





CERN News

A2 splitting

Whether the A2 meson has a split
personality has been a source of
controversy for the past five years.
{Enthusiasts who would like to go
over the history could try vol. 10 page
272, vol. 9 page 233.)

A series of observations at CERN
in missing mass experiments have
indicated very clearly that the peak
associated with the A2 meson at a
mass of about 1300 MeV is split into
two component parts suggesting that
two particles of almost identical mass
and identical quantum numbers are
interfering with one another. This

result has stimulated a variety of
theoretical speculations and expla-
nations — ranging from a freak

accident of nature to fundamental
new ideas on the scheme of ele-
mentary particles.

The missing mass experiment which
preduced the negative A2 meson,

Right : The picket fence of scintiffation counters
used in the Ifriggering system of the CEAN-
Munich expariment which has reported no
splitting of the A2 meson. Behind the fence can
be seen the fast of the magnetostrictive wire
chambers and behind the chamber is the farge
aperfure spectrometer maonet.

Befow : The A2 peak as detected via the negative
and neutral kaon decays of the meson. There is
no sign of the two peak struclure reported in
previous experiments.
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carried out with a low momentum pion
beam on a hydrogen target, has been
repeated several times with different
experimental techniques and different
apparatus. Each time the A2 has come
up very clearly as split. This obser-
vation was supported for the neutral
AZ meson in another experiment at

CERN reported last autumn at the
Kiev Conference.
Meanwhile, however a Berkeley

bubble chamber experiment looking
at the positive A2 meson has shown
no sign of splitting over a similar
momentum range. Two hew experi-
ments looking at the negative A2 at
much higher momentum have now
come down on the side of no splitting.

The first result came from a CERN-
Munich team ({(G. Grayer, B. Hyams,
C. Jones, P. Schlein, W. Blum, H. Dietl,
W. Koch, H. Lippmann, E, Lorenz, G.
Latjens, W. Manner, J. Meissburger,
U. Stierlin, P. Weilhammer). It was
announced at a CERN seminar last

December and was published in Phy-
sics Letters, 1 March. They used a
negative pion beam of momentum
17.2 GeV/e from the proton synchro-
tron onto a hydrogen target 50 cm
long to produce the A2
w +p—>A2 +p
and detected the A2 through its decay
into a negative and a neutral kaon
A2 — K+ K5°
A total of 1934 events were counted in
the mass range between 1000 and
2000 MeV with a mass resolution of
=57 MeV at the position of the A2
meson around 1300 MeV.

The particles involved in the inter-
actions were detected in wire spark
chambers with magnetostrictive read-
out {24 planes identifying the incoming
pion, 24 planes recording the charged
particles emerging from the target),
a spectrometer magnet with a 1.5m
wide aperture 05m high and a
bending power of 2T m, and a further
24 wire planes recording trajectories
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The nicbium-titanium outer coif for the HYBUC
bubble chamber photographed during the tinal
stages of winding in the USA, The completed
magnet has now been assembled and successiully
tested at CEAN.

after the magnet. Cherenkov and
scintillation counters completed the
particle identification system. With a
pion beam of 4 X 10" particles an
average of 2.5 events per PS pulse
was recorded. No sign of A2 splitting
emerged from the data and there was
no sign of splitting dependence on
momentum transfer which, at the time
of the Kiev Conference, had seemed
a possible way of reconciling the
previous Berkeley and CERN results.

A result from Brookhaven emerged
at the American Physical Society in
February to support this conclusion
(K.J. Foley, S.J. Lindenbaum, W.A.
Love, S. Ozaki, E.D. Platner, A.C.
Saulys, E.H. Willen published in Phy-
sical Review Letters, 15 February).
They studied exactly the same inter-
action Sequence with an incoming
pion beam from the AGS at a mo-
mentum of 20.3 GeV/c. They also used
a large aperture magnetic spectro-
meter and wire chambers as detection
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system. Their data (564 events) within
the mass region 1200 to 1400 GeV,
shows no sign of a splitting of the AZ.

At the Kiev Conference the splitting
of the A2 was taken as well backed
by experimental evidence and the
problem was to find the theoretical
explanation. Now it looks probable
that the A2 has returned to the fold
of its brethren in the spin 2 multiplet
as a single peak broad resonance.
The problem is to understand the
source of the narrow peaks in the
A2 region found in the missing mass
experiments.

HYBUC magnet success

The superconducting magnet for the
hyperon bubble chamber, HYBUC, was
taken above its design field of 11T
when it was tested at the end of

February. The achievement of such a
high field during the first complete

test of the magnet could possibly hold
a technological message of im-
portance for the future of super-
conducting magnets.

The HYBUC story was told in vol. 10,
page 353. Recaping briefly, it is a
small hydrogen bubble chamber
specifically designed for the measure-
ment of the magnetic moments of
hyperons (beginning with the sigma
hyperon in an experiment to be
carried out by a team from the Max-
Planck-1nstitut fur Physik, Munich, and
members of the Niels Bohr Institute,
Copenhagen, and Vanderbilt Universi-
ty, USA). Tests on the chamber itself
vielded the first photographs of
particle tracks at the end of last year
(see vol. 11, page 15).

At the end of January the super-
conducting magnet, which has been
built in the USA, arrived at CERN and
was installed in the HYBUC vacuum
tank. The magnet is technologically
the most interesting feature of the
chamber assembly. It is designed to
produce a very high field (11 T) on
the horizontal axis of the chamber —
the higher the field the greater the
effect on the hyperon via its magnetic
moment.

The magnet consists of a set of
outer coils, constructed using nio-
bium-titanium as the superconductor,
with 280 mm inner diameter, designed
to give at least 7 T on the axis. Within
the bore of these coils is another coil
(178 mm inner diameter) using nio-
bium-tin as the superconductor which
is designed to add up to 5T to the
field on the axis. The useful chamber
volume sits within the horizontal bore
of the niobium-tin coil. (A further
shorter niobium-titanium coil, which
produces field in the opposite di-
rection to the main magnet, serves
to reduce the effect of the main
magnet field on the incoming particle
beam.}

The first time that the magnet was
powered under conditions suitable for



the experiment it climbed slowly
during a ‘charging’ time of twenty
hours to 11.3 T before the supercon-
ducting property was lost. Similar and
even higher figures (11.8T) were
touched during a series of subsequent
tests where the charging conditions
were varied (the relative strength of
the currents in the different coils
being changed).

What is dramatic about this achieve-
ment is first that such a high field has
been reached in a large volume (over
10T in 6.6 litres) but, more importantly,
that short-sample characteristics were
closely approached right from the
word go. Niobium-titanium, for ex-
ample, can, when tested in ‘short-
sample’ form, retain its supercon-
ducting property in a magnetlic field
up to a level of between 8 and 9T.
However, it is very difficult to avoid
losing the superconducting property
at field leveis considerably below this
when the niobium-titanium is wound
into a farge coil. The niobium-titanium
coil of the HYBUC magnet was
operating in a fiefd level of over 8T.

Obviously any source of heat which
takes a region of the coil to a temper-
ature above the temperature at which
the coil material is superconducting
can cause the superconducting
property to be lost. For this reason
the construction of such coils has to
ensure efficient cooling of the super-
conductor and has to ensure a rigid
mechanical structure so as to elimi-
nate as far as possible mechanical
movement of the superconductor
which is a potential source of sudden
flux jumps and hence of heat.

The magnet designers decided to
lean particularly on the second of
these considerations. They avoided a
Gruyére cheese type of construction,
where helium cocling channels are
liberally sprinkled all over the coil
cross-section to ensure efficient and
even cooling, and instead packed
conductor of rectangular cross-section

(oxide coated for insulation between
turns) close together to form a
mechanically extremely rigid coil. This
playing down of cooling and empha-
sizing of mechanical properties seems
to have paid handsome dividends and
may prove an important clue fo
developing superconducting magnets
further.

A further observation which seems
to confirm this interpretation of the
success was that very little evidence
of ‘training’ was seen when the
magnet was first powered. Often a
superconducting magnet only setties
down at its peak field levels after
being charged many times fo lower
field levels. This may well be due to
the coil settling down mechanically
and the relative unimportance of this
in the HYBUC coil would thus confirm
that exceptional mechanical rigidity
has been achieved.

One further technical point — the
niobium-titanium conductor is of the
twisted filament type. There has been
no sign of large scale parasitic
magnetization current loops during
the tests. Any sign of current logps in
the niobium-tin coil disappeared at
high field.

PS operation

Operation of the 28 GeV proton syn-
chrotron is becoming more and more
complex in the process of increasing
the versatility of the machine to supply
experiments with particles in a variety
of combinations. For example, the
protons were distributed during a
recent machine cycle as follows : [n
succession, 1% of the protons were
used onto target No. 1 (providing test
beams for counter experiments in the
South Hall), 10 % onto target No. 6
{giving a beam to the 80 cm bubble
chamber in the North Hall); 2 bunches
were used for ejection 58 (providing
beam for the first expansion of the

Signals from a P8 operating cycle. Their signifi-
cance i5 described in the text.

2m bubble chamber), 1 bunch was
used for ejection 74 (giving a test

beam for the Gargamelle bubble
chamber), 2 bunches were again used
for ejection 58 {second expansion of
the 2m bubble chamber), and the
remaining beam was used for slow
ejection 62 (feeding counter experi-
ments in the East Hall). It is possible
1o have three fast ejections in less
than 150u1s by using the two fast
kickers 13 (for ejection 74) and 97
(for the two ejections from straight
section 58). In addition the slow
ejection 62 pulse shape has been
greatly improved by adding a filter in
the sextupole power supply.

In the photograph the top trace
comes from the main magnetic field
cycle with two flat-tops. The second
trace corresponds to the intensity of
the protons beam circulating in the
PS ring. The third trace shows some -
‘beam gymnastics’ (radial shift} and
the bottom trace the pulse shape in
the slow ejected beam. {The horizontal
scale is 100 ms/square.)

Large Telescope

Conference

From 1-5 March CERN was host io
a Conference on large telescopes
organized by the European Southern
Observatory, ESO. It brought together
more than a hundred scientists and

65



1. One of the profolype multiwire proportional
chambers for the ISR spiit fleld magnet detection
system. The chamber is fight enough to be
elegantly carried, thanks to the use of plastic
foam sandwich construction (which has reduced
the weight from 60 to 6 kg). This method of
canstruction Increases the usefuf volume by
about 15 %.

engineers who are involved in the
design, construction and use of large
optical telescopes.

In recent years there has been a
sudden new blaze of interest in the
age-old occupation of looking at the
stars. The discovery of the quasars,
with their colossal energy output, and
of the pulsars, with their intriguing
mechanism of pulsating energy emis-
sion, the recent theories on the life
cycle of the universe (and the related
experimental evidence such as the
‘three degree background radiation’)
and on the life cycles of individual
stars (with the variety of states in
which their corpses can eventually
populate the sky).. these and many
other observations and theories have
brought astronomy and cosmology
back to the forefront of scientific
research. Paradoxically, a strong link
with particle physics, at the opposite
end of the distance scale, has
developed since only at particle

CERN 90.2.71
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2. A ‘compressed-alr foom’ where wires are
woven onic a chamber. A wire, secured to one
aof the pins on the right, passes around one on
the left and returns to be secured fo the next
one on the right. The left-hand pins are titted
on ball bearings and those on the right on small
compressed-air pistons ensuring unfform tension
ori all wires, Chambers of any desired length
can be made on these porfable looms.

accelerators can conditions similar to
those prevailing in the stars be
produced and studied.

This resurgence of interest is
reflected in a proliferation of projects
to build new and better instruments
for astronomical observations. Cur-
rently the largest optical telescope in
action is the 5m at Mount Palomatr,
USA. There are ten new ones with
mirror diameter over 3m being con-
structed or under study — two 3.8 m
telescopes by the USA organization
AURA, a 3.8 m Anglo-Australian tele-
scope, a 3.8 m Canadian telescope, a
5 m telescope project initiated by the
Carnegie Institution, three 3.55 m tele-
scopes under study individually in the
Federal Republic of Germany, France
and ltaly, a 6 m telescope project in
the Soviet Union, and, of course, the
36m felescope of ESO (in whose
construction CERN is coilaborating)
to be installed at La Silla, Chile, to
study the southern sky.

CERN 92.2.71

3. and 4. Diagrams of how a chamber will wrap
around the beam-pipe in the ISR and some of
the detaii of the proposed method of chamber
construction. The wires can be seen bent over
at the top where they are welded and the
connecters are tlexible printed circuits,

Despite, in most cases, their smaller
diameter than the existing telescope
at Mount Palomar, the improvements
in mechanical construction techniques
and in optical systems, combined with
judicious selection of telescope site,
make the new instruments capable of
yielding better information.

The Conference was the largest of
its type ever held and had representa-
tives able to speak on the big projects
listed above. The problems con-
fronting designers and builders seem
to be similar in all the projects and the
usefulness of the discussions at the
Conference came from hearing the
variety of solutions proposed in the
different design teams.

It is five years since a similar Con-
ference was held on this subject and
it is hoped that it will help develop
closer collaboration between the in-
terested countries where ESO s
already showing the way. As astro-
nomical instruments grow in size and
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cost such collaboration will be im-
portant to ensure that top quality
equipment continues to be available.

MPC
construction techniques

There have been further developments
in construction techniques for multi-
wire proportional chambers (MPC)
particularly in preparing them for
specific applications.

in these chambers the wire tension
is comparatively low : in general 50 g
for the wires recording the signals
and 100g for the wires in the high
voltage plane. However, by the time
the tension on hundreds of wires has
been added up, tensions like 85 kg for
the measuring wire plane and 160 kg
for the HT wire plane in a chamber
measuring 1.8 X 0.5 m are recorded.
In order to hold the wires in exact
position it is then necessary to
construct rigid and hence thick
frames. In general this is no disad-
vantage, but when chambers are
placed within the useful volume of a
magnet, as for example that of the
split field magnet of ISR intersection
region -4 {see vol. 10, page 148) or
the Omega magnet {vol. 10, page 146),
the frame can seriously reduce the
volume available for particle detection.

The group responsible for con-
structing the MPCs to be placed in the
split field magnet has just found a
simple solution which eliminates the
frame and has other advantages. The
wires are supported not by a frame
but by sandwiches of material (honey-
comb, or very light, 30 kg/cm®, poly-
methacrylimid plastic foam} which has
great strength. The frame can be
reduced to a simple surround. There
is no lenger any defocrmation of the
frame and the wire tension remains
uniform, eliminating errors in the
parallelism of the wires. The weight of

such a chamber has gone down from

60 to 6 kg.

Other developments have also
changed the appearance of the
chambers. MPCs have needed not

only two planes of measuring wires
(one horizontal and one vertical) but
also a third oblique plane for cross-
checking and two planes of high
tension wires {five planes in all).

The first change consisted in plating
the outside of the foam or honeycomb
plates with silver {or gold) a few um
thick replacing the HT wire plane.
The second change consisted in
dividing the HT planes into oblique
(15%) bands 20 mm wide, which make
it possible to locate the particles with
sufficient accuracy to replace the
cross-check wires. This possibility is
still being studied.

For the split field magnet detection
sysiem these developmenis will result
on the one hand in increasing the
useful detection volume inside the
magnet by 15% (a considerable
saving if it is remembered that a m®
of useful volume costs 750000 SF),
and on the other hand in increasing
the uniformity of the medium crossed
by the particles.

There are two other tricks of con-
struction which will improve the
assembly of MPCs. The first is to
make the connections to the wires
via printed circuits whose substratum
consists of a very strong flexible
material (capton). The connecting
strips can then be turned at will in
the desired direction. The second
concerns the welding of the wires
which was formerly done on printed
circuits protruding from the frame
taking up some space. Now the wires
are fixed to the frame itseif which has
again increased the useful detection
volume.

Finally a new machine for weaving
the wires onto the frame has been
invented by one of the group’s tech-
nicians. It ensures the right tension in

4.

the wires to within a gramme. Each
wire is atfached to a pnheumatic
piston and compressed air is used
to standardize the tension with great
accuracy. Moreover, the tension can
be varied at will by adjusting the air
pressure. The device has the addition-
al advantage of being portable and it
can be used for the construction of
chambers with as many wires as
required.

One last point, unrelated to actual
construction — the ‘magic gas’ which
gives a high power of amplification
(see vol. 10, page 152) is now ready
for use and deterioration in per-
formance after long exposure to
radiation has been eliminated by
adding isopropyl alcchol or, beiter
still, methylal to the gas.

Linac improvements

Part of the PS improvement pro-
gramme involves modifications to the
linac to increase its pulse length so
as to have multi-turn injection into the
800 MeV Booster for 100 ps.

The necessary changes involve the
source, the preinjector, the pulsed
power supplies fo the quadrupoles
located in the drift tubes of cavity
No. 1 and the quadrupole triplets
positioned before cavity No. 1, and
the compensation in the r.f. system
to cope with beam loading in all three
cavities.

In addition, the intention to use the
PS complex io serve the 300 GeV
machine, in addition to its own re-
search programme and the filling of
the ISR, makes it even more essential
to have a 50 MeV injector which is
very reliable and reproducible in iis
operation. It is intended to monitor
and control the parameters, which
most affect the beam quality, on the
IBM 1800 computer with the aim of
preselecting required beam charac-
teristics and of speeding-up the
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1. The voltage al the terminal electrode of the
linac preinjector following the recent instaiiation
of a servo-system fo compensate for beam
loading. The horizontal scale is 20 us per division
and the vertical scale 1 kV per division. During

a 100 us pulse the voltage stabiiity is thus better
than 500 V peak to peak.

1.
diagnosis of faults and instabilities,
as well as facilitating measurements.

Source: The main improvements
relate to the arc current pulse supply,
which is now capable of providing
100 A for 120 us, the aextraction pulse
supply, the pulses of which have also
been lengthened to 120us, and the
position of the oxide cathode, which
has made it possible to operate with
one-sixth of the quantity of hydrogen
previously needed. The new source,
which had undergone lengthy testing
on the experimental 3 MeV linhac, has
been in use on the PS since the
machine restarted at the beginning of
the year.

Accelerator column : A programmed
circuit was previously used to com-
pensate for the voltage drop occurring
at the terminal electrode of the ac-
celerator column during the passage
of the beam. it was replaced in De-
cember last year by a servo-sysiem
which compensates for the beam
loading as a function of the beam
variations. Here also tests were car-
ried out on the 3 MeV linac.
Quadrupoles : The quadrupole triplets,
situated Dbetween the accelerator
column and the first cavity of the
linac, and the focusing guadrupoles
located inside the forty-two drift tubes
of the first cavity, are pulsed because
of the intensity of the currents passing
through them. (The focusing gquadru-
poles of cavities No. 2 and No. 3 are
supplied with d.c. current.}
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2. and 3. The pulse feeding the focusing quadru-
potes in linac cavity No. 1. On the left is
sketched the puise form prior to the recent
improvement ; the quadrupoles were powered

for a very short time at the peak of the pulse.
The new pulsed power supply provides a plaicau,
recorded on the right, fo allow longer linac
pulses,

]

S0oMs N
N

P
<

Because of the lengthening of these
pulses to cope with the longer beam
current duration, the pulsed power
supplies (the power of which has been
increased to allow the repetition rate
to be increased and which must now
provide pulses for at least 120 us) have
been changed.

The previous supplies provided a
semi-sinusoidal pulse of 500 us at the
base, of which only a very small part
{4 %) at the peak was used to power
both the triplets and linac quadru-
poles. The new system employs a
circuit which, combining the third
harmonic of the same wave, gives a
very steady flat top (+0.15%) for
100 us, the precise shape of which
may be modified to suit requirements.
Beam loading : In the three linac
cavities the r.f. voltage has to be
maintained constant for the duration of
the pulse. Each cavity has two iriodes,
one of which brings the field to
operating level while the other com-
pensates for beam loading. The first
will remain unchanged, while the peak
power and gain of the second are
doubled. Since the pulse lasts for
100 ps instead of 20 its, the two anode
pulse-shaping modulators are being
changed.

Servo-controls ; A phase servo-control
acting on the tuning of the cavities has
been used till now whereas the level
was programmed. In future there will
be two complete feed-back loops ; a
slow one to match the cavity level

3.
with a reference level and readjust it
from pulse to puise, and a fast one to
react to variations during the pulse by
acting on the input of the triodes
through a wide-band amplifier. In the
new system the tuning servo-control
will be completely separate from the
phase control which will improve the
phase stability between cavities and
the voltage stability in the cavities.
Data Acquisition and Controls : Data
acquisition reqguires a large number
of analog-digital converters. Since the
commercially available converters are
expensive, the linac group itself
devised a series of units, most of
which are accurate to within one part
in a million. The system is connected
to ‘Star’ linked to the control computer.

The linac has about 50 mechanical
controls which are normally adjusted
manually or by means of remote-
controlled motors. When these are
automated stepping motors will be
used with an electronic system linking
the computer and the motors. This
electronic system is also expensive,
s0 a single unit for every 8 motors
will be used having a multiplex sys-
tem and dealing with the motors in
turn {both for acquiring position data
and for transmitting control signais).
The data acquisition system will be in-
stalled after the new units and should
be completed by the end of 1971 ; the
controls will be installed later as
dictated by the needs of the whole
installation.



1. The layout of the slow ejected beam at the PS
in the Fast Hail with its three branches. S; and S,
are the two splitter magnets which can sfice the
beam horizonfally and deviate stices down the
side branches.

2. A cross-section of the slow ejected heam
taken a few metres downsiream from the second
splitter magnet (the first splitter magnet was not
deviating beam). The beam sent down the South
Branch fs seen separated off to the right ; on the
feft the remainder of the beam can be seen
‘sticed’ due fo the first magnet but with the siice
siifi in the beam since it was nof deviated.

3. Cross-section of an iron septum magnet used
to split the slow ejected beam. The two septa
{sketched in black) can be moved across the
beam so as to pick out stices of any desired
height. Application of tield to the siice bends

it off down one of the slow ejecled beam
branches.

Horizontal slices
of the beam

Since the beginning of February a
new, unique system for distributing
the slow ejected beam in the East Hall
has been in operation. The beam is
divided twice to feed three different
targets simultaneously giving rise to
six secondary beam lines. The number
of protons distributed to each target
can be adjusted at will according to
experimental requirements and what
is new is that the duration and the
shape of the proton burst to each
target is now the same.

A septum magnet had been in use
for the purpose of beam splitting
during 1967 and 1968. It effectively cut
the beam into vertical slices so that
the right-hand slice went to the right,
the centre slice straight ahead, and
the left-hand slice to the left. However,
on account of the variation of the pro-
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ton momentum across the beam this
system had the drawback of feeding
the various targets with bursts of pro-
tons which did not have the same
momentum spread and therefore not
the same spill duration. This is be-
cause, during slow ejection, the pro-
tons with the highest energy (on the
cuter side of the vacuum chamber)
are ejected first and those with the
lowest energy last. In consequence
the puise duration in each vertical
slice was not identical.

The new system cuts the beam into
horizontal slices of variable thickness.
The splitters (iron septum magnets)
are placed at points where the heighi
of the beam has been greatly in-
creased by suitable optics whilst it is
focused horizontally.

In the present layout two splitters
are used in series; each of them
can pick out and deviate a slice of
the beam. The proton bursis corre-
sponding to the slices removed, or to

the remainder of the beam, have
exactly the same momentum spread,
and therefore the same duration and
the same structure.

Since the beam fed on to each
target has momentum spread, the
focusing onto the target is improved
by using a pulsed magnet whose field
may be programmed so that it
matches the variation of the mo-
mentum with time. (The opiics is
designed to optimize the three bran-
ches independently.)

The idea of this method of sharing
the slow ejected beam emerged from
discussions between members of the
Proton Synchrotron and Nuclear Phy-
sics Divisions. The beam layouts were
designed by the MPS Division and
several groups were involved in de-
veloping the equipment and building
up the installation. The splitter mag-
nets were designed and constructed
by the NP and Synchro-Cyclotron
Divisions.
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Around the Laboratories

RUTHERFORD
Element 112

Following up a simple but ingenious
idea, a team working at the Ruther-
ford Laboratory has gathered some
results which could be the first
evidence for the existence of the
element with atomic number 112. The
team (A. Marinov, C.J. Batty, A.l. Kil-
vington, G.W.A. Newton, V.J. Robin-
son and J.D. Hemingway) presented
the results in Nature, 12 February.

The elements which we find ‘natu-
rally occurring’ in our envircnment
stretch up to element 82, uranium.
Since 1940, however, increasingly
heavier ones have been artificially
manufactured (the scientists at Ber-
keley being predominant in this work)
up to as high as element 105 identified
last year (see vol. 10, page 156). It
is in understanding something of why
uranium is the heaviest element found
in Nature and of how we manufacture
the heavier ones, that we can best
interpret what the new resuits are
about.

Generally speaking, the more pro-
tons there are crowded together in
the tiny nucleus the more unstable
the nucleus is likely to be, since the
positive charges on the protons try to
move away from one another. (This
is not universally true as we shall see
later, for there are some numbers of
protons and neutrons which couple
together in the nucleus in such a way
as to give it exceptional stability.)
Also, in general, the heavier the
element the more neuirons, propor-
tionally, it likes to have in its nucleus
to ensure its stability. Thus the
uranium nucleus is usually found with
146 neutrons added to its 92 protons.

The artificial manufacture of heavy
elements means producing nuclei
containing more protons and still
more neutrons than uranium. Two
technigues mainly have been used.
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The most fruitful has been to bombard
heavy nuclei with heavy ions. If the
heavy iton has sufficient energy to
overcome the potential barrier due to
the positive nucleus, it can enter the
nucleus and add its particles to the
nucleus. As an example the element
102, nobelium, was manufactured from
element 96, curium, by bombarding
curium with carbon ions carrying six
protons. The second technique is to
expose heavy nuclei to large doses
of neutrons. Neutrons penetrate easier
than protons since they do not feel
the positive charge pushing them
away and once installed a neutron
can transform into a proton by
emitting an electron (beta decay)
converting the nucleus to that of a
higher element. This was the mecha-
nism preceding the first identification
of element 93, neptunium, which was
formed from the beta decay of the
uranium isotope 239.

Because of the internal disruptive
effect of their many protons, the
‘transuranium’ elements live for only
a comparatively short time before
decaying into the [lower elements,
usually either by emitting a clump of
two protons and two neutrons (alpha
decay) or by splitting in two (fission).
There is every reason to believe that
during the dramatic events which
formed the universe there was enough
energy around to form transuranium
elements of all possible types but
when we now look for them in Nature
itself we do not find them because
they have all long since broken up
into the lower elements.

As mentioned above, there are some
nuclei where the neutrons and pro-
tons pair-off so well together that the
configuration is particularly stable.
The numbers which give this stability
are often called ‘magic numbers’ (2,
8, 28, 50, 82, 126}. Thus, for example,
the ‘doubly magic’ nucleus of lead
which has 82 protons and 126 neu-
trons is exceptionally stable.

It was predicted about three years
ago that the nucleus of element 114
with 114 protons and 184 neutrons
might be another of high stability. The
elements close to it are also expected
to have some very stable isotopes,
but up to now it has not been possible
to reach this new transuranic ‘island
of stability’ because of lack of ability
to throw enough nucleons together.
The Berkeley Super-Hilac (see below)
and other heavy ion accelerator pro-
jects are designed to give us that
ability.

There have, nevertheless, been
some isolated pieces of evidence for
the existence of very heavy elements
— for example, from studies of
spontaneous fission in lead at Dubna
(see vol. 9, page 112), from cosmic
ray photographs studied at Bristol
University, from tracks left in meteo-
rites and moon rocks studied at the
Tata Institute. The Rutherford work
has added itself to this list.

The bright idea came from A. Mari-
nov (a physicist at the Rutherford
Laboratory on leave from the Hebrew
University, Jerusalem). He suggesied
that in the targets bombarded with
protons at high energy accelerators
we can have the conditions necessary
for bringing many nucleons together.
An incoming proton can bounce a
nucleus in the target forward with
high energy so that it crashes into
another nucleus. The heavy ion ac-
celerator situation on a small, not-
controlable scale could thus be
achieved inside the target and could
produce nuclei of very heavy ele-
ments.

Step one was therefore to acquire
targets which had been subject to
long exposure in a proton beam at
the CERN PS. Two tungsten targets
which had been bombarded with
24 GeV protons in the neutrino beam-
line were fransported to Rutherford.
It was calculated that the recoil
tungsten {element 74) nuclei could



have energies between 1 and 5.6 GeV
and, since the potential barrier be-
tween two positively charged tungsten
nuclei is about 1 GeV, it is likely that
the nuclei often got in amongst one
another. By spilling off particles a
whole range of transuranic elements
could be produced. The short-lived
ones would obviously not be seen
much later but the longer-lived, such
as those around the element 114
island of stability, might still be there
if in fact they were formed. The
remaining question was whether they
were there in sufficient quantity to be
detected.

Step two was to attempt to pin
down particularly element 112. Thanks
to the nice orderly periodic table of the
elements, it is possible to predict the
chemical behaviour of elements which
are not vet found. Mendeleev, who
first shuffled the table together in
1869, knew only 63 elements but was
able {o predict others and describe
their properties. Because the chemical
properties depend only on how elec-
trons are populating the outer fringe
of the atom and not on the nucleus,
we can have elements of radically
different nuclear composition exhi-
biting similar chemical behaviour.
Element 112, from the periodic table,
is expected to behave chemically
somewhat like mercury.

The two targets were therefore
subjected to some intricate chemistry
to isolate the mercury-like efements.
The isclated samples were then
studied for signs of spontaneous
fission and for alpha emission.
Spontaneous fission is characteristic
of transuranic elements. Covering
samples with polycarbonate films
yielded, for example, about 90 de-
tected fission fragments in 37 days.
It is believed that the fission events
are unlikely to be due to any con-
tamination of the samples. (Similar
samples drawn from the targets, for
example of gold-like elements, showed

Swiatecki’s allegory — an imaginative represen-
tation of nuclear stability. The peaks indicate
the exceptionally stable nuclei and if is in the
region of the 714 protons, 184 neutrons peak
that the Rutherford team has searched for
evidence of & new heavy efement, (The 1968
neutrons position, incidemally, is now no longer
believed to correspond to a very stahle con-
figuration.}
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no evidence of spontaneous fission,
which strengthens the believe that

mercury-like element 112 is being
seen.)
There is further evidence in the

alpha spectra observed from the
samples. There are some predictions
for element 112 of emission with
characteristic alpha energy of be-
tween 6.5 and 7 MeV. Alphas of energy
of 6.73MeV were observed. These
alphas have not been clearly as-
sociated with any other known decay.

Obviously these results wili need
amplifying and checking at Rutherford
and elsewhere before the conclusion
is completely accepted. It is never-
theless a thoughtful and provocative
piece of research.

DARESBURY
Spectrometer system

Using a unigue spectrometer system,
some very interesting and compre-
hensive data on photoproduction
reactions have been obtained at the
4 GeV electron synchrotron at the
Daresbury Nuclear Physics Laboratory
by a Lancaster-Manchester team.
The system consists of a 120 ton
eleciron spectrometer which can
operate at angles from 9° to 30° to
the incident electron beam and a
110 ton proton spectrometer which
can operate at 19° to 65° in the hori-
zontal plane and can tilt at angles up

to 30° to the horizontal plane. Each of
these spectrometers consists of two
half quadrupoles and a vertical
bending magnet with a momentum
hodoscope and ancillary defining
counters, the hodoscope being
shielded by about 60mm of steel.
The liquid hydrogen target and its
feeder system contain a very smali
voelume of hydrogen, being cooled by
a cryogenic refrigerator, and are
inherently very safe.

The system is used to study pholo-
production reactions with the virtual
photons preduced when the incident
electron scatters inic the electron
spectrometer. The virtual photons are
strongly polarized with the electric
vector in the plane defined by the
incident and scattered electron, which
means that the production reactions
have angular distributions which vary
very strongly with & as well as ©
(where ® and @ are spherical polar
co-ordinates with respect to the virtual
photon direction).

The data already obtained forms
part of an extensive programme of
measurements on photoproduction
reactions with virtual photons being
carried out at Daresbury with the
spectrometer system.

Technological footnote : To provide a
flexible system for moving heavy
equipment, such as spectrometer
arms and magnets, with precision and
repeatability a technique using re-
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The two mighty arms of the spectrometer system
used in a survey of photoproduction reactions

af the Daresbury Laboratory. The proton arm on
the right (weighing some 110 tons) can be moved
with precision in both the korizontal and vertical
directions.

(Photo DNPL}

circulating ball castors rolling on
hardened steel plates backed by a
precision laid concrete floor, is used
at Daresbury. For example, during the
past year the spectrometer used in
the photoproduction measurements
has been repositioned during running
cycles some 650 times ; repeatability
and accuracy of £0.5mm has been
maintained over the 125 m length of
each arm.

The castors are mounted in packs
of twenty-five and preloaded to a {oad
of about 600 kg; each castor is backed
by a stack of Belleville washers. The
overall height is restricted to about
20 cm. The plates are attached to the
floor at the corners, bolted to inserts
in the concrete which is laid to
=1 mm. Castors and plates were
obtained from Autoset Ltd and
Dunsford Hadfield.

At present 1000 tons of equipment
is in use and is moved using this
system. Most of the equipment has
been in service for over two years
and has proved trouble free. The
system is also being used in a
Rutherford / QMG / Daresbury / Liver-
pool experiment now on the floor at
the CERN PS.

FRASCATI
Synchrotron future

The 1.1 GeV electron synchrotron at
the Frascati Laboratory has now been
in operation for twelve years (since
the beginning of 1959) and there have
recently been discussions to see what
useful physics is still within the range
of the machine. In November 1970 a
meeting was held with scientists from
Laboratories with related interests
(Bonn, Daresbury, DESY, Saclay) to
discuss research programmes and the
possible modifications which might be
made to the synchrotron and its
experimental facilities to open up fur-
ther experimental possibilities.
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The subjects covered included
photoproduction and electroproduc-
tion of mesons and invariance proper-
ties of electromagnetic interactions.
Possible machine improvements are
the acceleration of polarized electron
beams to be used in conjunction with
polarized proton or deuteron targets,
or to be used on a target to vield
circularly polarized photons, and the
addition of photon tagging systems.

Meanwhile research at the 1.5 GeV
electron-positron storage ring ADONE
is yielding subjects of interest which
were not anticipated. There is, at pre-
sent, concentration on studying the
surprisingly high rates of hadron pro-
duction observed by teams at several
of the intersection regions. Mare
statistics are needed to find the
mechanism behind these interactions,
studying their energy dependence
and angular correlations. Towards
the end of this year it is hoped to
have a large magnet installed over
one of the intersection regions with
optical spark chambers and possibly
some multiwire proportional chambers
for triggering. A Genoa, Padua, Fras-
cati, Rome team will then study
hadron production with higher solid
angle for detection.

There is plenty to keep the ADONE
team and experimenters occupied for
some time. Possible short-term de-
velopments include a way to increase
the luminosity by changing the magnet

structure periodicity (doubling the
number of groups of focusing qua-
drupoles supplied with different cur-
rents) thus changing the local betatron
wavelength in the interaction regions.
Longer term the experimental results
obtained so far point to the need for
higher energies. There is some very
preliminary thinking about two higher
energy intersecting rings. The con-
struction costs would be absorbed
predominantly by the r.f. accelerating
systems and it would probably be
necessary, in order to reach high ener-
gies within a reasonable budget, to
accept lower currents in the rings
and to use low beta regions to obtain
high luminosities.

JAPAN
Construction of
l_.aboratory begins

We already need to up-date the infor-
mation we gave in the last issue
{page 44) on the proton synchrotron
to be buiit at Tsukuba near Tokyo. A
budget of $ 4.2 million is assigned to
the project in fiscal year 1971 and
construction of the Laboratory on a
200 hectare site is authorized to begin
next month (April). It is to be called
the ‘National Laboratory for High
Energy Physics’ and will be open to
scientists from universities and re-
search institutes throughout Japan.
It will also be the centre promoting



international collaboration in the field
of particle physics on behalf of Japan.

The total construction cost for the
Laboratory is estimated at $ 24 million
(including about $ 16 million for the
accelerator, experimental facilities
and support facilities, and about $ 7.5

million for buildings — including the
accelerator enclosures — and utili-
ties).

We will pick out a few design fea-
tures of the accelerator which now
differ from those listed in the Iast
issue. The main magnet ring is to be
separated-function with an initial peak
energy of 8 GeV. The ring diameter
will however be quite large (108 m) so
that the peak energy could be taken
to 12 GeV (with peak magnet fields of
1.9T} given further investment. The
500 MeV booster diameter has been
increased to 12 m and the peak field
in its combined-function magnets
reduced to 1.1 T.

The leaders of the various sections
of the Laboratory, under the Director
3. Suwa, are — T. Nishikawa (Director
of the Accelerator Department), S.
Yasumi (Director of the Physics
Department), and 1. Miura (Director
of Scientific and Technical Services
Depariment).

The machine is scheduled to begin
operation in 1974. The budget does
not make generous allowance for
experimental facilities but it is hoped
that sufficient beam transport equip-
ment and detectors (including a
hydrogen bubble chamber) will be in
position for an experimental pro-
gramme to begin as soon as the
accelerator is completed.

BONN
Machine operation
and experiments

The 2.5 GeV electron synchrotron of
the University of Bonn is now in its

The ADONE storage ring at the Frascati Labora-
tory with experiments in position around the
intersestion regions.

(Photo CNEN)

A map of the Tokyo region in Japan showing
the location of the new “National Laboratory for
High Energy Physics’ where a 8 GeV proion
synchrotron is {o be buili.
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fourth year of operation. Its present
performance yields about 5 X 107
electrons per second, regardless of
the energy at which the machine is
operated (which can vary between 0.5
and 2.5 GeV). During the past year
work on the machine has concen-
trated on improving the beam obser-
vation systems and on improving the
stability of the injected beam.

New fixed targets have come into
operation using a beam bump tech-
nique and they have been introduced
to generate photon beams. Five
different photon beams and one
external electron beam are now being
used. The power requirements of the
experimental set-ups has increased
considerably and during the past year
the cooling system had to be ex-
tended.

Several experiments are now run-
ning. After completion of a positive
kaon photoproduction measurement
the kaon spectrometer is to be used
to measure pion photoproduction with
an unpolarized beam and a polarized
proton target. The polarized target
has already been tested in a photon
beam. Measurements of the polari-
zation of the recoil particle in pion
photoproduction are centinuing.

Differential cross-sections of eta
photoproduction are being measured
with the aid of total absorption
Cherenkov counters. An experiment on
positive kaon photoproduction in the
backward direction has given prelimi-
nary resulis. An experiment on phi
meson photoproduction between 1.6
and 2.5 GeV has just started iaking
data.

The external electron beam has
been used for a single-arm measure-
ment of inelastic electron-proton
scattering in the region of the first
resonance. The list of present experi-
ments is completed by a coincidence
experiment which has started to
measure the differential cross-sections
of pion electropreduction by observ-
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ing the recoil proton in a spark cham-
ber spectrometer in coincidence with
the scattered efectron.

BATAVIA
Progress Report

The pressure is still on to bring the
200-500 GeV proton synchrotron being
built at Batavia into action this sum-
mer. The present staite of the three
component accelerators is as follows:
The 200MeV linac is working very
reliably and has been serving as
injector for the Booster for many
weeks. The fast-cycling 8GeV Booster,
which produced its first accelerated
beams on 6 February, is operating
stably at 1 GeV (the East Gallery r.f.
systems are not yet in operation to
take the beams to peak energy). Orbit
corrections were not required for
initial acceleration despite the small

aperture (about half the size of any
other proton synchrotron) and the r.f.
programme was near encugh to the

optimum to achieve acceleration.
Power supplies and magnets are
working well but general tuning up
is needed toc approach the design
figures and of course the remaining
half of the rif. cavities have to be
brought in.

On 26 February a 1GeV beam
{about 1 mA) was ejected from the
Booster and taken through a com-
pieted section {one sixth) of the main
ring. The main ring magnets were
powered for the first time by the
permanent power lines f{from the
master substation. Magnets for the
ring are now being produced at the
rate of about 60 per week and are
being installed at the same speed.
Over two-thirds of the ring is now
complete. Pressure is now being
brought to bear on the ejection system
s0 as to be ready to send beams out



Left : Instailation of magnet shields in an r.f.
unit of the 8 GeV Booster al Batavia. One of the
magnels is just about visible in the bhackground
on the feft.

Below : A compleled section of the main magnet
ring. Magnet installation Is going ahead at the
rate of about 60 magneis per week.

(Photos NAL)

to the experimental areas when ac-
celeration is achieved.

Experimental facilities will not then
be in a polished state by any means
— first of all because of the incredible
speed at which the accelerator has
been constructed, and secondly be-
cause the rate of funding has allowed
only $ 13 million out of an anticipated
$ 60 million to be spent on experi-
mental equipment. (Up to the time the
accelerator comes into action only
$ 150 million of the projected $ 250
million construction funds will have
been received. Only the most urgent
construction could be tackled in these
circumstances.)

Two experimental areas (the meson
area and the neutrino area) in their
‘phase I' form are scheduled to be
ready 'by late summer; about six
teams might then come into action.
The 30 inch hydrogen bubble chamber
from Argonne is being moved 1o
Batavia to be ready for the start of the

experimental programme but the ma-
jor bubble chamber facility will, of
course, be the 15 foot hydrogen cham-
ber which is being buiit at a cracking
pace. A first assembly of the vacuum
tank was made at the end of February
and the chamber is scheduled to
begin physics mid-1972.

In a statement to the Joint Commit-
tee on Atomic Energy on 9 March the
Director of the Laboratory, Professor
R.R. Wilson, uncovered the latest idea
for eventually pushing the energy of
the accelerator higher. It is known as
the ‘energy doubler’ and involves a
small-bore {perhaps 3cm) super-
conducting magnet ring mounted
‘piggyback’ on the existing main ring
exactly repeating the main ring lattice.

The main ring would be used as
Booster No. .2 to feed the super-
conducting ring at very high energy.
The superconducting magnets would
not then have to swing their fields

from very low levels to peak value but
would need to double over a smaller
range (for example 2 to 4 T) to double
the energy of the accelerated protons.
The ultimate peak energy could be
around 1000 GeV but the energy
doubler might prove an economic way
of operating at much lower energy
because of its low power consumption.
A very preliminary cost eslimale is
less than $ 20 million. If the idea
matures and the corresponding tech-
nology is mastered, the energy
doubler is considered a possibility for
about five years from now.

BERKELEY
Super-Hilac being
prepared

Following on from the news of
possible identification of element 112
at Rutherford is news of the final
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stage of preparation to convert the
Heavy lon Linear Accelerator (HILAC)
at the Lawrence Radiation Labeoratory,
Berkeley, to a more powerful machine
to be used particularly for the creation
of very heavy elements. The converted
machine will be known as Super-Hilac
and will be the first to be capable of
accelerating ions as heavy as uranium
io energies high enough for them to
penetrate into other heavy target
nuclei. Modifications to HILAC began
in February and the Super version is
scheduled to begin operation in Sep-
tember. The research programme will
copen up again next January.

HILAC was capable of accelerating
the lighter elements {up to argon) to
sufficiently high energies for nuclear
penetration and, since it first came
info operation thirteen years ago, it
has been the scene of the production
and first identification of many new
heavy elements. To extend beyond
element 105 (identified at Berkeley
last year — see vol. 10, page 156) it
is necessary to bring more nucleons
together than is ‘possible with the
argon nucleus as the heaviest pro-
jectile. One of the first experiments
will be to bombard uranium nuclei
with accelerated uranium ions in an
attempt to find element 114.

Super-Hilac was proposed by A.
Ghiorso and R. Main. The modifi-
cations will cost about $ 3 million. It
will be capable of accelerating ions
of all elements to energies ranging
from 25 to 85MeV per nucleon
(HILAC was capable of 10.4 MeV per
nuclecn put only for ions with 40
nucleons or less).

Two new linac tanks, about 18 m
and 30m long, will replace the
existing tanks and will have individu-
ally operable r.f. sections so that
power can be fed to the appropriate
number of sections to achieve a
desired energy. The r.f. control system
will allow different ions to be acceler-
ated to different energies on alternate

76

pulses so that several experiments
can be set up at the same time to
receive particles. Within the r.f. cavi-
ties a 4 T guadrupole magnet system
will keep the ion beam focused.

A newly developed ‘sputter source’
will feed solid material into the plasma
of the ion source. A 3 MeV Cockcroft-
Walton injector will take the ions from
the source to the first tank. Between
the tanks a ‘stripper’ (a thin foil or a
smail volume of gas) will be installed
to pull off more electrons from the
ions so that they enter the second
tank with higher charge and can be
accelerated to higher energies.

Beam intensities are expected to
range from 10" jons per second, for
heavy elements such as uranium, to
10" ions per second, for light ele-
ments such as carbon.

In addition to the search for new
heavy elements, mentioned above, a
series of nuclear structure experi-
ments and biomedical studies of the
effects of particle radiation (both in
relation to radiation hazards in space
and to cancer therapy} are planned.

Summer Institute

An ‘International Summer Institute on
Duality in Elementary Particle Physics’
is being organized by the University
of Louvain {Belgium) and Technische
Hochschule Aachen {Federal Republic
of Germany). It will be held at Louvain
from 30 August to 15 September.
Further information can be obtained
from D. Speiser, Institute for Theo-
retical Physics, Celestijnenlaan, 200 D,
3030, Heverlee, Belgium.

SACLAY
Variable energy
Saturne injection

As reccerded in CERN COURIER vol. 9
page 138, a special device has been

Quiput signal of a dynamic phase mefer moni-
toring the phase variation in an ‘energy ramp’

at the ouiput end of the Saturne linac. The
vertical scale /s 20° square | the horizontal scale
is 100 ns/square. Achieving a linear phase
variation over a time of 660 us as shown makes
it possible io achieve a similar linear rise in
energy of the profons injected into a rising
magnetic Held in the synchrotron.

installed at the output of the 20 MeV

Saturne linac to allow injection to
take place into the magnet ring of
the 3 GeV proton synchrotron with
increasing energy over a time interval
of 600 ps. The excitation of betatron
oscillations during injection into a
rising magnet field in the synchrotron
ring is thus avoided. The device which
had not been in use because of tech-
nical difficulties, has just been suc-
cessfully operated.

The energy increase is obtained by
using an additional cavity called an
energy ramp. lis power is provided
via a fast-acting ferrite dephaser
(specially designed for this application
by the company LTT) capable of
transmitting a power of 100kW. A
linear phase variation is applied which
causes the phase of the r.f. wave in
the energy ramp to vary during the
passage of the particles from — 45°
at the beginning of the pulse to +45°
at the end. This gives a linear in-
crease in the heam energy around
20 MeV at a rate of 1keV/ps, which
exactly compensates for the rise in
the magnetic field in the synchrotron.

The phase of the debuncher in
relation to the linac must also vary to
compensate for the reduction in the
flight time of the particles during the
beam pulse, and the debuncher
therefore also receives its power
supply via a ferrite dephaser. The
phase shift is 150°.

The phase variation obtained is
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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 ré cepteur, Dans le domaine de la télévision industrielle,
le nombre des possibilités et applications des cables a haute frequence Datwyler est impressionnant. Le
probléme de la surveillance des endroits éloignés ou inaccessibles est ainsi facilement résclu. Selon l'uti-
lisation, les c&bles peuvent étre combinés avec un nombre quelconque de fils de commande et de signa-
lisation, de telle sorte qu’un seul cdble d’'un encombrement réduit, vient a bout de nombreuses missions.
Sur demande, tous les cables coaxiaux et de télévision industrielle Datwyler sont livrables en exécution
«lsoport» ; la 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, g’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 'l.'l:iitwgler
et fréquences audibles

Datwyler SA, Manufacture Suisse de Cébles, Cacutchouc et Plastique Industriels, Altdorf-Uri
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Dans le réacteur OSIRIS, ce scus-ensembie
de ia partie sous irradiation d'un dispaositif
congu selon les directives de M. SEGUIN, est
destiné a la mesure de la déformation sous
rayonnement {a 450°) d'un tube en graphite.
{Mis au point avec le Département de Physico-
chimie du CENTRE D'ETUDES NUCLEAIRES
de GRENOBLE et réalisé par CERCA),

CERCA

41, Avenue Montaigne - PARIS 8¢
Tél.: 359-46-00 - TELEX : CERCA
PARIS 29-242

Bl RENSEIGNEMENTS SUR DEMANDE

RELAYS

Reed relay, type ARID-L

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

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

@ Print connections according to [EC

Opto-elecironic relays, series 1CO
Switching-operation amplifier with
electrically insulated input

@ Input compatible to TTL-logic

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

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

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

@ No maintenance

ERNI+-Co. Elektro-Industrie
CH-8306 Briittisellen-Ziirich
Telephon 0517931212
Telex 53 699
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That's our job at I[EE and, we've been at it for close to two decades. Whatever your
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we also have a compatible 1.C. or hybrid Driver/Decoder series with a wide range of
features and options. When it comes to “man to machine communications” and demanding
display requirements contact |IEE. After all, one message certainly deserves anather.

SHOLK
STATION puMPs

IEE
Industrial Electronic Engineers, Inc. Van Nuys, California

Authorized Distributor

P.O. Box 485, 8021 Zurich, Tel. {01) 429900
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EEV flash flash flashtubes
make light of the toughest jobs

For pumping lasers. For strobing. For photography.
For any application in which quality, reliability and
performance are vital, that's where you'll find EEV
flash tubes,

There's almost certainly a flash tube in the EEV range
that has the right characteristics for your application —
and if there isn't we can probably make one |

EEV flash tubes have extra heavy-duty electrodes.
They give you long life, with up to 108 flashes, and they

give you high conversion efficiency. Our air-cooled
xenon flash tubes have a wide range of input energy
levels and can operate at high repetition rates.

Isn't it time you had the full facts about EEV flash
tubes ? Just post the coupon.

English Electric Valve Co Ltd, Chelmsford, Essex,
England. Telephone: 024561777 Telex:99103
Grams : Enelectico Chelmsford

a

%

£ Typical operating conditions To: English Electric Valve Co Ltd, Chelmsford, Essex, England I
nergy
input per  Are Bore Series Trigger Send for full data on EEV flash tubes, I
flash max. length diameter Voltage inductance *Flash voltage . . o
Type ) tin)  (mmj (*v; (uth) rate (v I am intetested in (application) I
Name
XL615/4/3 400 3 4.0 25 400 1 per30sec. 12-16 o l
Position I
XLe15/7/3 600 3 7.0 2.5 400 1peribsee. 12-16 |-
Company |
XL815/9/4 1500 4 9.0 25 400 1per30sec. 16-20
Address I
XL615/10/8.5 3500 5o 10.0 25 400 1per60sec. 16-20 - " |
XLe15/10/885 5030 6.5 10.0 2.5 500 1per2min. 20-25 |
XLB16/10/12 S000 12 10.0 25 200 1per2min. 25 |
Tel. exchange or code t
X1.616/13/6.5 10000 6.5 13.0 25 800 1 per2min. 25
Number Ext. |
XL615/13/12 18000 12 13.0 25 800 1per2min, 25 e - I
* At maximum input levels (air-cooled) ENGLISH ELECTRIC VALVE bo LTD _l




...and now the CONVERTERS

and TIMER.

==

ELECTRONIGUE

2DAC 2011

2 DVM 2013
RTC 2014
2PPG 2016
21IPE 2019

4BD 2021

Dual 10 Bit Digital to Analog Convertor.

Dual Digital Voltmeter, integrating converter, + 100mV
range.

Real Time Clock, to be used as computer clock, time
interval meter or preset scaler.

Dual Programmed Pulse Generator, generates pulses
until 216,

Dual Incremental Position Encoder, digitizes X-Y motion
with any type of incremental transducers.

Four-Fold Busy-Done Module, a control module for
computer interaction.

EEEES S TR RTINS YRS E LSRN

R ST

Bk dmabed oot

31, av. Ernest-Pictet Denmark: JOHN FJERBAEK i/s, Ingenior, M. AF 1.

1211 GENEVA 13

SWITZERLAND

Hoeghsmindevej 23 - 2820 Gentofte/Copenhagen
France: SAIP, 38, rue Gabriel Crié - 92 - Malakoff
Germany . HERFURTH GmbH,

Tél. (022) 44 29 40 Benelux ° Beerenweg 6/8-D 2000 Hamburg 50 {Altona)

Italy:

ORTEC-Italia SRL - Via Monte Suello 19 - 20133 Milano

Sweden :POLYAMP AB - Toppvagen 20 - Jakobsberg

U. K.

US.A.:

NUCLEAR MEASUREMENTS
Dalroad Industrial Estate, Dallow Road, Luton/Beds.

ORTEC INC. - 100 Midiand Road - Oak Ridge, Tenn. 37 830



B 4 Digital

NIN

National Semiconductor Corporation

A2 | .inear

TTL/MSI

TTL NATIONAL'S TRI-STATE LOGIC

TYPICAL APPLICATIONS

1/4 DMT400
AX DATA OUT -~ ” H:(}—A RX DATA OUT
TXDATAIN =— = ™ W PRy 1 TX DATA M-
l" = LINE
RX/TX CONTROL .%_1—] RX/TX CONTROL

144 DIMBOSI

SINGLE-ENDED TRANSMISSION

S1AQBE —w|— ~—

ol

AX DATA DUT =

1z omeazs ¥ | |
TX DATA IN = L= ‘ [
osasa] ALL RECETVE STAGES
B ; SAME AS AT LEFT
—

DIFFERENTIAL

MOGE CONTROL

RX/TX CONTROL

DIFFERENTIAL TRANSMISSION

BI-DIRECTIONAL DATA LINES

FOR DRIVING OTHER TTL INPUTS

ONE OF FOUR
7] ouTPUTS
M
SELECTED AS | 8 —
DRIVING DEVICE | & .
3 40 mA
1
[ SE— Y
carepmra | M
W impeDance | 8 —
starte | B -
3 LTI \
! | LEAKAGE
CURRENT
PER CONN.
o |
™
GATED INTD
8
mlMPr.!;::EE 2 .
3 an A j\/
1

CALL US FOR FURTHER INFORMATIONS

National Semiconductor has committed itself to de-
veloping and entirely new concept in TTL. It, in fact,
is the next leve! of maturity in digital IC's and it is
here today. We, at National, call it tri-state logic. It
may be referred to, at times, as bus — organized TTL,
wire — OR’able TTL, or even bus OR’able lcgic. The
tittes are synonymous, basically defining a logic
element which has three distint output states : Zero,
One {normal TTL levels} and OFF wherein an OFF
state represents a high impedance condition which
can neither sink nor source current at a definable
logic level. At most, it may require 40 1A leakage
current to be supplied to it from other devices con-
nected no the same output line.

THE TRI-STATE FAMILY TODAY —
AND THE FUTURE

The listing below indicates the part numbers and de-
scriptions of all iri-state elements defined o date.
The date in parantheses next to a device indicates
its scheduled release date if not currently available.
In the National numbering system the DM7xxx is the
—55% to +125°C {full military version while the
DM8xxx is the 0°C to 70°C commercial version.

1. DM7551/DM8551 — Quad-D Flip-Flop

2. DM7230/DM8230 — Bus Line Demultiptexer
2. DM7831/DM8831 — Party Line Driver

4. DM7093/DM8093 — Tri-state Buffer Gate

5. DM7094/DMB094 — Tri-state Buffer Gate

6. DM7214/DM8214 — Dual 4-Line-to-Line

Multiplexer

7. DM7552/DM8552 — Decade Counter &
Latch (2nd Qtr '71)

8. DM7553/DM8553 — Eight-Bit Storage Latch
(3rd Qtr '71)

9. DM7554/DMB554 — Hexadecimal Counter &
Latch (2nd Qtr '71)

10. DM7598/DMB598 — 256-Bit Expandable ROM

E. Fenner, elektronische Gerdte und Bauteile, Rheinfelderstrasse 16-18, 4450 Sissach 061 853385
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vide
élevé
GALILEO

Jauge a cathode froide

Echelle: de 1.10% a 1.10° Torr

Prédisposé pour connection
a un enregisireur

OFFICINE

GALILEO

50100 FLORENCE - ITALIE
VIA CARLO BIN), 44 TELEX 57126

*

V2da

Pompe rotative a deux étages

Debit: 60 m3/h

Pression limite partielle:
2.10* Torr

STEPHEN

QUARTZ FIBRE POCKET DOSIMETERS

HERMETICALLY SEALED
NEGLIGIBLE NATURAL LEAK

SUPERIOR LOW ENERGY
RESPONSE
CHARACTERISTICS
(200mR unit within £5 %
al 40 keV when referred

to CoB0)

FULL RANGE AVAILABLE

EASILY RESET TO ZERC
WITH CHARGING UNIT

Please ask for literature

‘ . R.A. STEPHEN & CO. LTD.
MILES ROAD, MITCHAM, SURREY CR4 3YP
‘ Phone : 01-648 1668 - Cables : EFIX, CROYDON

12000

Telemecanique
un calculateur

de laboratoire

Congu par un constructeur
Francais solidement implanté
dans le Sud-Est:

Iemecanique_

DEPARTEMENT INFORMATIQUE INDUSTRIELLE

Rue de Provence  riiale suisse:
38 Echirclles Siid-Bahnhafstrasse 14 ¢ - 3000 BERNE 17 2
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Fowerd Woo has dore i again

1250 mm?* area Si (Li) detectors!

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

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

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

KEVEX-KIT. 4
@

Nuclear Physics Division, Kevex Corporation
898 Mahler Road, Burlingame, California 94010/ Phone (415) 697-6501
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Fiag

Mounting:of a Lemo coaxial plu

Lemo patented

latching system

General specifications

Composition

Shell : brass 59 A
Insulater : teflon PTFE
Corfact: brass 59 A
Finish

Shell ; nickel + chrome

Electrical specifications

Characteristic impedance : 50 Q + 2 %
Frequency range : 0-10 GHz

Max VEWR Q = 10 GHz : 1

Contact resistance : <<8mQ

Insulator resistance : > 10"? Q under 500 V. DC
Test voltage (mated F+ RA) : 3 KV. DC
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  Special arrangement ; * 157

LEMD SH L

Tel. (021) 7113 41

Télex 24 683 1110 MORGES (Switzerland)

87



YACUUMSCHMELZE

" Multicore Conductor 3,5x7,6 mm’ twisted, %
with ¢cryostatic stabilization :

VACRYFLUX 5001°

Application:
Magnets both of
big volume and on
laboratory scale

6

X 105A/cm?2

Single core conductors for magnets of high homogeneity
{critical current density about 2-2,5x10° A/em?at5T)

Multicore conductors containing 30 to 250 twisted
superconducting strands, various degrees of stabilization,
cross section circular or rectangular

(diameter of superconducting cores: 0,1-0,2 mm)

critical current density

Filament conductors containing 60 to about 1000 twisted
superconducting strands, intrinsically stable
(critical currents varying from 100 to 2000 A at 5T)

0 2 4 6 T 8
magnetic Induction ——-

VACUUMSCHMELZE GMBH -645 HANAU
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