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CERN, the European Organization for
Nuclear Research, was established in
1954 to ‘... provide for collaboration
among European States in nuclear re-
search of a pure scientific and funda-
mental character, and in research
essentially related thereto’. It acts as a
European centre and co-ordinator of
research, theoretical and experimental,
in the field of sub-nuclear physics. This
branch of science is concerned with
the fundamental questions of the basic
laws governing the structure of matter.
The Organization has its seat at Meyrin
near Geneva in Switzerland. There are
two adjoining Laboratories known as
CERN Laboratory | and CERN Labo-
ratory Il.

CERN Laboratory | has existed since
1954. Its experimental programme is
based on the use of two proton ac-
celerators — a 600 MeV synchro-cyclo-
tron (SC) and a 28 GeV synchrotron
(PS). Large intersecting storage rings
(ISR), are fed with protons from the PS
for experiments with colliding beams.
Scientists from many European Uni-
versities as well as from CERN itself
take part in the experiments and it is
estimated that some 1500 physicists
draw research material from CERN.

The CERN Laboratory | site covers
about 80 hectares almost equally
divided on either side of the frontier
between France and Switzerland. The
staff totals about 3100 people and, in
addition, there are about 1000 Fellows
and Scientific Associates. Twelve Euro-
pean countries contribute, in proportion
to their net national income, to the
CERN Laboratory | budget, which totals
391.1 million Swiss francs in 1974.

CERN Laboratory Il came into being
in 1971. It is supported by eleven
countries. A ‘super proton synchrotron’
(SPS), capable of a peak energy of
400 GeV, is being constructed. CERN
Laboratory 1l also spans the Franco-
Swiss frontier with 412 hectares in France
and 68 hectares in Switzerland. Its bud-
get for 1974 is 227.1 million Swiss francs
and the staff totals about 350 plus 10
Scientific Associates.
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Cover photograph: A stack of polyethylene tubes, illuminated from behind,

give an usual effect for this month’s cover. They are awaiting installation in the

tunnel of the 400 GeV proton synchrotron where they slide, as insulation,

over the bus-bars which bring power to the magnets. An article on
the progress of machine construction appears on page 419.
(CERN 99.10.74)



The new particles

Anyone in touch with the world of
high energy physics will be well
aware of the ferment created by the
news from Brookhaven and Stanford,
followed by Frascati and DESY, of
the existence of new particles. But
new particles have been unearthed in
profusion by high energy accelerators
during the past twenty years. Why the
excitement over the new discoveries?

A brief answer is that the particles
have been found in a mass region
where they were completely un-
expected with stability properties
which, at this stage of the game, are
completely inexplicable. In this article
we will first describe the discoveries
and then discuss some of the specula-
tions as to,what the discoveries might
mean.

We begin at the Brookhaven Na-
tional Laboratory where, since the
Spring of this year, a MIT/Brookhaven
team have been looking at collisions
between two protons which yielded
(amongst other things) an electron
and a positron. A series of experiments
on the production of electron-positron
pairs in particle collisions has been
going on for about eight years in
groups led by Sam Ting, mainly at the
DESY synchrotron in Hamburg. The
aim is to study some of the electro-
magnetic features of particles where
energy is manifest in the form of a
photon which materializes in an
electron-positron pair. The experi-
ments are not easy to do because the
probability that the collisions will
yield such a pair is very low. The
detection system has to be capable of
picking out an event from a million
or more other types of event.

It was with long experience of
such problems behind them that the
MIT/Brookhaven team led by Ting,
J.J. Aubert, U.J. Becker and P.J. Biggs
brought into action a detection system
with a double arm spectrometer in a
slow ejected proton beam at the
Brookhaven 33 GeV synchrotron.

They used beams of 28.5 GeV bom-
barding a beryllium target. The two
spectrometer arms span out at 15°
either side of the incident beam direc-
tion and have magnets, Cherenkov
counters, multiwire proportional cham-
bers, scintillation counters and lead
glass counters. With this array, it is
possible to identify electrons and posi-
trons coming from the same source
and to measure their energy.

From about August, the realization
that they were on to something im-
portant began slowly to grow. The
spectrometer was totting up an un-
usually large number of events where
the combined energies of the electron
and positron were equal to 3.1 GeV.
This is the classic way of spotting a
resonance. An unstable particle, which
breaks up too quickly to be seen itself,
is identified by adding up the energies
of more stable particles which emerge
from its decay. Looking at many
interactions, if energies repeatedly add
up to the same figure (as opposed to
the other possible figures all around
it) they indicate that the measured
particles are coming from the break
up of an unseen particle whose mass
is equal to the measured sum.

The team went through extraor-
dinary contortions to check their
apparatus to be sure that nothing was
biasing their results. The particle
decaying into the electron and posi-
tron they were measuring was a
difficult one to swallow. The energy
region had been scoured before, even
if not so thoroughly, without anything
being seen. Also the resonance was
looking ‘narrow’ — this means that
the energy sums were coming out at
3.1 GeV with great precision rather
than, for example, spanning from 2.9
to 3.3 GeV. The width is a measure of
the stability of the particle (from
Heisenberg’s Uncertainty Principle
which requires only that the product
of the average lifetime and the width
be a constant). A narrow width means

that the particle lives a long time. No
other particle of such a heavy mass
(over three times the mass of the
proton) has anything like that stability.

By the end of October, the team
had about 500 events from a 3.1 GeV
particle. They were keen to extend
their search to the maximum mass
their detection system could pin down
(about 5.5 GeV) but were prodded
into print mid-November by dramatic
news from the other coast of America.
They baptised the particle J which is a
letter close to the Chinese symbol for
‘ting’. From then on, the experiment
has had top priority. Sam Ting said
that the Director of the Laboratory,
George Vineyard, asked him how
much time on the machine he would
need — which is not the way such
conversations usually go.

The apparition of the particle at the
Stanford Linear Accelerator Center on
10 November was nothing short of
shattering. Burt Richter described it as
‘the most exciting and frantic week-end
in particle physics | have ever been
through’. It followed an upgrading of
the electron-positron storage ring
SPEAR during the late Summer.

Until June, SPEAR was operating
with beams of energy up to 2.5 GeV
so that the total energy in the collision
was up to a peak of 5 GeV. The ring
was shut down during the late Sum-
mer to install a new r.f. system and
new power supplies so as to reach
about 4.5 GeV per beam. It was
switched on again in September and
within two days beams were orbiting
the storage ring again. Only three of
the four new r.f. cavities were in
action so that the beams could only
be taken to 3.8 GeV. Within two weeks
the luminosity had climbed to 5 x
10%* cm—2s-' (the luminosity dictates
the number of interactions the physi-
cists can see) and time began to be
allocated to experimental teams to
bring their detection systems into
trim.
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The detection system of the experiment at
Brookhaven which spotted the new particle.
It consists of two symmetrical spectrometer arms,
20 m long. In the foreground in each arm are
three magnets. They are followed

by Cherenkov counters (looking

like cement mixers) to identify particles (in
addition to Cherenkovs in the magnets) and,
finally, multiwire proportional chambers
which determine precise particle positions.
(Photo Brookhaven)

Sam Ting telling the new particlé story in an
auditorium packed with an enthusiastic
audience at CERN on 21 November.

It was the Berkeley/Stanford team
led by Richter, M. Perl, W. Chinowsky,
G. Goldhaber and G.H. Trilling who
went into action during the week-end
9-10 November to check back on
some ‘funny’ readings they had seen
in June. They were using a detection
system consisting of a large solenoid
magnet, wire chambers, scintillation
counters and shower counters, almost
completely surrounding one of the
two intersection regions where the
electrons and positrons are brought
into head-on collision.

During the first series of measure-
ments with SPEAR, when it went
through its energy paces, the cross-
section (or probability of an inter-
action between an electron and posi-
tron occurring) was a little high at
1.6 GeV beam energy (3.2 GeV colli-
sion energy) compared with at the
neighbouring beam energies. The
June exercise, which gave the funny
readings, was a look over this energy
region again. Cross-sections were
measured with electrons and posi-
trons at 1.5, 1.65, 1.6 and 1.65 GeV.
Again 1.6 GeV was a little high but
1.55 GeV was even more peculiar. In
eight runs, six measurements agreed
with the 1.5 GeV data while two were
higher (one of them five times higher).
So, obviously, a gremlin had crept
into the apparatus. While meditating
during the transformation from
SPEAR | to SPEAR II, the gremlin was
looked for but not found. It was then
that the suspicion grew that between
3.1 and 3.2 GeV collision energies
could lie a resonance.

During the night of 9-10 November
the hunt began, changing the beam
energies in 0.5 MeV steps. By 11.00
a.m. Sunday morning the new particle
had been unequivocally found. A set
of cross-section measurements around
3.1 GeV showed that the probability
of interaction jumped by a factor of
ten from 20 to 200 nanobarns. In a
state of euphoria, the champagne



The famous detection system at the SPEAR
storage ring at Stanford, which already has the
high hadron production rate to its credit, now
adds the identification of new particles.

(Photo SLAC)

Below is the dramatic signal of the 3.1 GeV
particle as seen at SPEAR. The vertical axis
measures the cross-section in nanobarns for
producing hadrons (in other words the
probability that an interaction between an
electron and positron will take place producing
strongly interacting particles). Along the
horizontal axis is the energy showing that the
probability jumps a hundred times at 3.1 GeV.

A o (nb)
— 2000 ¢
&
Iy
L4
L b
I ]
200 '* \
ok
T N
) -
¢
— 20
| | »
3.10 3.12 E(GeV)

was cracked open and the team began
celebrating an important discovery.
Gerson Goldhaber retired in search of
peace and quiet to write the findings
for immediate publication.

While he was away, it was decided
to polish up the data by going slowly
over the resonance again. The beams
were nudged from 1.55 to 1.57 and
everything went crazy. The interaction
probability soared higher; from around
20 nanobarns the cross-section jump-
ed to 2000 nanobarns and the detector
was flooded with events producing
hadrons. Pief Panofsky, the Director of
SLAC, arrived and paced around
invoking the Deity in utter amazement
at what was being seen. Gerson
Goldhaber then emerged with his
paper proudly announcing the
200 nanobarn resonance and had to
start again, writing ten times more
proudly.

Within hours of the SPEAR meas-
urements, the telephone wires across

the Atlantic were humming as infor-
mation enquiries and rumours were
exchanged. As soon as it became
clear what had happened, the Euro-
pean Laboratories looked to see how
they could contribute to the excite-
ment. The obvious candidates, to be
in on the act quickly, were the elec-
tron-positron storage rings at Frascati
and DESY.

From 13 November, the experi-
mental teams on the ADONE storage
ring (from Frascati and the INFN sec-
tions of the Universities of Naples,
Padua, Pisa and Rome) began to
search in the same energy region.
They have detection systems for
three experiments known as gamma-
gamma (wide solid angle detector
with high efficiency for detecting
neutral particles), MEA (solenoidal
magnetic spectrometer with wide gap
spark chambers and shower detec-
tors) and baryon-antibaryon (co-
axial hodoscopes of scintillators cover-

ing a wide solid angle). The ADONE
operators were able to jack the beam
energy up a little above its normal
peak of 1.5 GeV and on 15 November
the new particle was seen in all three
detection systems. The data confirmed
the mass and the high stability. The
experiments are continuing using the
complementary abilities of the detec-
tors to gather as much information as
possible on the nature of the particle.

At DESY, the DORIS storage ring
was brought into action with the
PLUTO and DASP detection systems
described later in this issue on
page 427. During the week-end of
23-24 November, a clear signal at
about 3.1 GeV total energy was seen
in both detectors with PLUTO measur-
ing events with many emerging ha-
drons and DASP measuring two
emerging particles. The angular dis-
tribution of elastic electron-positron
scattering was measured at 3.1 GeV,
and around it, and adistinctchange was
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Hadron production events at 3.1 GeV from:

1. The gamma-gamma group on the ADONE
storage ring at Frascati where a large spark
chamber array spots an event giving at least
three charged particles plus an electromagnetic
shower (bottom right)

2. The PLUTO detector on the DORIS storage
ring at DESY where three projections of an
event with five charged particles are displayed
together via the computer.
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seen. The detectors are now con-
centrating on measuring branching

ratios — the relative rate at
which the particle decays in different
ways.

In the meantime, SPEAR Il had
struck again. On 21 November, an-
other particle was seen at 3.7 GeV.
Like the first it is a very narrow reso-
nance indicating the same high stabil-
ity. The Berkeley/Stanford team have
called the particles psi (3105) and
psi (3695).

No-one had written the recipe for
these particles and that is part of what
all the excitement is about. At this
stage, we can only speculate about
what they might mean.

First of all, for the past year, some-
thing has been expected in the hadron-
lepton relationship. The leptons are
particles, like the electron, which we
believe do not feel the strong force.
Their interactions, such as are ini-
tiated in an electron-positron storage
ring, can produce hadrons (or strong
force particles) via their common
electromagnetic features. On the basis
of the theory that hadrons are built
up of quarks (a theory which has a
growing weight of experimental sup-
port — see October issue, page 332)
it is possible to calculate relative
rates at which the electron-positron
interaction will yield hadrons and the
rate should decrease as the energy
goes higher. The results from the
Cambridge bypass and SPEAR about
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a year ago showed hadrons being
produced much more profusely than
these predictions.

What seems to be the inverse of this
observation is seen at the CERN
Intersecting Storage Rings and the
400 GeV synchrotron at the FermiLab.
In interactions between hadrons,
such as proton-proton collisions, lep-
tons are seen coming off at much
higher relative rates than could be
predicted. Are the new particles
behind this hadron-lepton mystery?
And if so, how?

Other speculations are that the
particles have new properties to add
to the familiar ones like charge spin,
parity. .. As the complexity of particle
behaviour has been uncovered, names
have had to be selected to describe
different aspects. These names are
linked, in the mathematical descrip-
tion of what is going on, to quantum
numbers. When particles interact, the
quantum numbers are generally con-
served — the properties of the particles
going into the interaction are carried
away, in some perhaps very different
combination, by the particles which
emerge. If there are new properties,
they also will influence what inter-
actions can take place.

To explain what might be happen-
ing, we can consider the property
called ‘strangeness’. This was as-
signed to particles like the neutral
kaon and lambda to explain why they
were always produced in pairs — the

strangeness quantum number is then
conserved, the kaon carrying +1, the
lambda carrying —1. It is because the
kaon has strangeness that it is a very
stable particle. It will not readily
break up into other particles which do
not have this property.

Two new properties have recently
been invoked by the theorists —
colour and charm. Colour is a sug-
gested property of quarks which
makes sense of the statistics used to
calculate the consequences of their
existence. This gives us nine basic
quarks — three coloured varieties of
each of the three familiar ones. Charm
is a suggested property which makes
sense of some observations concern-
ing neutral current interactions (dis-
cussed below).

It is the remarkable stability of the
new particles which makes it so
attractive to invoke colour or charm.
From the measured width of the
resonances they seem to live for
about 10-*" seconds and do not decay
rapidly like all the other resonances in
their mass range. Perhaps ‘they carry
a new quantum number?

Unfortunately, even if the new
particles are coloured, since they are
formed  electromagnetically  they
should be able to decay the same way
and the sums do not give their high
stability. In addition, the sums say
that there is not enough energy around
for them to be built up of charmed
constituents. The answer may lie in
new properties but not in a way that
we can easily calculate.

Yet another possibility is that we
are, at last, seeing the intermediate
boson. This particle was proposed
many years ago as an intermediary of
the weak force. Just as the strong
force is communicated between ha-
drons by passing mesons around and
the electromagnetic force is com-
municated between charged particles
by passing photons around, it is
thought that the weak force could also



act via the exchange of a particle
rather than ‘at a point’.

When it was believed that the weak
interactions always involved a change
of electric charge between the lepton
going into the interaction and the
lepton going out, the intermediate
boson (often referred to as the W par-
ticle) was always envisaged as a
charged particle. The CERN discovery
of neutral currents in 1973 revealed
that a charge change between the
leptons need not take place; there
could also be a neutral version of the
intermediate boson (often referred to
‘asthe Z particle). The Z particle can also
be treated in the theory which has had
encouraging success in uniting the
interpretations of the weak and electro-
magnetic forces.

This work has taken the Z mass into
the 70 GeV region and its appearance
around 3 GeV would damage some of
the beautiful features of the reunifi-
cation theories. A strong clue could
come from looking for asymmetries
in the decays of the new particles be-
cause, if they are of the Z variety,
parity violation should occur.

1974 has been one of the most
fascinating years ever experienced in
high energy physics. Still reeling from
the neutral current discovery, the
year began with the SPEAR hadron
production mystery, continued with
new high energy information from the
FermilLab and the CERN ISR, includ-
ing the high lepton production rate,
and finished with the discovery of
the new particles. And all this against
a background of feverish theoretical
activity trying to keep pace with what
the new accelerators and storage rings
have been uncovering.

Dr. J.B. Adams, Director General of CERN
Laboratory 11, escorting distinguished visitors
from the Soviet Union through the large assembly
hall. He is in conversation with Prof. N.N. Bogo-
lubov, Director of Dubna. On the right is one

of the stacks of SPS quadrupole focusing
magnets awaiting installation in the machine
tunnel.

The 400 GeV

synchrotron

taking shape

Construction of the 400 GeV proton
synchrotron, the SPS, has reached the
satisfying stage where parts of the
machine are coming together. After
the years of design, of placing
contracts and of manufacturing and
testing separate components, we are
now seeing these components being
assembled to look like an accelerator.

When all is complete in 1976, we
will have a synchrotron 2.2 km in
diameter installed in a tunnel aver-
aging some 50 m below ground. It will
consist of more than 1000 magnets
(bending magnets, quadrupole focus-
ing magnets and correction ele-
ments). A peak field of 1.8 T in the
bending magnets will hold protons
accelerated to an energy of 400 GeV.
Beam will be taken from the existing
CERN proton synchrotron at an energy
around 10 GeV and accelerated in the
SPS by two travelling wave cavities
operating at 200 MHz. The accelerated
protons can then be ejected for
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experiments to the West (in 1976) and
North (in 1978) Experimental Areas.

We have followed the progress of
the major events in the civil engineer-
ing programme as they have occurred
and preparations for experiments were
described in the November issue.
Here we describe progress on the
construction of some of the machine
components:

Magnets galore

During 1974 impressive stacks of
bending magnets and quadrupoles
grew in the large assembly hall. Over
300 dipoles (225 of type A, 75 of
type B), 100 quadrupoles and many
smaller correction magnets were at
one time heaped up after assembly
and testing awaiting their turn to be
wheeled into the tunnel. Installation
in the tunnel began in November and
is proceeding at an average rate of
five magnets per day. By the end of the




year a full sextant’s worth of magnets
(140 of them) will be installed around
1 km of the circumference. Since this
is faster than the production rate, the
installation is now nibbling at the
magnet stacks and gradually liber-
ating space in the assembly hall
again.

Magnet  production  continues
reasonably satisfactorily. Almost all
the steel sheet for the magnet yokes
has been passed to the manufacturers
and is of excellent quality. With over
12 000 tons delivered, the average
coercivity has been maintained within
0.002 oersted of the nominal value.
Well over half the yokes have been pro-
duced, comfortably meeting delivery
schedules and design specifications.

The scene is a little less comfortable
on bending magnet coils and quadru-
poles. The coils are of two types and
up to now they have been produced
by two different manufacturers. Type A
have come through in quantity for
assembly at CERN. Type B are further
behind and both manufacturers will
attack this type as from early next year.
About half the quadrupoles have
arrived and it is important that the
production rate is maintained so as to
retain a reasonable stack from which
to draw as installation proceeds.

Magnets are going down the tunnel
at the rate of five per day. (A spasm
of feverish activity to catch up on
some lost time actually once pushed
this as high as sixteen in a day). They
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were stacked in groups of 25 according
to their magnetic properties and the
aim is to even out these properties
around the ring. This is done by always
trying to have the overall properties of
each day’s-worth of magnets the same
by selecting from among the groups.
It is important, therefore, not to run
the stack too low so as to avoid
nearing the end of installation with a
clutch of incompatible magnets in
reserve.

Many of the special magnets —
enlarged quadrupoles for the ejection
regions, correction dipoles to help
establish the beam orbit at injection,
sextupoles for control of chromaticity
etc... are coming through well and are
proving to be of good quality.

Ins and outs

Yet more magnets are involved in
bringing beam to the SPS, in injection
and ejection systems and in taking
accelerated beam to the experiments.
The input end is going smoothly.
Almost all the bending magnets and
focusing quadrupoles, which will sit
in the tunnel TT10 which dips down
from the PS-ISR beam-line to the
level of the underground synchrotron,
are on site and satisfactorily tested.
Within the ring itself kicker magnets
and septum magnets for injection and
ejection systems are amongst the
technologically most difficult com-
ponents of the machine. Assembly
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of the kickers started in November and
will continue, under pressure, through-
out the next year. Their power
supplies which, as the name kicker
suggests, provide a sharp current pulse
to the magnets so as to kick protons
off on some different trajectory, have
been designed and the first models
tested. They involve a pulse forming
network and switches with a ceramic
deuterium-filled thyratron in parallel
with a line of three ignitrons. The
thyratron ensures the rapid current rise
while the ignitrons take the bulk of the
current after a few microseconds.

The power supplies will provide
pulses of many thousands of amps for
up to 24 us and such long pulses have
not been easy to achieve. Further
tricks have been played with the power
supply for the kicker to send protons
into a beam dump during tests of the
accelerator or when problems occur.
A beam of 10" particles at 400 GeV is
equivalent to over half a megajoule
of energy and the dump has to take
this without too great local heating.
The dumps will consist of a cast iron
cylindrical shell filled with a copper
and aluminium core and the dumped
beam will be spread over the core as
much as possible by passing it through
a rising magnet field. The dump kicker
supply will also try to hekp spread the
beam by adding a 20 % oscillation on
top of its 10 kA, 25 ps pulse. Such
pulses have been achieved but they
are hard on the power supply com-



The SPS goes round the bend. Installation in the
machine tunnel has progressed to the stage
where a full arc of magnets can be seen
disappearing around the curve of the ring
tunnel. Only six more kilometers to go.

ponents and lifetime tests are now
being carried out.

The electrostatic septa, which will
use a thin curtdain of tungsten wires
(0.15 mm in diameter with a 1.5 mm
spacing) to shield protons still orbiting
the ring from protons being ejected
towards the experiments, have been
further developed during the year. An
aluminium oxide (peraluman) cathode
has given better voltage holding
characteristics than the titanium type
(130 kV per cm compared with 100 kV
per cm or less depending on the
pressure). The oxide layer is, however,
more easily damaged by electrical
breakdown and it has become impor-
tant to stop ions produced in the
region of the orbiting beam from
entering the gap between the wires and
the cathode where they can initiate
breakdown. Clearing electrodes to
collect these ions will therefore be
installed above and below the orbiting
beam.

Most of the related components —
the septum magnets, beam moni-
tors, splitter magnets, targets . .
are on schedule. An intense year's
work is ahead to have them ready in
line with the general installation
programme.

The r.f. system

The radiofrequency accelerating sys-
tem had its fair share of difficulties in
the first half of 1974 — not in the
esoteric world of the r.f. power ampli-
fiers, etc. but in the seemingly more
mundane world of welding and brazing
of the cavities. Two cavities will be
installed in the accelerator ring, each
consisting of five tank sections with
each section housing eleven drift
tubes. Welding around the positions
where the drift tube stems are attached
to the tank and brazing of the copper
drift tube assemblies to" the required
accuracies and qualities proved very
difficult.

By now we seem to be on top of
these problems. A complete tank
section has been delivered and the
drift tubes installed. Four more sec-
tions, to complete the first cavity, are
expected soon and all is ready to test
them under r.f. power early in 1975. If
this goes well, the cavity will be
lowered to the tunnel in April and be
followed by its twin late summer.

Many associated components —
vacuum windows, couplers to link
the cavities to the r.f. power trans-
mission lines, the lines themselves
(together with their ceramic discs) and
terminating loads have been deliv-
ered.

Each cavity will be fed with 500 kW
of r.f. power at 200 MHz from an
amplifier using five 125 kW power
tubes. All the componnents for pow-
ering the first cavity are now being
assembled. Two further power ampli-
fiers will be built leaving one spare
which could eventually be used to
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This array of bed-springs sits on top of
condensers in the pulse forming network
which will power the fast kicker magnets used
in getting protons in or out of the SPS. The
network is charged to 60 kV and sends out
pulses of 4 kA for 25 p.s with a rise-time of
100 ns. In operation, the condensers and their
bed-spring inductances are in a bath of oil.
Fourteen of them will be located in service
buildings around the SPS ring and will send
their pulses to magnets as far as 250 m away.

power a third cavity if this is required
in a future development of the accel-
erator.

The enthusiasm forr.f. systems oper-
ating at 200 MHz is extending also to
the PS in its role as injector for the
SPS. Laboratory Il is constructing a
system with four cavities for installa-
tion in the PS where modulating the
beam at 200 MHz will make it easier
to study its behaviour as it arrives at the
SPS using the same units that will
monitor the beam throughout the
acceleration cycle. It is probable that
the r.f. system in the PS will go further
than this and actually impose a bunch
structure at 200 MHz before the
protons set off for the SPS. This will
ease the ‘capture’ problem for the r.f.
system of the big machine and prob-
ably reduce radiation problems due to
losing particles. Collecting unbunched
particles can be done in a more con-
trolled way within the PS than in the
SPS.
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A section of an r.f. cavity which will

accelerate protons in the SPS. A novel

feature of the machine is that the technique

of acceleration is similar to that used in

linear accelerators—hence the line of drift tubes
along the axis of the cavity. Five of these sections
will make up one cavity and two cavities will
be installed initially.

A great deal of work is also involved
in the various control elements linked
to operation of the r.f. system in the
SPS. They have to gather information
on beam behaviour and tell the r.f.
what to do to keep the behaviour
good. We have come a long way since
the famous feedback circuit built into
a Nescafé tin which helped so much
in bringing on the PS in 1959. Intricate
components and circuitry will make
versatile control possible (via an
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The control room of the SPS. Three of the
consoles (the one on the left and the outer
ones behind) will be able to call any or all of
the machine components under control. The
centre console will carry the safety controls

and alarms. The computers, which will link the
consoles to the accelerator hide behind the

wall on the right. It is hoped to have one
console completely equipped by the end of the
year for tests and further development of the
control system, which is the most advanced and
versatile of any accelerator yet built.
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intermediate frequency of 10.7 MHz)
at the SPS, regardless of whether we
are handling intense beams, weak
beams, single bunches, etc...
Among the pick-up electrodes in-
volved, a wide band version has been
tried on the PS and has worked very
well. They have been developed to
take signals from 100 Hz to 5 GHz
and might even be extended to d.c. by
replacing the co-axial electrodes by
beam current transformers. It is the

first time such pick-ups have been
brought into efficient operation at
very high frequencies at CERN.

Under controls

Remaining in the domain of controls
— the assembly of the control system
for the whole machine is one of the
most daunting aspects of the project.
Quite apart from the sophisticated
features, like the extended abilities in
the use of computers, installing the
hundreds of miles of cable, needed for
monitoring and controlling the myriad
components, and making the tens
of thousands of connections correctly
is an impressive exercise in logistics in
itself. About 175 km of cable have
been laid in the first sextant of the
machine to be installed and, at the
peak period, an average of one
connection every ten seconds will
have to be made and tested.

All twenty-four NORD-10 com-
puters, which will take care of the
control functions, have been delivered.
An additional one to look after the
North Experimental Area will arrive
in February. They are performing well
and the recent ones have been passing
their acceptance tests within about a
week of reaching CERN. These com-
puters have proved so successful that
they are now finding their way into
other parts of CERN also.

Many of them have been sprinkled
around the Laboratory Il site in their
destined positions, for example in the
auxiliary buildings near the access
shafts 2 and 3, and have been used in
the first tests on the message transfer
system. Signals have been bounced
around to check the specified perfor-
mance (less than one undetected
error in 10" bits transferred) and, in a
test, almost 10'° bits have been pass-
ed without problem. About half of the
CAMAC equipment for the interface
with the computers has arrived (much
of it is already installed) and modules



for the multiplex system are coming
through to schedule.

For the computer programmes, an
improved version of the command
language has been developed. It is
now possible to switch programs and
data between the computers with
simple statements fed to a computer.
The emphasis on programming has
moved to producing the special
programs which are linked to the
specific machine components. This
could have been a very difficult job but
the basic simplicity of the computercon-
trol techniques which have been work-
ed out should make it possible to cover
all the special requirements rapidly.

At the control desks which are now
being built up, the remarkable abil-
ities of the system become evident.
It is possible to pick out a machine
setting for modification or any compo-
nent for detailed investigation via a
touch screen (see April issue, page
117). For example, from an initial
set of legends written on the screen by
the computer it is possible to call the
r.f. suite of programs. The computer
then writes a list of r.f. functions on
another screen and a more detailed set
on the touch screen. Settings related to
a particular r.f. function can then be
summoned and, finally, the operator is
linked to it via a control knob.

To check the operation of the beam
monitors of the SPS, a beam current
transformer, ionization beam scanner
and secondary emission monitor have
been installed on the 28 GeV syn-
chrotron and in the West Experi-
mental Hall in collaboration with the
PS Division. They are linked to
NORD-10 computers. The tests were
very successful with the ability to zoom
in on a particular piece of the informa-
tion coming from the monitor, via the
control computer, proving a new asset
in studying beam behaviour.

It will not be very long before these
monitors are looking at protons over
ten times more energetic.

CERN News

High intensities
with the PS

As construction of the 400 GeV
synchrotron progresses in Labora-
tory 1l, the proton synchrotron of
Laboratory | prepares for its task as
injector. For this, it must be capable
of accelerating, to 10 or 14 GeV, a
beam with an intensity of 10'® protons
per pulse.

In the course of a machine develop-
ment period on 7 November a beam of
9.3 x 10" ppp was accelerated. This
test showed no unexpected pheno-
menon related to the high intensity
and gives good ground for believing
that the PS will break the 10'® barrier
without major difficulty.

During the high intensity run, the
teams manning the accelerators in-
volved (the 50 MeV Linac, the
800 MeV Booster and the proton
synchrotron itself) had to tune up to
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new performance levels. The Linac,
which under normal operation pro-
vides pulses of 50 mA, was required
to raise 80 mA. This is now easier
following modifications to the bun-
cher, which gives a density in the
centre of the beam of 11 mA/mm/
mrad. Despite the very delicate con-
trol needed, particularly with the r.f.
system, the stability of the Linac beam
remained excellent, both from pulse
to pulse and within a pulse.

The Booster has made much pro-
gress since it last featured in our pages
(see vol. 14, page 251). It has reached
intensities of 1.3 x 10'® ppp, but the

An exhibition was organized in November to
present the work of maintenance and
improvement which is needed for the three
hundred magnets of the beam-lines in the PS
experimental halls. This service has been in action
about four years aiming to achieve the highest
possible reliability taking into account such
features as aging effects due to radiation and
maintenance difficulties in radiation
environments.
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beam was still too large to be com-
fortably injected into the PS. At high
intensity, space charge effects produce
a downward drift and spread of the
betatron frequencies; resonance lines
are crossed by the particles leading to
beam blow up. By appropriately
programming the working point during
the acceleration cycle, it has been
possible to minimize this phenomenon
of increased emittance by steering
clear of the most dangerous reso-
nances and the vertical emittance at
800 MeV has been reduced.

In addition, a more sophisticated
method of damping the longitudinal
instabilities (see vol. 14, page 251)
has been developed. Rearrangement
of the particles within a bunch is
induced by exciting (twice during the
acceleration cycle) the beam at a
frequency double that of the synchro-
tron frequency.

These improvements gave a
800 MeV beam with the required
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emittance for injection into the PS.
Further improvements will, however,
be required to obtain perfect recom-
bination of the bunches during the
transfer process and to adapt the beam
even betterto the acceptance of the PS.

It was the first time that the PS had
received so intense a beam and the
machine settings which were then
made will be optimised in the course
of coming development periods. The
tricky points are the compensation of
resonances at injection (mainly sextu-
pole for which 32 new sextupole cor-
rection lenses have been installed)
and the programming of the working
point as a function of time in order to
reduce beam blow up during the
acceleration cycle.

Crossing transition with the aid of
the gamma-transition jump system
(see vol. 14, page 10) was problem-
free. As predicted theoretically, a
small increase in emittance was meas-
ured, but this should be eliminated

1. An oscilloscope picture of the spot produced
by the extracted beam in the synchro-cyclotron
hall.

2. The radial beam intensity distribution in the
synchro-cyclotron near the extraction channel
as seen by a new secondary emission detector.

The electromagnetic septum channel of the
600 MeV synchro-cyclotron extraction system
prior to its installation in the accelerator. The
first tests of extraction from the rebuilt machine
yielded more intense beams.

when the quadrupoles receive their
faster power supplies which are now
being built. It was possible to damp
the collective instabilities of the beam
by means of octupoles and to achieve
fast ejection at 10 GeV/c with 93 %
efficiency without particularly refined
adjustments.

Much remains to be done to obtaina
beam of the intensity and qualityrequir-
ed by the SPS but the results achieved
in this test are very encouraging.

Extraction in action

The first stages of the re-commis-
sioning of the CERN 600 MeV syn-
chro-cyclotron, following its program-
me of improvements, were reported in
the October issue page 334. At that
time, to reduce the complications for
the initial tests, the extraction system
was not in action. It was brought on
for the first time on 20 November and
healthy extracted proton beams were
rapidly achieved.

Beam emerged at the very first
attempt and, after a few development
runs, the ejected beam intensity was
measured as being around 300 nA
(2 x 10" protons). This is with the
r.f. system pulsed at one sixteenth of
its design repetition rate (to limit irra-
diation of the machine while mastering
the beam) and corresponds to 5 pA
when the r.f. is going full blast. The
300 nA obtained so far are already
three times the intensity of the
extracted beam before the rebuild and
well on the way to the new design
figure of 7 pA.

During these tests, it proved pos-
sible to obtain novel information on
the behaviour of the spiralling beam
within the accelerator. The combi-
nation of the magnetic field, the r.f.
field and the closeness of the beam
orbits usually makes it extremely diffi-
cult to draw any clean information
about what the beam is doing in a syn-
chro-cyclotron. A new method, using



Views of streamers in hydrogen. The gas in the
chamber has a small impurity content (0.5 %
methane and 0.1 x 10=4 % of sulphur
hexafluoride), the pressure was 500 torr and
gave about 1.5 streamers per centimetre along
the particle track. The track is about 10 cm Jong.
1. Taken parallel to the electric field showing
the length of the streamers (3 to 8 mm in
the chamber).
2. Taken perpendicular to the electric field
showing the diameter of the streamers (0.3 to
7 mm) in the chamber

the secondary emission technique
with very thin foils at an angle to the
spiralling beam, is giving good data
which will be very helpful in optimizing
the extraction efficiency.

Hydrogen streamer
chamber

Some new results have recently been
obtained in the development of hydro-
gen streamer chambers. Such cham-
bers could have particular advantages
for some experiments — they retain
the qualities of ‘conventional’ streamer
chambers (especially the ability to be
triggered to record only the events of
interest) while serving also as the
target. Interactions with protons in the
hydrogen (and neutrons if deuterium
is used) can be observed in a similar
way to interactions in a hydrogen
bubble chamber.

Work has begun again in the Track

Chambers Division in collaboration
with the Orsay bubble chamber group.
A few years ago, the possibility of
obtaining streamers in hydrogen was
investigated at Argonne (vol. 10,
page 283) at Dubna and at CERN
(vol. 10, page 228). First tracks at low
pressure (0.4 atmospheres) were
achieved at CERN in 1971 (Nuclear
Inst. Ill, 1973, 485-495). The new
work has improved the performance.

The first effort was to repeat the
earlier results using the existing small
streamer chamber (9 x 21 x 26 cm?®)
and to extend the performance to
atmospheric pressure. A Marx gener-
ator capable of very high voltage (up
to 2 MV) has been made and is used
with a new conical Blumlein line (oil
insulated) to produce very short
(about 6 ns) high voltage pulses on
the chamber electrodes. The high
voltages demand great care in the
construction of the chamber to avoid
breakdown problems and this has

,
4
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This is not the usual way a camera is

pointed in BEBC. This photograph is taken

from inside the 3.7 m European bubble

chamber looking up at the ports where

cameras normally peer into the chamber to see
particle tracks. The chamber is now almost
completely reassembled after the repairs to the
magnet and tests will begin again soon.

been achieved by careful choice of
shapes and materials and by ensuring
scrupulous cleanliness.

Better quality tracks are achieved
with pressures up to 0.8 atmospheres
in a mixture containing less than 1 %
impurities (mainly methane). The tests
involve using an image intensifier
developed inthe ISR Division at CERN.

Particle track photographs are ob-
tained with high contrast. The strea-
mers are 0.3 to 1 mm in diameter and
5 to 8 mm long and of even quality
from streamer to streamer. The neces-
sary field gradient to form the streamers
is about 54 kV per cm at 0.8 atmos-
pheres with a pulse of 6 ns which is
close to the theoretical prediction.

There are some technical difficulties
still to be overcome but it is believed
that the construction of a large hydro-
gen streamer chamber could now be
confronted if it seemed to be the

appropriate detector for some parti-
cular experiments.
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Around the Laboratories

DESY
Experiments start at
DORIS

DORIS, the 3.5 GeV electron-positron
storage rings of the Deutsches Elek-
tronen Synchrotron, DESY, has begun
regular operation for colliding beam
experiments. Since beams were first
stored in December 1973, there has
been a hard struggle to hold down the
complex and versatile machine. Com-
missioning continues and has so far
resulted in a luminosity of 10%° cm—2s-*
at an energy of 2 GeV. This luminosity,
which is obtained with stored electron
and positron currents of about 250 mA
and a beam life of about four hours,
is used for physics runs.

Unlike the other electron colliding
beam machines in this energy range,
DORIS is a double ring machine,
confining the two beams in rings one
on top of the other and intersecting at
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two points with a small vertical
crossing angle. This makes it possible
to collide electrons not only with posi-
trons but also with electrons or pro-
tons. Electron-electron collisions are
a rather clean source of the so-called
gamma-gamma reactions, which also
occur in electron-positron collisions
but then have to be separated from
the events coming from single photon
exchange. This mode of operation is,
therefore, an important part of the
experimental programme. In addition,
protons will be accelerated in the
DESY synchrotron and stored in one
of the DORIS rings, providing elec-
tron-proton collisions for machine
studies on the stability of intersecting
electron and proton beams and maybe
also for some physics experiments.
The separation of the beams in the
double ring permits operation with
many bunches orbiting the rings

potentially enhancing the luminosity at
medium and lower energies. Unfortu-

The DORIS storage rings at an intersection
where the electron and positrJn beams orbiting
in their separate rings are brought together for
colliding beam studies.

nately, problems have to be overcome
arising from multibunch instabilities
in a single beam. The maximum single
beam currents stored in DORIS so far
are 0.8 A of electrons and 0.35 A of
positrons. Initially, the currents were
limited by several instabilities deriving
from the electromagnetic interaction
of the beam with its environment and
leading to transverse or longitudinal
bunch oscillations of growing ampli-
tude. Interactions with parts of the
vacuum vessel and, especially, with
higher resonance modes in the r.f.
accelerating cavities were identified
and partially cured. In the cavities, the
three most dangerous resonances
were strongly damped by inserting
coupling antennas. This significantly
improved beam stability and current.

Another clearly identified pheno-
menon is the so-called ‘head-tail
effect’. In this instability, the particles
in the front of a bunch recurrently
excite betatron oscillations of the
particles in the rear. Since their roles
are exchanged during every half syn-
chrotron oscillation period, accom-
panied by a periodic variation of beta-
tron frequency, the oscillation ampli-
tude grows exponentially and leads to
losing the bunch. A well known
remedy consists in removing this
variation of betatron frequency by
sextupole magnets. To do this pro-
perly in DORIS, a new focusing
scheme was designed. It not only
cured the head-tail effect but also
reduced the beam width and greatly
improved injection and stability of the
beams.

The DORIS rings are filled at 2 GeV
by injection from the 7.5 GeV DESY
synchrotron which operates at 50 Hz
and transfers electrons and positronsin
any preselected pulse to pulse
sequence while using the remaining
pulses for experiments at the synchro-
tron. Injection efficiency has risen to
between 50 and 80 % with the new
beam optics, owing to a smaller beam



One of the large detection systems, PLUTO,
at DORIS. A good impression of the super-
conducting solenoid can be obtained from the
picture. The surrounding iron yoke is pulled
back on each side of the beam intersection
region.

(Photos DESY)

dispersion at the injection point. In a
few months, newly equipped transfer
channels will permit injection also
at higher DORIS energies. Meanwhile,
the energy can be raised in the storage
ring without basic problems. Beams
of more than 100 mA have been car-
ried to 3.2 GeV and a smaller beam
current to 3.45 GeV.

In its present form, DORIS is equip-
ped for an energy of 3.5 GeV. There
will be three 500 MHz r.f. klystron
transmitters per beam, each delivering
a power of 250 kW. Two of these are
now operable and the third is nearing
completion. All bending and focusing
magnets are capable of being ener-
gized up to 5 GeV and the corre-
sponding magnet power supply will be
installed early in 1975. However, the
present r.f. system will carry the beams
up to about 4.2 GeV only. New accel-
erating units of higher shunt impe-
dance are being prepared for raising
the energy further.

For the experiments, two large
complementary detection systems
have been installed and tested in the
straight sections: a magnetic spectro-
meter of large solid angle and medium
momentum resolution, called PLUTO,
and a double arm magnetic spectro-
meter of high momentum resolution
over a smaller solid angle, called
DASP.

The PLUTO magnet is a 2 T super-
conducting solenoid 0.4 m in diameter
and 1.15 m long, that is coaxial to the
beams and enclosed in a 90 t steel
yoke. To minimize the effect on the
stored beams, two additional super-
conducting coils are incorporated in
the yoke compensating the integrated
field along the beam axis. Tests at full
magnet excitation have demonstrated
that the field does not disturb storage
ring operation. The system for the
detection of multiprong events mainly
consists of sixteen concentric cylin-
drical proportional chambers with
wires spaced 2.5 mm apart. The pre-

amplifiers for the 17 000 wires are
placed between the cryostat and
magnet yoke while the main amplifiers
are 20 m away and are read into a
PDP 11/45 computer. Events are pre-
selected by hardware logic, then fur-
ther reduced by the PDP to less than
ten per second, and finally evaluated
by an IBM 37/168 computer. Outer
muon counters are formed by arrays of
proportional counter tubes placed in
the iron yoke. The solid angle of the
assembly is 94 % of 4 = sterad; the
momentum resolution is about 5% at
1 GeV over 65 % of 4 .

DASP permits high precision mo-
mentum measurement in conjunction
with good particle identification in a
restricted solid angle. Its primary
interests are two-body and quasi-two-
body reactions, inclusive reactions
and gamma gamma processes. DASP
has a large aperture magnet of variable
geometry on either side of the inter-
action point. With a gap height of
90 cm, the total solid angle for magnet-
ic analysis is 2 x 0.39 sterad and the
integrated field is 1.8 Tm providing a
momentum resolution of 0.8% at
3 GeV/c.

Tracks are measured in front of the
magnet to within & 0.5 mm by propor-
tional chambers and behind the mag-
net to vithin £ 0.25 mm by spark
chambers. A time-of-flight path of
4.7 m between inner and outer scin-
tillation counters permits separation
of pions and kaons up to an energy of

1.8 GeV. Of the solid angle not used
for momentum analysis, about 11 ste-
rad are covered by an inner detector
that measures track direction and dis-
tinguishes between gammas, elec-
trons and hadrons. It consists of scin-
tillation, proportional and shower
counters tightly enclosing the beam
pipe. The total weight of the magnet
is 500 t, plus 300 t for muon counters.
Data taking and checking is done with
a PDP 11/45 computer which sends
the events via a direct link to the
central computer for storage and fur-
ther on-line processing.

Both PLUTO and DASP are in the
running in phase at present. Measu-
rements of multiprong hadronic events
are intended with PLUTO, while DASP
investigates the validity of quantum
electrodynamics and studies the pion,
kaon and proton single particle spectra,
completing the deep inelastic electron
scattering experiments which strongly
suggested a composite nature of the
nucleon.

FERMILAB
Electrons and photons
from protons

The Fermi National Accelerator Labo-
ratory brought the world’s highest
energy electron and photon beams
into action at the end of October. In
the first test run, electron energies

427



Glass mirrors -,

8m

Potyethviene
Slocks ™~ -

High
»ottege electrode

Image Cemera

(ntensitier

Blumtein line

were taken to 225 GeV passing the
45 GeV beam of Serpukhov.

The electron/photon beam is set
up in the Proton Experimental Area
where the ejected proton beam from
the synchrotron is directed onto a
thin bar of beryllium 30 cm long.
Among the spray of particules pro-
duced in the interactions in this
target, there is copious production of
neutral pions which decay rapidly into
two photons. The particle spray is
passed through a magnet which
bends off all the charged particles
leaving the neutrals, including the
photons, travelling in the direction
they were initially produced.

The number of neutrons in this
neutral beam is high and the photon
beam is therefore not suitable for use
at this stage. It passes onto a sheet of
lead where the photons ‘materialize’
into electrons and positrons. A series
of fifteen bending magnets take the
electron flux and select out and focus
electrons of a particular momentum.
Care has to be taken that the all-
penetrating muons from the initial
charged particle interactions cannot
get in amongst the electrons. The
pure, monoenergetic electron beam
can then be used on a second thin lead
plate where they radiate photons
whose energies can be ‘tagged’ by
measuring the resulting electron
energies.

An experiment to measure total
cross-sections is using the tagged
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photon beam. The photon intensity is
about 10° per second from a 107 per
second electron beam. These beams
open up a new high energy range of
experiments. The electron energy will
be taken to 300 GeV or higher and the
beam intensities will increase when
the Proton Experimental Area regu-
larly receives 5 x 10'? or more from
the accelerator.

The accelerator has been operating
very reliably with 300 GeV beam in-
tensities above 10" per pulse. The
operating efficiency during a month
of scheduled time for high energy
physics reached 72 % during which
2.3 x 10" protons were fed to expe-
riments.

MOSCOW/
SERPUKHOV
8 m streamer chamber

The world’s largest streamer chamber
has recently been built at the Moscow
Physical Engineering Institute (MPEI)
and used in the experiment to search
for mechanisms of muon production in
nucleon-nucleon collisions (looking
for the intermediate boson, muon pairs,
etc.) at the Serpukhov 76 GeV proton
synchrotron (IHEP). The experiment
is a collaboration between MPEI and
IHEP led by B. Dolgoshein, V. Davi-
denko, V. Kirrilov-Ugrumov and
S. Somov. '

Sketch of the 8 m streamer chamber
constructed at the Moscow Physical
Engineering Institute for an experiment at
Serpukhov.

The chamber dimensions are 8 m
long, 1 m high and 1.2 m deep with
two 50 cm inter-electrode gaps. To
stop the muons, polyethylene plates
(10 tons, 400 gcm-—2) are inserted
inside the chamber. These plates, each
60 mm thick, are sandwiched by 120
streamer chamber cells — hermetically
sealed plastic boxes filled with a neon-
helium gas. A gas cycling system is
used to keep the neon-helium gas
very pure (oxygen and nitrogen con-
tent less than 10-*). A memory time of
10 us, which is necessary to record
decay electrons, is achieved by adding
small quantities of freon or sulphur
hexafluoride to the neon-helium
mixture.

The high voltage electrode at the
centre of the chamber and the earth
electrode enclosing the chamber, form
a pseudo-coaxial transmission line
with an impedance of 33 ohms. The
voltage pulses are produced by a
special Blumlein line charged by two
Marx generators. Pulse shaping is
achieved by discharging the Blumlein
onto the electrodes via a high pres-
sure spark gap triggered by x-rays
(100 kV, 30 ns).

After the passage of a muon
through the streamer chamber, a first
high voltage pulse of 300 kV and 40 ns
duration was applied. Electron multi-
plication along the muon track was
ten to a hundred. The delay time be-
tween the passage of the muon and
the application of the second high
voltage pulse (of 800 kV amplitude
and 20 ns duration) was 6 us. During
this time 90 % of stopped muons
decayed in the chamber. As a result of
the application of two high voltage
pulses, the track formed by a muon was
brighter than the track formed by an
electron. The brightness of muon and
electron tracks could be changed by
varying the amplitude of the first
pulse.

The streamer chamber is photo-
graphed by four cameras via image



Pieces from photographs taken in the streamer
chamber showing

1. Muon tracks
2. A muon-electron decay

intensifiers which give good pictures
with a mean streamer length of 5 mm.
The chamber was exposed to a muon
beam with an average muon momen-
tum of 2.5 GeV. Polarized muons were
produced in an internal copper target
at 9° to the incident proton beam.
They travelled along the streamer
chamber, stopped and decayed in the
polyethylene plates and the polariza-
tion was measured by detecting the
asymmetry in the muon-electron de-
cays.

A total of 10° pictures have been
obtained and detailed analysis of the
data are in progress.

European Science
Foundation

Scientists from sixteen nations* as-
sembled in Strasburg on 18 and
19 November for the first plenary
session of the European Science
Foundation which is now complete
with statutes, budget and seat —
although permanent offices will not
be available for a few more weeks.
This was the culmination of a year's
hard work by the founding committee
under its president Prof. H. Curien
following initiatives taken in Scandi-
navia and in the Commission of the
European Communities.

The Foundation brings together
delegates from the national author-
ities organizing research and the

government sponsored academies so
that both the administration of re-
search and its scientific appreciation
are represented. The first officers of
the Foundation indicate immediately
this scope with, as President, Sir
Brian Flowers, physicist, and as
Vice-Presidents — Prof. O. Reverdin,
a hellenist representing the humanities
and Dr. P. Riis, medicine. The Secre-
tary General is Dr. F. Schneider of the
Max Planck Institute, Munich.

The principal objectives of the
Foundation are to assist and encour-
age cooperation in basic research
and to promote the mobility of
research workers. This first meeting
showed the many areas where a
worthwhile contribution could be
made and demonstrated the active
spirit of international cooperation that
is already familiar to high energy
physicists. To begin with, three topics
have been singled out for immediate
study — astronomy, which is particu-
larly topical as proposals are being
prepared at present in many Western
countries for expensive facilities; ar-
chaeology, where recent develop-
ments in research techniques can be
widely exploited; social science ethics,
with particular reference to what is
becoming known as genetic engineer-
ing. Other subjects which may come
up for early study are the mathematical
education of physicists and space
research.

Sir Brian, at the press conference

which followed the session, laid stress
on the newness of the organization
and the absence of any pre-established
plans of how the work will be tackled.
He also stressed that the Foundation
is not wanting to ‘take over’ any
existing international organizations or
interfere with the way they are run.
The Foundation expects to be con-
sulted by governments when major
projects are being considered and he
believes it will allow proposals to be
examined in a broader context than
had generally been the case in the
past.

* The twelve Member States of
CERN: Austria, Belgium, Denmark,
France, Germany (Federal Republic),
Greece, Italy, Netherlands, Norway,
Sweden, Switzerland, United Kingdom
plus lIreland, Portugal, Spain and
Yugoslavia.

DARESBURY

Playing tunes on.NINA

The Daresbury 5 GeV electron
synchrotron, NINA, has recently been
modified by adding pairs of quadru-
pole magnets in four of the machine
straight sections to control focusing
conditions throughout the accelera-
tion cycle. Previously, the beam
focusing at injection had to be different
to that at high energy.

The radial and vertical Q values
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(the number of betatron oscillations
of the beam particles per revolution in
the radial and vertical plane) are a
measure of the focusing. Best injec-
tion conditions were obtained with
Q values close to 5.5 and the beam
was disturbed by passing through
resonances as the focusing decreased
to Q values of about 5.2 at high
energy. The quadrupoles control the
Q values giving a better high energy
value and preventing beam loss. They
also provide the change of Q neces-
sary to set up the third integral
resonance which is used for a sepa-
rated function extraction system.

An important feature of the system
is the high flexibility of control. The
NINA operator uses an interactive
graphics terminal which is on-line to
the Laboratory’s central computer, to
draw in the required values of radial
and vertical Q during acceleration as
two curves on graphs of Q against
time that are presented on the ter-
minal. The central IBM 370 calculates
the waveforms that need to be applied
to the quadrupoles to produce these
values and checks that the magnet
power supply ratings are not exceeded.

After displaying the voltage wave-
forms to the operator, the data are
transmitted to a PDP 11/05 com-
puter, which is programmed to store
the incoming information and then to
cycle in step with the NINA accelera-
tion cycle. Separate waveforms for
the F and D quadrupoles are required
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and each is made up of five hundred
ten bit words. The two waveforms are
fed to the power supplies in 9 ns at a
repetition rate of 53 Hz.

A novel design was necessary for
the power supplies since they are
required to follow any waveform,
within the maximum ratings, gene-
rated by the computer. The circuit uses
transistor banks switching in class C
to vary the supply of energy from cur-
rent carrying inductors to capacitors,
the voltages of which are applied to
the quadrupoles. Feedback circuits
match these voltages to the computer
generated waveforms, voltage control
being preferable when a magnet is
being pulsed.

The quadrupole magnets use forced
air cooling, so as to have smaller
more economical magnets, avoiding
the problems of water cooling in a
stranded conductor coil. Another novel
technique was used in the magnet
construction — thin glass cloth, pre-
impregnated with epoxy resin, bonds
the laminations into the magnet blocks.

The system is now in operation and
the measured shifts in Q have been
as expected.

EPIC
storage ring project

The UK Science Research Council met
towards the end of November to consi-
der several projects in the fields of

A graph of the NINA Q values in the vertical
(Qy) and radial (Q;) planes during the 9 ms of
acceleration. The dashed lines, below, indicate
the situation before installation of the programmed
quadrupoles. The full lines, above, show the
effect of the quadrupoles which enable
resonances, causing beam loss, to be avoided.

research for which it is responsible. In
high energy physics the topic of
interest is the proposed construction
of EPIC, a 14 GeV electron-positron
storage ring.

The Council recognized the strong
scientific case for the project (prob-
ably given a most timely jolt by the
new particle discoveries in the USA)
and encouraged further studies.
Money is being provided for more
detailed design work on the machine,
including the construction of model
magnets and r.f. components and for
a thorough site survey. The project
will be put forward again in 1975 and
will be re-examined in the light of the
money that the Council then has
available to allocate to pure research
projects and of the needs of other
branches of science.

EPIC (Electron Positron Intersecting
Complex) was described in outline
in vol. 13 page 373 and a fat project
description was published at the
Rutherford Laboratory in September
(report no. RL-74-100). It is intended
to succeed the 8 GeV proton synchro-
tron, NIMROD, at Rutherford and the
5 GeV electron synchrotron, NINA,
at Daresbury as the base for the high
energy physics programme within the
UK. It is at present conceived as a
single ring machine, 2.2 km in circum-
ference, constructed in a tunnel close
to the location of NIMROD at Ruther-
ford. The NIMROD buildings would
be used as much as possible to house
the linacs and NINA (brought down
from Daresbury) which would serve as
a 4.8 GeV Booster.

The Council urged full consultation
on the project with the rest of the
European high energy physics com-
munity. Such consultations were, of
course, already under way but they
will now be extended with an open
invitation from the Rutherford Labo-
ratory to all their colleagues in Europe
to discuss collaboration in any stage
of the construction and/or exploitation.



POUR LULTRA-VIDE

une nouvelle génération
de roulements a billes

dont les éléments - bagues, billes et
cages a billes - permettent pratique-
ment d’éviter le soudage de contact
que favorisent I'ULTRA-VIDE et les
HAUTES TEMPERATURES, et d‘as-
surer une longévité partlcullerement
remarquable grace:

a la grande dureté des chemins de
billes,

aux billes adaptées a l'application et
a la cage de nature autolubrifiante.

Tableau de durées de vie comparatives dans I'ULTRA-VIDE

Durée en heures

4 3000 t/min. p 0 ‘ 1000 2000 3000 40.00 50|00
- L I L
1 1 L) T 1
Roulements 4 20° C, secs: durée <30 min.
standard a 20° C, avec traitements autolubrifiants: durée <100 h.

en haute température = 450° C: durée minimum 1000 h.

Nouvelle EEEEEEE
génération en vide propre a 20° C: durée minimum 4000 h.
de roulements EEEEEEEEER
RMB en ultra-vide a 20° C: durée plus de 5000 h.

} } } } }
Nombre de tours b 0 1,8.108 3,6.108 5,4.10° 7,2.108 9.10®

Note: Ces valeurs, réalisées en laboratoire, n’engagent pas RMB

Roulements Miniatures SA, Eckweg 8, Tél. 032 414721, CH-2500 Bienne (Suisse)




EEV's double first.

PERSONNEL {Fyoure planming progress

TO MEET YOUR TEMPORARY REQUIREMENTS MESS- UND ®
SCIENTIFIC ENGINEERING _ (J“Mo REGELTECHNIK
ELECTRONICS ‘
Electronic JUMO ,TROWI-PRINT" and
TECHNICAL SECRETARIAL ,,Tel’::()rgE!gRINT“ temperature contr?)rl‘lers

for thermocouples or resistance sensors;

DRAUGHTSMEN — Electronics Electro-mechanical . «

& Tracers Mechanical Hydraulics n t_::lrcmtl;bo.:rd IhOIder or 19 drawfr Il
ENGINEERS — Electronics Mechanical unit...thel eal space-saving controllers
TECHNICIANS ~ — Electronics Mechanical on EUROPA printed circuit boards
INSPECTORS ~ —  Electronics . Mechanical Universal mounting through separation of
WIREMEN — Prototype Producticn setting unit and circuit-board controller

ELECTRICIANS — MECHANICS — FITTERS — TOOL-

MAKERS — MILLERS — WELDERS — INSTRUMENT

MAKERS — TURNERS — GRINDERS — SHEETMETAL
WORKERS — MACHINE OPERATORS

SECRETARIES
TYPISTS — Shorthand - Audio - Copy — CLERKS —
TELEPHONISTS — TELEX OPERATORS
Many of our staff are bi-lingual and multi-lingual

BENNEY ELECTRONICS LIMITED

PERSONNEL DEPARTMENT

P. 0. BOX 26 EASTLEIGH HAMPSHIRE ENGLAND
Telephone: Chandler's Ford (04215) 66764 & 2643
Telex: Harmsworth ELGH 477096

Representative in Geneva: Mme A. Borowski Tel. 319412 M. K. JUCHHEIM GMBH & CO - D-64 FULDA
Contractors to HM. Government & European Establishments T L
elefon 0661/831 Telex 04-9701

AJ 19
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Thyratron CX1171B.

When you have an inverse voltage
problem then you have an interest
in EEV’s double-ended thyratron.
Conventionally,the thyratron
has been a triggered unidirectional
switch. EEV has now designed,
constructed and successfully run
new triggered hydrogen thyratrons
capable of conducting in both

98 dv1

directions without affecting the-
hold off voltage.

These new double-ended tubes
are available in both 3in. and 4%in.
ceramic bodies - 2, 3 or 4 gaps.

Can we discuss our ideas and
your problems with you? Please
contact our hydrogen thyratron
engineers at Chelmsford.

EEVand M-OV know how

THE M-O VALVE CO LTD, Hammersmith, London, England W6 7PE.Tel: 01-603 3431. Telex: 234356. Grams: Thermionic London. E
ENGLISH ELECTRIC VALVE CO LTD, Chelmsford, Essex, England CM1 2QU.Tel: 0245 61777.Telex: 99103. Grams: Enelectico Chelmsford. &EC

NbTi

VAN

VACUUMSCHMELZE

High Field Superconductor

VACRYFLUX"
5001

Single core conductors for magnets of high homogeneity.

Multifilament conductors with circular or rectangular
cross-section containing 60 to 3721 twisted supercon-
ducting filaments with smallest diameters of 101 ( photogr.)
for dynamic application.

Fully transposed braids for pulsed D.C. magnets and
superconducting machines.

Cryostatically stabilized high current superconducting
composites for big magnets with high stored energy.

VACUUMSCHMELZE GMBH:- D 645 HANAU
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KEPCO INFORMATION

When is a Power Supply Not a
Power Supply?

BO O Ks 0 N PROPORTIONING /VDLTAGE
4+~ _ RESISTORS — FEEDBACK
VWA

R R
i f
NUCLEAR ) ~

= REFERENCE

APPLICATIONS T oot o

[ LOAD

Power Operatiolﬁ’al Amplifier/Power Supply -

STP 529 Effects B Bring feedback from current sensor and it will
PP regulate current

Of Radlatlon on Hl Bring voltage feedback and it will regulate voltage
Substructure and M Bring feedback from your load and the power
Mechanical Properties SUPPly s 2 servo amp-

Bipolar Operational Power Supply
of Metals and Alloys __ P

+15Vto-15V@20 amps
+36Vto—-36V@1.5amps
+36Vto—-36V@5.0 amps
+72Vto-72V@1.5 amps
+72Vto-72V®@5.0 amps

548 Pages, Hard Cover, $49.50
PCN 04-529000-35

STP 551 Zirconium in

Nuclear Applications
526 Pages, Hard Cover, $ 44.50 Please ask for detailed documentation
PCN 04-551000-35

"Kontron Electronic AG

\ Bernerstrasse 169, 8048 Zirich, Telefon 01 62 82 82, Telex 57439
DS52 Nuclear S

Reactor Neutron : .
Energy Spectra Technical Rubber

220 Pages, Soft Cover, $26.00 and Plastic GOOds

PCN 05-052000-35

DS54 Radiation This is your

American Society for Testing and Internal telephone No
Materials
1916 Race Street

Philadelphia, Pa. 19103

Special interests
Signature Date

- address :
Effects Information
Generated on the 8051 Zurich
Tel. (01) 40 11 00
ASTM Reference 2
CO rrelation- MonitOr . I Ask for free literature by sending this coupon
[ hose catalogue
‘Steels l [J hydraulic hose catalogue
84 Pages, Soft Cover, $9.75 | [J air hose catalogue
' r [0 o-rings and seals catalogue
PCN 05-054000-35 I [0 rubber sheeting sample book
[0 power transmission elements
ASTM members are allowed a 20% | S ;L;Z:’ee;ﬁ?,zdrsé?;c:]OPJ:LIIes
discount. Member number must be | [J MAAGinform periodical
provided. 5% foreign shipment will [ dielectric materials
be added as will local sales tax. | Name
l Department
I

We have special radiation resistant rubber compounds that give
unique service - please contact us for hoses, profiles, sheets,
seals, cables.
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good shots
come through THOMSON- CSF storage un'ts\

TV image freeze
[1 XY, Standard TV or slow scan access
[ Electronic Zoom [ Full grey scale

All applications dealing with our single or double-ended recording storage
tubes, can be achieved with the adequate unit:

REFERENCE RACK FEATURES - APPLICATIONS

TH 75()1 19" - 2 units Zoomx4 TV image freeze
Integration adjustment provided :

TH 7502 19" - 3 units Simuitaneous write and readout. Standard and slow-scan TV
Praovision for controlled decay.

TTV 3900 19" - 4 units Sequential erase, write and read Multipurpose. Read
and/or write access:
standard or slow-scan TV,
random,

TH 7500 19” - 5 units Two trace widths in Remotely addressed XY

black or white write and TV readout.

A

THOMSON-CSF

GROUPEMENT TUBES ELECTRONIQUES / 8, RUE CHASSELOUP-LAUBAT
75737 PARIS CEDEX 15/ FRANCE / TEL. (1) 566 70 04

Germany - THOMSON-CSF Elektronenrohren GmbH / Am Leonhardsbrunn 10 / 6 FRANKFURT/MAIN / Tel. (0611) 70 2099
ttaly - THOMSON-CSF Tubi Elettronici 8RL. / Viale degli Ammiragli 71 / ROMA / Tel. (6) 38 14 58
Japan - THOMSON-CSF JAPAN K.K. / Kyosho Building / 1.9.3. Hirakawa-cho / Chiyoda-ku / TOKYO F102 / Tel. (03) 264 6341
Sweden - THOMSON-CSF Elektronror AB / Box 27080 / S 10251 STOCKHOLM 27 / Tel. (08) 22 58 15
United Kingdom - THOMSON-CSF Electronic Tubes Ltd / Bilton House / Uxbridge Road / Ealing / LONDON W 5 2TT / Tel. (01) 579 55 11/ Telex : 25 659
U.S.A. - THOMSON-CSF Electron Tubes Inc / 750 Bloomfield Avenue / CLIFTON NJ 07015 / Tel. (201) 779 1004

2146
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Five new low-cost
lab computer systems
with a big heart.

|
|
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Powerful low-cost systems. That's
Digital’s DECLAB-11/10 system family. Five
generous hardware/software packages
designated A through E. Priced from only

S.Fr. 48.000 (S.Fr. 44.000%) to S.Fr.
119.000 (S.Fr. 107.000*%). Capable of han-
dling the research jobs you're likely to
encounter without having to develop ad-
ditional programs. And fully compatible
so they’ll expand as your needs grow.

Powerful low-cost heart. That's Digi-
tal’'s performance-proved 16-bit PDP-11/10
CPU. The heart of the systems. Now at a
new low price. With 8K words of memory,
line frequency clock, power fail and auto
restart, serial line unit and paper tape
software, just S.Fr. 24.800 (S.Fr. 21.000%).
With 16K words, just S.Fr. 31.000 (S.Fr.
27.000%).

Wide hardware range. The DEC-
LAB-11/10 family gives you a wide
range of hardware options. So you can
choose the right system to meet your
price/performance needs. All systems
include the PDP-11/10 processor with 16K
words of memory. With a choice of paper
tape, magnetic cassette or cartridge
magnetic disk drive storage. And a hard-
copy teleprinter or DECwriter.

Plus Digital's new AR-11 one-module
real-time analog subsystem. The AR-11
features a 16-channel multiplexer, 10-bit
analog-to-digital converter, programmable
real-time clock and display controller. Or,
if you want a more comprehensive analog
subsystem, you can choose our LPS
laboratory peripheral system.

Lab-oriented software. User pro-
grams for the DECLAB-11/10 systems are
developed using Digital's unique Appli-
cations-11library. A package of laboratory
applications modules subdivided into five
categories: data processing, data display,
data analysis, data acquisition and inter-

*Special price for nonprofit-oriented educational, medical
and research institutions.

active dialogue. The library can be used
in conjunction with Digital's RT-11 and
CAPS-11 cassette programming systems.
In addition, BASIC and FORTRAN com-
pilers are available.

Digital. Gets to the heart of your
needs.

r----------—_--—1

Please send me complete infor-
mation about Digital’s five new
DECLAB-11/10 laboratory systems.

Name

Position

Company

Address

Telephone

Digital Equipment Corporation
International (Europe),

81, route de I'Aire,

CH-1211 Geneva 26,

Tel. (022) 427950.

L--—_—---__-—---J

Cern

Offices in Reading, London, Birmingham, Bristol, Manchester,
Edinburgh, Munich, Berlin, Cologne, Frankfurt, Hambourg,
Hannover, Stuttgart, Vienna, Stockholm, Oslo, Copenhagen,
Helsinki, Paris, Grenoble, Utrecht, Brussels, Geneva, Zurich,
Milan, Turin.
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Powerful
partnership...

Now, Hazemeyer of Holland and Brentford of England
bring you a vast pooled
experience in higly stabilized DC power supplies

Brentford of England and Hazemeyer, formerly Smit Nijmegen, of the Netherlands have pooled their
vast experience in DC power supplies for nuclear and plasma research. With their background of hun-
dreds of installations all over the world Brentford/Hazemeyer power supplies can provide outputs from

1 kW to 20 MW.
Show them your latest requirements and get the benefit from this unique pooling of power brainpower.

Examples:

@ Highly stabilized DC power supplies for currents up to 20 kA and voltages up to 2 kV are powering
amongst others bending - and focussing magnets for particle accelerators in Geneva (CERN), Ham-
burg (DESY), Harwell (Rutherford Laboratory), Daresbury (NINA).

® Pulsed power supplies are producing large magnetic fields in septum magnets.

® Accurately controlled power supplies are charging capacitor banks for plasma physics experiments.
® High voltage rectifiers are supplying pulsed ionsources up to 6 MW.

® Heavy current rectifiers are generating large magnetic fields in Z coils to stabilize toroidal plasmas.

Brentiord Huzemeyer

Brentford Electric Limited Manor Hazemeyer B.V. RT - department
Royal, Crawley, West Sussex RH 10 2QF P.O. Box 23, Hengelo,

England, Holland,
Teleph.: Crawley (0293) 27755 Teleph. 05400 - 62723
Telex 87252 Telex 44892

The power section of a 185 volt 1100 ampere
Brentford/Hazemeyer highly stabilized DC power supply.



Un groupe de niveau européen

dans

CONET

Hygiéne, désinfection, désinsectisation, dératisation
Prestations de main-d’ceuvre

Manutentions

Office nouveau du nettoyage ONET

13008- MARSEILLE 12 bis, boulevard Pebre tél. (91) 732850
75-PARIS 4 et 6, rue du Buisson - Saint-Louis-Xe tél. (1) 2081557
GENEVE 55/57, rue Prévost-Martin tél. 257888
74 - ANNECY 6, avenue de Mandallaz tél. (60) 454641

01-SAINT-GENIS Route de Genéve

Fournisseur du CERN & Genéve, du CEA a Marcoule, Pierrelatte, La Hague,
de 'OMS, de I'ONU et de I'UIT a Genéve.

la prestation de services

Nettoyage industriel
Nettoyage d'ateliers, bureaux, laboratoires, cllnlques

tél. (50) 411207

the new revolutionary non-slip

DUST
COLLECTION
MATS

for clean rooms

a new developed material which does drastically away
with these old sticky, costly and unreliable mats.

highest efficiency @ economic

unlimited dust trap life

no expensive and critical reconditioning
(just wipe off with a wet sponge)

dust gets visible @ not pressure sensitive
non-slipping @ resistant to acids, solvents

ask for a free sample

DIPL. ING. ERNEST SPIRIG
CH8640 RAPPERSWIL, POBox160 SWITZERLAND
phone 055/2744 03 telex 75400

NANOLITE
8-11-18 ns bis 10 kHz

nano-Kurzzeitblitzlampen fiir Tropfchenforschung,
Stosswellenrohr, Uberschallkanal, Ballistik,
Schatten- und Schlierenaufnahmen.

NANO TWIN

Nanolite-Doppelbljtzgerat 1 us - 1 s Blitzabstand.
TWIN-Kamera 9% 12 nach Scheimpflug.

Platzende Seifenblase -
Zwei 18 ns Nanolites 90° versetzt,

IMPULSPHYSIK GmbH

S5Na“M 2 Hamburg 56 (Rissen) Siilldorfer Landstr. 400
‘_’ Tel. (040) 812151 / FS 02189514 ffid
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Semtech =~/
high voltage silicon rectifiers

A
)
A | Kilovolt-Stac™

KILOVOLT-STAC is designed for all standard single and
polyphase rectifier circuits including use in power-
supplies for X-ray generators.

Corona-free KILOVOLT-STAC rectifier specifications
include:

PIV: 12,5/18/25/33/45/50/66/75/100/150& 200KV

Average Rectified Current, @ 25°C:
0,1/0,2/0,3 &1,0A

Ve: @100mA at 25°C:
56, 84,112,126, 168, 252 and 336 V

Dimensions: 19 x4,5": 1" x 6.63":1"D x 8,75”

For complete details contact:

BOURNS (Schweiz) AG Baarerstrasse8 6301 Zug
Tel. 042 232242 Telex 78 722



Commercial
- Uranium.
.

| N _ o “ | o

leSt another metal?

Twice asdense as lead, constituent of catalysts for the ing, rolling, forging, extruding.
becoming increasingly com- gasindustry, BNFL commercial Allthis expertise has been
petitive in price,and readily uraniumis demonstrably a written into a Fact File on the
available —BNFL commercial versatile material of great metal, its properties, its handling
uranium could be just the other potential value to industry. and its applications. Every
metal you've been looking for. Fortwenty years BNFL designer should have a copy —

Currently in use for a wide have been fabricatingcommer-  sendfor yours today.

range of radiological shielding cial uranium—casting, machin-

and non destructive testin S e ..
applications, balance Weigghts |—;B NFL BPrtlSh NUCleaP FUE|S leit@d
foraircraft,colouringcompounds ~~ Risley, Warrington, WA3 6AS

forglass and ceramicsandasa Telephone: Warrington 35953

BNF 5 D]
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Prestwick Circuits Limited E

- — . .
Mosshill Industrial Estate Ayr Scotland
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Plated Printed Circuit Boards.

Prototypes 3.Weeks.

Production 14/16.Weeks. Telex. 779583.
Telephone. Dalrymple. 432
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TheWorldof -
TITANIUM S:i;eszrlse e peinture

Moyen-Orient
Espagne — ltalie
Afrique du Nord
lle de la Réunion
Belgique

C.E.R.N. - GENEVE

Prézioso International S.A.

Siége social :
15, avenue Victor Hugo
What do you know about Titanium? This versatile’ 75— PARIS 16°
metal combines strength with lightness and economy. o o
Titanium has made a world of difference in so many Direction administrative :
industrial applications. B.P. N° 2
Shouldn’t you be using it ? Find out by contacting SAINT-CLAIR DU RHONE

metaIIbOdiO / TD, 38 370 Les Roches de Condrieu

P.0. BOX 296 STEINENTORSTR. 20, CH-4010 BASLE Tél. (74) ggggg;
TEL. 061 23 8953 TELEX 62 270
Agents for Télex: 90404 F
TITANIUM METAL & ALLOYS LIMITED,
2 METAL EXCHANGE BLDS., LONDON, E.C.3.
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NEW SEN FADC 2068

A/D CONVERTER

faster conversion speeds
for less strain on your pocket

2 us for 10 bits, 4.5 us for 12 bits. These are the con-

version speeds you get from SEN’s new FADC2068
A/D Converter for an investment of under 9,000

Swiss francs.

Packagedinadouble-width standard

CAMAC module,the deviceis pnmar-
ily designed for people running fast
processes or events who need high-
speed real time digital signal proces-
sing, e.g. in high energy physics (pro-
portional wire chambers) or in oil
refining and chemical processing
(crackers, etc.).

Sample and hold with aperture
from the SEN FADC2068 is less than
50 ns...with less than 5 ns available
as an option. The unit uses DMA in
conjunction with the crate controller
2023, and can be directly connected
to a SEN 2046 to provide a 128-word
buffer memory and digital window.

The FADC2068 uses a successive
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approximation technique with fixed errors
on certain channels modified by linearity cali-

bration provided with each unit.

an

ELECTRONIQUE

K&

 Ermee
@&m

Bugy

Here are the specifications:

Input signal:
Trigger:

Sample and hold
aperture time:
Dead time:
Digital output

range:
Offsets:

Speed:

Digital interfaces:

Linearity:

Temperature
coefficient:
Accuracy:

+10V, 0—+10V DC coupled
other ranges on request
internal on end of positive
or negative slope, range

oo to 1V/us rise time

less than 50ns
300 ns -+ read time
(min.1 CAMAC cycle)

10 or 12 bits
analog, external, internally
DC subtracted from input signal
analog offset range: +10V
digital, added internally to
conversion
result: value is
given through a CAMAC
command
2 us/conversion 10 bits
4.5 us/conversion 12 bits
2 complete interfaces are
implemented:
a) through CAMAC crate
controller and dataway
b) through SEN 2046
Digital Window Discrimi-
nator, acting as a dis-
criminator and buffer for
128 16-bit numbers.
(25 p. Cannon connector)
a) integral: 1,5 10-3
b) differential: 2.5% over
99 % of full scale. The
statistical correction de-
livered with each
module allows a differ-
ential linearity of better
than 0.5% over100% of
the channels to be reached.
< 65ppm/°C (after 1 hour
warm-up time)
+1LSB
adjustable over +1LSB for zero
and +1LSB for gain

31, av. Ernest-Pictet, 1211 GENEVE 13, Suisse —
Case postale 39 - Tel. (022) 44 29 40 - Telex 23359 CH

SEN ELEKTRONIK AG, ZURICH, Suisse —
Tel. (O1) 86 5103 — Telex 58257 CH

SEN ELEKTRONIK GmbH, HAMBURG, Germany —
Tel. 04103 6282 - Telex 2189 548D

A S D G N S D SN G SN SN SN S B G S S N SN S S S G TSP

I'd like more information on SEN’s new FADC2068 A/D Converter

[:l send me a specification sheet with application notes

send me a SEN man who can not only tell me about the new FADC2068 A/D Converter but who makes

sense talking applications, too!

I'm interested in a high-speed A/D Converter for

Name

(brief description of process or event here please)

Company/Institution

Address
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Rectifier-Voltage Regulator

Prices:
1-9 Fr. 114.— each
10-49 Fr. 98.— each
50-99 Fr. 94.— each
> 100 Fr. 89.— each -

@ Stability: 0.1 %/

@® Max. input voltage : 40 Vs or

60 V dc 1000 hours
® Max. current: 6 A ® Temperature
. coefficient :
® Power loss: max. 80 W < 0.015 %/ °C
- o
(Te =25 °C) ® Thermal
@® Load regulation 0 —100 %, resistance :
max. 0.03 % 2°C/W

Output voltage

Type

MR 1 2to 7 Vdc Voltage adjustable by built-in
MR 2 7 to 33 Vdc cermet pot

MR 3 2to 7 Vdc Externally programmed

MR 4 7 to 33 Vdc voltage

Dimensions 87x50x25'mm Weight: 270 g

Telemeter Electronic AG
8027 Zurich Tel.01 2567872

l( 'El ‘V;O’

Circuits imprimés

CICoar3l (@]

Av. de Provence 20 - 1007 Lausanne/Suisse
i Tél. (021) 256666 - 65 Telex 25640

T -

ow COST

CAMAC

NEW BHT 231
NON-INDICATING

BRANCH TERMINATOR

EX. STOCK 950.00 F.S.

CUT SYSTEM COST

INSTRUMENTATION
EMPTY MODULES
BRANCH HIGHWAY CABLES

SEMRA BENNEY
(ELECTRONICS LTD.)

BRICKFIELD LANE,
CHANDLERS FORD, EASTLEIGH
HAMPSHIRE, UK, SO5 3 DP
TEL. (04215) 61147 & 5477
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The fast
way to
convert
A-to-D
in Gamac

CHANNEL
INDICATOR
1 2

FLUKE INFORMATION

Nouveau multimeétre
digital
Fluke 8000 A

TRV
WP Me 80wl AN

[
I

L anase

(Wi

(R

26 gammes

Q, AC, DC, courant et tension

3,5 digit (42000 digits)

résolution: 100 wV DC+AC; 100 nA DC+AC; 0,1Q
précision en DC: 0,1 % sur 1 année

options avec accumulateurs ou sortie BCD

Prix Fr. 995.—

Demandez la documentation compléte

Kontron Electronic AG

Bernerstrasse 169, 8048 Ziirich, Telefon 01 62 82 82, Telex 57439

PEARSO

Very High Voltage

PULSE
TRANSFORMERS

Pearson Electronics, Inc. specializes in the develop-
ment, design, and manufacture of very-high and
super-high-voltage, high-power pulse transformers
and related modulator components. Typical pulse
transformers manufactured by Pearson Electronics,
Inc. range in output voltage from 40 kV to 600 kV.
Other Pearson pulse-modulator componentsinclude
precision current transformers, voltage dividers, and
charging inductors. Inquiries regarding specific
requirements for these components are welcomed.

PEARSON ELECTRONICS, INC.

4007 Transport St., Palo Alto, California 94303, U.S. A
Telephone (415) 326-7285
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HOKE GYROLOK
FLARELESS
TUBE FITTINGS

1/16” TO 17 0.D. /3 MM TO 12 MM
HIGH VACUUM — PRESSURE —

TEMPERATURE — CRYOGENICS...

DISTRIBUTOR FOR SWITZERLAND

v
Kemi

MATKEMI AG

4106 Therwil
Erlenstrasse 27
Telefon 061 /734822
Telex 62440

The tapered slabbing and reaming drill is
economical and very useful

DRILLFILE

special drill

for the economical mounting of car aerials and car
radios, car calling units as well as telecommunication
devices DRILLFILE is recommended by leading firms
all over the world. In its measurements DRILLFILE
accommodates all requirements.

TIPSWITOOL
1564 DOMDIDIER/Switzerland

DIGITAL CASSETTE TAPE TRANSPORT

two moving parts

15,000 hour MTBF

uniquely simple

low power

constant tape speed

constant tape tension

low error rate less than 1 in 107 bits
easily interfaced to DTL or TTL logic
guaranteed cassette interchangeability

Technique Moderne Electronique S.A.
1844 Villeneuve Tel. 021/60 22 41

lne
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The

no-nonsense
Gate Generator

FULL SCALE
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LeCROY RESEARCH SYSTEMS
CORPORATION

wesTNvACK P SSERIAL NO, |

NEW YORK o

How often have your experiments been hampered by
gate generator deadtime . . . or by a gate generator
unable to drive a bin gate . . . or by a gate generator
incompatible with signal level requirements?

The new Model 222 Dual Delay Gate Generator
eliminates the problems you’ve had with other gate
generators and takes the nonsense out of system
timing.

Deadtimeless operation permits immediate retrigger-
ing at any range setting after output returns to its
quiescent level.

Precise gate width resettability is made possible by
a front-panel voltage monitor point.

Flexible Start/Stop inputs respond to either NIM or
TTL signals.

Separate “OR” input permits an external signal to
extend the preset gate and delay interval.

Output range of < 100 ns to > 11 seconds satisfies
virtually any experimental requirement.

Compact packaging requires only a fraction of pre-
viously needed bin space, further reducing per chan-
nel costs.

A bin gate driver in each channel can drive the bin
gates in its own and several external bins.

Shorter setup time, fewer cabling problems, lower
cost, higher event efficiency, and subsequently high-
er statistics are all a direct result of the previously
unavailable features that have been incorporated
into the Model 222. For further information on the
gate generator that does it all, call or write the LRS
Particle Physics- Division or your local LRS Sales
Office.




