty of a model is
in direct proportion to its (or her) simpli-
city.

The experimental results on the exami~
nation of the quantum numbers of A2 high
and A2 low divide in mid-Atlantic. From
Europe comes a Dalitz plot analysis of
some 400 events from the Missing Mass
Spectrometer measurements giving
Jr (A2 high) = Jr (A2 low) = 2*

The CERN, Collége de France bubble
chamber experiment gives the same re-
sult from its measurements of the decay
into charged kaons which showed a dou-
ble peak. And the Bonn, et al. bubble
chamber experiment gave the same result
from a Dalitz plot analysis of three pion

decays.
From the USA, analysis of the 1968
bubble chamber experiment gave

Jr(A2 high) = 2* Since only A2 high was
seen in looking at the decay into kaons,
this leads by indirect arguments to
JP(A2 fow) = 1°. This has the wrong
charge conjugation parity under the quark
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model and, if it is true, destroys the quark
model as we know it. A further Brook-
haven bubble chamber result, newly re-
ported at Lund, fooked at the A2 produced
together with a lambda hyperon. They saw
only one narrow peak at the position of
A2 low and give the most likely quantum
numbers for A2 low as J° = 1"

The present CERN Boson Spectrometer
experiment has high statistics and their
analysis is expected to clarify the situa-
tion. Place your bets.

About time

There are a lot of intriguing questions
about the weak intéraction, the interaction
which controls particularly the decay of
long-lived particles, and about the leptons,
the small group of four particles (electron,
muon, electron-neutrino, muon-neutrino)
which play such an important role in the
weakinteraction. We have known the
muon for thirty years but are no nearer
understanding why such a ‘heavy elec-
tron’ should exist. Are we at the begin-
ning of discovery of a spectrum of leptons
resulting from an internal structure even
in the electron ?

But the question we are going to pursue
here is that of the weak interaction’s lack
of respect for some of the sacred
symmetries in Nature. This topic has been
covered several times before in CERN
COURIER ({see for example vol. 6 page
171 and vol. 8 page 11) and we will not
spend long on the history now.

It has been known since 1956 that the
weak interaction violates parity or left-
right symmetry (P). It was shown that only
left-spinning neutrinos emerge from the
decay of the neutron. There are no right-
spinning neutrinos in Nature. The combi-
nation of charge conjugation and parity
(CP) restored some semblance of order
— there are right-spinning antineutrinos.
(Pauli's remark following the observation
of parity violation, ‘God is not left-handed’
was recently balanced by J.G. Taylor with,

A cartoon, given the title ‘Where we stand - 1969,
shown in April by H. Lipkin when speaking about
‘The spectrum of hadrons’ at the Inaugural
Conference of the European Physical Society

in Florence. It illustrates the troublesome time
that theory is having in trying to accommodate
the discovery of the splitting of the A2 meson.

‘There is an anti-God who is right-
handed’) But this too fell down in 1964.
CP symmetry is violated at the rate of
about once in five hundred times in the
decay of the long-lived neutral kaon.

This has called into question yet an-
other symmetry — the symmetry of time
(T). Since the combination, CPT symmetry
is one of the pillars in the structure of
modern physics only a Samson would
dare to shake it. Therefore the rare
occurrence of the violation of CP sym-
metry implies the rare occurence of T
violation in order to preserve CPT. People
have therefore been looking hard for evi-
dence of the violatjon of time symmetry.
If time symmetry is violated it implies that
the same laws of physics do not necessa-
rily apply if one reverses the time se-
quence of events.

The one place where T violation seems
to be definitively established is again in
the decays of that very sensitive particle
the long-lived neutral kaon. The reason-
ing whereby observation of these decays
shows T violation is rather complex.
Suffice it here to say that knowing such
quantities as the masses of the long-lived
and short-lived kaons and the amplitudes
and phases of their decays into two
charged pions and two neutral pions, T
violation or conservation can be seen.
These quantities have been measured
particularly in experiments at Brookhaven,
CERN and Princeton (the last necessary
figure — the phase of the decay into two
neutral pions — being slotted into place
recently from a CERN experiment). No-one
would hold all the existing measurements
as being very exact but they do set upper
limits on the important quantities and,
from these, T violation appears quite
clearly.

This does not necessarily say that T
violation has been demonstrated in the
weak interaction. Its origin could be in
the electromagnetic or the strong inter-
action which are not excluded in the
measurements which have been taken.
However separate looks at the strong and
the electromagnetic have not revealed any
evidence of T violation. We mention a few
relevant experiments here.

Two teams have had a go at the
electromagnetic interaction in trying to
obtain an accurate measure of the rate of
the reaction when a proton and a neutron
bond together to form a deuteron and
release a photon p+n—d-+vy
(This is not an easy measurement to
make because it tends to be drowned in
the much more frequent production of a



deuteron and a neutral pion.) The time
reversed reaction, the so-called photo-
disintegration of the deuteron
d+y—-p+n
has been well measured at DESY, Cornell,
Stanford and Orsay (though there is some
conflict in the results). The two reaction
rates should be the same if T symmetry
holds.

The first indications on the p + n
measurement came from a Michigan,
Princeton team working at the 3 GeV
Princeton-Pennsylvania accelerator and
seemed to show a large difference in the
reaction rate, compared to photo-disinte-
gration of the deuteron, indicating a
breakdown of T symmetry. The other
group (Michigan, UCLA and LRL) working
at the 184 inch synchro-cyclotron at Ber-
keley also seemed to see a slight differ-
ence. However further analysis in both ex-
periments came out with no evidence of
breakdown. From these experiments then,
T violation has not appeared in the elec-
tromagnetic interaction.

Another way of examining the electro-
magnetic interaction comes from a con-
sequence of T violation that particles
could have electric dipole moments.
Experiments at Brookhaven and Oak
Ridge searched for any electric dipole
moment of the neutron and saw nothing
down to the level of 4 X 10°2 e cm. This
is lower than the dipole moment that
would be expected of the basis of most
calculations if there was T violation in the
electromagnetic interaction. A recent
result comes from the Clarendon Labo-
ratory, Oxford, where an experiment has
searched the dipole moment of the pro-
ton. A beam of tellurium fluoride molecules
was fired through parallel magnetic and
electric fields. A dipote moment would
reveal itself when the magnetic field was
reversed with respect to the electric
field. None appeared down to the level
of 107%° ¢ cm (a value ten thousand times
lower than any previous measurement).

Finally, in the strong interaction two
experiments have looked at the rates of
transformation of nuclei in both direc-
tions. A University of Washington team
using their Van de Graaff studied the
reaction Mg* + d — Mg® + p
and its inverse. A team from the Max
Planck Institute fur Kernphysik, Heidel-
berg, on the Heidelberg tandem Van de
Graaff studied the reaction

Mg?* + o — AI¥ + p
and its inverse. Neither saw evidence of
T violation.

Thus the situation is that T violation has
been seen only in the decay of the long-
lived neutral kaon. Does this mean that
the guilty party is the weak interaction, or
its newly-proposed variant the ‘super-
weak’ interaction whose effects can, at
present, only be observed in the neutral
kaon?

Professor C.

On 10 August Professor Cecil Frank Po-
well died from a heart attack while holi-
daying in ltaly. Professor Powell was an
outstanding physicist (Nobel Prize winner
in 1950 and recipient of many other hon-
ours) and an outstanding personality
whose deep concern for the social impli-
cations of science played a major part in
his life.

He was born at Tonbridge, England, in
1903 and studied science at Cambridge
University doing two years research at the
Cavendish in the great days of Ruther-
ford. In 1928 he moved to the H. H. Wills
Physics Laboratory of Bristol University
where he stayed for the rest of his life
becoming Professor of Physics in 1948
and Director of the Laboratory in 1964.

His distinguished career reached a peak
in the 1940s when his work with nuclear
emulsions investigating cosmic rays resul-
ted in the discovery of the pion in 1947.
This confirmed the Yukawa theory of the
strong nuclear force, opened the door to
research with pions (which are now, some
twenty years later, such ‘everyday’ parti-
cles at accelerator Laboratories) and
exposed the mystery of the muon. Around
this major achievement was a mass of
work on cosmic rays, atomic nuclei, par-
ticle scattering which won a world-wide
reputation for his Bristol group.

In addition to the Nobe! Prize, awarded
‘for his development of the photographic
method in the study of nuclear processes
and for his discoveries concerning me-
sons’, he received the Hughes Medal of
the Royal Society in 1949, the Royal Medal
of the Royal Society in 1962, the Lamono-
sov gold metal in 1967 (the highest award
of the Soviet Academy of Sciences), and
honorary doctorates at the Universities

F. Powell

of Dublin, Bordeau, Warsaw, Berlin and
Padua.

This international list of Universities is
indicative of his international reputation
and his international interests. Professor
Powell was among those who helped to
promote the idea of CERN in the early
1950s and has been closely associated
with the Laboratory ever since. From 1961
to 1963 he was Chairman of the CERN
Scientific Policy Committee and remained
a member of the Committee until his
death. From 1965 to 1968, he was Chair-
man of the Nuclear Physics Board of the
UK Science Research Council.

As a personality Professor Powell was
held in great affection. His breadth of
interest, maturity of judgement and, above
all, his obrious love of so much in human
achievement and aspiration, made him
a fascinating speaker on many sub-
jects. He was always concerned with the
human responsibilities of the scientist. His
death is felt with sadness throughout the
world of physics.

As we go to press we learn of the death

at Berkeley on 18 August of another Nobel
Prize winner in physics — Professor Otto
Stern.

Professor O. Stern was awarted the prize
in 1943 ‘for his contributions to the
development of the molecular ray

method and for his discovery of the
magnetic moment of the proton’.

Professor Powell (right) in conversation with
Professor Van Hove when he visited CERN in
1964 for the 10th anniversary of the signing

of the CERN Convention.
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[} 1. The emitter of ultrasonic waves used (in
Aro u n d th e La O rato rl eS conjunction with a conventional mechanical

expansion system) to apply the required
pressure changes to the liquid hydrogen in the
25 cm bubble chamber alongside. The
dimensions of the emitter are: outside diameter
115 mm, inside diameter 70 mm, length 60 mm.
The emitter is installed on the front flange of
the chamber.

2 and 3. Photographs of particle tracks obtained
in the 25 cm chamber. The chamber was fed
with negative pions at an energy of 340 MeV
from the Dubna synchro-cyclotron. Photo 2 was
taken without the ultrasonic system operating;
Photo 3, with the ultrasonic system operating.

DUBNA
Physics results

An interesting result was recently obtained
by the group operating the 1 metre pro-
pane bubble chamber at the Laboratory
for Nuclear Problems when studying the
production of strange particles using a
beam of negative pions with a momentum
of 51 GeV/c. In the case of interactions
which may be attributed to collisions with
free protons, a narrow peak was observed
in the spectrum of the effective mass of
the system ‘lambda hyperon plus gamma’
emerging clearly (four standard deviations)
from the background. The position and
shape of the peak give the mass of the
resonance as 13275 * 3.5 MeV with a
width of 20.0 + 4.4 MeV. The same peak
is also observed in ‘carbon’ events, where
it is rather weaker.

Calculations show that the interactions
which occur through the formation of the
resonance and non-resonance states al-
ready known cannot produce such a nar-
row peak. The group therefore believes
that it now has a serious indication of the

existence of a new resonance Y ;;27 (Av).
A more attractive alternative would, of

course, be to explain this phenomenon by
the existence of a new baryon! Further
work is continuing to obtain more statis-
tics and detailed analysis of the results.

Nucleon clusters

At the Dubna synchro-cyclotron, studies
are being made of the interaction of high
energy protons with nucleon groupings or
clusters within nuclei in experiments
involving high momentum transfer but with-
out breaking up the clusters.

The first stage of these studies, which
has recently been completed, concerned
the measurement of the differential back-
ward scattering cross-section of 665 MeV
protons on free He® and He* nuclei and
measurements on the knocking out of He®
and He* fragments from light nuclei. Ob-
servation of the fragments has yielded a
rather clear physical interpretation, but
calls for measurement of processes with
relatively small cross-sections (of the or-
der of 107% to 107*' cm? ster 7"). The expe-
riments used the proton beam from the
synchro-cyclotron focused on targets con-
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4. A view of the test rig at Dubna where the use
of an electrodynamic expansion system for
rapid cycling of a bubble chamber, taking
advantage of high tields from superconducting
coils, is being studied.

5. The coil with a mobile superconducting
winding before installation on the test rig.

(Photos Dubna)

taining the nuclei under investigation; the
He® clusters with an energy of about
530 MeV and He* clusters with an energy
of about 470 MeV, which were knocked
out at a small angle, were analysed for
momentum, time of flight, ionization and
free-path. The spectra from Li¢ and Be®
nuclei revealed a peak caused by quasi-
elastic scattering of protons on 3- and
4-nucleon clusters in these nuclei. By
comparing the cross-sections of quasi-
elastic and elastic scattering on free he-
lium nuclei an estimate was made of the
total effective number of such clusters.
The values obtained are consistent with
calculations based on an oscillatory shell
model; the size of the observed cross-
sections can be explained by the repre-
sentation of the straight interaction of pro-
tons with density fluctuations in nuclei.

Chemical reactions of muonium

Investigations at the synchro-cyclotron into
the chemical reactions of muonium (the
association of a muon and an electron or
positron circulating about each other) are
beginning to take an interesting turn. A
number of experiments have been carried
out to study the possibilities of using muon-
ium for physico-chemical investigations.

Assymetry in the angular distribution of
the 1 — e decay was measured as a
function of temperature (in the range
+ 90° to — 196°C) using monocrystals of
germanium containing varying amounts of
arsenic. The results agree qualitatively
with the pattern of change in the electron
(vacancy) density in a semi-conductor and
with the existence of free muonium in pure
germanium at a low temperature.

Investigation of an homologous series of
organic compounds, with a view to ex-
plaining the dependence of their reaction
capacity on their structure, showed that,
in a number of cases, the speed of che-
mical reactions is additive. Measurements
were also made of the dependence of
polarization on the direction and intensity
of a magnetic field using a plastic scin-
tillator with a polyvinyloxylene base. The
influence of the number of methyl groups
of the original molecule was recorded for
various types of plastic.

Ultrasonics in bubble chambers
CERN COURIER has already carried

4.

information on the operation at CERN of a
small helium bubble chamber using ultra-
sonic waves to establish the required pres-
sure changes (vol. 8 page 316) and has
briefly reported similar work at Dubna
(vol. 9 page 136).

The Dubna work began in 1967 and has
been carried out jointly by a group from
the Laboratory for Nuclear Problems and
the Acoustics Institute of the USSR Aca-
demy of Sciences. The aim was to exa-
mine the effect of ultrasound on the sen-
sitivity of liquid hydrogen, which is the
most desirable liquid for the study of the
interactions of elementary particles.

The experiments were carried out in a
25 cm liquid hydrogen chamber, in whose
working volume were located an ultrasonic
emitter and receiver. The emitter had a
cylindrical focusing system made of a ce-
ramic of barium titanate emitting ultra-
sonic energy at a resonant frequency cor-
responding to the first vibration mode
(14 kHz). The emitter was placed axially
in relation to the working volume of the
chamber. The chamber was installed in a
beam of negative pions with an energy
of 340 MeV obtained from the synchro-
cyclotron.

The ultrasonic system was operated at
the same time as a conventional mechani-
cal system while the chamber received
pions from the synchro-cyclotron. The ul-
trasonic pulse lasted 15 ms (a voltage of
1.2 kV was fed to the emitter simultaneous-
ly with the mechanical expansion) and the
amplitude of the pressure swing in the
chamber due to the ultrasonic pulse was
approximately 1 atmosphere. With the
chamber operating at 27°K the mechanical
system needed to apply only half its nor-

mal pressure. The introduction of ultra-

sound has a marked influence on the
growth of the bubbles along the particle
tracks. The acoustic field in the working
volume of the chamber was such that
continuous tracks could be observed and
the use of the focusing system made it
possible to create pressure amplitudes
which were much higher than the pressure
on the surface of the emitter, which is of
considerable importance for reducing pa-
rasitic boiling.

The results obtained demonstrate the
possibility, in principle, of replacing the
entire mechanical expansion system of a
hydrogen bubble chamber by an ultrasonic
system.

Rapid cycling bubble chambers

Great attention has recently been paid to
the problems of achieving rapid cycling
bubble chambers. The fact that the new
generation of chambers use strong mag-
netic fields created by superconducting
coils means that the expansion system
can be based on a method which uses a
movable coil carrying a current which
interacts with the radial component of the
magnetic field of the main superconduct-
ing coil. Such an electrodynamic expan-
sion system is quite similar to pneumatic
or hydropneumatic systems but differs
from them in that it has the advantages of
a control system that is rapid in operation
and simple in design.

In order to carry out a comprehensive
study of such a rapid cycling electro-dy-
namic expansion system for the bubble
chamber which is being built at Dubna, an
experimental rig has been assembled. It
has a superconducting coil giving a field
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of 30 kG at its centre. Situated at the out-
side end of the coil, in the region where
the radial component of the stray magnetic
field is at its maximum, is a mobile super-
conducting winding. The force which is
developed on the winding is trancmitted
through a bar to the moving parts of a
dummy chamber. The weight of the mov-
ing parts and the ‘rigidity’ of the chamber
can be varied within specified limits.

A test run showed that a pulsed current
of up to 1000 A in the mobile winding
produces an active force in the system
reaching a value equivalent to 1240 kg. No
undesirable phenomena occurred in the
main magnet coil or in the mobile wind-
ing, and there was no substantial increase
in the liguid helium consumption.

STANFORD (SLAC)

90 bubble chamber
pictures per second

The two sections at the end of the report
from Dubna above indicate two ap-
proaches in the pursuit of bubble cham-
bers capable of very high cycling rates.
From the Stanford Linear Accelerator
Centre comes the news that H. Barney,
A. Rogers {(who also played a leading role
in the ultrasonic chamber work at CERN)
and S.J. St. Lorant have developed and
tested a small hydrogen chamber to a
cycling rate of 90 per second.

Existing large chambers have rather
ponderous mechanical systems to apply
the required pressure changes to the li-
quid in the chamber and are limited to a
small number of expansion cycles, and
therefore to a small number of pictures,
during each burst of particles from an
accelerator. For example, it was a quite
exceptionai achievement for Argonne to
reach five pictures per accelerator pulse
(see CERN COURIER vol. 8 page 312). It
will probably be many years before any
great advance on this becomes possible
for the very large chambers (for which the
picture-measuring specialists may breath
a sigh of relief) but there will probably be
great interest if small bubble chambers,
which are as continuously sensitive for
recording particle tracks as they can be
made, become available soon. They could
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On 28 July, the UK Minister of State for Education
and Science, Mrs. Shirley Williams, visited
Daresbury Nuclear Physics Laboratory where
research is centred on the 5 GeV electron
synchrotron NINA. Mrs. Williams was
accompanied by Sir Brian Flowers, Chairman of
the Science Research Council. (Professor Flowers
received a knighthood in the Queen’s Birthday
Honours List.)

1. Mrs. Williams listening to an explanation by
E. Erickson of an experiment being carried
out by an Orsay/Strasbourg/Daresbury team on
backward positive pion photoproduction.

2. Grouped between the spectrometer arms of
the Lancaster/Manchester experiment which

3.

looks at inelastic electron scattering, left to
right: R.G.P. Voss (acting Director of the
Laboratory), A. Merrison (Vice Chancellor of
Bristol University), Mrs. Williams, A. Clegg
(leader of the experimental group) and Sir
Brian Flowers.

Members of the Nuclear Physics Board of

the SRC on the Laboratory’s barge which
makes use of one of the most pleasing features
of the Laboratory site — the Bridgewater canal
which runs along one of its boundaries.

. J.B. Adams, Director Designate of the 300 GeV

Laboratory, emerging from the barge.

(Photos Daresbury).




A photograph taken in the original 5 cm
hydrogen bubble chamber at Stanford when
operating at a rate of 90 pictures per cocond.

be extremely useful as the hydrogen tar-
get, yielding a visual record of the imme-
diate interaction region, for example in a
wide variety of experiments involving
counters and spark chambers.

Under reasonable operating conditions
in a hydrogen chamber, bubbles can grow
to a size at which they can be photograph-
ed in a time of about a quarter of a milli-
second and can be snuffed out in just
over a millisecond. From this considera-
tion alone then it could be possible to
take pictures at the rate of several hun-
dred per second.

To see how far in this direction they
could go, the Stanford team built a small
cylindrical chamber 5 cm in diameter and
5 ¢m high in which the chamber body con-
sisted of a convoluted bellows. This was
connected to a ‘Vibration Exciter’ so that
the bellows were driven in and out like
the diaphragm of a loudspeaker by
powering its loudspeaker coil.

Initial parameters of the system allowed
operation upto 60 cycles per second and,
following successful operation at this fre-
quency, the piston and coil of the Exciter

were modified to allow still higher rates.
Successful operation continued at 90 Hz
under the following operating conditions
— steady pressure on the liquid, P,, was
9.2 atmospheres; pressure below which
bubbles formed, P,, was 6.8 atm.; ampli-
tude of the pressure swing produced by
the expansion system, Ap, was 3.8 atm.
The chamber proved sensitive to minimum
jonizing particles from a cobalt 60 source
and from the SLAC electron linac. No
‘residue’ from uncompressed bubbles from
the previous expansion was observed on
the photographs (checked by photograph-
ing an expansion following one in which
particles were fired in).

A larger chamber, 10 cm diameter, 7 cm
high is now wunder test and has
also operated successfully at 90 Hz. This
research has shown that very rapid cycling
bubble chambers are feasible and the per-
formance limits have not yet been reached.
The Stanford group consider that it is al-
ready feasible to build a chamber with di-
mensions of 25 to 30 cm which could
operate at cycling rates of around 120 per
second.

ARGONNE

Negative hydrogen
ion injection into ZGS

On 1 July negative hydrogen ions were
injected into the Zero Gradient Synchro-
tron at an energy of 50 MeV, stripped of
their electrons, and accelerated as protons
to the full synchrotron energy of 125 GeV.
This experifent was part of a programme
of tests being carried out in preparation
for a proposed Booster Injector for the
ZGS, designed to increase the intensity of
the machine by about a factor of ten. It
is probably the first time that the proton
beam in a large synchrotron has been
drawn from negative ion injection.

The technique of charge exchange in-
jection was proposed by G.l. Budker at
Novosibirsk in 1959 (reported for example
at the Dubna Accelerator Conference in
1963) as a way of defying Lioville’s theo-
rem. The theorem dictates that having
produced a particle beam one is stuck
with the phase space density throughout
the acceleration cycle. Thus one can only
pack the beam into a smaller physical
cross-section by introducing a wide-
angular spread in the particles passing
through that cross-section. With the use
of the charge exchange process during
injection, however, the theorem does not
apply and it is possible to achieve higher
phase space density in the converted
beam compared with the incoming beam.
Budker and his colleagues carried out
successful tests of the idea in August 1964
(reported briefly at the Frascati Accelera-
tor Conference in 1965). Their main con-
cern was for intense beams in the storage
rings at Novosibirsk. They use a double
stripping — converting the negative hydro-
gen ion first to neutral hydrogen which
passes straight through the fringe field of
the ring magnet (unaffected by the field
because it carries no charge) before being
further converted to a proton.

The interest in this technique at Argonne
is in the context of a proposed 500 MeV
Booster. By injecting negative hydrogen
jons into a rapid cycling booster, it is
believed possible to achieve a high phase
space density of converted protons. These
protons would be accelerated to 500 MeV
for injection into the main synchrotron ring
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1. Layout of the proposed 500 MeV Booster fto
increase the intensity of the Argonne
Zero Gradient Synchrotron. Negative
hydrogen ions are fed to the rapid cycling
Booster where they are converted to protons
which are accelerated to 500 MeV for
injection into the ZGS.

2. Photograph of the stripping foil in its holder
which was used in preliminary tests of the
charge exchange injection technique.

3. Beam paths at the stripping foil. The
incoming negative ion beam converts to
protons and the magnetic field holds the proton
orbits at the position of the foil while
injection continues over many turns.

(Photos Argonne)

STRIPPING
MEDIA

500 MeV
RAPID CYCLING
BOOSTER

50 MeV
LINAC

2.

of the ZGS where, at this injection energy,
the normal space charge limit should be
1.4 x 10 protons.

For the experiment, negative ions were
produced in a hydrogen gas charge ex-
change cell (152 cm long, 1.19 cm dia-
meter) which received the positive ion out-
put of an extended stationary arc duo-
plasmatron source.

During preliminary bench tests, this
system yielded a negative (unanalyzed)
current of 8 mA. Free electrons produced
in the hydrogen target gas were trapped
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in the cell and positive ions emerging from
the cell were stopped by the retarding
field of a tandem acceleration arrange-
ment which doubled the energy of the
particles making the transition from H* to
H~. The contribution to the measured cur-
rent by secondary electrons in the beam
path has not yet been determined.

For the initial attempt at H™ injection
into the ZGS, only 0.4 mA of negative ion
current was accelerated by the 750 kV
column and transported to the linear acce-
lerator. Of this, 0.2 mA was accelerated

to 50 MeV and injected into the ZGS. After
stripping the electrons off the ions by
means of a foil positioned in the synchro-
tron, 150 pus of injected beam (correspond-
ing to 1.8 x 10" H- ions injected over
many turns) yielded 3 x 10" protons/pulse
accelerated to 125 GeV.

The conversion from H™ to H* was ac-
complished using a Poly (P) Xylylene foil
5800 A thick, 5.1 cm wide and 11.4 cm
high. (The Union Carbide Corporation
trade name of the foil material is Paralene
C.) Preliminary measurements with the
stripper foil in the 50 MeV beam transport
system showed that the H™ to H* conver-
sion efficiency was better than 90 %. For
injection into the ZGS, the stripping foil
was located 61 cm into the first magnet
octant and 28 cm outside the central orbit
location. At this position, negative hydro-
gen ions injected into the preceding
straight section at an angle of 3° are
deflected outward in the magnet field and
are converted into protons which, at the
correct field strength, travel on an equili-
brium orbit located at the foil.

The inflector magnet normally used for
the injection of protons was removed for
the negative ion injection. Injection could
thus continue for a long time (over many
turns) without the necessity of increasing
the magnetic field rapidly to move the
equilibrium orbit inwards to keep the
orbiting protons from colliding with the
septum of the inflector. The scattering of
the circulating protons as they passed
through the foil during succeeding turns
after injection was expected to be small,
but no attempt was made to measure this
scattering during the initial injection expe-
riment. The rate of rise of the synchrotron
magnetic field was reduced from the nor-
mal value of 20 kG/s to 10 kG/s to reduce
the spread of betatron oscillation ampli-
tudes for long injection times. In the fu-
ture, still smaller rates of rise for the field
will be tried.

In the Booster proposal, during the pre-
liminary H™ injection studies and tune-up
of the Booster, normal operation of the
ZGS would continue with injection and
stripping of H™ ions at 50 MeV. This would
require improvement of the source and
better matching into the 750 kV column
and linear accelerator to produce accept-
able beam intensities.



EEV glass and ceramic hydrogen thyratrons are
extensively used to provide more precise and
efficient high speed switching. Here are some of
the reasons why:

1 Their short anode delay time of between 20
and 120 nanoseconds depending on triggering
method.

2 Low jitter generally of 1 to 2 nanoseconds but
down to less than % nanosecond depending on
heater supply.

3 The negligible change in anode delay time—
typically only 10 nanoseconds over a long period
of use.

4 A high peak inverse voltage capability of 20kV
immediately following pulse.

5 The low trigger power required.

6 The wide operating voltage range of 1kV-120kV
with four tubes.

7 The ability to control anode delay time and rise
time of current, using reservoir.

8 The wide reservoir range for maintenance of
gas pressure typically 4.5V to 5.7V.

The standard range plus EEV’s ability to meet
special requirements means that virtually any
high speed switching application can be met.
Here are a few :

Radar modulators with a system output power
of 1T0kW—-10MW.

Medical linear accelerators with RF
accelerating powers up to 15MW.

Particle linear accelerators with RF
accelerating powers up to 50MW. They may also
be used in first-stage particle beam choppers.
Particle beam benders where a network of
stored energy needs to be discharged into a
deflection coil or other device somewhere on the
accelerating ring. )

Spark chambers

For pulsing light shutters such as Kerr or
Pockel cells.

Electronic crowbars and energy diverters

EEV thyratrons-
for better

high speed
switching

Peak Peak Peak Mean
power forward anode anode
output Heating voltage current current
Type max Factor max max max
(MW) (V.Ap.p.s.) (kV) (A) (A)
Brief data on some CX1154 50.0 30x10° 40 2500 3.0
of the ceramic types CX1157 3.5 7x10° 20 350 0.35
available. CX1168 100.0 70x10° 80 2500 25
CcX1171 150 70x10° 120 2500 2.5
CX1174 120 60x10° 40 6000 6.0
CX1175 200 140x10° 80 5000 6.0
CX1180 125 9x10° 25 1000 1.25

Send for full details
of the complete range
of EEV thyratrons.

%

English Electric Valve Co Ltd
Chelmsford Essex England Telephone: 61777
Telex: 99103 Grams: Enelectico Chelmsford
Represented by :

Roschi Telecommunication A.G.
Giacomettistrasse 15, P.O.Box 63.3000 Bern 31,
Tel: (031) 44-27-11 Telex:32-137

| am particularly

Please send me full data on your complete range of glass and ceramic hydrogen thyratrons

interested in using a
thyratron with the

NAME POSITION
following parameters:
Application COMPANY
Peak power output ADDRESS
Peak forward voltage
TELEPHONE NUMBER EXTENSION

Peak anode current

AP 356 CC4
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by LINTOTT

H

In the field of Nuclear Physics,

Lintott Engineering Limited is well known for the
design and manufacture of complete magnet
systems, including coils, vacuum chambers and
current stabilised power supplies. In design,
development and production, equipment supplied.
by Lintott measures up to the most exacting
standards of sophistication, precision and
performance. With their extensive experience

in research and development, Lintott will also
undertake the production of special prototypes,
electronic equipment and many other

items of specialised equipment.

For further information, send for copies
of our brochures, or advise us of your
individual requirements.

High stability power supply.
Versatility,

consistent performance,
competitive price.

As recently supplied
toN.P.A. CERN.

Vacuum chamber.

An important feature
of 10 bending magnets:
supplied by Lintott

to Deutsches Elektronen
Synchrotion (DESY).

LINTOTT ENGINEERING LTD

Foundry Lane Horsham Sussex England
TELEPHONE: HORSHAM 3316 TELEGRAMS: VULCAN, HORSHAM

AYLING
INDUSTRIES
GROUP
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New

Vacuum Gauges
as

Rack Panels

as

Consoles

or as a Fitting

With the re-design of their well-known

vacuum gauges which have been in

popular use for the past 20 years,

BALZERS have fulfilled two important

technical requirements; suitability of the

equipment for insertion into standard

- racks, and further extension of the high

vacuum measuring range of the instru-
ments.
Adaptation to modern technical require-
ments was simplified for BALZERS by
their background of wide experience in
the construction of vacuum measuring
equipment, and the new BALZERS
vacuum gauges are a product of the
natural processes of growth and matu-
rity.

Special Features

— outstandingly efficient;

- compact in shape and appearance;

— practical programme necessitating
few gauges for the pressure range
760 to 10-11 Torr (for example KV 713:
from 1 to 10-8 Torr);

— Indication: accurate and
cible;

— Type of construction: modern, robust
and reliable in operation;

— standard size connections for recor-
der and control instruments;

— available as a unit for fitting in exist-
ing control panels and plants as re-
quired;

- available as a 19" rack panel;

— available with side panels as a port-
able console, suitable for stacking.

BALZERS programme of measuring
equipment also includes: vacuum relays
leak detectors and mass spectrometers.

reprodu-
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BALZERS"®

BALZERS AKTIENGESELLSCHAFT
fiilr Hochvakuumtechnik und Diinne Schichten

FL-9496 Balzers Principality of Liechtenstein

United Kingdom:

BALZERS HIGH VACUUM LIMITED
Berkhamsted, Herts.,

Telephone: Berkhamsted 2181
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EDWARDS
EQ Series
diffusion
pumps
reach

peak
performance
faster —

THEY ARE
VACUUM
BRAZED

When a batch of stainless steel EO series pump bodies emerges from our
Edwards vacuum furnace they are clean, thoroughly degassed—really
C-L-E-A-N. We make sure of that by giving them a one hour degas
soak at 1060°C with a terminal pressure of 10~* torr at temperature.
That, and their crevice-free design, is why they reach peak performance as
soon as you put them into operation.

Performance data for the EO Series and all Edwards oil and mercury
vapour diffusion pumps up to 36 in. diameter are summarised in our new
publication 05663—copies on request.

Edwards Vacuum Components Limited
A member of the BOC group

Manor Royal, Crawley, Sussex, England
Telephone Crawley 28844 Telex 87123 Edhivac Crawley e

Edwards
/0L

P1698

244



Natural and synthetic rubber
Plastic materials

Power transmission elements

Sealing specialists (GACO)

Agents & distributors::

Angst+Pfister

GENEVA
ZURICH
MILANO

High Energy & Nuclear Equipment S.A.

2, chemin de Tavernay, 1218 GENEVE - Tel. 022/34 17 07/05

IMPROVEMENT
IN TECHNICAL SERVICES

It is with pleasure that we announce the appointment to our senior staff of
Mr. Robert (Bob) BROOMFIELD, a qualified and highly experienced
electronics engineer. Mr. Broomfield’s experience ranges over many
branches of engineering and different equipment, but for the past 7 years
he has been concerned with electronics used in High Energy, Nuclear and
Medical Physics. He has travelied widely in the United Kingdom and
throughout Europe demonstrating and talking about specialised systems.
For example, LABEN Kicksorters, ADC's and Computer Interfaces, NUCLEAR
ENTERPRISES Ge and Si Detector Systems and LeCROY Fast Electronics.
During August, Bob Broomfield wil! be visiting our Principals in the United
Kingdom but from mid September will be at your disposal to discuss
nroblems in Applied Scintillation Counting and Spectroscopy, Data
Handling, Display and Recording, etc... His services are free if you are
interested in the equipment offered by our Principals.

Mr. Broomfield’s appointment will enable us to give you a great deal more
help before and aiter supplying equipment. For example, we now intend to
run short courses on various subjects. One of the first will be the operation
and elementary maintenance of 400 and 4096 channel Kicksorters — if you
could be interested in this, please let us know. We would also like to have
your suggestions for other courses you would find useiul — remember our
Principals can assist with these and they jointly have an enormous amount
of knowledge about the equipment you need to do your experiments.

Since Mr. Broomfield’s appointment we have added four more graduate

Physicist/Engineers to our staff, two in Madrid and one in Biibao. The

fourth is Dr. Jesus Sanchez lzquierdo who will act as Personal Represen-

tative of the Managing Director at our new offices and Laboratories in

Madrid — Felipe Il 18, 1© Drcha — telephone No 226 51 69. Telex : Rand E
226 25 Attention HENESA.

NEW APPOINTMENTS

The majority of CERN Courier Readers know our established Principals but in
addition we are pleased to announce our exclusive appointment in
Switzerland for SELO Societa Elettronica Lombarda of Milan for Uftrasonic
Cleaning and Nuclear Medicine Equipment which inciudes their well known
Dual Headed Scintillation Scanner. We have also been appointed the Swiss
representative of APEC American Process Equipment Corporation of
Panama City/Florida, for their Ultrasonic Cleaning Equipment.

OTE-GALILEO of Florence, well known for their Gardiology, Operating and
Recovery Room, Neurology and Intensive Care Equipment, have also invited
us to act for them.

Ronald Stiff : Managing Director

RELAIS

Relais «Reed», conception nouvelle, REL R-10

Relais miniature polarisé

Encombrement
10X10X20 mm

1 double contact inverseur
au rhodium

Temps de réponse
extrémement court

Compensé en température

Exécution mono- ou bistable,
1 ou 2 bobines

Prix modiques

oo o o oo

O

Relais «Reed», types ARID et ERID

Pour courant continu

Contacts «Dry-Reed»
ou mercure

Jusqu’a 6 contacts de travail
ou inverseurs

Commutation trés rapide
Haute sensibilité

Connexions pour circuits
imprimés

oo o O

Relais microrupteurs type REL 20

[_] Pour courant continu ou
alternatif

[] Faible encombrement
20X20X24 mm

[J 1 ou 2 contacts inverseurs
6 A250V ~

[ Connexions :
par soudure
par clips (p. ex. AMP-110/0,5)
pour circuits imprimés

Relais miniatures REL 40

Contact simple ou double
2 a 6 contacts inverseurs
Haute fiabilité

Pour courant continu

ou alternatif

PRIX TRES MODIQUES

EXECUTIONS COURANTES
LIVRABLES DE STOCK

oo ogod

Relais industriels REL 60

Utilisation universelle
Contacts 6 A 250 V ~
jusqu’a 20 lames

Contacts 0,5 A60 V ~
jusqu’a 30 lames

Contacts en différents
matériaux

Adaptés a toutes exigences

Exécution pour courant
alternatif avec redresseur

Embrochable, sur demande

O oo o o gg

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

Telephon 051/931212
Telex 53 699
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GHz. ATTENUATORS
n.S. DELAYS

manually operated and remotely programmable

by

J and P introduce a new range of attenuators and
coaxial cable defined delays. These are available in
manually operated orremotely programmable versions.
High reliability switches or relays embedded in low
loss transmission lines achieve sub nanosecond
response. All designs are packaged in NIM, CAMAC
and free standing options.

NM 630 Dual attenuator, push button control
1,2,4,6 and 12dB
less than 0.5 nS response

NM 640 Dual 50 ohm coaxial delay
push button control
1,2,4,8 and 16 nS

NM 641 Dual delay, 0.5,1,2,4 and 8 nS
and 1,2,4,8and 16 nS

NM 642 Dual delay, 0.25,0.5, 1,2 and 4 nS
and 1,2, 4,8 and 16 nS

NM 635 50 chm attenuator, relay control
1,2,4,6,12 and 20 dB

NM 645 Single delay, relay control
1,2,4,8,16 and 32 nS

Write for details of these and other instruments to :
J & P ENGINEERING, PORTMAN HOUSE, Cardiff Road, Reading, England. Tel. (0734) 52227

J& P Engineering (Reading) Limited
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INTRODUCING

ONVINMIICTL: THE woRLD'S FIRST ALL-IC FAST LOGIC SYSTEM

m A totally new approach to fast logic for high-energy instrumentation (not
just conventional circuits repackaged using IC’s).

m Less than half the cost of conventional instrumentation — $10 (or less) per
incremental logic decision.
Circuit elegance afforded by unique system concept permits fewer, simpler,
more reliable modules.
All NIM-compatible signal levels.
Built-in test pattern generators.
Outputs organized for scalers, computers, magnetic tape recorders.
Even faster than conventional 200 MHz logic systems — speed achieved
through highly parallel computer-type logic.
Simple, clean setup and operation; simultaneous analysis of background
events; free of the propagated, compounded timing inaccuracies and dead-
time effects inherent in conventional fast logic systems.

A totally different concept. Send for product literature on: CIVINIIC].

LeCROY RESEARCH SYSTEMS
LRS CcC OR P ORATI ON

Rte. 303, W. Nyack, N.Y. 10994 - {914) 358-7800
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THE FASTEST GONVERTER OF TIME-PROVEN OPERATIONAL
EFFIGIENCY AVAILABLE FROM MASS PRODUGTION

33 ViHZz
‘equivalent clock rate

o (differential linearity : 0,1 Y
o integral linearity : 0,04 %

® input mode  AC or DC coupled

: OC restorer
- 4096

@ number of channels

m FAST CONVERTER MOD. FC 60/4098
Paseat e

R SN < Faonr 468

LABEN SLIDING SCALE CONVERTER MOD. FC 60,/4096 vy uentesun-ist e sson
FOR CONNECTION = WITH COMPUTERS AND MULTICHANNEL ANALYZERS

Plug-in for Spectrum Stabilizer available

® O price competitive

mﬂ[“ Divisione della MONTEDEL-Montecatini Edison Elettronica S.p.A.
41 Milano-Via E. Bassini, 15 -Telefono, 2365551 - Telex, 3345l

AUSTRALIA: AA. Guthrie Pty., Ltd. 16-18 Meeks Road, Marrickville N.S.W. - AUSTRIA AND GERMANY: Elektronik-Service GmbH, Savignysirasse 55, 6
Frankfurt Main 1 - DENMARK: Hans Buch and Co. A/S, Svanevej 6, P.O. Box 975, 2400 Kobenhavn N.V. - FRANCE: Numelec S.A., 2 Petite Place, 78 Versailles
GREAT BRITAIN AND IRELAND: Nuclear Enterprises Limited, Sighthill, Edinburgh 11 {Scotland) - ISRAEL: Palec Litd., 7, Rishonim St. P.0.B. 1039
Ramat-Gan - NETHERLANDS: Intechmij N.V., Hoogkarspelstraat 68, Postbus 8068, Den Haag - NEW ZEALAND: A.A. Guthrie Ltd., 4 Adelaide Road, C.P.C.
Box 1944, Wellington - NORWAY: H. Meltzer and Co., Bygdo Allé 23, P.O. Box 3038 Elisemberg, Oslo 2 - SWEDEN: Polyamp AB, FACK 17500, Jakobsberg
SWITZERLAND: High Energy & Nuclear Equipment S.A, 2 Chemin de Tavernay; Grand-Saconnex, 1218 Geneva {(Enquiries handled also for Spain and Portugal)



High performance/
low priced varian data
systems computers.

varian data 620/i.
Over 500 installed.

8 D verenimmasscnes

A third generation system computer with an excep-
tional price/performance ratio.

For easy interfacing with your system. Party line
communication. Over 100 basic commands. Directly
addressable memory —4K to 32K words. 16 or 18 bits
with a 1.8 microsecond cycle time.

Multi-level priority interrupts. 9 hardware registers;
6 addressing modes.

Micro EXEC addressing option —handles instruc-
tions at submicrosecond speeds, giving a 10 to 1
speed advantage over stored programs. 10Y2” of
rack space; 67 pounds, including power supply.

Field proven software. Cost: only $13,900 with
ASR 33 TTY.

varian data 520/i.
New $ 7,500
dual-environment computer.

(B o e

TR Il LI
e e

‘e ——— |

Dual-environment eliminates the need to save-and-
restore routines each time an interrupt occurs.

Single-instruction transfers control between envir-
onments. For example, between processing and /0O
programs.

Memory expandable from 4K bytes to 32K bytes
with 1.5 microsecond cycle time.

11 interrupt lines; 12 hardware registers. Functions
arithmetically in 8, 16, 24, 32 bit lengths within same
program.

50 basic instructions with over 500 register-to-
register operations. Monolithic integrated circuits.

varian _
data machines

a varian subsidiary
Frankfurter Ring 81

8 Muenchen 13, West Germany
(0811) 35 91 098

SALES OFFICES: United States, Australia, Belgium, Canada, France, Germany, India, ltaly, South Africa, Sweden, Switzerland, United Kingdom and lIreland.
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serties SO0 FAST SCALING SYSTEM

A completely new scaler set with unexpected possibilities and unique convenience in use:

SCALER ¥ V4  CENTRAL UNIT

D

e

® 4
ot o o 6 o

».
)

-8
8
.

TYPE 801 SCALER MODULE TYPE 811 CENTRAL UNIT

® Readout on the flight. The entire set of scalers can @ Abie to control up to 100 scalers.

be readout, closing the gate for halfamicro-second. ¢ Convenient decimal Display of scaler address and content.
® A scaler system in NIM modules without the clumsy o Comprehensive and flexible control circuits.
data cable harness on the back.

® Binary counting but decimal display, data available
for storage or processing in BCD or pure binary
format.

@ Drive units for type-writer, puncher or incrementai
magnetic tape transport available (Type 816)

® Five 100 MHz 16 bit scalers in a single two unit
NIM module.

@ Individual fast Gates.
® Integral high rate test in each module.
® All inputs and outputs for fast NIM signals.

Representatives throughout Europe and The United States ELECTRDN'GUE

31 Av. Ernest-Pictet-1211 GENEVA 13/ Switzerland - Tel.(022) 44 29 40

® Data available as decimal characters for printer/puncher
control or as parallel binary word for computer interfacing.

® Readout rates up to 660 000 16 bit words per second.
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And now, a NIM-compatible and practical European Standard for
100 MHz + logic systems has been founded with the introduction of
Borer Fast Logic Modules. So highly flexible, these CERN design
based units form the most comprehensive decision-making family of
modules ever to have been offered at such a realistic price. Bonus
advantages of shorter neater inter-module cabling can be gained from
Lemo-equipped models: BNC-equipped models are available too for
existing system compatibility.

Some details of one of these modules are given below and more data
on this, and the rest of the family, will be sent at the drop of a postcard.
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Specifications
Input Impedance 50 ohms + 279/,
Reflections 50/, max. below + 1V
109/ max. below 4+ 10 V (tr = 1 ns)
Current, max. cont. 75 mA
Rate Greater than 50 MHz
Output Impedance Current source, must be terminated, dc
return path 125 ohms max.
Rise time 2.5 ns max.
Linearity Better than 0.259/, (over range of
+ 16 mA)
Transmission attenuation 509/, approx. Output limited to + 22 mA
Pedestal Adjustable to zero
Stabilized to better than + 0.5mV over
50 ohms
Signal feed-through 50 mV max., capacitively

differentiated, for an input signal of 10V
and 1ns rise time. Nett charge is zero

Gate Input impedance 50 ohms + 29/,
Input level —400 mV to —4 V to open gate
Signal duration 10 ns min. Maximum duration unlimited
Opening time 3 ns max.

7 2 A
Closing time 47is max.}to 909/, of max signal amplitude

Transients 30 mV max. from base line to worst peak,
nett charge adjustable to zero

Great Britain: 35 High Street, Shoreham-by-Sea

Sussex BN4 5DD

Tel: Shoreham-by-Sea 5262 Telex: 87274

Germany: Verkaufsbiro Miinchen, Kaiserstrasse 10 ELECTRONICS

8000 Miinchen 23

Tel: 348016

France: Numelec, 2 Petite Place, 78-Versailles Switzerland: P. O. Box, 4500 Solothurn 2
Tel: 951-29-30 Tel: (065) 4 88 21, Telex 34228
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We are particularly proud of our vigorous R & D programme at NE and, in
case you were not able to visit our Physics Society Exhibition stand in
London in March we would like to tell you about the new equipment we

had on display. For further details of particular products, just return a
completed coupon or call us at 031-443 4060.

NEW SCINTILLATORS:

Including ultra fast plastic NE 111 (pulse width 1.54ns), Zn0(Ga) alpha
particle detector NE 843 (decay time 0.4ns), thermal neutron detector NE
423 incorporating Zn0(Ga) and 6Li, and neutron radiography detector
NE425.

INSTALLED BETA/GAMMA MONITOR ICM1:

For rapid detection of beta and gamma activity on clothing or body surfaces
of personnel. (Developed in conjunction with A.E.R.E., Harwell).
PORTABLE BETA MONITOR Type PBM2 (NIS 377):

A surface beta dose rate meter for monitoring work benches, clothes etc.,
light-weight, self-contained, uniform in beta response, relatively low
sensitivity to gamma radiation. (Developed in conjunction with AW.R.E.,
Aldermaston).

144-CHANNEL ANALYSER Type 6900:

Integrated circuits featuring 1T0MHz address and 8 microsecond memory
cycle with count capacity 220,

COINCIDENCE SPECTROMETER:

Measures Ge(Li) detector rise time using Nal detector-photomultiplier
assembly and units from the versatile International NIM Series.
NON-DISPERSIVE X-RAY SPECTROMETER:

Ge(Li) cryostat system with International Series NIM Modules permitting
simultaneous multi-element analyses at rate of 60 per minute. Resolutions
of 275eV possible.

4096-CHANNEL ANALYSER:

Full use of integrated circuits, highly flexible design enabling wide range of
input/output devices and automatic operation by patch programming.
CAMAC SYSTEM:

Modular data transfer system for rapid bi-directional communication
between experiment and computer for ‘on-line’ control of experiments and
processes. (7000 Series Range developed in conjunction with A.E.R.E.,
Harwell).

PORTABLE MOISTURE & DENSITY MEASURING SYSTEM:

For rapid non-destructive measurements in laboratory and field using
light-weight portable Scaler NE 5013 and high efficiency detectors of 3He
and Li glass.

NUCLEAR
ENTERPRISES LIMITED

Sighthill, Edinburgh EH11 4EY, Scotland

Telephone: 031-443-4060 Cables: Nuclear Edinburgh Telex: 72333

Also at Bath Road, Beenham, Reading, RG7 5PR England

Telephone: 07-3521-2121 Cables: Devisotope, Woolhampton Telex:84475
Germany: Nuclear Enterprises GmbH, Perfallstr. 4, 8 Munich 80. Tel: 44-37-35
West): Nuclear Enterprises Inc., 935 Terminal Way, San Carlos, Calif. 94070. Tel: 415-593-1455
East): Capintec Inc., 63 East Sandford Bivd., Mt. Vernon, N.Y, 105560. Tel: (212) 762-2440-1
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HUCLEAR

AUTOMATIC BETA/GAMMA
SPECTROMETER NE 8312:

Highly versatile, compact 400-sample, counts
beta-emitting liquid scintillation and gamma
emitting samples in same standard 20ml vial.

I O N N Y O g
To NUCLEAR ENTERPRISES LIMITED =
Sighthill, Edinburgh EH11 4EY, Scotland. i
Please send me further details of the new N
equipment ticked. =
1O OO0t ]
12345678910=
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ADDRESS . i .
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Swiss Agents : HIGH ENERGY AND NUCLEAR EQUIPMENT S.A.
— 2, chemin de Tavernay - GRAND-SACONNEX - 712718 GENEVA - Tél. (022) 34 17 07/34 17 05



How much can you put in a module? Four discriminators... four
coincidence circuits...a fast four-bit buffer store...versatile output
and control circuitry...almost a bin full of 200 MHz instrumentation
is in the new C142/N QUAD DCB...to save you space and money.
JNEGzG

NUCLEAR INSTRUMENTATION

QUAD DCB S
TEST POINT
MODEL C142/nN SECTION 1 THRESHOLD -
DISC-COINC-BUFFER G
F— rroTeCTED L -  fsT [ ocattD [—O+
INPUT inpuT  [—f DBCRIM ol BUFFER OUTPUT ouTPUTS
L/ AMPLIFIER - | sToRe | DRIVER o
=1 —1
card
SECTION 2
THRESH ©
SECTION 3
SECTION 4
- BUFFER
STROBE o OFF STORE
§q oo OUTPUTS
INPUT STROBEX_ INPUT READ
TEST NOTo
GATED INHIBIT/
_{ INPUT AMP —O RESET
INPUT

How did we do it? We arranged nearly 600 direct-coupled coincidence circuits is
components in four complete data chan- capable of 200 MHz operation.
nels, shown above. Each coincidence circuit drives a fast buffer
“Bridging” inputs to the discriminators are store (tunnel diode flip-flop) which is reset
protected to =200V overloads, and allow and inhibited from the rear-panel interface
detector signals to be reused or conven- connector. A rear-panel locking toggle
iently monitored. Each discriminator has a switch allows the buffer store content to be
multiturn threshold control, —100 mV to read out upon computer command, or
at least —500 mV, and each discriminator allows the buffer store content to read out
THRESH will operate in excess of 200 MHz. The dire;tly at all times. The buffer store may.be
“biased amplifier” discriminators have no monitored from the front-panel test point.
dead-time, and output signal width is equal Independent positive and negative polarity
TEST ; ; g :

- to input width above threshold. The CLIP outputs are provided at the interface con-
connector allows discriminator output nector and the read and inhibit/reset lines
signals to be clipped with a shorted stub, accept either positive or negative signals,
STROBE without multiple pulsing, to as short as to make the C142/N easy to interface to

2.0 nsec. any computer or slow logic system.

The STROBE input accepts NIM-standard There’s a lot more to be said about the
fast logic signals, and each of the four C142/N . . . ask us.

o <£L>£Et5££3

SER. 3114

For complete specifications, contact EG&G, Inc., Nuclear Instrumentation Division
36 Congress Street, Salem, Massachusetts 01970. Phone: (617) 745-3200.
Cables: EGGINC-SALEM. TWX: 710-347-6741. TELEX: 949469.
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ETUDES ET CONSTRUCTION D USINES

Traitement de minerais d’uranivm
Produits uraniféres

PROCEDES

. Traitement des produits uraniféres :
Minerais, Fluorures, Oxydes, etc.
. Procédés spéciaux physiques et chimiques
Retraitement ‘des_combustibles nucléaires ...
Traitement des effuents et denumammamn

REACTEURS NUCLEAIRES

Etudes et participation aux construetions:

APPAREILS DE MESURE
ET DE LABORATOIRE

Instrumentation diverse jisur emplois nucléaires
Boites @ gants
Fours de traitement lhermlque

MATERIAUX ET PRODUITS
POUR L’INDUSTRIE NUCLEAIRE

« Métauk non ferreux et alliages :
- Zircanium et alliages pour emplois nuciéaires
~hatniym, niobiim, vanadium, aluminium,.::
magneshim.. sodium nucigaire.
« Aciers et alliages farraux :
Acigrs inoxydables et rélractairas
Agiers résistant mécaniguement 3 chand
Aciers 2 spécifications nucléaires particulieres,
o Produils & technique spaciale de m;sa 4 forme
Profils et tubes filés. .g’
Métaux {rittés compasts oy panux &
Aimants permanents. Fu
« Produits chimiques et divers ~
Fluore et produits fliiorés minéraux et organiques &
Graphne nucléaire. 2
o GComposés uraniféres 3
Concentrés ®
Produits de pureté nucléaire
Oxydes et sels d'uranium.

254



PENSEZ-VOUS VRAIMENT QUE NOUS NE
CONSTRUISIONS QUE DES ACCELERATEURS.....

Ce peut bien étre en effet votre opinion, tant
il est vrai que nous sommes trés connus pour
nos accélérateurs Van de Graaff. Mais ceci
ne signifie pas que nous ne puissions rien
faire d’autre.

Tout au contraire! Nous développons con-
stammentlagamme de nos produits, ainsi que
nos installations de production, de contréle
et d’engineering.

En plus de nos produits standard, nous réali-
sons les équipements désirés par les clients,
c'est-a-dire le type de produits once only".
Nous sommes bien outillés pour travailler les
mateériaux les plus difficiles et nous avons
V'occasion d'éprouver nos techniques sur des
modéles compliqués.

De nombreuses années passées dans le do-
maine de la physique nucléaire nous ont
rendu vos problémes familiers.

e accélérateurs e sources de neutrons
« alimentation de puissance en semi—conducteurs

mesure de champ magnétique par RMN
e chambres a vide, pompes, vannes et plomberie

Voulez-vous connaitre notre meilleur atout
de vente? Nous travaillons en étroite colla-
boration avec nos clients, ce qui vous permet
d’obtenir un produit de haute performance.
Si vous aussi, vous avez un probléme parti-
culier, demandez-nous de vous rendre visite:
Amersfoort - Hollande est si prés! Etre chez
vous n'est qu'une question d’heures.

HIGH VOLTAGE
ENGINEERING
(EUROPA) N.V.

ANMERSFOORT, HOLLANDE

aimants sur commande

« aimants d’'analyse et de routage » moniteurs de profil de faisceau o irradiations a facon e étude des méthodes

et des installations d'irradiation e

fours et cryostats Mdssbauer « chambres a diffusion.
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