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thronged the ISR Control Room on the night of Friday 29 October. The centre of attention

in the top right hand corner is a monitor, connected to a beam current transformer,

which recorded in milliamperes the current circulating in the ISR ring. No-one could

reasonably have expected to see any signal that night. In fact it recorded up to 340 mA

of stacked beam. The graph of this stack is superimposed (it occurred after midnight,

hence the date of 30 October). Time is counted to the left. Thus on the right can be seen
the signals (blocks of almost even height) coming from repetitive injection and ejection
of twenty bunches from the proton synchrotron. The ejection (beam dump) was stopped
and, moving towards the left, the current rises steadily (apart from one or two hiccups)

as twenty bunches per pulse are injected and stacked.



Comment

Commissioning storage rings is not quite
so clear cut as commissioning an acceler-
ator as regards defining the point at
which we say ‘it works’ and blow a
fanfare of trumpets. For an accelerator,
the day on which particles are accelerated
up to near the design energy is fanfare
day; for storage rings it is probably the
day on which sufficient particles are
stored in each beam with a long lifetime
and collided together to give a healthy
interaction rate.

The CERN Intersecting Storage Rings
project has still a fair way to go —
compenent installation in one of the rings
is not yet complete and a great deal of
accelerator physics with the two rings
remains to be done. But we must sound
at least a few trumpets in celebration of
the quite remarkable achievements of the
night of 29 October when the first injection
tests were carried out with the completed
ring.

Many months ago the annual shutdown
of the 28 GeV proton synchrotron was
arranged for the end of the year so that it
would be back on the air ready for sending
beams to the ISR early in 1971, However,
the installation at the 1SR had progressed
so well that one ring was completed in
advance of the shutdown and it was
decided to have a few preliminary runs
with this ring.

The night of 29 October was the first
scheduled run with a few of the PS bun-
ches assigned to the ISR while the rest of
the PS beam was in use as usual for ihe
physics programme. The 1SR control room
was thronged with people, including of
course Kjell Johnsen, Director of the ISR
Department, and practically all the design
and construction team. By some sort of

intuition many other CERN people were
there also including Bernard Gregory
(Director General), John Adams (Director
of the 300 GeV project), Kees Zilverschoon
(now Director of the PS Department who
played an impertant role in the ISR
work until recently), and Hildred Blewett
{without whose presence it would be
presumptuous to attempt to commission
a new machine). Many of them were to
relive the excitement of the first operation
of the PS eleven years ago. This time the
glory goes to the ISR team.

Injection tests with an accelerator usu-
ally consist of days or weeks of, first of
all, getting the beam to go in properly,
and then patiently coaxing it around,
correcting and optimizing the magnet
fields progressively round the ring. At the
ISR it was decided to set up the ring
fields and just to see if the beam would
get round without going through the co-
axing procedure.

Comes the moment, the butions are
pressed, protons are ejected from the
proton synchrotron, guided to the ISR,
injected into the ring and the very first
pulse sails right round and carries on
sailing round without any tuning up at all.
Probably never before has this happened
with a ring of anything like this size (it is
about 1 km in circumference second only
to the 78 GeV proton synchrotron at Ser-
pukhov) and complexity (the ISR rings,
because of the need to store beams circu-
lating for hours, are the most complex
ever built). The myriad components in
ejection from the PS, in transfer to the 1SR,
in injection into the ISR, in the magnets
and power supplies, in the vacuum system,
in the beam monitoring system... were all
working from the word go. The design

team had proved themselves complete
masters of their craft.

Within an hour beam storage tests had
been carried out and protons had circu-
lated the ring for over twenty minutes,
much longer than had ever been achieved
before. Then came the first test of ihe
stacking process when successive pulses
from the PS were to be added together
in the ISR ring to build up a large stored
current, The buttons were pressed and the
protons stacked, the current climbing
steadily to nearly 60mA. Protons were
stacked for the first time ever at the first
attempt.

Did nothing go wrong that night ? Yes.
The clock on the control room wall wasn't
reliable. It took an hour to find the key to
a locked room. These were healthy
reminders that human beings were in-
volved. So well did that night go that
there was danger of confusion on this
point.

We have now brought one ring Into
action. We are a little zhead of schedule
and we are within the budget laid down
five years ago. It remains to bring in the
other ring and to confront the climb to-
wards a good beamlife, the design beam
intensities and design interaction rates.
Already intensity dependent effects have
been chserved and there is a lot of hard
work ahead to bring the ISR into operation.
In the spring of next year it is hoped to
achieve beam collisions. At about the
same time the experimenters will start
installing their detectors in the intersection
regions and in the middle of the year the
adventure of the first experiments with
high energy colliding proton beams is
scheduled to begin.
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For our new readers we summarize the
main features of the ISR project:

The aim is to achieve virtually head-on
collisions between two beams of protons
each accelerated to energies of up to
28 GeV by the CERN proton synchrotron.
In such collisions all the energy given to
the particles can go inta the phenomena
of interest of the physicist -— the transtor-
mation of particles and the creation of
new particles — and equivalent effects
could only be obtained from a conven-
ticnal accelerator (firing particles onto a
stationary target) having an energy
approaching 2000 GeV. On the other hand
the ISR is fimited in the range of phe-
nomena which can be studied and in the
rate at which the phenomena cccur by
comparison with a conventional acceler-
ator.

The way in which the collisions are
achieved is to eject protons from the PS,
guide them some 500m along a beam-
transfer line and bend them into one or
other of two magnet rings 300 m in dia-
meter which are slightly deformed so that
they intersect at eight positions, Protons
travel in opposite directions in the two
rings and the collisions take place at the
eight intersection regions.

if oniy one pulse from the PS (contain-
ing about 10' protons) were collided
against another similar pulse, the colfision
rate would be far too low to do useful
experiments. It is therefore necessary to
‘stack’ many pulses from the PS in the
rings so that the colliding beams will each
contaln over 10" protons (the design aim
fs 4 X 10" which is a beam current of
20 A in each ring). A radiofrequency sys-
tem is used to get hoid of the protons
as they come in and to accelerate them
slightly so that they move across the
vacuum chamber of the ISR (which has
an elliptical cross-section of 16 X §em’”)
to sit alongside the protons which have
previously been injected. This is the
process known as stacking

When beams of sufficient intensity have
been built up, they are kepl stored in the
rings (orbiting, hopefully, for many hours
without their intensity talling too low to be
useful for experiments}). In addition to such
requirements as magnetic fields held con-
stant during the sforage time with extreme
precision, the vacuum chamber in which
the protons circulate must be evacuated to
a very low pressure (the design value for
the major part of the ISR is 107 torr) so
as to avoid collisions with gas molecuies
in the chamber resulting in the protons
being scaltered in the course of many
miflions of revolutions.

These technical requirements have
called for alignment precisions, component
manufacturing tolerances, power supply
stabifities, vacuum techniques, elc... which
are at the very flimit of what s now
possible.
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First beams
in the ISR

Throughout October, effort at the Inter-
secting Storage Rings was concentrated
on bringing ‘Ring 1’ into a state where a
few tests with beams from the proton
synchrotron would be possible before the

shutdown of the accelerator in mid-
November.
The first run was scheduled for the

29 Qctober and, a few days before, the
vacuum system of the ring was completed.
About a third of it was ‘baked-out’ (this
involves heating the vacuum chamber to
several hundred degrees which effectively
de-gasses the inner surface and, given
sufficient pumping power, enables very
low pressures to be ohtained). In the
baked-out sections pressures in the region
of 107'° torr were being achieved, ten times
better than the design figure which itself
was regarded as a very ambitious aim a
few vyears ago. The average pressure
around the ring was about 3 X 107 torr.

For several months tests had been under
way on the beam transfer channels to
each ring and both were conveying protons
ejected from the PS up to the ISR with
100 % efficiency. These tests had also

ironed out all problems of liaison between
the control rooms of the PS and ISR
which was an important thing to have
under the belt when the ISR runs started.

The magnets in both rings had been
successfully powered in August. Monitor-
ing systems to observe the beam, based
on electrostatic deteciors (described in
detail [ater in this issue) and beam current
transformers were net completed but were
in a sufficiently developed state for the
initial requirements.

All that was essential for the first runs
was ready and working. A series of eight
six-hour periods were allocated — during
six of them the ISR was a ‘parasite’
{stealing up to four of the twenty bunches
of accelerated protons from the experi-
mental programme in progress at the PS);
during two of them the ISR was the ‘main
user’ able to take all twenty bunches at
will. It was hoped, at a minimum, to
achieve a circulating beam and not much
more befora the PS shutdown. At a maxi-
mum, it was hoped that some beam studies
{on such things as closed orbit, Q values,
longitudinal instabilities) might begin and,
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Several photographs taken on the night -

1. Kjell Johnsen (left) and Klaus Unser gathering
data o beam hehaviour.

2. Bas de Raad seeniingly caught in the act of
announcing the news to the waiting world. Keen
eyes may be able lo pick out the time, 8.34, on
his watch — two minutes after the first circulating
beam.

3. 'Not by physics alone doth man live'. The
Controf Room was a long way from a source of
food and drink and was therefore the scene of
improvised snacks and clusters of thermos fiasks.
4. Crowd scene — many of them rejoicing in the
perfect operation of componenis to which they
had given years of work.

at the extreme, it was proposed to attempt
some stacking.

The story of the 29 October is perhaps
best told in a blow by blow account.

The run was scheduled to start at
20.00 h. The countdown hadn’t gone too
well. In the afternoon a power cut had
slammed all the wvalves in the vacuum
system shut just after they had been
opened and inspected. The beam current
transformer, an important monitor of the
circulating beam was exhibiting stage
fright until the late afterncon. When the
time came to switch power to the magnets,
there was no power. Then came the
search for the key (for access to the fault)
mentioned in the Comment.

By about 20.30 h all is ready. The PS is
alerted to eject protons along transfer
channel TT2 to the ISR at an energy of
15 GeV. (Why Channel 2 feeds Ring 1 and
Channel 1 feeds Ring 2 is a linguistic
nicety we leave to the ISR historians to
analyse.} A single bunch per puise
(9 X 10" protons) is called for. The ISR
magnets are set to the theoretically
predicted values on the basis of the
magnetic field measurements carried out
prior to their installation. The beam dump
system is set so that if particles go round
they can be kicked out safely by the
'dumping magnet’ into a cooled block to
keep particle loss in the ring and sub-
sequent induced radiation to an absolute
minimum.

At 20.32, the injection system is powered.
Immediately, to the blank astonishment of
everyone, it is obvious that protons are
being injecied and are circulating the full
ring and are continuing to circulate until
the beam dump kicks them out, clearing
the ring ready for the next bunch from the
PS two seconds later. The beam monitors
record just over 2mA circulating, about
60 %0 of the maximum possible.

20.45. People are beginning to get their
breath back. Two bunches per pulse are
called for and the circulating current goes
up to near 5 mA.

20.58. The first attempt is made 1o see
how well the ring is storing. Two bunches
are injected and are allowed to continue
circulating — the beam dump is not oper-
ated. The monitors record 5mA falling
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5. An animated Wolfgang Schnell (left) tells it Iike
it is to Mervyn Hine and Riildred Blewett.

slowly. The bunches smear out into a
ribbon beam which continues to circulate
decaying at a rate of ifess than 1% per
minute. The half-life (the time taken to
fall to half the initial intensity) is calcula-
ied as 56 minutes.

21.19. The dump system is operated and
the monitors click back io zero. Already
a world-first has been achieved: a proton
beam has been stered for 21.5 minutes,
far larger than the 9 minutes previously
achieved at the PS during a storage trial
seveial years ago.

More detailed measurements on the
beam begin and adjusiments of machine
settings are carried out. The proportion of
the beam from the PS which is success-
fully injected leaps to about 95% — the
monitors record 8 mA with two bunches
injected. Beam parameters such as the
closed orbit and the horizontal and vertical
Q values are measured, revealing an
incredible precision by comparison with
the theoretical predicticns. The calculaied
lifetime is in excelient agreement with the
value expected at the average pressure
prevailing in the vacuum chamber.

3486

The r.f. team disappear from the Control
Room into the local control station in the
A1 building (the r.f. controls have not yet
been connected to the main Control Room}
to bring in the acceleration system. When
the accelerating cavities are brought on,
in very little time, the injected beam is
being trapped by the rf. fields in the ISR
and the protons are moved across the
vacuum chamber onto wider orbits as
they are gently accelerated. The time has
now moved beyond midnight. Euphoria
prevails and the ISR team decides to
really stick its neck out and io try stacking.

30 October, 00.28. Repstitive injection of
two bunches from the P3 with the beam
dump in action. The monitors record 8 mA
infected per pulse.

(0.29. Repetitive injection continues, the
beam dump is switched off, the r.f. system
is brought on with a beam acceleration
programme which will so accelerate suc-
cessively injected pulses as to achieve
stacking. The monitors record circulating
current rising steadily to 57 mA. For the
first time protons have been stacked and
stored.

A discussion is held to decide how
much current can be allowed. Conditions
are arranged to receive a maximum of 500
mA and after consultation with the PS
control room the experimental programme
at the PS is temporarily halted so that all
twenty bunches can be fired into the ISR.

01.13. All twenty bunches are injected
and the meniters record 80 mA circulating.
The beam dump is in operation. When it
has been confirmed that the ring is
handling twenty bunches weli, it is decided
to go for stacking.

01.16. Repetitive injection with the beam
dump off. The current climbs to about
340 mA (the graph of this climb is shown
on the front cover). Injection is stopped
and the beam is waiched circulating. The
decay rate is faster than with lower beam
intensities and the first tremor of appre-
hension passes through those in the know.
They realize that this could spell a lot of
work to analyse and master.

01.55. The beam dump is operated and
the monitors click back to zero again.
Encugh for one night’s work. Kjell Johnsen
records his thanks to the ISR and PS
teams for their splendid achievement. One
last bunch for good luck is sguirted in at
2.00 and kept circulating for quarter of an
hour before people retire to bed.

Now we become less chronological in
summarizing the results of some of the
tests carried out in the remaining runs
which ended with two consecutive six
hour pericds on 13 November. What was
astonishing at this early stage was the
steady, reliable performance of practically
all components which enabled test pro-
grammes to be prepared and carried out.
In 48 hours of running less than an hour
was lost from equipment failures and there
was hever need to enter the ring for
repairs or adjustments.

The peak stacked beam was obtained
during the second run. With twenty bunch
injection the circulating current climbed
to 1.5A (3 X 10" protons) which is the
most intense proton beam at GeV energies
ever achieved. This was not the limit which
could be stacked but for several reasons
it was decided not to try to ctimb higher
(in tfact, apart from this one stack, the
current was deliberately kept to 1A and
below for all the tests). The emergency



trigger for the beam dump is not yet in
operation and if any major component
had tripped out there would be no con-
trol over where the intense beams were
deposited. Also beam scrappers have not
yet been installed. One of them protects
the moving screen which comes up to
shield the stored beam from the field of
the injection magnet. The screen was not
used when stacking twenty bunches for
fear of burning it out if it received an
intense beam.

Closed orbit measurements were carried
out by taking polaroid photographs of the
signals from the 53 electrostatic pick-up
stations distributed around the wvacuum
chamber and carrying out 106 measure-
ments, 53 giving the horizontal positions
of the beam and 53 giving the vertical
positions (a coiflection of such measure-
ments is shown in the article on these
detectors later in this issue). Eventually
the ISR computer will do the donkey
work on these measurements.

The resulis were in excellent agreement
with the predictions from the magnetic
field measurements. Deviations were
within = 4mm vertically and =+ 10mm
horizontally. Both these values are very
comfertably within the specified limits.

Q values were also in excellent agree-
ment with predictions. Q is the number of
oscillations about a mean position that a
particle executes in making one turn
around the machine and is dictated by the
focusing magnetic field settings. If Q is an
integral value it would mean that, if there
is any force at a position in the ring {and
ihere will be} tending to nudge the particle
in a particular direction, it will feel the
nudge in the same direction each iime
and, over many turns, wifl be pushed into
the vacuum chamber wall. Similarly half
integer values or third integer values are
normally avoided since they bring particles
back tc the same position after two or
three turns respectively (known as a
second and third order resonances).

During the first run, for example, Q was
measured as 8.81 in the horizontal plane
and 8.67 in the vertical plane. In subse-
quent runs there were very important tests
where the settings of pole face windings
and quadrupcles were altered in small
steps 50 as to induce changes in the Q
values. When the values touched a reso-

A capy of the graph produced on 6 November by
the pen recorder during one of the beam stacks,
Time, as in the graph on the cover, runs to the
feft. On the right are the signals indicating
twenly buitiches injected, circulating and dumped.
When the beam dump is switched off the current
climbs steadily {apart from one hiccup near the
peak) to T A whan further injection is stopped.
{The splurge at the top is where the pen was
bumping into its fulf scafe celling.) On the left
can be seen fast decay experienced with the
more intensa beams accentuated in this case by
applying r.f. to the beam for an experiment.
Better stacks were achieved, for example, putting
in two bunches (8 mA) eighly times yielded

640 mA of stacked beam.

‘ 7rme
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nance (integer sub-multiples) particle loss
from the stored beam was observed. It is
believed that such effects were detectable
down to sixth order rescnances, which
imposes much more stringent conditions
on setting the Q vzlues in the ISR than
ever trouble a conventional accelerator,

The r.f. system performed very well
When stacking, particularly for low inten-
sity beams, the efficiency was better than
expected. This is particularly gratifying
because nc attempt has been made yet, by
playing tricks like Q-jump in the PS itself,
to produce the best possible bunches, in
terms of momentum spread. One of the
stacks up to a beam current of 1A is
shown in the graph.

The intensity dependent effects seen
on the first night were confirmed in the
subsequent runs. In general the higher
the stacked current the faster became the
beam decay rate. At low intensities the
lifetime was in good agreement with the
predictions, given the prevailing average
vacuum in the ring. Above 100 mA other
effects seemed to intervene. One possi-
bility is that the beam was running into

high order resonances and certainly chang-
ing machine settings to stay clearer of
resonances improved the lifetime. There is
also ihe possibility of coupling between
horizontal and vertical oscillations. In the
last run it was also found that when the r.f.
was brought on in the presence of a beam
there was a sharp rise in pressure (in to
the 107° torr region) near the r.f. cavities.
There may be multipactoring in the
cavities from electrons liberated by the
beam in ionizing the residual gas. When
clearing electrodes (to suck out electrons)
are installed, it could help clear this
problem.

Overall however it can be said that it
has proved comparatively easy to make
intense beams but more difficult to hold
ihem once they are made. Further studies
on the intensity problems are needed
before they are completely understood.

The ISR team are now breathing a little
easier after a hectic three weeks, but not
much easier for it is intended to start up
Ring 2 at the end of January. If all goes
well the first attempts at colliding beams
will be made at the end of March.
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CERN News

Green light
for new computer

There is an ever growing need at CERN
for computing capacity. However, whereas
the need was doubling zlmost annually up
io 1968/69, the curve is tending to level
off and the estimated needs in the imme-
diate future correspond to a doubling
every two and a half years. In spite of this
levelling-off, the capacity of the present
central computers {mainly a CDC 6600
and a CDC 8500) is becoming inadequate

and further capacity is needed to meet the
foreseen demand up to about 1974/75.

Projections beyond this date are more
uncertain, particularly in view of the range
of options open for the long-term develop-
ment of the Laboratory. It seems likely
that the demand couid well increase by
another factor of two by around 1976 and
budget planning has already made allow-
ance for additional capacity at about this
time. However, decisions on future exten-
sion will not be necessary for the next
few years.

0.3 -

0.1+

7600+ 6600+6500 [—— — =27~

6600 +56400

6600

ESTIMATED NEEDS
BESOINS ESTIMES

ACTUAL USE
UTILISATION EFFECTIVE

!
1975
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Graph of the development of CERN's computing
capacity requirements. The y-axis is on a
logarithmic scale taking the capaciiy of a CDC
6600 as the unit. The first part of the graph
represents the years when the requirements were
doublting every year; the second part shows that
this is now easing off to a doubling every 21/,
years.

Following contacts with major computer
manufacturers in 1968 (see CERN COU-
RIER. vol. 8, page 204) it was decided that
no new large computer was, at that time,
in a sufficiently proven state to take a
decision on purchase. As an interim
measure the existing installation was up-
graded by converting the CDC 6400 to a
6500. In the summer of 1969 a further
investigation was openhed to see what
large computers would be available for
delivery by late 1971 to cover the estimated
computing needs at GERN through to
about 1974. These estimates indicated
that it would be necessary to triple the
presently installed capacity.

This study and the subsequent call for
tender showed that the most economical
solution was the acquisition of a CDC
7600 which has a computing capacity
about five times that of a CDC 6600. A
recommendation to purchase a 7600 was
submitted to the Finance Committee and
approved at its meeting of 17 June 1970.

There is still no computer on the Euro-
pean market providing comparable capa-
city and, even on the American market,
the CDC 7600 is the only one which both
satisfies the specifications and is already
in service. In addition, the 7600 has the
advantage of being compatible with
CERN’s other large computers.

Negotiations were opened with Control
Data fo define the exact configuration of
the new computer system to be based on
the 7600, especially the number of discs
and tape units, and the quality and quaniity
of peripheral equipment. it has been estab-
lished that the 7600 will be coupled to a
6000 series computer and that considerable
importance will be given to remote access
(typewriter consoles, display terminals and
remote stations providing card-reader and
line-printer facilities). These negotiations
reached fruition on 20 November with the
signature of a confract invelving a sum
of about 40 million Swiss f{rancs and
setting the delivery for February-March
1972.

The CDC 7600

The 7600 is built with ‘discrete’ components
and is a logical extension of the 6000
series. 1t has multiple-function registers
and two ferrite core memories, one of
65 K words of 60 bits plus 5 parity bits and



1. The central unit of the CDC 7600, consisting of
central processor, memary, 12 peripheral com-
puters and 15 input and oulput channels.

2. Section of ferrite memory containing 1024 words
of 13 bits, of which one is a parity bit.

3. One of the wafers forming the memory in
phota 2.

4. A logic circuit comprising several tens of
components. The central processor consisis
of 28 000 of these circuits.

the other of 512 K words of 60 bits plus
4 parity bits, Input and ocutput operations
are carried out via small peripheral com-
puters, with access to part of the small
core memory. Unlike those on the 6600,
these peripheral computers are indepen-
dent, and up to fifteen of them may be
connected, locally or remotely.

The 7600 js fitted with a maintenance
control unit in the form of a peripheral
computer which monitors the 7600 oper-
ation diagnosing malfunctions. This results
in a significant improvement over existing
maintenance methods.

The following table compares the main
features of the central processors of the
7600 and 6600:

7600 6600
Word length:
60 bits 60 bits
Main core memory:
65 K words 131 K words

(3.9 X 10¢ bits) (7.9 % 10° bits)

Full cycle: 275 ns 1000 ns
Transfer rate: 1 word/27.5 ns 1 word/100 ns
Large core memory:

512 K words (3.2 X 107 bits)
Full eycle: 1760 ns
Transfer rate: 1 word/27.5 ns
Instantaneous transfer rate

of main disc:

3.3 X 107 b/s 8.9 X 10%b/s

The CDC 7600 will be installed in a
new building now going up on the ISR
site, where almost all the Data Handling
Divisien's computing facilities will be
concenirated. Rather than the building

1.

being split into many sections for the
various functions it will have a single hall.
This will ease the difiiculties of lay-out of
equipment and, in view of the fact that the
installation will be constantly changing,
this arrangement offers the greatest flexi-
bility. It also simplifies operaling problems.

The installation of a complex of this
scale presents considerable difficulties
which have been studied for many months.
All the 7600, 6600 and 6500 central pro-
cessors will eventually be interconnected
and must be clustered close together be-
cause of the restrictions on cable lengths
for transmitting ulira-fast signals. In
addition, there are cleanliness problems
due to the fact that certain units (printers,
card readers and card punches) produce
dust, whereas others, like discs and tapes,
are highly susceptible to damage by dust.
These problems will probably be solved by
installing the dust generating eguipment
in separate areas.

The computing service cannot be sus-
pended while the transfer of the existing
computers to the new building takes place.
The 7600 will be the first to be installed in

the new building and it will graduzlly take
the load off the existing centre until, after
probably six months, a start is made on
transferring the CDC 6500 and 6600 to the
new centre with all their associated equip-
ment. The transfer of the whole installation
is currently planned to be completed hy
early 1973.

PS Shutdown

The annual shutdown of the 28 GeV proton
synchrotron began on 15 November and
wiil continue to the beginning of January
1971. As usual, the jobs to be done are
too numerous to list individually and only
some of the most important ones will be
mentioned here. :

Linac

The work within the general framework of
the improvements programme, which is
aimed at increasing the pulse length of
the linac from 20 to 100 ks and preparing
to feed the B0O MeV Booster, will be con-
tinued. This involves:

— modifying the compensation system,
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which will become servo-controlled, for
the charge induced by the passage of the
beam in the 500 keV accelerating column;
— modifying the main r.f. supplies to the
three linac cavities, to the buncher and
to the debuncher;

— modifying the r.f. circuit used to com-
pensate the beam charge in the cavities;
— moedifying the supply to the pulsed
quadrupoles of the first accelerating
cavity;

— installing the beam transport line from
the linac to the Booster and the beam
line for . beam emittance measurements
(see vol. 10, page 279) — a magnet will be
replaced allowing the beam to be directed
either towards the PS or towards the
Booster, where it can be further deflected
towards the emittance measuring beam
line;

— reorganizing the linac control room.

PS ring

The work here involves some necessary
maintenance and improvemenis particu-
larly in readiness for coming higher inten-
sity beams:

— fitting ion pumps in sectors 5 and & of
the ring (sectors 1, 2 and 4 are already
almost fully equipped) invalving modifica-
tions to nine straight sections and the
vacuum chambers in five magnets;

— modifying the vacuum chamber of fast
ejection beam 74 (for which magnet 74
must be removed);

— replacing magnet 8, which has been
seriously damaged by radiation, by a spare
one {see vel. 10, page 227);

— trials on a method (which could reduce
the number of magnets to be removed) in
which the vacuum chamber is cut out of
the magnet and refitted by welding again
in situ;

— instaliing new straight sections (100,
1 and 8) to supplement the number of ion
pumps, and changing the vacuum chamber
in magnet 100;

— replacing a septum in straight section
43 for slow ejection studies and fitting a
prototype electrostatic septum in straight
section 66;

— many cabling jobs, particularly in
anticipation of the installation of new
dipoles, the new r.f. acceleration system
and slow ejection system 16 (to supply the
West Experimental Hall);
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— construction of a building above straight
section 45 for the fast kicker power supply
which will control the transfer of the
Booster beams into the PS;

— bringing Booster controls into the main
contral room.

Experimental halls

Two major changes are under way in the
East Hall. First, the spectrometer beam-
line for secondary particles from a hydro-
gen target in e7 is being removed. Two
new beam-lines are to be installed for
the future. One of them, €9n, will feed a
target from which a hyperon beam-line
will emerge (see vol. 10, page 281); the
other, e9s, will feed a target for a neutral
kaon experiment comprising a spectro-
meter and large propoertional spark ¢cham-
bers. Second, the b18 secondary beam-
line which supplied particles for tests cn
detection systems is being removed.

Nearly all the work to be done on the
2m chamber, situated at the end of the
East Hall, will consist of normal mainte-
nance, mainly because of the limited
amount of time available (six to seven
weeks) in view of the necessary re-heating
after the shutdown and the recooling
before start-up. The main items io be
overhauled will be the expansion system
{with which ten million expansions have
been carried out since the previous
overhau] about two years ago), the com-
pressors, the vacuum systems, the cooling
system and the hydrogen refrigerator.

There are no changes in the Norih Hall
and experiments with the 81 cm hydrogen
bubble chamber will continue until the
middle of 1971.

The main change in the South Hall
relates to beam g9, used until now for
medium-energy pions. An electrostatic
separator will be added to it to allow it to
he used to select negative kaons and
medium-energy antiprotons. The experi-
ment which will use this beam also
requires a very flat platform, to take a
large analysing magnet.

Bubble chambers

On 5 November the BEBC group celebrated
the completion of the first pole of the
superconducting magnet for the large
Eurcpean hydrogen bubble chamber. In all,

23 pancakes of the superconducting coil
had been wound (that is a few more than
the 20 required to construct a pole). In
addition to CERN staff members involved
in the project, there were aiso represen-
tatives of the main suppliers at the cele-
bration.

Cn this occasion it was noted that the
rewinding of one part of the pancakes
{see CERN COURIER vol. 10, page 278),
had been carried “out in [ess than six
weeks, thanks particularly to the efforts
of the coil winding section. At this rate, the
total of 40 pancakes will have been
reached by the middle of December.

This littte meeting was entertained by
the showing of two films taken during the
manufacture of the 66 km of superconduct-
ing strip by each of the firms sharing
production (Siemens and Thempson-Hous-
ten). It was possible to make an interest-
ing comparison between the different
methods used by the two firms to produce
items of essentially similar specifications.
The superconducting strip is one of many
examples in the construction of this
chamber of the very effective collaboration
which research workers and industry have
established for sclving difficult technolo-
gical problems.

In the next phase, the two poles (weigh-
ing 100 tons each) will be transported to
the hall of the chamber. The pancake
stacks will then be placed in the cryostats
(delivered 0 CERN some weeks ago)
early in 1971.

About four million photographs, includ-
ing 2.1 miilion in deuterium under double
pulsing conditions, have been taken in
1970 with the 2 m chamber. This period of
operation has been marked, not only by
the use of deuterium and dcubie pulsing,
but also by the excellent quality of the
photographs and by the fact that the
chamber was able to receive low-energy
particles (0.8 GeV). The latter two features
were the results of modifications to the
chamber carried out during the 1969
shutdown.

The total number of photographs taken
in the 2 m chamber by the end of October
had reached the figure of 3.5 million
distributed over twelve experiments with
which twenly-one European research



A photograph laken in October during the winding
cf the cofl of the superconducting magnet for

the 3.7 m European hydrogen bubble chamber,
The coil is built up of several strips (for cooling,
insulation, reinforcement and heating). One

pole of the magnet is now completed.

centres were associated, as listed in the

table- Operation of 2 m bubble chamber in 1970

The 8icm chamber has also worked {up to end of October)
very well without any sign of old age
despite having now been in action at Chamber filled with hydrogen
CERN for almost ten years, during which

. R L Beam MNo. of photos Laboratories

time it has cloecked up over 15 million

photographs. In 1970, 2.2 million photo- K, 1.4 -1.7 GeV/c 100 000 CERN, Heidelberg

graphs {668 000 of them in deuterium) were K" 12-18 GeV/c 447 000 CERN, Saclay
“taken with the chamber — more than in K", 0.8 - 14 GeV/c 442000 Rutherford

any other year of its existence. p, 15-2.0GeV/c 449 000 Glasgow, IPN Paris, Lausanne,

These photographs, taken using anti- Liverpool, Neuchatel

proton and negative and positive kaon 1 438 000
beams of between 600 and 800 MeV,
supplied three experiments — those carried

out by CERN-College de France, CERN- Chamber filled with deuterium

Heidelberg, and Bologna-Glasgow-Rome- K, 1.2 - 1.8 GeV/c 456 000 Birmingham

Trieste groups. 7, 9.0 Gev/c 324 000 Bari, Bologna, Fiorence, Parig
K*, 8.25 GeV/c 298 000 Brussels, IPN Paris, Saclay

The 1.1m CERN heavy liquid bubble T, 4 GeV/c 458 000 Birmingham, Durham, Rutherford

chamber has been wheeled into a corner p, 19.2 GeV/c 81 000 Aima Ata

after almost ten years of operation for 'p" 9.0 GeV/c 153 €00 Strasburg

physics. Its retirement from active service K* 5.45 GeV/c 246 000 Oxford

was feted ai the beginning of November E 19.2 GeV/c ' 60 000 Scandinavian collaboration

by the team which has operated it and
carried out experiments with it.

The chamber tcok its first pictures in
November 1980 and has clocked up over
ten million since then. Major physics
experiments have included the study of the
ksi zero and the identification of an
excited state of this particle using one of
the first high energy kaon beams, the
observation of the decay of the long-lived
neutral kaon into two neutral pions and a
measurement of the decay rate in the
elegant X4 experiment, and, of course, the
two neufrino experiments in 1963 and 1967
which added a great deal to our current
knowledge of neutrinos.

The heayy liquid bubble chamber has
for long been the largest volume chamber
in operation in the world. But now it gives
way to the much bigger new generation of
chambers — the large European hydrogen
chamber and the heavy liquid Gargamelle
at CERN, the large hydrogen chambers of
Argonne and Brookhaven.

2 076 000

In describing the optical system of the
Gargamelle heavy liquid bubble chamber
in the last issue (page 312) we assigned
the computer program used for optimi-
zation of the lenses to W.T. Welford. In
fact the program was worked out by C.G.

CEARN/PI 213.10.70
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Wynne. Welford as stated, has worked on
the Argonne 12 feet chamber being
responsible for the overall optical system.

The administrative
computer

CERN first considered the use of com-
puters in administration in 1965-66 (see
CERN COURIER vol. 6, page 157} when
the foreseeable growth of the adminis-
trative load was examined in conjunction
with the possibility of using a computer
to shoulder much of the load. The study
came down clearly for the acquisition of
a computer specificafly for administrative
purposes — it became known as the ADP
project (Administrative Data Processing).

In 1967 an IBM 360/30 was installed at
CERN and it was planned to bring into
use an integrated information system by
1972. By ‘integrated’ is meant that the
wide variety of tasks to which the computer
can be applied will be as inter-related as
possible in their use of the computer so
that, for example, a piece of information
fed in from one source will be accessible

for other needs without need of duplication.
Such a system is characterized by ‘one-
time data capture’ where the information
is fed to the computer ideally from the
point where it is first generated and by
means of data links then becomes accessi-
ble for many purposes.

The aim of the ADP project is twofold:

1) to provide better (faster and more
accurate) information at the various levels
of management and administration;
2) to absorb the increasing workload of
the growing Laboratory without need to
increase the clerical staff in the same
proportion.

Achieving the final goal has been plan-
ned in two phases. The first phase,
scheduled to last from two to four years,
consists of progressively converting the
computier system on a batch processing
basis to tackle administrative processes
previously handled by conventional
methods. The second phase will carry the
conversion further to achieve an integrated
system. '

The first phase will be completed this
year when al! the major CERN adminis-

fY:iar_ ftores?eg

or fmegrate

Application Sgggfpﬁfvrf ?,megfe%feniaﬁon ygﬁ'%gﬂfgg

1. Stock control (stores) IBM 360/30 1268 1971

2. Personnel records 1BM 360/30 1968 1971

3. Medium-term planning IBM 360/30 1969 1971
procedure {FPP)

4. Qverall purchasing, accounting [IBM 360/30 1970 1971
and budgetary control

5. Salaries NCR 390 1966 1971

6. Job cost controi IBM 360/30 1970 -

7. Scientific documentation IBM 360/30 1969 —
(reports and preprints)

8. Project planning (PERT) CDC 8600 and 1969 —

IBM 360/30

9. Buildings and space inventory  CDC 6600 1969 1971

10. Electronic instruments CDC 6600 1968 —
inventory

11. Machine-tools inventory and CDC 6600 1870 1971
loading and manual

12. Personnel monitoring/radiation CDC 8600 1965 (1972} 7
(health physics)

13. Various technical applications manual and — 197141872

CDC 8600
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On the right:

Hand-plotted results on the shape of a closed
orbit (radial to the left and vertical to the right)
from data given by the fifty-three probes in the
ring. The values were individuafly recorded for
each probe on photographs of type 1. The
estimated accuracy is + 1 mm vertically and
+ 1.5 mm radially.

trative applications will make use of
computers. The Table lists these appli-
cations, the computer currently in use,
and the date when the integrated version
using the ADP computer is scheduled.

The present situation is only the basis
for phase two of the overall plan. It is
intended to design and implement, mainly
in the course of 1971, new versions of
several applications which are already
computerized, in ofder to reach a sub-
stantially integrated system in the course
of 1972. If this programme succeeds as
expected, CERN will have built up an
integrated information system over about
five years (a time which is considered to
be good by major management consultants
in this field}.

Concerning the econemy in clerical staff,
which it was hoped would be achieved
by having the ADP computer, CERN
counted 92 man-years in 1966 which could
be directly affected by the ADP computer
system. It was then predicted that these
92 man-years would grow to 165 in 1971
if no computer was available and only to
110 if a computer was installed. The actual
figure for 1969 was 111 man-years and this
figure, which includes 25 people in the
ADP group itself, should not increase.

Beam observation in ISR

The Intersecting Storage Rings are equip-
ped with a beam observation system based
on electrostatic pick-ups similar to those
used in the PS (see CERN COURIER vol.
9, page 304). They produce a measure-
ment of the beam position during the first
turns following injection, and, with higher
precision the orbits averaged over many
turns. The system is indispensable to
ensure maximum efficiency in the stacking
process. It consists of 106 detectors (53
per ring), whose signals can either be
seen on an oscilloscope giving information
on the wide-band signals, or can be ana-
lysed by computer to achieve more pre-
cise information.

Each pick-up consists of iwo combined
pairs of electrodes on which signals are
received when a proton bhunch passes
directly proportional to the charge in the
bunch. Moreover, the electrodes have
been sc designed that each pair gives a
signal directly proportional to the position,
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vertical or horizontal, of the ‘centre of
gravity’ of the beam, anywhere in the
aperture of the machine.

An original feature of these probes is
that the electrodes are in the form of a
balanced bridge, which makes it possible
to neutralize the capacitive coupling be-
tween the electrodes and consequently
to eliminate the guard rings which would
otherwise be necessary in order to isolate
the vertical ard horizontal pairs of
electrodes.

Though the design concept is traditional
the pick-ups have been adapted to certain
factors peculiar to the 1SR. Thus they
must be of high mechanical precision,
and withstand being heated to 350° (being
used in ultra-high vacuum). This limits
construction materials and the electrodes
have been produced in the form of stain-
less-stesl plates held by specially designed
aluminium oxide and stainless-steel sup-
ports. The coaxial feed throughs are also
made from these two materials which also
have a very high radiation-resistance.

The resonance irequancy of the elec-
trodes lies between 250 and 300 MHz,

Photographs 1, 2, 3 and 4 show signals received
from e electrostatic probes during the injection
trials at the ISR.

1. Signais from the two elecirodes of a probe
placed whetre the beam enters the ring. On the
feft is the signal corresponding to the first
passage of the beam (consisting of two bunches}
o which the inflector pulsée has not yet acted
and which /s travelling near the inside wall of the
vacuum chamber. One revciution fater, the inflector
has acted and the beam is near the centre of the
vacuum chamber. it then orbits in this position.

2. Signals trom the two radial efectrodes of a
probe during stacking followed by debunching of
the profons. The time scaie here is a miliion

well beyond the frequency band which
is used, between 2 kHz and 100 MHz.

The units are designed to work on a
beam of protons grouped into bunches,
as they are on injecticn into a ring; on the
other hand they are not affected by the
debunched beam which alsg circulates in
the chamber (the stacked beam). One of
the characteristics of the ISR is that they
contain, at the same time, two types of
beam which can thus be distinguished.

Information from the pick-ups can be
handled in two ways :

1) In the video sysiem, signals appear on
an oscilloscepe in the ISR control room.
Signals coming from the 106 detectors can
be selected via remote-controlled switches.

Signals from a vertical or horizontal

pair of electrodes appear simultaneously
on a double track cscilloscope, so that
the position can be read off directly
{although not with high accuracy), and
the signal gives much information zbout
the beam dynamics.
2} In the precision system which is con-
nected to a computer, signals are con-
verted and analysed in such a way that
the complete orbit can be shown on the
computer screen.

The careful construction of the pick-ups,
amplifiers and signal processors makes
possible a resolving power of 0.1 mm and,
taking into consideration mechanical
inaccuracies and positioning, an absolute
precision of * 0.5 mm.

The installation of the detectors and
their contrels is complete for Ring 1, and
they were used in the first commissionning
tests. For these tests, only the video
system was in use; it gave excellent
results both for the form of the signal
{beam iniensity, bunch form), and for arbit
analysis, (betatron oscillation corrections,
position measurements, observation of
stacking etc¢.). The system will be comple-
ted in March 1971.

HYBUC coming together

A small high field bubble chamber, speci-
ally designed for an experiment to measure
the magnetic moment of the positive
sigma hyperon, is now being assembled
at CERN. The experiment will be carried
out by a team principally from the Max
Planck Institute, Munich, with the Niels

times more concentrated (there are about three
mitlion revefutions recorded in the photograph).
On the fefl, the bunched bsam is centred in the
chamber. It is then graduaily shifted towards the
outside of the chamber stiff in bunches, There-
after it debunches, resulting in a considerable
reduction in the intensity of the observed signals.
3. Signals from one of the two radial electrodes
of a probe and corresponding to the successive
injections of two bunches.

4. The sum of the signafs provided by two radiai
electrodes on one sweep of an “empty buckel’
through the beam. The peak-fo-peak vajue
corresponds to the density of the stored beam as
a function of energy. The current was 200 mA.

4.
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Beohr Institute, Copenhagen, and Vander-
bilt University, USA. Most of the com-
ponents of the chamber could be used
in further hyperon magnetic moment
measurements and it has therefore been
baptised ‘HYBUC' for HYperon BUbble
Chamber.

The values of the hyperon magnetic
moments provide important checks of
various theories of the electromagnetic
structure of particles. There are many
predictions of each of these values coming
from theories based on current algebras,
the quark model and SU3 symmetry. Pre-
cision measurements of the magnetic
moments and comparison with the well
measured magnetic moments of the proton
and neutron are therefore a way of se-
lecting between the theories.

Just recently a result has emerged from
the Ankara, CERN, Lausanne, Munich,
Rome collaboration who used the nuclear
emuision technique in improving the
accuracy of the measurement of the
magnetic moment of the lambda hyperon.
The experiment was described in some
detail in vol. B, page 86. Their result gave

the magnetic moment as — 0.70 * 0.09
nuclear magnetons which compares with
the previous world average of —0.7310.20,
It would be hard to push the lambda
measurement much further and the HYBUC
team are concentrating initially on the
positive sigma hyperon where the best
measurements to date have an accuracy
of about = 1.0 nuclear magnetons and
give a world average value of + 2,57 + 0.52
nuclear magnetons. It is hoped that this
can be improved to an accuracy of 0.15
nuclear magnetons or even as far as 0.10.

The experiment will proceed as follows.
A specially designed pencil beam contain-
ing 20 to 30 negative kacns of momentum
about 500 MeV/c will be produced from a
beam-line in the North Experimental Hall
at the 28 GeV profon synchrotron. It will
be directed along the axis (parallel to the
magnetic field} of a small hydregen bubble
chamber where interactions with protons
will produce positive sigmas polarized
perpendicular to the magnetic field.

K+ p—2"+a

The kaon beam momentum has been
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A simplified schematic diagram of HYBUGC (the
hydregen is under way. The supercenducting
assembied at CEAN. The positioning of the
superconducting coils, the caméra and expansion
systems, and the evacuated 'finger’ where the
beam enters, can be seen.

selected to give a maximum vield of pola-
rized sigmas.

The sigmas, which have a lifetime of
107"%s, will travel about 1.5cm in the
chamber before decaying. During this time
the polarization direction will precess in
the magnetic field {swinging around like
the finger of a clock) and the amount by
which it precesses is directly proporticnal
to the magnetic moment of the sigma and
to the strength of the field in which it
travels.

Approximately half of the sigmas will
decay to give a proton and a neutral pion.
The proton and pion must emerge in the
same plane (to conserve momentum) and
this is known since the proton, like the
sigma, will leave a track in the chamber
{the neutral pion will almost certainly
escape unobserved before converting into
charged particles). The plane containing
the most probable directions of emission
of the prolon and pion is the plane into
which the sigma polarization direction has
precessed. Analysing the bubble chamber
pictures thus gives encugh information to
be able to calculate the magnetic moment.
From somewhere near a million pictures it
is hoped that sixteen thousand showing
the event sequence required can contri-
bute to the calculation.

Description of the bubble chamber

The major feaiures of HYBUC are illus-
trated in a simplified way in the diagram.
The useful hydrogen volume is 32 cm long
and 12.8 cm diameter bounded at one end
by the optical window and at the other by
a freely suspended disc covered with
Scotchlite. Within most of this volume the
magnetic field is parallel to the axis of
the cylinder along which the pencil beam
enters. The chamber body, which has
been built in the CERN central workshop,
extends beyond the useful volume info an
expansion region and the pressure changes
are applied via a hydraulically driven
piston made of laminated epoxy. Position-
ing the expansion system away from the
useful volume makes it possible to crowd
magnet coil all around the volume. The
chamber can pulse as many as ten times
per second and several pictures could
therefore be faken in one PS cycle. To
retain the beam travelling in vacuum for



HYBUC being prepared for its initial tests with
nitrogen. The tests went well and conversioen to
hydrogen is under way, The superconducting
magnet constructed in the UUSA is expected {©
arrive at CERN shortly.

as far as possible a ‘finger which is
evacuated, extends into the expansion
region almost as far as the useful volume.

The optical system consists of one
viewing lens {objective) on the axis of the
chamber and four others positioned
around it. Al five views are brought onto
a single film. The film transport system is
an extended version of that developed for
the CERN 2 m chamber.

Perhaps the most interesting technical
feature of the chamber is the super-
conducting magnet which is designed to
give a field of at least 110kG at the
centre of the chamber. This probably
ranks among the highest fields (not pulsed)
over such a volume ever attempted. The
magnet consists of a three part system of
coils. A set of outer coils (28cm inner
diameter, 47 cm outer diameter, 48.2 ¢m
long} is constructed of niobium-titanium
superconductor designed to produce a
field of 70 kG at its centre. Within the bore
of these coils is another coil (with
dimensions 17.8cm inner diameter, 26.4
cm outer diameter, 27 cm long) constructed
of niabjum-tin superconductor. Niobium-
tin will retain its superconducting property
within the field produced by the outer
coil and should itself add up to 50kG to
the field.

A further niobium-titanium coil at the
expansion end of the chamber completes
the magnet system. It will produce a field
in the opposite direction to the other coils
s0 as to bring the field where the beam
enters to a low level.

The magnet has been manufactured in
the USA and is the joint property of the
Max Planck Institute and Vanderbilt Uni-
versity. When the experiment at CERN is
concluded it is expected fo return to the
USA to be used in an experiment at Brook-
haven. This would also be concerned with
the sigma magnetic moment and would
involve operation of wire chambers inside
the magnetic field.

During the design and construction of
the bubble chamber, the HYBUC team
benefited from the close collaboration of
members of the Track Chambers Division
at CERN and in particular of the group
constructing the large European bubble
chamber (BEBC).

Assembly of the chamber, without the
magnet, began at CERN at the beginning

1
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of September and tests with liquid nitrogen
have been completed satisfactorily so that
tests with liquid hydrogen can now pro-
ceed. The magnet, which is now complete,
has been undergoing acceptance tests in
the USA and is expected to arrive at
CERN shortly. If all goes well the chamber
will be moved into the North Hall early
next year, where further tests will be
carried out on a beam befaore it takes up
its final position for the experiment.

Adiabatic trapping

Experiments are being carried out at the
proton synchrotron on a new method of
‘trapping’, for further acceleration, the
particles which are injected into the
machine. To see the advantages of this
method requires a brief discussion of the
phenomenon of trapping itself.

The linac sends into the PS what can be
considered for the purpose of this dis-
cussion as a continuous ribbon of protons,
the width of which is mainly governed by
the energy spread of the particles around
the linac energy of 50 MeV (those with the

highest energy occupy larger radius orbits
and vice versa).

The accelerating voltage applied in the
synchrotron ring is sinusoidal and the r.f.
accelerating system can only trap and
accelerate those particles arriving at the
r.f. cavities during certain intervals of time
when the voltage in the cavities is right.
The beam is thus cut into pieces where
trapping takes place. The trapping zones
can be represented on a graph of energy
plotted against phase and, because of their
shape, they are nicknamed ‘fish’. When
the PS first came into operation, the r.f.
system was such that only about 50°%
of the injected particles could be trapped
in the fish and this theoretical figure was
not reached in practice.

In 1960, it was found that higher trapping
rates could be achieved by a preliminary
concentration of the particles into regions
of the beam by initially tuning the r.f. to a
slightly different frequency from the one
corresponding to the passage of the
protons through the cavities. By coinciding
these regions where protons are concen-
trated with the fish gives a theoretical
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1. Three diagrams ifiustrating three stages of
adiabatic trapping. The r.f. voitage increases
progressively, white the stable phase is
maintained at zerc, Particle trajectories deviate
towards the cenire, both outside and inside the
‘fish’. The particles inside (A} describe elfipses of
ever-diminishing width and increasing height,
whose surface-area decreases progressively untif
it reaches a minimum. The particles cutside

(B and C) also show this centripetal tendency,
which brings them so near to the boundry of the
tish that a finy Increase in ils surface-area
captures them. It is the small increases in the
voltage appiied to particles as they pass

successive accelerating cavities which cause the
trapping.

2. At the top of the photo, is the r.f. voftage as
it grows during adiabatic trapping. At the bottom,
is the contour of a proton bunch recorded at the
same time; the size of the bunch is very stable.

3. and 4. Computer print out simufating two types
of trapping. 3. represents the situation at the
end of a ‘gross trapping'. The proportion of
particies in the tish is smaller than that teft
outside which will be fost. There is also signi-
ficant dilution. 4. represents the situation ai the

end of adiabatic trapping (not perfect because of
the limftations in applying this method at the
PS); the propertion of particles caplured is much
higher, and dilution is low,

E
Tia8 —~Z-
e
Ry -
-2 4, 3. 53
Ay
Az
.
2 o
(4 3 2
1.
e ST
LT

to 70% (in
practice about 50% is achieved). The
method, known as ‘high trapping’ is now
in routine use at the PS.

trapping efficiency close

However, a ‘dilution’ problem is encoun-
tered with both these methods. The area
of the fish is not fully occupied by the
particles and this room for manoeuvre
inside the fish results in an increase in
the longitudinal emittance of the beam.

A few years ago there arose the idea of
‘adiabatic trapping’ which could, theoreti-
cally, zllow 100% of the particles to be
frapped, while reducing the dilution to a
minimum. The method involves starting
with a reduced peak accelerating voltage
and a voltage applied to the synchronous
particle equal to zero. What is done is to
increase these two voltages progressively
(adiabatically) gradually blowing up the
area of the fish until it js at least equal to
that of the beam which we want to enter
the fish. Particles would not normally
cross the boundry of the fish but, with this
method, all the particles initially outside
can, surreptitiously, be manoeuvred in.

It offers so many advantages that it
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was adopted in the design of the Booster.
Then, in the course of tests on the PS to
develop the technique, it seemed possible
to adapt it to the PS itself, and a detailed
study began. The work has led to a series
of successful experiments which have
been carried out for a month on the PS.
From the bheginning, they have given
excellent results.

The method cannot be applied to the
opiimum in the PS because it is not possi-
ble either to have the r.f. voltages near to
zero of to obtain a very slow increase in
the magnet fields (which must keep in
step with the accelerating particles). With
a rate of increase of field set at 25 % of
its maximum value the theoretical trapping
efficiency is limited to 20 %.. The practical
rate is restricted to about 70%, which is
however considerably better than with
‘high trapping’. It is affected by two factors.
The first is the transverse instabilities
{betatronic resonances) which the particies
undergo during the time for which the
lower voltage is applied. This effect is
quite normal but is not so pronounced
with high capture when they are passed
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through more quickly. Methods of correc-
ting this are at present being studied, and
consist essentially of harmonic corrections.
The second factor is the energy spread of
the linac beam.

When, the improvement programme at
the PS is complete, the linac will provide
100 s pulses {instead of the present 20 us)
and multi-turn injection will be used. This
type of injection, which requires a slow
increase in the field, is in tune with the
conditions of adiabatic capture, which is
not the case with single-turn injection
used at present.

Adiabatic trapping should prove of
particular benefit as regards the provision
of bunches by the PS for the ISR. We
mentioned above that the earlier trapping
techniques could result in an increase in
the longitudinal emittance. Adiabatic trap-
ping, however, so fills the fish that this
effect is not so pronounced. This reduction
in dilution will be a great advantage from
the point of view of ISR operation since
the luminosity of the ISR varies with the
square of the longitudinal emittance. It is
here, even more than in the increased



trapping efficiency, that the great attraction
of this method lies.

Rdntgen Prize

On 17 October the 1970 Rontgen Prize
was awarded to G. Backenstoss {of CERN
and Karlsruhe} for his work on ‘exotic’
atoms. The story of the [atest discoveries
in this field, where sigmic and antiprotonic
atems were identified, appeared in CERN
COURIER two months ago (vol. 10, page
251). Observation of X-ray emission from
exotic atoms is a source of a great deal of
information on the nucleus.

The Réntgen Prize is awarded by the
Science Faculty of Justus Liebig Univer-
sity in Giessen, Federal Republic of Ger-
many, where Réntgen was Professor of
Physics at the end of the last century
when he discovered X-rays in 1895. It is
given for distinguished work in experi-
mental physics. It has not been awarded
since 1967 and this year has therefore
seen a triple award on the occasion of the
opening of a ‘Radiation Centre’ at the
University where research in physics and
biophysics will be carried out using a
60 MeV electron linac. In addition to
Backenstoss the Prize went to E. Stuh-
linger of the Space Research Centre,
Huntsville, Alabama, for his research in
extra-terrestrial X-rays carried out using
detectors in rockets and to T. Kirsten of
the Max Planck Institute Heidelberg for his
discovery of double beta decay.

The Réntgen Prize was awarded to J.B.
Adams in 1960 for his leading role in the
construction of the CERN proton syn-
chrotron. This new award is a tribute to
the whole team from CERN, Heidelberg
and Karlsruhe who for abcout five years
have been preducing important results,
first on mu-mesic and pi-mesic atoms
working at the synchro-cyclotron and more
recently on K-mesic, sigmic and anti-
protonic atoms working at the proton
synchretron.

Around the Laboratories

BERKELEY

‘Proton decay’ confirmed
...not, be it hastily said, the decay of the
proton itself but the first clear chservations
of the radioactive decay of a nucleus by
means of proton emission. The possibility
of such a decay mechanism has been
realized for a long time. It is possible to
produce nuclei which are ‘proton rich’
such that the energy binding the proton
in the nucleus falls to zero or to negative
values. But to identify the process cccurr-
ing is not easy. This has now been done
at the Lawrence Radiation Laboratory, Ber-
keley, following previous work at Harwell
in the UK. The achievement was reported
in Physics Letters on 26 October.

Four mechanisms of radioactive decay are
weli established - beta decay (emission of
an eiectron or positron), alpha decay,
gamma decay and spontaneous fission.
‘Proton decay’ is now added to the list.
It has been looked for during the past few
years particularly at Dubna where a team,
led by V.A. Karnaukhov, has done much
of the original thinking on this topic and
reporied some results, which were not
conclusive, at the ‘Conference on the
Properties of Nuclei Far from the Region
of Beta Stability’ heid at Leysin, Switzer-
land, from 31 August to 4 September 1970.

The results from the experiments at
Harwell were also, by themselves, not
conclusive. They were carried out by
K.P. Jackson, C.U. Cardinal, H.C. Evans,
N.A. Jelly and J. Cerny using the
Variable Energy Cyclotron (built for
Harwell by the Rutherford Laboratory) to
accelerate oxygen ions which bombarded
a calcium target. In the reaction, a cobalt
isomer “*Co™ can be produced, which is
proton rich and is a comparatively long-
lived excited state of cobalt-53. Though
nuclei in the ground siate which are proton
unstable have not been found, the coball
isomer is an unusual case where a high
energy state is proton unstable. Its high
spin value (19/2) prevents decay by electro-
magnetic radiation. In the Harwell experi-
ments, protons which could have come
from proton decay of the nucleus were
observed but they could not be unambi-
guously distinguished, firstly because of
the complexity of the oxygen-calcium
nuclear interaction, and secondly because

it could not be proved that the emerging
protons were not of the ‘beta-delayed’
type.

Beta-delayed proton emission has been
known since the early 1960s from the
work of Karnaukhov at Dubna and R.E.
Bell at MecGill, Canada. In this pheno-
menon the fundamental decay process is
beta decay which is followed by the
emission of a proton from the highly
excited sthte of the daughter nucleus. It
is not true radioactive decay by proton
emission, though it also provides consi-
derable information about nuclear proper-
ties. Studies on delayed proton emission
are under way at CERN with ISOLDE
(see CERN CQURIER vol. 10, page 4) and
the latest results were reported at Leysin.

Following the Harwell experiments,
Cerny returned to Berkeley and, together
with J.E. Esterl, R.A. Gough and R.G.
Sextro, was able to carry out a ‘cleaner’
search using the 88 inch cyclotron to
bombard iron-54 with proftons again to
produce nuclei of cobalt-53 m.

*Fe + p—="Co™ +n + n

The cyclotron provided beam for 08s
and was then switched off while the iron
target was cobserved for 0.6s. Emerging
protons were detected in a counter tele-
scope and the absence of simultaneous
beta particles confirmed that true proton
decay of the cobalt isomer was being
observed.

STANFORD (SLAQC)
Half a SPEAR

As mentioned in the last issue of CERN
COURIER, page 320, Stanford Linear
Accelerator Centre are going ahead with
the construction of an electron-positron
storage ring which is a trimmed down
version of their project SPEAR (Stanford
Positron Eleciron Asymmetric Rings) des-
cribed in vol. 9, page 271. SPEAR consisted
of twe asymmetric rings (slightly pear-
shaped) overlapping to provide two beam
interaction regions.

What is now being built is a single
asymmetric ring in which both electrons
and positrons will orbit in opposite di-
rections. Two ‘low beta’ regions, where
the beam will be specially concentrated,
will be available for collision experiments.
Initially, a single r.f. cavity will limit peak
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energy to 2.5 GeV though the ring magnets
are being designed to produce good
field up to a field strength equivalent to
4.5 GeV so that performance figures can
be extended if more r.f. and magnet power
are made available later.

The ring will contain 34 bending magnets
and 51 quadrupoles with standard fields of
6.3kG and 590 G/cm (corresponding to
2.5 GeV) and with sextupoles for refined
beam control. The rf. cavity will provide
up to 200 kW of power (180 kW into the
beams) at 42.35 MHz with a peak voltage
of 300kV. Energy loss at 2 GeV due to
synchrotron radiation will be 110 keV.

Electron and positron beams wiil be
injected from the 20GeV linac at an
energy of 1.5 GeV and taken to higher
energies by the rf. cavity in the ring
itself. The ring is to be operated in the
‘one-bunch’ mode. In each beam there
will be two bunches but one bunch of
electrons will collide with one bunch of
positrons in an interaction region. At the
position around the asymmetric ring where,
as they orbit in opposite directions, they
would collide again, they are kept apart
by locally distorting the orbits with an
electric field.

In order to set up two orbiting bunches
per beam, particles have to be injected in
two bursts of 7ns during the normal 1.5
us pulse of the linear accelerator. The
accelerator gun will be modulated to
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crowd more particles into the two short
storage ring injection intervals. Bursts
can be injected 20times per second into
the ring and to achieve the design stored
intensity of 2 X 10'? particles per beam
{0.5A per beam) a filling time of six
minutes is needed for storing the positron
beam, the electron beam being stored
faster during the positron filling. The time
for which experiments can be carried out
between fillings will be in excess of two
hours.

The vacuum chamber will be construc-
ted of aluminium and the design pressure
is below 107* torr. Distributed ion pumps,
designed at SLAC, using the magnetic
field near the bending magnet pole edge,
will provide most of the pumping capacity.
A small number of conventional ion pumps
will be installed to keep the chamber
pumped down when the magnet ring is
switched off.

The interaction positions are at the
centre of two 5m straight sections with
ample room (above, below and sideways)
for the installation of experimental equip-
ment. The design luminosity is 1032 cm™2 s™!
when the ring is operated at 2 GeV.

Construction is beginning and it is
hoped to store the first beams in 1972.
The performance parameters could be
increased later if more money became
available. In addition to the extension to
higher energy mentioned above, the

Vente pour la Suisse:

eris-commerce ag
8132 Egg bei Zirich, téléphone (051) 86 20 60

second ring which was included in the
initial SPEAR design could be added to
push luminosities higher.

RUTHERFORD
Autumn treble

The Rutherford Laboratory Bulletin on 16
November records three recent events:

During the week-end of 24, 25 Qctober
the 7 GeV proton synchrotron, NIMROD,
achieved a new record intensity of 3 X 102
protons per pulse. In the course of the run
the efected proton beam down the beam
line X3 into the large Experimental Hall 3
was 1.18 X 102  protons per pulse
measured at the external target station.

A contract at a cost of £ 3.6 million has
been placed for a new large computer,
an |IBM 360/195, to be installed at the
Laboratory in autumn of 1971. It will
replace the existing IBM 360/75 as the
main Laboratory computer being about
six times more powerful. The computer will
be accessible to Laboratory staff and to
University teams involved in high energy
physics research, to process data from
experimenis at the national accelerators
and from experiments at CERN. It will also
be available to the nearby Atlas Computer
Laboratory to support its extensive com-



puting services to Universities and other
research institutes.

A successful series of tests were carried
out in the second week of November on a
superconducting quadrupole constructed
from intrinsically stable conductor (see
vol. 8, page 185). Currents of between 95
and 97 % of the critical current (1380 A)
were repeatedly achieved with an overall
current density of 27 kA/cm? in the winding
cross-section. This corresponds to a peak
field of 40kG in the 12cm bore of the
quadrupole. it is believed to be the first
cfear demonstration, on a full scale
magnet, of the properties of this type of
conductor which was evolved in the Super-
conducting Applications Group at the
Laboratory.

CORNELL
Photon Conference

The 1971 Internaticnal Symposium on
Etectron and Pheoton Interactions at High
Energies, sponsored by Cornell Univer-
sity, the US Atomic Energy Commission,
the National Science Foundation and
IUPAP, will be held from 23 to 27 August,
1971, in Ithaca, New York.

Attendance will be by invitation only.
To assist the Organizing Committee,
anyone who is interested in attending this
conference should write to the Conference
Secretary before 1 January, 1971, at the
following address :

Conference Secretary,
Laboratory of Nuclear Studies
Cornell University

Ithaca, New York 14850, USA.
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LRS

NOW!
CAMAC for:

Pulse Height/Area Analysis
oR
Nanosecond Time-oi-Flight

MODEL 2243
MULTI-MODE ADC

Our new multi-mode analog-te-digital con-
verter is almost like having four high-per-
formance ADC's in one! An 8-bit 255-chan.
nel converter, it digitizes either the peak
amplitude or pulse area of either pesitive
or negative signals to an accuracy of 0.4%.
A fast linear gate has opening and closing
times under 3 ns, so you get only the sig-
nal you want. The 2243's high sensitivity
(40 mV¥/bit in peak mode; 0.6 picocou-
lomhs/bit in area mode) means you can
use it directly with virtually any scintilla-
tor/PM combination. 1t’s fast too. Its data
is ready for readeut in under 6.5 ,sec.
Even has a built-in test mode, Price $1050*
in unit quantities,

MODEL 2226
QUAD TIME-TO-
DIGITAL CONVERTER

MNow you can make your time-of-flight meas-
urements digitally . . . and gain computer
compatibility, long-term stability, and
lewer cost. The new 2226 contains four
{iming channels which measure the time
interval from a common slart sfgnal to in-
dividual stop signals. The 8-bit binary out-
put from each channel provides 0.4% reso-
fution. Full-scale time range is selectable
between 102 ns (400 picoseconds/bit) and
510 ns (2 .ns/bit). A fast start inhibit per-
mits selecticn of timing signals and rejec-
tioan of unwanted background. Built-in
CAMAG function code controlted test mede.
Price: $1370* in unit quantities.

FIRST IN A SERIES...

of upigue innovations for CAMAC! First of
a full LRS complement of exclusive CAMAC
ADC’s, scalers, latches, ASCIl converters,
and displays designed in response to the
needs of the high-energy nuclear physicist
for high-performance systems.

Look to LRS, Innavatars in Instrumenta-
tion! Leader in NIM . . . Series 800 ...

{ OMNHogic. . . now CAMAC too!

Send for
this new
CAMAC
Data File

In Instrumentation

LeCroy Research Systems Corp.

126 N. RTE. 303 - W. NYACK, N. Y. 10984 . 914/358-7900

CABLE: LERESCC

*Export prices slightly higher.

IN GERMANY: Richard H. Stern Co.; Kaiserstrasse 13, & Frankfurt/Main: IN THE U.K.: AEP
International Ltd. 14A High $t.; Staines, Middlesex, England: IN SWITZERLAND: Nucletron
AG; Giacomettistrasse 15, Berne 31; IN SWEDEN: American Electronics AB; Norrlandsgatan

15B; Stockhelm C.
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HARSHAW

the world’s leading supplier of sodium iodide scintillation detectors, offers
complete anti-compton and pairspectrometry systems including :

A bigh performance Ge(Li) detector
A lazrge Nal('Tl) shielding
Associated electronics

RS
For information please contact:

Harshaw Chemie N.V., P.O. Box 19, De Meern, Holland

Harshaw Chemie GmbH, Wermelskirchen, Viktoriastrasse 5, W-Germany
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Engineering Compendium

on Radiation Shielding

Edited by: R.G.Jaeger (Editor-in-
Chief), E. P. Blizard, A. B. Chilton,

M. Grotenhuis, A. Honig, Th. A. Jaeger,
H. H. Eisenlohr (Coordinating Editor)
Sponsored by: International Atomic
Energy Agency, Vienna

This Compendium, published under the
sponsorship of the [nternational Atomic
Energy Agency, is an authoritative and
up-to-date summary of nuclear radia-
tion shielding technology. Presenting
contributions by more than a hundred
of the outstanding specialists in this
field, it offers the most complete pre-
sentation of this subject currently avai-
lable in a single work. International in
scope, the Compendium covers the
theoretical and experimental results of
shielding research workers in almost
every country having nuclear energy
programs. It reviews basic concepts
and calculational techniques, compiles
definitive data required for shielding
calculations, and offers many examples
to illustrate the methods described. In
addition to the fundamentals underly-
ing the shielding of gamma rays and
neutrons, it provides an understanding
of the approach to the shielding prob-
lems which are presented by nuclsear
reactors, hot cells, particle accelera-
tors, radioisotopes, and fission product
deposition from nuclear explosions.
There is a full discussion of many of
the practical problems inherent in
shield design, such as shield heating,
effects of ducts and voids, and the
choice of materials. In general, Volu-
me | encompasses the more fundamen-
tal and theoretical aspects; Volume I
and 1ll, the more applied.

Volume lll
Shield Design
and Engineering

With 506 figures. XIl, 478 pages. 1970
Cloth DM 248,—; US § 68.20

Contents

Shielding of shipping containers for radiation sources
Shielding of fixed storage installations

Design and shielding of medical radiation rooms
Design and shielding of irradiation facilities

Design and shielding of hot cells for research
Shielding of electron accelerators

Shielding of nucleon accelerators

Shielding of irradiated fuel processing and high-level waste
storage facilities

Shielding of research reactors

Shielding of stationary power reactors

Shielding of ship propulsion reactors

Subject Index

Published in 1968

Volume |
Shielding Fundamentals
and Methods

With 467 figures. Xll, 537 pages. 1968
Cloth DM 240,—; US § 60.00

In Preparation

Volume li
Shielding Materials

SPRINGER-VERLAG

BERLIN-HEIDELBERG-NEW YORK
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RELAYS

Reed relay, type ARID-L

@ With 1 normally-open
powerreed-contact
1A, 120VDC or 2 A, 250 VAC

@ Cr 1 normally-open high-voltage
contact 3500 VDC

@ Frint connections according to ICE

Opto-electronic relays, series 1ICO

Switching-operation amplifier with
electrically insulated input

@ nput compatible to TTL-logic

@ ICO-R-10: Switching power 25 W
Operation voltage at the
output 24 VDC

@ ICO-R-20: Switching power 100 VA
Operation voltage at the
output 220 VAC

@ Print connections according to ICE
@ Dust- and humidity-protected

@ No maintenance

Erni + Co
Elektro-Industrie

8306 Bruttisellen/Zurich
Telephon 051/931212
Telex 53699

CHEMTREE

SPECIAL
NUCLEAR
SHIELDING

CHEMTREE CORPORATION

Central Valley, N.Y.

914-928-2293

Fe-Mopyt 64, 4008

from DM 200.— for resistance
thermometers,
from DM 280.— for thermocouples

as

two-level controller
two-level controller with
[imit contact

three-level controller
interval controller

installed depth 82 mm, gross prices:
trom DM 170.— for resistance

thermometers,
from DM 250.- for thermocouples

Installeddeh 150 mm, ros prIc: .

with measured value indication,
installed depth 120 mm, gross prices:
from DM 290.— for resistance
thermometers,

from DM B70.— for thermocouples

with

switching differential 0.5° C
(0.1° C)

PD or PID feedback

very accurate adjustment
interchangeable plug-in
chassis, measured value
indication built-in

M. K. JUCHHEIM GmbH & Co., 64 FULDA, Phone 06 61/831, Telex 049701
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Quand un cable 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 a I’émetteur, et de I'antenne au récepteur. Dans le domaine de la télévision industrielie,
le nombre des possibiiités et applications des cables a haute fréquence Datwyler est impressionnant. Le
probléme de [a surveillance des endroits eloignes ou inaccessibles est ainsi facilement résolu. Selon I'uti-
lisation, les cables peuvent étre combinés avec un nombre quelconque de fils de commande et de signa-
lisation, de telle sorte qu’'un seul cable d’'un encombrement réduit, vient & bout de nombreuses missions.
Sur demande, tous les cables coaxiaux et de télévision industrielle Datwyler sont livrables en exécution
«lsoport» ; fa corde d'acier insérée dans la gaine donne & ce cable la qualité d’autoporteur. Nos tech-
niciens sont préts a tout moment pour résoudre avec vous vos problémes de cables, §'il s’agit d’exécution
spéciale de cables a hautes fréguences ou a fréquences audibles, radar, radio, télévision, électronique, re-
cherche et application médicales, industrielles ou nucléaires !

Cables pour hautes fréquences 'ﬂéitwyler
et fréquences audibles

Datwyler SA, Manufacture Suisse de Cables, Cacutchouc et Plastique Industriels, Altdorf-Uri
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Mounting of a Lemo coaxial plu

NEfE BESIGRATION

00.250 camac standa
coaxial connecto

Lemo patented
latching system

General specifications Electrical specifications

Composition Characteristic impedance ;: 50Q £ 2%
Shell : brass 59 A Frequency range : 0-10 GHz
Insulator : tefion PTFE Max VSWR 0= 10GHz : 1:12
Contact : brass 59 A Contact resistance ; <<8m 2

. Insulator resistance : > 102 Q under 500 V. DC
Finish ) Test voltage (mated F+ RA) : 3 KV. DC
Shell : nickel + chrome Operating voltage (mated F + RA) : 1 KV. DC
RP + RPL types gold plated 3 microns
Contacts : nickel and 3 microns gold plated Normal maximum cable diameter : + 126
Operating temperature range : -55° C +150° C Speciai arrangement : = 157

LEMD SH *“L

Teél. (021) 711341 Télex 24 683 1110 MORGES (Switzerland)
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Tips + Topics

RCA Linear IC Arrays: performance
dependability & versatility in application

Qs

© @ 6

SUBSTRATE

CA3045 CA3046

Technical
Device Bulletin
Type Package Description  File No.

SUBSTRATE
AND CASE

CA3ME  12-lead TO-5 Two isolated 338
transistors and
Darlingion-connected
fransisior pair
CA3018A 12-lead TO-B  Premium version of 338
CA3018
{performance
controlled)
CA3019  10-lead TG-5 One dicde-quad, 236
two isolated dicdes
CA3026 12-lead TC-5 Dual dilferential 388
amplifier
CA3036 10-lead TO-5 Dual Darlington 275
array
s CA303  12-lead TO-5  Six matghed diodes 343
SJBSTRATE (Y CA3045 14-lead DIL  Differential amplifier 341
AND CASE ceramic and three isolated {C)------ ™
fransistors SUBSTRATE
nwD CASD
CA3046  14-fead DIL  Differential amplifier 341
CA3010 plastic and three isolated
transistors

CA304% 12-lead TO-6 Dual independent 378
differential RF/IF

CA3018
CA3018A

CA3036

CA3039

amplitiers
CA3064 14-lead DIL  Dual independent 388
plastic Differential amplifiers

CA3054

suasTRATE {9)

SURSTRATE
e AND CRASE

AND CASE

CA3026 CA3049

For further Details ask for the above mentioned Technical Bulletins

Authorized Distributor

P.Q. Box, 8021 Zurich, Tel. (051) 4299 00
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Our New

Discriminator/Buffer

Module

A higher stanc
reliability an¢ capubllﬂy

The TB306/N conrmnésm independent .

discriminators, six two%fold coincidence cir-
cuits, a fast six-bit buffer store with versatile
outputs and controls.

All without socrtiing the on-the-job re-

liability you have come to expect from EG&G

modules.
Improved circuit iec%’miques yield superior
noise margins, and bri%ging inputs and
strobe further increasethe flexibility of the
module. The TB306/Nwas designed io
reduce the total number of module infer-
connections in your exge riment.

onfuct us foroa

complete 5pec1~
cfear Instrumen-
53 Sireet, Sulem,

Want us to prove it?
demaonstration or write
fications to EG&G, Inc.
tation Division, 35 Con
Mass. 01970.
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DISCRIMINATOR-BUT

our THRESH

GuT THRESH .

EG:G

NUCLEAR INSTRUMENTATICN DIVISION

Flexibility and lower system cost
result from the fanout capabili-
ties of the TB306/N’s bridging
inputs and strobe.

Simple and accurate in-process
testing is assured by the conven-
ient test mode,

Both space and cost are re-
duced, as the TB306/N's six
independent circuits provide

36 channels/NIM bin.
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Thisis
what you see.

This iswhat you
can see with the
EEV Image Isocon.

Even individual photons can be detected.

With an EEV Image [socon you can achieve
really high-quatity TV pictures in the darkest night-
time conditions.

A combination of an EEV Isocon and an image
intensifier fibre optically coupled operates satis-
tactorily at light levels equivalent to single photons.

The Isocon is reliable and able to stand up to
active-duty conditions. It cannot be put out of
action by bright flares.

The majority of existing orthicon systems can
be easily converted.

For the full facts about the Image lIsocon
please post the coupon.

Proved for these important applications

Air: Aircraft navigation without transmission
of detectable pulses. Night photography and
reconnaissance (especially when information is
required at a central control centre from remote
locations such as unmanned outposts, aircraft etc).

Sea: Navigation without lights. Night opera-
tion on aircraft carriers.

Land: Navigation without lights. Target find-
ing in the dark. Border surveillance and perimeter
defence.

English Electric Valve Co Ltd, Chelmsford,
Essex, England. Telephone: 0245 61777.
Telex: 99103. Grams: Enelectico, Chelmsford

To: English Electric Valve Co Lid, Che!msford, Essex, England, —|

Name & positi_on

Send for full details of EEV Image I1socon range.

Company

Address

Tel: exchange or code

Number Ext.

ENGLISH ELECTRICVALVE COLTD

CRCSH



00155 ROMA - VIA TOR CERVARA, 161 - Tel. 220104-221393

Mechanical constructions
for the electrical and
electronics industries

The CAMAC chassis is
designed to CAMAC
specifications which most
European laboratories,
under the auspices of the
ESONE, have drawn up for
standardizing data
transmission to computers.

ROSSELLD.

Introducing the most
advanced D.V.M. in the world

Schlumberger

SCHLUMBERGER/SOLARTRON
new LM 1490 speaks for itself

@ Scale length: 250.000

@ Auto calibration: (the D.V.M. literally calibrates
itself)

@ Sensitivity: 100 nanovolts

@ Variable integration time

@ Infinite mains frequency rejection

@ Remote command of all parameters.

You pay that much more for the LM 1490, naturally.
But if your needs are less demanding, choose one

of our 14 other D.V.M.s and get the best price
performance in Europe.

15, Jeu-de-I'Arc, tél. (022) 3599 50 1211 Genéve 6
Badenerstr. 333, tél. (051) 52 88 80 8040 Zurich
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This wire contains 360 filaments.

002048, o
Airco superconducting wire: 3{%%%&%:&@%%' twisted multi-filament wire is
ultra-fine filaments of SO Sensoaseetend,  less sensitive fo charge rate and
niobium-titanium co- ‘85,%8&333@%%&33%%3 : flux jJumping.
reduced in copper. Just “Sessogesaisecdoasins  We invented OKryoconductor. We
enough copper to assure SE28eesToasssRts0s? have variocus samples both for
reliable performance. Soggeessessesose large and small conductors. A
We call it °Kryoconductor™. The e 00geee® bulletin with specifications is
wire diameter is .008" (.2Zmmj. The available for immediate mailing.
number of filaments ranges from 20 to More information? Phone (201-464-2400)
3560. The diameter of each is less than or write ®Kryoconductor, Airco Central

10 microns. None ¢f them are broken. Research Laboratories,

One additional point: It's twisted. Because Murray Hill, New Jersey. /a IRCO

“Krvoconductor



