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Experiments

A run-through of the present and near future
experimental programme at the Intersecting
Storage Rings.

The chance to see what happens at
the new range of energies available
when proton beams are fired at one
another in the ISR has given a new
lease of life to the high energy phy-
sics programme in Eurcpe. With
energies in excess of what could be
achieved at a 1000 GeV convention-
al synchrotron now at our fingertips
there has been feverish activity to
mount experiments, which are likely
to tell us not only something new
(practicalfly all experiments aim to tell
us something new) but something
different. This ‘something different’
might provide us with clues to help
sort out the morass of information
about particle behaviour that we have
gathered over the past ten years.
Twelve experiments have been
‘approved ' for the ISR programme
involving some 200 physicists (not
counting the manpower required for
data handling). Seven are installed at
the machine and taking data and four
have already given results. We will
move around the ISR tunnel looking
at the intersection regions in se-
quence and saying a litile about each
experiment before coming back to
give some more detail on the in-
formation already gathered.

Intersection -1

Experiment R 101 : A Bombay, Bucha-
rest, CERN, Cracow collaboration used
nuclear emulsions to measure the
angular and mementum distribution of
particles flying out from the proton-
proton interactions. Emulsions have
been exposed over the angular range
35 to 90° and some results are being
pubiished. The study is continuing
looking for such things as gammas
from neutral pions, slow antiprotons,
etc. The investigations are of a type
particularly suited to emulsions or
where emulsions can give a quicker
lock than other techniques.
Experiment R102: A Saclay, Stras-
bourg collaboration are catching

at the ISR

CERN 300.8.77

gammas and electrons which emerge
from the interactions with large trans-
verse momenta. They have a large
aperture magnet, a gas counter and
wire chambers to help distinguish
between particles followed by a show-
er chamber (optical spark chambers
interspersed with lead plates) which
‘sees’ the gammas and electrons.
These could come from the decays
of pions and kacns but also from the
decay of the postulated intermediate
vector boson (W) for example:

+ +
W —-e +wv.

They are also looking for another
type of postulated particle, the quark,
via their tell-tale fractional charges.
A Cll 9010 computer is on-line.
Experiment R103: A CERN, Colum-
bia, Rockefeller coilaboration are
having their equipment installed as
R 101 is completed and will take data
alternating with R 102. They will use
wire chambers and lead glass Che-

Intersection region -1 where, to the right, can be
seen the detection System of the Saciay,
Strasbourg collaboration which records gammas
and elecirons produced in the decay of particles
which emerge from the collisions.

renkov counters in a search for mas-
sive particles which divide into elec-
tron pairs of high momentum. An
HP 2116 B computer will be on-line.

Intersection I-2

Experiment R207: A CERN, FOM,
Lancaster, Manchester collaboration
is at an advanced stage of in-
stallation of eguipment for an ex-
periment to study particles produced
at small angles (between about 15
and 150 mrad) and with momenta
between about 0.5 and 25 GeV/c. The
particles will be monitored in a spec-
trometer about 30 m long (beginning
with two septum magnets and ending
in a large Cherenkov counter} which
climbs vertically over the top of the
ISR magnets. An IBM 1800 computer
will be on-line and linked to the
central CDC computers.

Experiment R 202 : An Argonne, Bo-
logna, Michigan collaboration has al-
ready some results on particle pro-
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duction at medium angles (about 80
to 200 mrad) and momenta from 1.5
to 10 GeV/c. Their detector is a spec-
trometer extending over 45m be-
ginning with a septum magnet follow-
ed by two large bending magnets
with  scintillation and Cherenkov
counters interspersed. They first look-
ed at the emerging positive particies
and have now moved to the negatives.
Experiment R203: A collaboration
involving British and Scandinavian
Universities have a double barrelled
experiment involving a search for
quarks and an extensive study of
particle (pions, kaons, protons, etc.)
production at large angles (30 to 90°).
The detection system is a large
mobile spectrometer arm (weighing
about 30 tons) carrying two magnets,
spark chambers and counters. A
DDP 516 computer is in use on
line. The experiment has started
taking data on low momentum
(below 2 GeV/c) particles. it will later
be adapted o catch high momentum
particles and search for quarks.
Experiment R 204: A U.K. collaboration
have an experiment installed on the
opposite side of the intersection
region to R 203. They are concerned
with a careful search for the inter-
mediate vector boson through its po-
tential decays into muons
W—>;L‘+;; (TRl Y

With ISR interaction energies a W
with a mass of several GeV could be
produced and detected via its highly
energetic decay muons. They will also
study muon pairs from the decay of
massive virtual photons. The detec-
tor is an optical spark chamber, iron
plate sandwich weighing aboui 250
tons. It is surrounded by about 100
mirrors to allow the chambers to be
photographed by a single camera.
The whole is encased in a light-tight
igloo which reaches to the roof of the
ISR tunnel. Data handling is via a
PDP 8 computer and the film will be
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measured at the Rutherford Labo-
ratory.

intersection -4

This intersection region will eventu-
ally be occupied by the split field
magnet (see, for example, vol. 10,
page 148) which will be a ‘ universal’
detection system adaptible to a va-
riety of experiments. Since its instal-
lation is a year away, the region is
being used currently for test pur-
poses. Two experiments have been
‘accepted’ for the region.
Experiment R4017: A CERN, Ham-
burg, Orsay, Vienna collaboration will
study the energy dependence of the
production of nuclear resonances.
ptp—p+ N

using muliiwire proportional chambers
and a neutron detection system in the
split field magnet.- The SFM computer
system (EMR 6130 eventually linked
to a CIl 10070) will be used.
Experiment R 402 : A CERN, Munich
collaboration is slipping in before the
arrival of the SFM to carry out a
quark search using a large assembly
of scintillators and multiwire propor-

tional chambers. They already have
some estimates of cross-sections
using the scintillator telescopes
alone.

Intersection -6

Experiment R 601 : ACERN, Rome col-
laboration was among the first to
report results from the ISR. They are
looking at elastic scattering of the
protons down to very small angles.
The published data covers 7 to
16 mrad ; the data to be gathered
now goes down to 1.7mrad or 1.4
mrad using special ‘Roman pots’
which accommodate counters actually
inside the machine vacuum chamber.
Counters are thus arrayed down-
stream on each beam. They are
coupled to an HP 2116 B computer.

Experiment R 602 - An Aachen CERN,
Genoa, Harvard, Turin collaboration

was another of the first teams with
results from the ISR. They nicely
complement the experiment above by
extending the elastic scattering ob-
servations to wider angles (15 to 27
mrad). Sets of spark chambers around
each downstream arm give added
precisicn in the measurements. A
PDP 11, an IBM 1800 and a link to
the CDC computers covers data
handling.

Intersection 1-8

Experiment R801: A Pisa, Stony
Brook collaboration has its equipment
at an advanced stage of assembly.
It aims to measure the total cross-
section of the proton-proton inter-
actions. The interaction region is
surrounded with a vast array of
counters to catch the particles flying
out and, in order to have also the
very small angle data, the results of
Experiment 601 will be fed in.

Experimental results

We now return to the four experi-
ments which already have results.
Three of them were covered in the
account of the Amsterdam Confer-
ence on Elementary Particles in the
July issue (page 185) and graphs
illustrating their first data can be
seen in that issue; a graph ilfustrat-
ing data from the fourth experiment
appears on page 242.

Most attention has been concentra-
ted on the two experimenis which
have studied the elastic scattering of
the colliding protons carried out by
the CERN, Rome group (small angle
data) and the Aachen, CERN, Genoa,
Harvard, Turin group (wider angle data).
Their results immediately modified
the predictions based on measure-
ments at lower energies. As a change
from presenting results as a series of
numbers and describing how they
have been obtained, let us try to



Left : Intersection region 1-4 where & CERN,

Munich coffaboration has slipped in (prior 1o
the arrival of the split field magnet) to carry
oul a search for quarks.

Intersection region I-6 where eiastic scaltering
measurements are being carried cut. The small
angle measurements are carried out by a CERN,
Rome team and & ‘' Roman pot ', which has
cotinters within the machine vacuum, can be
seen af the boitom of the photograph on the
beam pipc on the right. Detectors for the wider
angie measuremens of the Aachen, CERN,
Genoa, Harvard, Turin colfaboration branch off
to the right.

understand, very simply, why these
two experiments are interesting and
what they are telling us.

One of the ways to get to know
the particles is to observe them under
extreme conditions when hitherto un-
suspected aspects of their nature can
emerge. (However, it is worth remem-
bering that the conditions we artifi-
cially set up at particle accelerators
are only extreme on planet Earth. Re-
search in astronoemy and cosmology
has shown that, on the scale of the
Universe, a high proportion of par-
ticles live in just such conditions.)

The ISR enable us to throw protons
together at energies far above what
was possible before. To watch how
they bounce off one another {elastic
scattering) can tell us a lot about
what form the proton has. This tech-
nique is far from new — we are, in
fact, doing in a much more sophisti-
cated way the sort of experiment that
Rutherford did in 1911 when he fired
alpha particles at a thin gold fcil and,
from the way they bounced off the
atoms in the foil, deduced that the
atom had a nucleus.

When we say ‘what form the preton
has’ we should not imagine a rigid
geometrical structure. It is better ic
say ‘what region of influence the
proton has’. The information which
had been previously gathered at
accelerators (up to a peak energy
of 70 GeV at Serpukhov) showed that
as the energy of the protons in-
creased, so the effective radius of the
proton increased. When a proton
rushed past another with higher
energy then it felt, and was affected
by, the other proton at a greater
distance. (An analogy is that of a
satellite travelling through the earth’'s
atmosphere. If it is travelling slowly,
i.e. with low energy, it will hardly
feel the presence of the earth via
its atmosphere. If it is travelling with
high speed it can feel the earth via
its atmosphere and can burn up. The

higher its speed, the further out wilt
this effect take place. The earih's
region of influence grows with in-
creasing energy.) By what mechanism
ane proton feels the influence of ano-
ther we still do not fully understand
and yet it is obviously fundamental
to understanding particle behaviour.
Thus more knowledge of this phe-
nomencon is important.

When protons are fired at one an-
other in the ISR at energies equiva-
lent to 1500 GeV, for example, the
size of the region of influence can
be predicted from the previous lower
energy measurements. The prediction
was wrong. Although the region is
still growing as the energy is in-
creased its rate of growth has slowed
down a lot. This was immediately
cbvious from bhoth experiments.

It was also obvious that locking at
the protons bouncing off at very small
angles and looking at larger angles
gave different values for the extent
of the region. (That this is a genuine
effect and not due to one of the
experiments being wrong was check-
ed by overlapping the measure-
ments so that they were each looking
at the same angles — their resulis
were then in agreement) It looks
thergfore as if for a proton to be in-
fluenced considerably (bent off at
wider angles, the region of influence
is smaller. This again looks reason-
able, thinking intuitively about what
is going on, but it is going to need

careful theoretical work for a com-
plete explanation.

The Argonne, Bologna, Michigan
experiment aims to study the totai
production cross-section for pions,
kaons and for protons at angles from
80 to 200 mrad. This study is a reflec-
tion of a new trend to look at the
numbers of particles of a particular
type flying out rather than worrying
about their modes of production. Ex-
periments of this sort are comparative-
ly easy and are a very useful in-
dication of the way things are going
at these newly accessible energies.

The particles are detected byadb m
spectrometer. A septum magnet close
to the interaction region is positionad
so as to pick out paricles emer-
ging at a particular angle and aim
them back into the spectrometer. A
compensating magnet downstream
then aligns the particles along the
central axis (thus the whole spectro-
meter does not have to be ma-
noeuvred to check different angles).

An analysing magnet is the next
maifor unit and it deflects particles
vertically gaining accuracy from the
fact that the height of the interaction
region is only about 6 mm compared
with a width of 400 mm. To be sure
that events are from true colliding
beam interactions rather than from
collisions with particles in the re-
sidual gas, a single beam is passed
through the interaction region and the
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" background * then seen by the spec-
trometer is subtracted from the
beam-beam data. Thanks to the out-
standing machine vacuum, the back-
ground is limited to about 20 %, with
this particular spectrometer, The par-
ticles are identified by scintiliation
and Cherenkov counters.

The first measurements were on
positive pions emerging from the
interaction

p + p—~a* + (anything)
this is an 'inelastic’ process — the
protons do not simply bounce off one
another but produce cther particles.
At very high energies inelastic colli-
sions completely dominate in strong
interactions and therefore it is very
important to get a hold on the ine-
lastic events ih order to understand
the sfrong interactions. However this
is easier said than done because of
the complexity of the inelastic events
— for example, a proton hurtling into
another proton at an energy equi-
valent to 1500 GeV can throw off a
dozen pions, a proten and neutron,
sometimes a couple of kaons and
occasionally a proton-antiproton pair.

Recently, theoretical physicists have
been gnawing at this problem and
have suggested ignoring the detail
of what is happening and looking at
conly one kind of behaviour such as
studied in this experiment

p + p—=a" + (anything)
R.P. Feynman coined the word “in-
clusive’ for this sort of cross-section
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The faur points obtained from the Bombay,
CERN, Cracow experiment using nuclear
emulsions iflustrating the angular distributions of
relativistic particles emerging from the ISR
collisions. They are plotted against cosmic ray
data (ahove) and against a scaling prediction
thelow).

and Feynman and C.N. Yang each
suggested that inclusive cross-sec-
tions should approach a simple limit
at very high energy.

Knowing that ISR energies were
just around the corner, Feynman sat
down and worked out what he ex-
pected to happen at ihe ISR. He
predicted that the pion production
cross-section expressed in a par-
ticular way would depend on only two
variables (on the familiar transverse
momentum of the pion and on the
‘scaled” longitudinal momentum,
P(longitudinal) divided by P{maxi-
mum), and that it wolud be indepen-
dent of the energy of the colliding
protons.

The prediction proved true with
remarkable precision when the ISR
data was plotted along with lower
energy data from Argonne and CERN.
The significance of this is not com-
pletely understood. It probably sup-
ports the Lorentz-contracted geome-
trical model for the proton suggested
by A.D. Krisch and K. Huang. This
model sees the proton as a sphere,
with some sort of internal Gaussian
distribution, which s squashed down
by the Lorentz contraction at high
energies. Huang noted that the distri-
bution of pions would then depend
on the two variables used by Feyn-
man.

The 1SR elastic scattering results
show ‘shrinkage’ of the diffraction
peak which is proportional to the
Lorentz contraction factor. This would
explain why the apparent ‘shrinkage’,
which was so rapid at lower energies,
has now almost stopped. This also
seems o support a geometrical in-
terpretation in which the proton is a
sphere of about 1073 cm radius which
is squashed down at high energies.
The great jump in energy given by
the ISR gives a lever arm in testing
this picture which is not available
from the conventional accelerators.
But the ISR still gives the precision

laboratory conditions which make
accelerator experiments so much
easier than those with cosmic rays.

The Bombay, Bucharest, CERN,
Cracow collaboration which did
emulsion experiments i-1, are pub-
lishing measurements of the angular
distribution of relativistic charged
particles (ignoring lower energy par-
ticles} emerging from very high
energy proton-proton coflisions. The
emulsions (600 pm films deposited
on glass plates) were exposed for
nine hours and took data at four
positions from 35° to 90° when the
beam conditions were — an energy
of 265GeV (i.e. a centre of mass
energy of 53 GeV, equivalent to about
1500 GeV laboratory energy} and an
intensity of about 1A per beam. In
order that the emulsions would not
be collecting particles during other
times, such as when the beams were
being set up, they were normally
hidden behind the shielding wall and
then run out into position on a rail.

The results can be compared with
the data on very high energy inter-
actions obtained from observations
on cosmic rays and can also be com-
pared with what has been observed
at much lower energies at synchro-
trons. The first results seem in rea-
sonable agreement with information
gleaned from cosmic rays and out
of line with the scaling prediction
drawn from lower energy data.

The angular distribution is strongly
anisotropic. At an angle of 90° for
example, the number of observed par-
ticles is well down compared with
that recorded at 35°. The angular
distribution in log tan @, . /2 coor-
dinates has a pronounced dip in the
neighbourhood of 90° {as in the data
from cosmic ray jets but as opposed
to the flat distribution predicted by
scafing). The collaboration is con-
tinuing with studies of lower energy
particles recorded in the emulsions.



Performance

Since the tirst operation of the two rings of

the ISR at the end of January this year, we
have intermittently reported progress in working
the rings towards the design performance. This
articie takes a fuller look at what has been
achieved in recent months.

Improvements in hardware
and aoperation

R. f. stacking

A general description of r. f. stacking
appeared in vol. 8, page 270 explain-
ing how successive pulses from the
proton synchrotron can be built up
into intense beams in the ISR. There
are two schemes available — stacking
‘at the top’ and stacking 'at the
bottom ’. When stacking at the top, an
injected pulse is always accelerated
to the same radial position in the
vacuum chamber. Since the stack {the
protons previously accumulated) is
moved towards the injection orbit, the
injected pulse must be accelerated
through the stack and will disturb it.
However, the scheme is relatively
simple because the r.f. program is
exactly the same for all pulses. This
is why this method was used during
the initial running-in of the ISR,

When stacking at the bottom, the
r. f. acceleration is stopped closer io
the injection orbit on successive pul-
ses thus avoiding the traversal of the
stack and the perturbations caused
by it. However, the r.f. program has
then to take account of the appropri-
ate stepping back in the radial
position as successive pulses are in-
jected. This process, which is usually
more efficient, has now become the
standard procedure.

Control computer

By now the ISR control computer is
asked to do a wide range of jobs
for the operators. In a typical running-
in session which lasts six hours, it
executes about 600 programs, many
of them several times in succession.
Setting up the beam transfer chan-
nels is done via computer, as is the
setting up of all the auxiliary power
supplies for the ISR proper. Injection
errors are automatically reduced to
the minimum (involving changes in

of the ISR

E. Keil

both angle and position of the in-
jected beam from the PS arriving in
the ISR vacuum chamber, beth hori-
zontally and vertically). The settings
of the various power supplies are
stored in the computer and previous
settings can be restored automati-
cally. Also a number of programs
exists which aliow the operator to
change magnetic working conditions,
for example the Q values. One simple
command adjusts a large number of
power supply settings which are re-
guired to make the requested change
in working conditions.

Another field of applications is
closed orbit correction, which the
computer performs in a dialogue with
the operator. it reads closed orbit
positions from pick-up stations and
allows the operator to eliminate sus-
pect readings and to specify the
closed orbit harmaonics which he
wants corrected (usually a few in the
neightbourhood of the Q value are
sufficient). The computer then calcu-
lates the corrections required, either
excitations of correcting magnets or
displacements of the magnet units,
and asks the operator whether they
should be applied.

More recently, with new knowledge
about the behaviour of the vacuum
pressure as a function of beam cur-
rent, a large number of vacuum pro-
grams have come into extensive use.
Figure 1 is an example of the dis-
play of all the vacuum gauges in the
ISR at high current.

Another important function of the
computer is to keep a watch on many
parameters. It periodically compares
the actual values to a list of set va-
lues and tells the operating crew
whenever a parameter s outside a
specified tolerance.

Closed orbit correction

It is worth returning to the subject of
closed orbit correction, the ISR being
one of the first machines for which
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VERTICAL ORBIT CORRECTION USING JACKS,

1. Map of vacuum pressure in the ISR collected
from gauges distributed around both rings and
presented on a display screen via the controf
computer. This map was taken with high currents
(4.09 and 4.24 A} in the rings and some of the

‘ pressure bumps ' can be seen.

2. Closed orbit dala collscted from 53 efectro-
static pick-up stations distributed around a ring.
Correction is carried out in a diafogue between
the operator and conirof computer and has
proved very efficient. The two presentations in
the figure iflustrate the reduction of orbit
distortion when corrections are applied.
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3. Record currents stacked in the (SR at
different momenta. The y-axis gives the
circulating current in amperes ; the x-axis
records the ' Run Number’ extending unkil the
beginning of September. Up to the present,

it has proved more ditficult to stack beams of
“low ' momenta such as 10 GeVie. (R and R2
stands, of course, for Ring 1 and Ring 2.)
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closed orbit correction was foreseen
in the construction.

The correcting élements are cor-
rection coils on about 36 magnet
units, 16 radial field magnets (mainly
serving to correct the closed orbit in
the intersection regions in order to
have the two beams collide fully), and
36 motorized jacks which move pairs
of F and D magnet units, one up and
the other one down. The closed orbit
position is measured with 53 electro-
static pick-up stations in each ring.
Programs had been prepared and
tested in advance making it possible
to calculate the necessary currents in
the correction windings or the verti-
cal displacemenis of the magnet
units, to correct closed orbit distor-
tions. These programs were used
with actual ISR data soon after the
machine was put into operation and
they corrected the closed orbit as
expected. An example of closed orbit
data is shown in Figure 2,
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Closed orbit corrections can never
be perfect because there are errors
in the readings from the pick-up sta-
tions and there are not enough meas-
uring and correcting elements.

The present system of pick-up sta-
tions correcting elements and pro-
grams correct the vertical closed
orbit down to a peak-to-peak distor-
tion of a few millimetres and the
horizontal ciosed orbit to about 5 mm.
Because closed orbit correction is
available, it has been possible to run
the ISR without re-alignment since
October 1970 for Ring 1 and January
1971 for Ring 2 although the magnets
moved 0.9mm downwards on the
average, and the rms spread of their
vertical positions is now 0.6 mm.

New achievements

Transverse instability

The transverse instability, which ear-
ned the name ‘Brickwall’, has been

3.
cured by applying a sextupole com-
ponent to the magnetic field (see vol.
11 page 94). Now that this is being
done on a regular basis the trans-
verse instability is hardly seen. How-
ever, it has been artificially provoked
in order to study it. The frequency of
coherent signals induced in pick-up
stations and the fact that the instabi-
lity can be influenced by sextupole
fields show that it is a low frequency
instability driven by the resistivity of
the vacuum chamber walls and by the
inductivity due to the cross-section
variations of the chamber. The sex-
tupole component which is required
to cure it, agrees within a factor of
two or so with that calculated earlier
on.

Maximum currents and lifetimes

Figure 3 shows the history of peak
currents at different beam momenta
through to the beginning of Septem-
ber. A good method for making stacks



4. Graph ilustrating how pressure foflows the
stored current. A possibic expfanation it that
ions created by the heams in the residual gas
liberate molecuies from the vacuum chamber
walls. (Time reversal /s practised on this graph
— the x-axis records time in minutes counting
towards the left)

with a long lifetime was discovered
more or less by accident : the stack
is not built up in one go but in
several steps - stopping injection at
intervals of about one ampere and wait-
ing about ten minutes before stack-
ing the next ampere. Stacking in this
slow fashion gave a good lifetime on
several occasions. The present best
relations between stored beam cur-
rent and decay rate are:
1A 5107 per minute

3A 1075 per minute
4A 3107 per minute
45A 10% per minute

5A 3.10™ per minute

The decay raies observed during
the colliding beam runs are usually not
as good and there is quite a fluctua-
tion from run to run, even at the same
current (the rates at about 2.5 Arange
from a few times 107% to a few times
1074). The lifetime is expected to wor-
sen after a certain time since the
beam is continuously blown up by
scattering on the residual gas, and
losses become significant when the
beam fills the available aperture. The
observed loss rates are in rough
agreement with those expected for
a beam which fills the available aper-
ture. However, they appear too soon
— from multiple scattering alone one
could hardly expect to see them
within the duration of a normal phy-
sics run. It seems that even at the
usual currents for colliding beam phy-
sics runs there is a mechanism, other
than multiple scatiering, which cau-
ses a growth of the beam size.

New problems

Vacuum pressure bumps

One of the most striking cbservations
made during the past few months is
that of the dependence of the pres-
sure on the circulating current. Be-
fore the beginning of a run, the pres-
sure is usually a few times 107" torr,
well below the pressure ocriginally
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specified. This remains trug as stack-
ing begins and the circulating cur-
rent rises. However, there are certain
regions in the chamber where the
pressure rises rapidly once the cur-
rent exceeds a certain limit. A typical
recording of the circulating current
and of the pressure in a long straight
section is shown in Figure 4. The
pressure keeps rising even after stack-
ing has finished. After a pause of
about half a minute the current starts
to go down, and so does the pressure.

The places where these pressure
bumps occur are more or less fixed,
although their relative height may
change from run to run. They can be
removed by baking the wvacuum
chamber at about 300° C instead of
the usual 200° C. However, for the
moment, one region with a pressure
bump is not being baked so that this
phenomenon can be studied at the
present current levels.

A number of explanations have

4,
been put forward : the circulating
beam ionizes the residual gas — the
electrons produced are collected by
clearing electrodes installed at the end
of the magnet units but the ions may
get lost everywhere along the circum-
ference. When they hit the vacuum
chamber wall they may Iliberate
molecules providing more gas which
can be ionized by the beam in a
process which sustains itself if the
number of molecules liberated from
the walls is a little bigger than the
number of ions which hit the vacuum
chamber wall. This ratio can be meas-
ured experimentally by observing
the pressure drop which occurs when
the beam is dumped. It turned out,
that the experimental figure is quite
close to unity, which supports this
explanation.

Saturation and antistacking

When stacking it is found that from a
certain current onwards there is no
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longer any accumulation of particles.
When injection is stopped the stored
current decays rather slowly for up
to about half a minute and then a
much faster decay of current sets in
which reduces the circulating current
to about 4 A within a very short time
(less than -one minute). At this level,
the current stabilizes again, but never
reaches the low decay rates obtain-
able when siacking is stopped at 4
or 5 A, If stacking is not stopped at
the saturation current there can
be even a reduction in circulating
current while stacking. This is called
‘ stacking downwards’ or ‘ antistack-
ing’. The explanation may be that
the same phenomenon which causes
beam loss after half a minute, already
starts during stacking and is well
under way when 'stacking down-
wards ' begins.

Soon after the pressure bumps were
observed for the first time, it was
thought that saturation could be ex-
plained by them in the following way :
since the beam does not fill the
aperiure at the beginning, there is a
short time interval where the betatron
amplitudes can grow by scattering of
the circulating beam protons on the
residual gas molecules without caus-
ing beam loss. But after a while,
when the beam size has grown to
fill the vacuum chamber aperture,
beam losses set in, and they explain
the rapid decay. This explanation
could be made to fit the cbservations
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within less than an order of magni-
tude of the required average pres-
sure. In the meantime, the vacuum
pressure has improved, in particular
at higher currents, but the maximum
currrent which can be achieved has
not improved in proportion. This
simple explanation therefore does not
seem to hold.

Betatron oscillations

A more recent explanation of satu-
ration assumes that, for one reason or
another, the amplitude of the be-
tatron oscillations of the protons
grows. It has indeed been observed,
that above a certain current (of the
order of 4.5 A) the betatron oscillation
amplitude grows. This has been
found by slowly running the beam
scrapers into the beam and by
observing the beam foss as a function
of the scraper position. One can do
this both from the inside and from
the outside, and a comparison of the
curves obtained gives quantitative
measurements of the distribution of
betatron amplitudes inside the beam.
It is found that for currents below the
45 A limit, the beam size is small
(less than anticipated) but above the
limit, the beam size is bigger than
anticipated. The growth is limited in
the horizontal direction by the beam
scraper which protects the injection
kicker magnet, and indeed large
losses are observed on this scraper.
These losses are sometimes bigger

5. A luminosity cafibration at intersection 1-2. The
two beams {1.38 A in Ring 1 and 1.13 A in Ring 2}
each with momentum 22.5 GeVic were moved
refative to one another vertically {the x-axis
records the beam separation in millimetres).

The y-axis gives the number of counts recorded
during 10 s intervals as the beams collided,

The effactive height of the beams was 5.7 mm.

than the current injected during the
last PS pulse, thus causing ' stacking
downwards '. Sc¢ far, there are only
speculations about the source of this
groewth and much more work on it
is required. One of the crucial ques-
tions is whether the pressure rises
form an essential part of this phe-
nomenon or not.

Beams for experiments

The operation schedule for the ISR
follows that of the proton synchrotron
(three week periods). In each period
one week is free of ISR running in
order to allow for machine modific-
ations and the installation of ex-
periments. The ISR are in operation
for four days in each of the other
two weeks and the running time is
divided as follows :

60 hours — machine development
12 hours — Setting up experiments
94 hours — physics.

There is one extended physics run
during which the beams are kept cir-
culating for 34 hours.

The procedure during setting up
for physics is to make stacks at the
intensity agreed upon beforehand
with the experimental teams and the
ISR coordinator. The beams are then
displaced vertically in steps in all
the active intersection regions by
exciting horizontal fieild magnets in
pairs such that the displacement in
one intersection region does not
affect the beam position in any other
intersection region. This operation
has three purposes -— first, the ver-
tical position of the two beams in an
intersection region should be equal
so as to obtain the highest counting
rate ; second, their common vertical
position should be such that the
background is at a minimum ; — third,
the effective beam height needs to
be measured to calculate luminosity.

An example of the variation of the
counting rate when the two beams



are moved relative to each other is
shown in Figure 5 where the effective
height was 5.7 mm. This is about half
the figure assumed during the con-
struction of the ISR. Since the lu-
minosity of the ISR — which is a
quantity describing the rate at which
events take place — is inversely pro-
portional to the beam height it is
higher than the figure one obtains
by just scaling from the product of
the two currents.

Most of the background seems to
come from protons being lost on the
vacuum chamber walls in the vicinity
of the intersection regions. It there-
fore can vary considerably from run
to run, and can be modified by
choosing a good vertical beam po-
sition in the intersection region and
nearby. The stacked current for colli-
ding beam physics is mainly decided
on the basis of ihe observed back-
ground rates, rather than luminosity, a
typical figure is about 25 A in each
ring. This is at least partly due to the
fact that most experiments have
ample data-taking rates (the 1SR pro-
vide data céntinuously in contrast to
the pulsed operation of a synchro-
tron). An example of the data-taking
rate is the 2 million events collected
by the Aachen-CERN-Genoa-Harvard-
Turin team in the first 34 hour run.

The highest currents used in a run
for physics were about 4 A in Ring 1

and 34 A in Ring 2, the lumino-
sity achieved in this run was
1.8 X 10 cm2s' which is only a

factor 20 below design luminosity.

It was never expected that so early
in its life the ISR would be providing
beams of the quality and reliability
which are already feeding a very
healthy programme of experimenis.
Nevertheless there remains much
difficult, but fascinating, work for the
machine physicists to do in order to
push perfcrmance of the storage rings
towards still higher levels.

CERN News

BEBC

The hall of the 3.7 m hydrogen cham-
ber, BEBC, was the scene of vigorous
activity before the holidays — final
assembly work was taking place at
an accelerated rate. The main com-
ponents were in position, the magnet
had been assembled, and the first
vacuum tests in the large tanks had
been successfully completed. The
first cooling tests seemed assured to
take place according to schedule be-
fore the end of this year. However,
CERN’s present financial situation has
to be taken into consideration.

in order to sustain this pace of
assembly and testing, a great deal
of outside labour would have to be
used, and the CERN teams would
have to do a considerable amount of
overtime work. In the context of
CERN'’s present economy drive, such
action could seriously prejudice the
scale of operation of the chamber

COn 7 September the Minister for Education and
Science of the Federal Republic of Germany,
Professor Dr. Hans Leussink, visited CERN. He
is photographed (top centre) hearing about the
CERN-Karlsruhe experiment on charge exchange
scatlering which is located in the South
Experimental Hail of the 28 GeV proton
synchrotron. This experiment will, next year, be
carried to higher encrgies by the same team

in collaboration with Soviet scientists at the

78 G2V machine at Serpukhov.

next year, since the only method of
paying the costs involved would be
to draw on the 1972 budgset.

in view of this situation, the BEBC
Steering Committee has prefered to
slow the programme down. The first
tests on the large chamber and the
magnet will not, therefore, take place
until the Spring of 1972, There is
still, however, the hope that the first
experiment with beams to be installed
in the West Hall will begin before
the end of next year.

Tests of the refrigeration plant
associated with the chamber have
begun and are going encouragingly
well. The body of the chamber is now
fitted with all the heat exchangers
which are needed to control the tem-
perature of the hydrogen, and has
been tested under vacuum. When the
‘fish-eyes ’ of the optical system are
in place the body will be installed in
its permanent position inside its large
vacuum tank in the magnetic shield.
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Around the Laboratories

BERKELEY
Seeing particles

it has become a standard part of the
introductory patter in introducing
newcomers to the mysteries of par-
ticle detectors to say that particles
are so very tiny that we cannot see
them with the human eye. Some
research carried out at Berkeley and
elsewhere over the past year seems
to demonstrate quite conclusively
that this is not strictly true. Astronauts
on Apolle flights and people exposed
to beams in the Laboratory have seen
individual particles appearing as light
flashes as they passed through the
retina of the aye.

Light flash phenomena {or ‘phos-
phenes’ from the Greek ‘phos’ mean-
ing light .and ' phainen’ meaning to
show) from sources other than
normal light entering the eye have
been known for a leng time. As long
ago as 1755 it was recorded that small
electric currents can produce phos-
phenes (any enthusiastic reader might
try leads from a 3V torch battery to
the forehead and back of the head,
preferably in a darkened room). They
can also be induced by dipping the
head in a magnetic field (of about
0.1 T for example) or by pressure on
the closed eye or by exposure to
X-rays in the dark. The study of a
new type of phosphene was stimu-
lated by the experience of the astro-
nauts on the space flight Apolle 11
and on all subseguent Apollo mis-
sions. When it was dark in the space-
craft they reported seeing light
flashes (pinpoints and streaks) at a
frequency of about one or two per
minute.

The postulate was that the light
flashes were caused by heavy cosmic
ray particles (in the carbon, nitrogen,
oxygen region) entering the eye. La-
boratory experiments therefore simu-
lated such cosmic rays by producing
recoil carbon, nitrogen and oxygen
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nuclear fragments in the eye, initially
exposing ‘ dark adapted’ people to a
low intensity neutron beam at ener-
gies going up to 640 MeV &t the Ber-
keley cyclotron. Light flashes were
observed. Subsidiary tests cleared
X-rays as the possible source (the
levels were too low) and also cleared,
as a major source, Cherenkov light
produced by fast recoil protons or
pions (exposure to 1.5 GeV/c pions at
the Bevatron, where there would
certainly be Cherenkov phenomens,
nroduced no phosphenes).

Lower energy experiments at the
University of Washington, Seattle,
cyclotron revealed a further source
— slow recoil protons and alpha
particles (with an energy deposition
of greater than about 100 MeV per
gram per em?). The frequency of the
light flashes with regard to the orien-
tation of the head in the beam, in-
dicated that the eye (rather than
something triggered directly in the
brain itself) is the site of the pheno-
mena.

The investigation moved back to
the Berkeley cyclotron ad attempt-
ed to obtain rather more quantitive
data using a carefully controlled
beam cf 240 MeV helium ions. It was
definitely established that the phe-
nomena coriginated in the retina and
also an idea was obtained of the
efficiency of the eye in detecting the
particles (about 40 % efficient if the
particles were coming at a rate of
around 10 per second — efficiency
fell off at lower and higher rates).
This gives a very rough calibration on
man as a detector of certain classes
of cosmic rays.

The astronauts on the racent Apollo
flights were seeing light flashes at
a rate of about 1 or 2 per minute.
Some calculations on the expected
concentration of heavy cosmic rays
(from carbon atoms up) give values
of 2 to 4 per minute passing through
an area equivalent to the retina of

the human eye. Slow protons and
helium ions could also be con-
tributing, so that, within the very
tentative estimates that can be made,
the postulate of cosmic rays as the
source of the astronauts light flashes
looks good.

The full story of this intriguing work
can be found in a Berkeley repart
LBL-31. The authors are T.F. Budin-
ger, C.A. Tobias, J. T. Lyman (Don-
ner Laberatory and Lawrence Berke-
ley Laboratory)™, P. K. Chapman, L. S.
Pinsky (Manned Spacecraft Centre,
Houston), H. Bichsel, J.D. Denney,
W. B. Nelp {University of Washington).

On 24 August, a nitrogen ion beam
(250 MeV per nucleon) was used to
stimulate visual phenomena in the
scientifically sceptical eye of the La-
boratory Directer, E. M. McMillan.
With only 30 particles through the
retina, McMillan had to confess to ‘a
whole constellation’. More quantita-
tive work with nitregen ions is in pro-
gress.

*The Lawrence Radiation Laboratory
has been formally split into its Ber-
keley and Livermore components.
They are now, organizationally, two
separate Laborafories and have been
renamed Lawrence Berkeley Labo-
ratory and Lawrence Livermore Labo-
ratory. Hence the high energy physics
research centred ar the Bevatron
elc. is now done at LBL not LRL.

STANFORD

Hybrid experiment

A group from Cal. Tech. (led by C.
Peck) and the Lawrence Berkeley
Laboratory has completed an experi-
ment at Stanford using a fast cycling
1 metre hydrogen bubble chamber in
conjunction with a spark chamber
spectrometer. This type of hybrid
arrangement is likely to become more
commoen as bubble chamber pulsing
rates are increased and as beam



A photograph faken in the fast cycling 1 m
hydrogen bubbie chamber at Stanford. it

shows some {ypical events which triggered

the hybrid bubble chamber and spark chamber
specirometer system in a study of diffractive
production of resonances. Pions, entering from
below in the photograph, interact withh profons
and give up a fitlle energy continuing

almost slraight on. The excited protons decay
and emit low energy particles.

1. The first of the twelve 1 m square wire spark
chambers which spot emerging pions which have
fost some of their energy.

2. The 1 m diameter hubble chamber dismantied
for modiiications.

energies climb higher. At higher
enerqgy machines particles will be
thrown forward more and it will be
possible to catch a greater number of
interesting events by setting up a
spectrometer  sysiem behind the
bubble chamber. Also hybrid arran-
gements make it reasonable to study
rare events in bubble chambers since
their selective properties can greatly
reduce the number of photographs
which need to be studied.

The experiment at the 20 GeV elec-
tron linear accelerator used this last
advantage to study diffractive produc-
tion of N* resonances. Building up
adequate statistics of this process
using a conventionally operated 2 m
bubble chamber would require as
many as 10 million pictures to be
taken ; at SLAC with the hybrid expe-
riment the data was collected within
twe months. During this time the
1 m chamber pulsed about 8 million
times but the spectrometer asked
for only about 300 000 pictures to be
taken {(on a first examination well
over half of them seem to have caught
the required events). Initially the bub-
ble chamber was operated four times
per seccend but later in the run this
was stepped up to five and six times
per second. (For brief periods, not
during this experiment, the chamber
has run as high as ten pulsgs per
second.) Since the 20 GeV accelera-
tor supplies 360 pulses per second,
the experiment was an almost negli-
gible burden for the machine.

The experiment proceeded as fol-
lows ; pulses of electrons from the
lingar accelerator were fired onio a
target and from the resulting particles
a few 14 GeV pions were selected and
guided into the 1 m chamber. The
chamber expansion system was pul-
sed on their arrival and the charged
particies {the picns and any charged
produce of their interactions in the
hydrogen) left growing bubbles in
their wake. Fortunately, bubbles in
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hydrogen take about 3 ms to grow to
a size suitable for photographing.
This is ample time for electronic de-
tectors to look at what is emerging
from a chamber and to decide whether
that particular pattern of bubbles is
worth recording.

In the SLAC experiment the elec-
tronic detection system consisted of
twelve 1 m square wire spark cham-
bers, positicned around a magnet, and
a XDS Sigma 2 computer which did
the sums as to whether an event of
interest was likely 1o have happened.
The system fastened onto pions emer-
ging in the direction of the beam fi-
red into the bubble chamber and the
amount by which these pions were
bent in the magnet revealed whether
they had lost a significant amount
of energy. If this proved to be the
case, the computer told the bubble
chamber flash tubes to fire and
the charged particle tracks in the
chamber were recorded.
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The first seclor of the TRIUMF cyclotron magnet
assembled at the manufacturer's {Bavie Ship-
building Limited, Quebec) prior to dispaich to
the site at the University of British Cofumbia

at the end of July. Two of the six sectors have

now reached the site and all are scheduled to
be defivered by December. The magnet wiil be
completely assembled by June 1972,

The process that the experimenters
wished to study was that where a
pion meets a proton and passes
essentially straight through it although
giving up some energy to the pro-
ton in the process. The proton is then
left in an excited state (transformed
into a short-lived resonance) and will
decay back into its naormal tran-
quillity emitting low energy particles
which can usually be readily identi-
fied in the bubble chamber. The in-
formation one then has covers
the incoming picn, the outgoing pion
{(momentum known to 05% and
position in the chamber known to
within 1 mm) and the decay products
of the resonance. This is enough to
study the ways in which the pion can
pass energy to the proton (to study
the selection rules in the production
of the N* resonances).

The hybrid technique seems to
have been very successful. It has
been used before at Princeton and

Laycut of the experimental areas on either side
of the TRIUMF cyclotron. They will be fed,
initially, by two beams as shown (dimens/ons
are given in feet).

Argonne (see vol. 10 page 190} but
the experiment at SLAC has brought
it to a new level of sophistication.
There is little doubt that this will be
carried still further at SLAC and else-
where. The 30 inch chamber used
in the hybrid set up at Argcenne for
example has now been moved to
Batavia and will be ready from No-
vember to be used in a hybrid expe-
riment with very high energy incom-
ing particles.

Information on some most impor-
tant results emerging from the expe-
rimental programme at the 20 GeV
machine can be found in recent issues
of 'Scientific American’. The June
issue carries a story {by H. W. Ken-
dall and W. K. H. Panofsky) of the
deep inelastic scattering experiments
revealing structure inside the pro-
ton and the neutron which could pos-
sibly be the point-like objects known
as partons. The July issue carries a
story on ‘Photons as Hadrons’ by
F. V. Murphy and D. E. Yount and
discusses particularly an experiment
at SLAC which demonstrates that high
energy photons can have properties
once thought exclusive to hadrons.

TRIUMF

Coming together

On 5 August, the first component
(the centre support on which the
magnet will rest) of the TRIUMF
cyclotron was lowered into place. At
the same time, on either side of the
machine vault, other machine com-
ponents were in evidence — the first
magnet sector was being stored in
the ‘'Proton Area’ and the huge
vacuum chamber was being welded
together in the ' Meson Area .

The TRIUMF project, involving four
Canadian Universities — Alberta, Si-
mon Fraser, Victoria and British Co-
lumbia, is one of the three ‘meson
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tion (the other two being the linear
accelerator, LAMPF, at Los Alamos
and the two-cyclotron system of SIN
at Villigen}). lts particular feature is
that it will accelerate negative hydro-
gen ion beams (of intensity up to
100 vA) and will have high extraction
efficiency when the ions are stripped
to protons since the cyclotron magnet
itsetf will bend the particles of oppo-
site charge out into the experimental
areas. The magnet is a six sector
structure weighing 4000 tons. With a
peak field of almost 0.6 T it will hold
ions up to an energy of 500 MeV. It
may be possible to push the peak
energy a little higher (about 550 MeV
where the focusing properties of the
magnet fade) and the r.f. system has
been designed to achieve this. How-
ever the 'high energy’ mode of
operation will involve high internal
beam loss and hence, lower ex-
tracted currents.

The machine was described in
some detail in vol. 8, page 163. Since
then the major design change has
been the decision to have two experi-
mental halls, one on each side of the
machine. Inserting two stripper foils
into the cyclotron, it will be possible
to have two extracted beams comple-
tely independent and variable in both
energy and intensity. The addition of
a high resolution beam (about 100 kV
energy spread) at a later stage has
also been considered.

mental areas, as it is envisaged at
present, is shown in the diagram.
More detail is now being fed into
the layout following a symposium on
the experimental programme in
August which involved people from
each of the disciplines which will be
represented in the research pro-
gramme (radiochemistry, nuclear phy-
sics, radiotherapy, etc). The first
proposals for experiments were con-
sidered by the Experimental Evalua-
tion Committee this month. It is hoped
that money to build up the experi-
ments wiil become available as from
the start of the next financial year
(April 1972).

The cycletron is scheduled to come
into coperation in 1973 and construc-
tion progress on almost all com-
ponents of the machine is in line with
the programme. Since December 1970
the ion source has been reliably pro-
viding good qualify negative hydrogen
jon beams in excess of 2 mA which
is ample for initial operation. For
studies of beam behaviour in the
crucial first turns in the cyclotron,
the 300 keV injector will be used to
feed a 3 MeV central region model in
a few months’ time.

Two of the large magnet sectors
have arrived at the site, having been
previously assembled at the manu-
facturers, and installation of the first
of them in the machine vault has
started. All six sectors should be

in place by June 1972 ready for the
field mapping and what may prove
to be a lengthy process of magnet
trimming. There is considerable con-
fidence that the required magnet per-
formance will be readily attained
following measurements on a tenth
scale model which reproduced ex-
cellently the previous satisfactory
resulis from a twentieth scale model.

The huge vacuum vessel (about
18 m in diameter) is being welded, to
the accompaniment of many decibels,
alongside the machine vault since it
is toc big to have been manoeuvred
through the streets of Vancouver as
a compiete unit. It will be completed
in December. The pumping system
is a c¢ryo array maintained at 20K
with a heat shield at B0 K. The r.f.
system is the last machine com-
ponent to take definitive shape but
the contracts are now being placed.
Assembly of the r.f. units should start
towards the end of next year. Con-
trols and instrumentation are being
finalized. Small °‘dedicated’ com-
puters in conjunction with CAMAC
modules will be used.

PRINCETON
Nitrogen beams

As has been reported several times
before (see, for example vol. 11,
page 16), tests on the acceleration

251



of nitrogen ions are being carried
out at the fast cycling 3 GeV proton
synchrotron at the Princeton Penn-
sylvania Accelerator Laboratory in
an attempt to keep the machine in
operation as a centre for heavy ion
research. On 15 July a beam of nitro-
gen ions (N*) was accelerated to
an energy of 3.9 GeV with an esti-
mated beam intensity of 10* ions per
second. This is the first time heavy
jons of such high energy have been
produced artificially and it opens the
door to experiments in a variety of
disciplines.

For three weeks from 4 August the
accelerator was in operation with
3.9 GeV nitrogen ions feeding several
experiments. For most of the time
the beam was ejected, though there
was a 12 hour irradiation of an in-
ternal platinum target in an experi-
ment to study pion production. The
ejected beam intensity has been
averaging about 53X 10* ions per
second with a peak intensity of
3 > 105. The beam purity was better
than 99 %. It has served experiments
on the physical properties of heavy
ions, inactivation cross-sections for
mammalian cells, excitation energy
of nuclides, and depth dose studies.

Proposats for experiments demand-
ing well over 1000 hours of running
time have been received and a
Science Advisory Commitiee has
been formed to review the proposals.
A committee from the National Can-
cer Institute visited the PPA on 5
August concerning the request for
leng-term funding of the machine
research programme. They heard
talks on the advantages of using
heavy ion beams for cancer therapy,
for radiation dosimetry, for cosmic
ray and solid state studies related
to biological problems, and on the
possibility of treating 1000 patients
per year from a Radiation Therapy
Centre. The Committee is now evalu-
ating its findings.
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Meanwhile work is going ahead on
the machine with the aim of in-
creasing the available beam intensity
towards 10¢ ions per second. In the
previous runs, the average pressure
in the accelerator vacuum chamber
was about 2 X 107 torr. This is being
improved by a facter of two, which
will allow more intense beams to be
accelerated and, in addition, the ejec-
ted beam system is being improved.

BERKELEY

Nitrogen beams again

At the end of August, news came
from the Lawrence Berkeley Labora-
tory that ion beams of excellent qua-
lity have been accelerated in the Be-
vatron, which normally provides 8 GeV
protons for high energy physics re-
search. Berkeley have been thinking
about high energy heavy ion research
for some time and have plans for the
development of a major research fa-
cility, known as Bevlac, using the
combined forces of the Bevatron and
the Super-Hilac.

The recent work began with the
acceleration of deuterons (10" parti-
cles per pulse ejected) and alphas
(5 X 10 particles per pulse ejected)
up to energies of 2.1 GeV per nu-
cleon. This corresponds to 4.2 GeV
deuterons and 8.4 GeV alphas. Neu-
tron beams of 2.1 GeV energy could
be obtained with about 120 MeV
energy spread by stripping the deu-
terons. These beams were achieved
using the usual injection systemoper-
ated in a different mode. Sufficient
intensities of each type of particle
couid be pulled from the normal duo-
plasmatron ion scurce (with a slightly
larger anode aperture for alphas) and
about 5% could be accelerated
through the 20 MeV proton linac,
with field settings almost the same as
usual, to an energy of 5 MeV per
nucleon.

Things get stickier for the accel-
eration of nitrogen ions. Adeguate
intensities (20 to 30 pA) from a P.1.G.
source can only be abtained for N
ions. The charge to mass ratio (5/14)
then required accelerating and focu-
sing field gradients 40 % higher than
usual in the linac. After acceleration
to 5 MeV per nucilecon the ions locose
their remaining two electrons when
they are passed through a stripper
yielding a beam of about 0.5 uA of
N7 jons for injection into the Beva-
tron.

The Bevatron, an ejection system
and an external beam transport sys-
tem are previously carefully set up
with an alpha beam, where the beam
signal is strong enough to operate
the phase loop control, and the set-
tings are stored on computer tape.
Injection then switches to nitrogen
and the computer, from its alpha set-
tings does the sums and controls the
adjustments for the nitrogen ions.
With about 109% capture efficiency,
about 10% of the ions held during
acceleration and 50% to 70°%
ejection efficiency, heams of about
2 X 105 particles per pulse were
available for experiments at 2.1 GeV
per nucleon (29.4 GeV N7* ions). The
purity of the ejected beams was about
90 to 95%. The highest energy a-
chieved (at which beams were not
ejected) was 257 GeV per nucleon
{36 GeV). This, incidentally, fulfills a
prophecy of the late E. O. Lawrence.
In his Nobel Prize acceptance speech,
given in 1951, he referred to the accel-
eration of heavy nuclei, ‘Since in
cosmic radiation such heavy parti-
cles play an important role, they
will surely be produced in the Beva-
tron some day’. He suggested the
energy of the heavy particles would
be 36 GeV'!

Perhaps the most encouraging fea-
ture of the tests was that almost imme-
diately after achieving the first ejec-
ted high energy nitrogen ions it was



possible to supply beams of sufficient
intensity and reliability for a start to
be made on experiments. The first
experiment was to look along the
beam at the ‘fragmentation’ pro-
ducts as the beam passed through a
target which come predominantly
from the breaking down of the nitro-
gen nucleus. The surprising result ap-
peared that all fragments heavier than
alpha particles had virtually identical
velocity to the nitrogen ions. The se-
paration of as intense as possible
a beam of any nuclide (say a beryl-
lium ion with seven nucleons) is then
a simple matter, knowing the charge
and mass of the desired nuclide, of
selecting appropriate magnet settings
in a spectrometer arrangement. This
is an unexpected additional experi-
mental possibility which will add to
the interest of the research pro-
gramme.

The results from Princeton and Ber-
keley have sent a wave of interest
washing through a wide variety of
Laboratories. There is new potential,
for example for cancer therapy, for
heavy ion cosmic ray research, for
studies on radiation initiated genetic
effects, for nuclear physics, for
‘super-heavy’ element production,
eic...

Berkeley have (following the sug-
gestion of the heavy ion linac, HILAC,
team led by A. Ghiorso) been studying
the possibility of conneeting, viaalong
beam-line, the souped up version of
the linac (Super-Hilac described in
vol. 11, page 75) to the Bevalron to
serve as a first class heavy ion injec-
tor. The combined machines, Bevlac,
will have a much higher intensity
capability with the heavy ions than
has been achieved so far and will
extend the available range of accel-
erated ions (e.g. argon, element 18,
and possibly krypton, element 36). As
plans take detailed shape we will no
doubt be returning to the Bevlac pro-
ject.

The pulsed superconducting magnet, AC3, which
is operating successfully at the Rutherford
Laboratory. For convenience if was mounted In
a vertical cryostat. The magnet has parameters
close to those which would he appropriate for
a high energy superconducting synchrotron.

{Pholo Rutherford)

RUTHERFORD

Superconducting pulsed
magnet

One of the vital questions for the
future of high energy physics con-
cerns the development of pulsed su-
perconducting magnets (and all the
associated technologies that they
bring in their wake) to the state where
they could confidently and economi-
cally be used in the construction of
large synchrotrons. It is only by tak-
ing advantage of their potentially
higher fields and lower running costs
that we can, at present, envisage
pushing synchrotrons to higher ener-
gies. in particular it has been left
as an option in CERN Laboratory Il
that the construction of Europe's new
machine could incorporate, in one of
several possible ways, pulsed super-
conducting magnets. It is important
for this project to know in the fairly
near future whether such magnets are
feasible and economic. Averyencour-
aging demonstration of their feasi-
bility has come with recent tests at
the Rutherford Laboratory of a super-
conducting dipole model known as
AC3.

The magnet is 50 cm long (effec-
tive length 40 cm} with an aperture
of 10 e¢m diameter. It is designed to
give a peak field of about 4 T and
an additional insert is now being built
which will {ake the field to 45 T in
an 8 cm bore. It is capable of cycling
continuously with rise times as short
as 11o 2 s.

In the recent tests it was pulsed
at 90 % of its critical current (5400 A)
with rise times down to 1 5. The meas-
ured a.c. loss was about 10W with
a 4 s cycle time, which is close to the
expected value with the particular
conductor used. This was a com-
posite from IMI with 1045 filaments
of 0.4 mm diameter, formed into a
90 strand transposed cable and then

compacted tc have a square cross-
section of 5 mm side. The coil was
built up of this conductor so as to
give the appropriate field geometry.
It was wound in six concentric layers

and fully impregnated with epoxy
resin. Mats of copper wire were sand-
wiched between the coil layers to
carry the heat, produced when the
coil is pulsed, to the liquid helium.

The magnet was quenched many
times without any deterioration of its
performance. Some ‘training’ (pro-
gressive approach to critical values)
was observed. In the first cooldown
the maximum central field was 3.8 T.
This sort of figure could be taken 20
to 40% higher in a synchrotron by
adding an iron shield.

Work is continuing with AC3 and
improved variants (known as AC4 and
ACS), using better types of cable, iron
shielding and higher precision in the
winding of the coils, are on their way
for 1972. The successful tests with
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AC3 are believed to be the first de-
monstration of the operation of a pul-
sed superconducting magnet with pa-
rameters (such as aperiure, peak field
and operating current) comparable to
those which would be needed in a
high energy superconducting synchro-
tron.

Medical applications

High energy physics has multiple re-
percussions in the field of advanced
modern industry, including supercon-
ductivity, high vecltage and vacuum
techniques, electronics, metallurgy,
aetc. Now multiwire proportional cham-
bers, which owe a great deal to the
work done at CERN, are in their turn
being used for an interesting purpose
in the field of medical diagnosis.

Mapping the thyroid

The ‘Centre d’Etudes nucléafres’ in
Grenoble a few months ago under the
guidance of M. Allemand began to
study systems for mapping organs by
means of X or ¢ ray emitting radio-
isotopes which are detected by high-
efficiency multiwire proportional
chambers.

They work on the following prin-
ciple. The patient absorbs products
containing radio-isotopes with a short
lifetime which are fixed in the tissues
to be examined. These tissues emit
radiation which is collimated by a
block pierced by a series of paraliel
holes and a multiwire proportional
chamber show the distribution of the
radiation which passes through.

A system of this kind has been
developed by the CENG for the
Faculty of Medicine at Tours {France)}
and is at present in clinical use for
mapping the thyroid (after absorption
of 1 125) and the eye (after absorption
of Cs 131). The proportional chamber
is filled with a mixture of Xe - 5%
CHs. The collimator has 31 X 31
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3 mm diameter holes which define its
spatial resolution.

The device has the advantage
over scintillation cameras of a much
simpler design and of being adaptahble
in dimensicns, shape and efficiency
to the different types of organ.
Furthermore, direct coding of the
information in binary form greatly
facilitates data acquisition for the
study of dynamic functions. On the
other hand, these detectors have low
detection efficiency when the energy
of the radio-isotopes is greater than
about 100 keV. Studies are being
carried out at the CENG on the use
of liguefied gases (argon or xenon)
to overcome this drawback. |In
addition better spatial resolution,
might then be possible which is now
of interest to various high energy phy-
sics groups. (Recent work on liquid
proportional chambers at Berkeley
will be reported in a coming issue).

Radiography by MPCs

At the Lawrence Berkeley Laboratory
great interest is also being shown
in the medicai applicaticns of multi-
wire propottional chambers. The aim
there is also to develop apparatus for
studying the spatial distribution of ¥
and X radiation.

A 20cm X 20cm chamber with 3
planes of wires (x, y and oblique)
1 mm apart has just been constructed
for this purpose. It is filled with a
mixture of 94.5°% Xe, 5% CO: and
0.5 % freon 13 B-1.

Excellent X-ray photographs with
very good definition (as can be seen
in the figure) have already been taken.
However, in this case the method is
not based on the ingestion of radio-
active substances as in the previous
cne, but on the use of an X-ray
source placed behind the object to be
observed. The detection efficiency of
the chamber is 97 % at 5keV and
2.5% at 100 keV. It is aiso intended

The two photogrephs on the left show the
mapping of a thyroid gland by means of a
system of MPCs associated with a coilimator
with parallel holes - on the feft — normai
thyroid gland, on the right — artificial
‘phantom’ thyroid gland in which ~v-active
radio-isotopes have been fixed.

The pholo on the right is an X-ray photograph

of the feaf of a tree taken by means of
praportional chambers, The 1 mm space between
the wires gives very good detinition.

to use the energy discrimination
power of MPCs in order to obtain the
best possible contrast for the par-
ticular object observed.

(See report: Multiwire proportional
chamber for flow X -radiography,
L. Kaufmann, V. Perez-Mendez, J. Spe-
rinde, G. Stoker).

And a note on tracers

A team at Brookhaven (D.E. Lebowitz,
M. Greene, P. Richards and M. Kins-
ley) has just completed a study on the
possible uses for medical tagging of
two radicisotopes, dysprosium 157 and
bismuth 204, produced with the sixty-
inch cyclotron at the Laboratory.

The first one, with a half-life of 8 '
hours, lodges readily in the marrow
and the skeleton, thus allowing the
associated diseases to be studied. It
can be produced in large quantities
and with a high degree of purity at
33 MeV. It has the advantage that it
can also be produced by small, lower-
energy cyclotrons.

The second element has a particu-
lar affinity for cervical tumours {almost
100 times greater than that for the
neighbouring tissues, whereas other
competitive tracers have only a
twenty times greater affinity for the
tumour). The irradiation energy, at
least a few tens of MeV, and the
thickness of the target must be selec-
ted with great care fo prevent the
production of parasitic isotopes like
bismuth 203 and 205.



Creusot-Loire
nudeaire

Laboratoires de physique nucleaire
(équipements pour accélérateurs - analyseurs - spectrométres)

Cern (Geneve) en France
& circuit magnétique du synchrocyclotron (2 500 tonnes) ¢ CEA (Saclay) - SATURNE: structures de la chambre
® circuits magnétiques et corps de chambres a bulles: vide, élements des dispositifs d'injection, équipemen
CBH 81 - CB 200 - GARGAMELLE des salles d’'expérience
® circuits magnétiques des aimants OMEGA et SFM e ENS (Orsay) - ACCELERATEUR LINEAIRE : spectrom
(en cours) tres et déviations, circuits magnétiques de l'anneau ¢
e enceinte magnétique de la chambre 4 bulles BEBC stockage
(en cours) e | ABORATOIRE JOLIOT-CURIE (Orsay}: analyseur t

particules du synchrocyclotron

Grace & la complémentariteé de ses filiales et participations le groupe Creusot-Loire peut assurer:
ingénierie - architecture industrielle - réalisation - entreprise génerale

CREUSOT-LOIRE

DEPARTEMENT NUCLEAIRE
107 bd de 1a Mission-Marchand 92-Courbevoie
Tél. 333 59-99 - 333 60-70 Teélex Sider 62039 F
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Domaine de I'instrumentation

Commandes industrielles

Télécommunication digitale
£ v T IR TTTE A BEETES SEA S

T

Ordinateurs

0.001 Fréguence (MHz) 0.01 01

10 100 1000

La logique des circuits intégrés (ECL), dans laquelle la
Motorola fait ceuvre des pionniers depuis 1962, a été
enrichie d'une nouvelle unité, la logique MECL 10000.
La MECL 10000 se distingue par un excellent produit
vitesse-dissipation par 50 pJoules. Partant, elle convient
particuliérement aux circuits digitaux haute vitesse, tels

*MC10102 4-5 Input OR/NOR *MC10107 Triple Exclusive OR, Exclusive NOR
*MC10118 3-3-3-4 Input OR-AND *MC10110 Dual 3 Input 3 Output OR
*MC1013t Dual D Master-Slave Flip-Flop MC10118 Dual 2 Wide 3 Input OR-AND
*MC10181 4 Bit Arithmetic Unit *MC10111 Dual 3 Input 3 Qutput NOR
*MC10t117 Dual 2-Wide 2 - 3 Input

MGCI0101  Quad OR/NOR OR-AND/OR-AND-INVERT
*MC10102 Quad 2 Input NCR MC10120 Dual 2-Wide 2 Input
*MC10105  Triple 2 Input OR/NCR AND-OR/AND-OR-INVERT
*"MCI0106 3-3-4Input NOR MC10121 3-3-3-3 OR-AND/

OR-AND-INVERT
*Deja dispenible

MOTOROLA

que compteurs haute vitesse, convertisseurs A/D de
haute vitesse, transmission de données (par ligne tor-
sadée), syntheétiseurs de fréquences, mémoires haute
vitesse.

La logiqgue comprend les fonctions MSI et LSI en plus
des fonctions simples.

MC10130 Dual D Latch *MC10118  Triple OR/NOR
MC10133 Quad D Latch *MC10115 Quad OR
MC10134 Dual D Latch W/2D Inputs
& Select MC10160 12 Bit Parity Checker/Generator
MGC10135 Dual J-K Master Stave Flip-Flop MC10164 8 Line Multiplexer With Enable

MC10136 4 Bit Universal Counter
MC10139 256 Bit Fusible Link ROM
MC10140 64 Bit RAM

MC10141 4 Bit Universal Shift Register

MC10179 Look-Ahead Carry Block
MC10161
MCI10162 Three Bit Decoder w/iwo Enables

Three Bit Decoder w/two Enables

Semiconductors

Maotorola Semiconductor Products S.A., 8702 Zollikon-Zurich



Advertisements in CERN COURIER

All advertisements are published in both English and
French editions. Second language versions accepted with-

out extra charge.

Cost per insertion (Swiss Francs)
Space Actual size (mm)
{page} width by height 1 i 12
insertion | insertions | insertions
1 184 X 267 900 850 800
1 184 X 130
/2 88 ¥ 267 475 450 425
V4 88 X 130 250 230 215
Supplement Cover colour 250 SwF.
for colour Other colours 400 SwF.

Publication date
Lalest booking date

Closing date for
blocks and copy

Screen suggested

All enguiries to:

Full colour {trichromatic) 650 SwF.
End of month of cover date

1st of menth of cover date
Cancellations made after 1st of
menth of cover date witl be invoiced

10th of month of cover date
48 (120 English)

Micheline FALCIOLA / PIO - CERN

1211 GENEVA 23 Switzerland
Tel. {022) 41 98 11 Ext. 4103 Telex 2 36 98

Technical Rubber
and Plastics Goods

This is your
address :

8061 Zurich
Tél. (01) 4011 00

___________ —s

i Ask for free literature by sending this coupon

hose catalogue

hydraulic hose catalogue

air hose catalogue

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

Name _ _ . . . . -

Osoonongog

Department _ _
l internal telephone No_ . _ . . . _ ____.
| Special interests_ . - s
| Signature _ S Date . ___ . _
We have special radiation resistant rubber compounds that give

unique service - please contact us for hoses, profiles, sheets,
seals, cables.

SAPHYMO-SRAT

T
DY

R |

h T 4

DIVISION ALIMENTATIONS

SAPHYMO-SRAT

SERVICES COMMERCIAUX

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

7 Le pionnier
. dans les alimentations
~ Standard « CAMAC»

RPI 953 B

CTALJ13D

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

AUTRES FABRICATIONS

Blocs BS!

Blocs type CEA

Alimentations variables de laboratoire
Alimentations haute tension
Alimentation multi-sorties
Alimentations sur mesure
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EEV know how many nano

" NEW RESPONSIBILITIES

ngh Tennecomp Systems lne. — 4 track 256 and 512K
Word/track Mag. Tape Cartridge Units for mini-and
midi-Computers. — DEC, Hewletl-Packard, NOVA,

Energy Varian, Hongywell, elc.
Input Output Computer Services Inc. — Anagrafic

Computerized System for Digitizing and Processing

& Nuclear Grephical Data in meny forms. PAK plug-in with Soft-
ware, Gra¥/Pen and Hardware Interface for PDP 8.

H Adar Associates Inc. — Precision Digital Test equip-

uulpme“t ment including Computerized System for testing

Random Access Memories, read-only memories, shift

Registers, Randem logic etc. complete with Micro-

S_A, Programmer and many options - Parametric tests in-

clude stress, leakage, breakdown and continuity.

NOTE

The equipment manufactured by our Principals is well known at leading
Research Centres, Universities, Hospitals and Industrial Establishments
throughout the world Nuclear Heaith & Medical Physics, Nuclear, Medi-
cine, Life Sciences and Industrial Nuclear Laboratories can be furnished
completely and you can call on the vast knowledge and resources of
our Principals to do all your system and eguipment planning free of
charge. We can put you in touch with Physicists, Chemists, Medical
Specialists, Engineers and Administrators who recenily have completed
the type of equipment survey with which you may now, or soon will be,

faced — save your time and your grganizations'money by contacting
HENESA.
PRINCIPALS
D IMETER Nuclear Enterprises Lid. Simtec Industries Lid.
QUARTZ FIBRE POCKET ) 0s . . S.E. Laboratories (ENG.) Ltd. Johnston Laboratories Inc
the unfailingly reliable radiation measuring instrument. cD:'A' Pitman Ltd. 4 Scientific Rasealrlch Instruments Corp
: : i - i omputer [nstrumentation Ltd. Electronics & Alloys Inc
Recharging is effected easily and quickly with the 20th Ceniury Electronics Lid. The Cyclotron Corporation
Scientifica & Cook Electronics Ltd. Bren D’Amour (BRECO)
Lan-Electronics Ltd. C.S. Halia
STEPHEN BENCH TYPE CHARGING UNIT T.EM. Instruments Ltd. Laben
Robust and practical, it is energised by a U2 (15V) A great deal of the equipment supplied by our Principals can now be
. ! . offered on credit terms of payment over a period of years.
flashlamp battery. Will charge all standard quartz fibre
pocket dosimeters. CONTACTS
Renald Stiff or Personal Assistant in Geneva
Carlos Perez or Angel Yega in Madrid
Manuel da Costa or Armando Tavares in Lisbon
Ask for literature ADDRESSES TELEPHONE NO'S
2, chemin de gavernaly, 4 022 98 25 83
1218 Geneva, Switzerlan 022 98 25 82
R.A. STEPHEN & CO. LTD"C G Marques de Urquijo 44, Madtid 8 248 96 (2
MILES ROAD, MITCHAM R4 3YP ENGLAND Estrada Pogo do Chio 69, Lisboa 4 70 56 71

All telex messages to 23429 {answer back ‘stiff ch')
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In nuclear physics you need absolute accuracy and
long-term reliability from your electronic tubes. Espe-
cially thyratrons. EEV thyratrons can be fired with
nanc-second precision, with repetition rates of up to 50
kHz due to very rapid deionisation characteristics.
Long life - 10,000 hours can be achieved — enables EEV
ceramic thyratrons to be bolted intc the circuit as with
passive components.

ELEV thyratrens meet the demands of major nuclear
physics applications;

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

Inparticle accelerator work missed pulses are rare,
Annular curreni-flow means rapld peak-current

switching, too, without risk of arc extinction.

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

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

seconds make 10,000 hours

EEV know how.

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

a team at your service...
ALL GRYOSTATS
ALL GOILS
'@ LABORATOIRES de |
€9 MARCOUSSIS
Centrede Recherches de la Compagnie Genérale d'Electricité
91- Marcoussis - France-Tél.: (1) 90120 02- Télex 26877 - LABMARCO
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BOSCH Fifim™ M...

Condensateurs MK  an out-of-
the-ordinary
plastiec
semtlllator

for out-of’
lho~0rdmd ry

The only solvent-bondable
scmhllator avaiiable, C

Bar, hlgh Streﬂgth Jomts for _
Targe gnd compiex conh- o

'phys:cal stress’
fght‘z-r nsmission -

diélectrique plastique
métallisé

auto-régenérants

insensibles aux surtensions

isolement a haute valeur
" ohmique

® @ ®d D

inductance minime

Tension nominale | Gamme de capacitési Tension alterna-
a4+485°C tolérances =+ 20% tive superposée
(-40...485°C) admissible (50 Hz)

100 V— 0,068 ...6,8uF B0 Voo
250V — 0,022...2,2uF 100 Voo
400V — 0,010...1,0nF 160 Voo

@ livrables dans de brefs délais

Demandez nos notices
@ et des offres!

FABRIMEX

Fabrimex SA - Kirchenweg 5 - 8032 Zurich - Tél. 051/47 Q6 70
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For the purposes of laboratories and research centres in the field of liquid

helium storage and handling, we offer a wide range of equipment constructed
according to peak techniques.

L‘nhﬂl”lf | / .
1000 L 500 1. 250 1. 001l 50L 251 251

RS1000  RS500 RS100 "RS50 RS25  VS25

LAIR LIQUIDE

DIVISION MATERIEL CRYOGENIQUE

57, avenue Carnot 94 - CHAMPIGNY s/MARNE . FRANCE
Tél. 883-97-40 - Telex CHAMPALCHAMP 23.884

262



Here the CRT DISPLAY modules

In the tast month’s we showed the SCALERS
and | /0 REGISTERS.

bD 2012 XYZ Scope Display Driver. A truly modular and

expandable system:

DD 2012 for random or

| sequential point plots,

CG2018 for ASCII

- g character generation,

SDD 2015 Storage Display Driver. . _ J VG 2028 vector gener-
; ator for the ultimate in

graphics convenience.

DD 2012 and CG 2018

can be used alone or

goupled, DD2012 is

prerequisite  for VG

2028. Provision for light

pen or joy stick. SDD

2015 is complementary

to the other display

, ) | " modules for storage
VG 2028 Vector Generator. _ @ display.

PR A SRR S ATHERE & U % RTINSO Y

|

Py AT rEg Y e

and the CONVERTERS and TIMERS? You will find them next month.

31, av. Ernest-Pictet Denmark : JOHN FJERBAEK i/s, Ingenior, M. AF |, ltaly: ORTEC-talia SRL - Via Monte Suello 19 - 20133 Milano
w 1911 GENEVA 13 Hoeghsmindevej 23 - 2820 Gentofte/Copenhagen Sweden : POLYAMP AB - Toppvigen 20 - Jakobsberg

France: SAIP, 38, rue Gabriel Crié - 92 - Malakoff U K. NUCLEAR MEASUREMENTS
SWITZERLAND Germany . HERFURTH GmbH, Dalrgad Industrial Estate, Dallow Road, Luton/Beds.
ELECTRONIQIUE Tel. (022) 44 29 40 Benelux  * Beerenweq 6/8-D 2000 Hamburg 50 (Altona) U.S.A.: ORTEC INC. - 100 Midland Road - Oak Ridge. Tenn. 37 830







Quand un céble de télévision est-il parfait ?
Lorsque vous oubliez qu'il existe!

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

Cables pour hautes fréquences _DétnyEr
ef fréquences audibles

Datwyler SA, Manufacture Suisse de Cébles, Caoutchouc et Plastique Industriels, Altdorf-Uri
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Stabilised DC power...
Brentford performance keeps ahead

A 26 kW, B0 Volt, 500 Ampere Highly Stabilised
Power Supply—one of the 101 equipments of 6.6
to 828kW capacity, manufactured for the intersect-
ing storage ring at CERN. This equipment has an
overall 1-hour stability including ripple of 20 p.p.m.
overa 1000:1 currentrange. The design incorporates
a Brentford Digital/Analogue Converter.”

Back in the early 60's, we supplied DC power stabilised to 1 part in
1000 leng term, including ripple,for the beam line magnets of the
‘Nimrod’ proton synchrotron at the Rutherford High Energy Laboratory
in the U.K. On our latest installations we are doing better than 1 part in
100,000.

The reasen could be summed up in one word. Experience. Since the
50's, we have developed stabilised DC power supplies from 10 to
10,000 KW, 50,000 amperes. Qur reputation as specialists has taken
our equipment inte many advanced projects — into CERN Switzerland,
the Culham and Harweil |aboratories of the U.K.A.E.A., the Rutherford
and Daresbury laboratories of the Science Research Council, the
Argonne and National Accelerator laboratories U.S.A., and Heidelberg
and D.E.S.Y. in West Germany.

As our experience grows, our designs achieve ever tighter tolerances.
We can hold that beam steady, even with coincidence of load resist-
ance changes, ambient temperature changes, frequency variations,
step functions and slow rate changes in the AC supply.

While you search deeper and deeper into the nature of matter —leave
the DC power problems to Brentford,

BRENTFORD

Brentford Electric Limited, Manor Royal, Crawley, Sussex, England
Telephone: Crawley (0293) 277558 Telex: 87262 THE QUEEN'S A WAAD

.. . T4 INDUSTRY
5y Cables: Breco Tefex Crawley SUSSEX A MEMBER OF THE GHP GROUP FOR TECRWIGAL IAAYATIOR
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up to 50 MHz ?
up to 200 MHz ?
up to 500 MHz ?

upto 3 GHz?

Then you shouid
read this !

Do you deal with frequencies?

SEdyen,

SYSTRON DONNERS's new serie 6030 offers you more.

10 mV input sensitivity to 200 MHz and
50 mV to 3 GHz

5 different time base oscillators (at your
choice) up to = 5 X 107%/day

7, 8 or 9 digits, as required
Resolution up to 0.1 Hz, all models

Frequency range can be upgraded later
on

baeriocher

Postfach 485, 8021 Ziirich, Tel. 01/42 9

© BCD-output

available

and

RESCLUTION/ Mz

remote control

© Easy portable, width is only 21 cm
and weight 4.5 kg

® Battery option for field use

50 MHz 6050 3730.—
200 MHz 6051 5080 —
500 MHz 6052 7510.—

3 GHz 6053 11 080.—

ag

900
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WHMEM
§F t‘ §§§

Quadscaler
9015

Preset
Counting
Register 7039

Microscaler Miniscaler
003/4 002

Display Unit 92007

DISPLAY FACILITIES

All Nuclear Enterprises scalers can be sup-
plied in systems with numerical indicators
or with CRT display.

of the units above and complete rang

=S

Swiss Agents :

%

1366

Bath Road., Beenham, Readi
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CAMAG

NEW HIGH PERFORMANCE SCALERS
WITH OPTIONAL DISPLAY FACILITIES

CAMAC can operate with all computers and is compatible with NIMS
modules such as the Nuclear Enterprises International Series. Full details

NUCLEAR ENTERPRISES LIVIITED

Cables: Devisotope, Woolhampton. Telex 84475,
Sighthill, Edinburgh, EH11 4EY, Scotland. Tel: 031-443 4060. Cables : Nuclear, Edinburgh. Telex 72333.
Germany : Nuclear Enterprisas GmbH, Munich 2, Karlstrasse 45. West Germany. Telex : 529938,

e MIICROSCALER 003/4

4 x 16 bit, 2bMHz ; can be connected
as two 32 bit scalers. This scaler fully
meets CERN 003 specification. It also
provides a higher counting rate of
typically 75MHz for input pulses
down to 2.5ns.

¢ MINISCALER 002
2 x 16 bit, 30MHz. This scaler fully
meets CERN 002 specification. It also
provides a higher counting rate of
typically 75MHz forinput pulses
down to 2.5ns.

e PRESET COUNTING
REGISTER 7039

General purpose 16 bit 10MHz preset
scaler which counts down from a
preset number and generates L.
Other front panel control signals are
provided.

e QUADSCALER 9015

4 x 16 bit with individual inhibits on
each channel. Counting rate typically
75MHz for input pulses down to 2.5ns.

C.RT—
Display Driver 7011

e are available on request from:-

ng RG7 5PR, England. Tel: 07-3621 2121.

High Energy and Nuclear Equipment S.A,,
— 2, chemin de Tavernay, Grand-Saconnex, 1218 Geneva, tel. (022) 98 25 82 - 98 25 83



Now: CAMAC flexibility
for your PDP11-based system

...and EG&G’'s BD 011
Branch Driver
makes it easy

The new EG&G Model BDOT1 PDP11/CAMAC Branch

Driver interfaces your PDP11 to a CAMAC branch high-

way in full conformance to EUR-4600e requirements.

Easily integrated into any PDP11 peripheral configura-

tion, the BDO11 extends CAMAC's flexibility into the

computer and provides an integrated computer-based
data logging and control system.

* As a system element, cne BDO11 will support up o
seven CAMAC crates, and multiple BD0T1's can be inte-
grated into a single system.

* Designed to take maximum advantage of the address-
ing structure, software and timing flexibility of the
PDP11.

* Transfers single CAMAC dafa words via Programmed
Dota Transfer; or if so instructed, becomes BUS Master
and transfers blocks of contiguous data via DMA.

Branch Driver Test Module TM024

* Functicns as an integral part of the
system diagnostic software
and allows CAMAC arrays to be de-
bugged to the module level.

* Double-width CAMAC module.

* Diagnostic and data-handler software
provided.

Contact EG&G or your nearest EG&G Sales Office for
complete details of the BDO11, TM024, and our other
CAMAC system products.

EG:G

" NUCLEAR INSTRUMENTATION DiVISION

35 Congress Street, Salem, Mass. 01970 U.S.A.
Phone (617) 745-3200. Cobles: EGGINC-SALEM.
TWX: 710-347-6741. TELEX: 94969
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SOLID STATE
DETECTORS
Detectors can be
supplied for ail
types of particle
spectroscopy and
radiation detection.
For example:
Surface Barrier

.| Position Sensitive
H Lithium Drifted

Silicon
Lithium Drifted

k

NEUTRON
DETECTORS
Centronic experience
covers:
Fission Chambers
lonisation
Chambers
Proportional
Couinters:
Boron Trifluoride

Suveriead REW

Boron Lined
Helium 3
Neutron REM
Dosimeters

| GEIGER COUNTERS

Centronic halogen
and organic vapour
quenched tubes
include the following
ranges:
Gamma sensitive
Beta-Gamma
Liquid sampling
Mica and glass
end-window

| Liquid and

gas flow

20TH CENTURY ELECTRONICS LTD

Centronic Works, King Henry's Drive, New Addington
Croydon, CRY OBG, England. Telephone Lodge Hilt 2121

High Energy and Nuclear Equipment S.A.
2, chemin de Tavernay, Grand-Saconnex

1218 Genéve, Switzerland

Thisis from
my collection of

Radiation
Detectors

It's a type B.IN Halogen quenched
Geiger Counter tube, 30mm long x
3mm dia., operating in the range of
300-700V—and it's one of the many types
of radiation detectors manufactured

by Centronic. These include Solid State
detectors, Proportional counters and
Neutron Detectors as well as Geiger
Counters, for «, 8, v, X-Ray and Neutron
measurements. Over many yeatrs of
development—from special prototypes
to quantity production—
Centronic have built an
extremely varied and
numerous range. Individual
leaflets (or a big
comprehensive catalogue)
are available on request.

If anyone can help you,
Centronic can.




from components to complete
facilities all accelerators
for all particles energies and power

A
THOMSON-CSF
DEPARTEMENT ACCELERATEURS

DOMAINE DE CORBEVILLE / B.P. 10 / 91 ORSAY / FRANCE / TEL. 928.47.20
IN USA :
THOMSON-CSF INCORPORATED
445, PARK AVENUE / NEW YORK / NY. 10022 SPI 1192
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Leading In coincidence

unmatched in performance, flexibility, compactness

% 4 direct-coupled inputs accept NIM
normal or complement fast logic
signals.

#Double pulse resolution < 6 ns.

# Selectable bin gate for slower sys-
tem gating.

% Direct-coupled Veto input provides
leading edge inhibit to reject un-
wanted data.

$lnp'ut programming pins select
participating inputs; no need to re-
move cables to disable inputs.

# Full logic capability: ANDing, OR-
ing, majority, inhibit, and comple-
mentary logic.

# High fan-out: 4 negative and 2 com-
plementary outputs bridged for
splitting, back-terminating, or clip-
ping.

Developed for the National Accelerator Laboratory in
Batavia, Illinois, these high-performance circuits utilize
the CAMAC-compatible Lemo-type connector, the single-
width NIM module, and MECL III integrated circuits to
achieve a remarkable increase in circuit compactness and
the number of available logic functions. System-wise,
this means lower cost through fewer modules and power
chassis, shorter time delays, and enhanced reliability.

" . - -
> 4-FOLD .2
LOGIC UNIT

# Coincidence widths from 1 ns up.

#1.2 ns output risetimes.

a2
w

No multiple pulsing: one and only
one output is produced regardless
of input amplitudes or durations.

# Low stage delays.

WIDTH  YETO

# Compact packaging: two channels
per module; 24 channels per power
bin mean smaller systems, shorter
system propagation delays, up to
75% fewer power chassis.

# Flexible outputs: Model 364 offers
either time overlap or fixed 3.5 ns
duration; Model 365 offers dead-
timeless updating operation plus
adjustable output durations from
3-50 ns.

Only LRS is now offering a complete line of compatible,
compact instruments, including discriminators, ampli-
fiers, fan-ins, fan-outs, and CAMAC data acquisition
modules. Leader in coincidence! Leader in CAMAC! Look
to LRS for the latest in state-of-the-art design, for per-
formance and dependability. For complete specifications
and applications assistance, contact the LRS Nuclear
Sales Department or vour nearest LRS Sales Engineer.

LRS

Innovators in Instrumentation
LeCroy Research Systems Corp.

126 NORTH ROUTE 303 « WEST NYACK, N. Y. 10994

TWX: 710-575-2629

TELEPHONE: 914 / 358-7900
CABLE: LERESCO



