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CERN News

The muon under
scrutiny again

A new measurement on the muon has
recently emerged from the CERN/
Daresbury/Mainz team using the muon
storage ring. They have determined
“g-2) of the muon to the remarkable
sccuracy of around 20 parts per million.

The (g-2) of the muon has been a
topic in the CERN programme since
1960 and the present experiment is
the third in the series aiming to push
the accuracy of the measurement as
far as possible. The reason for this
determined pursuit is that the (g-2)
value can be calculated with great
precision using quantum electrodyna-
mics — the theory of how the electro-
magnetic force operates. The experi-
ment checks this calculation and there-
fore tells us how well we understand
the electromagnetic force. One remark
which illustrates the importance of
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this work is that ‘the g-2 measurement
acts as a great restraint on the imagina-
tion of theorists’; in other words, g-2
is precisely known and no theory can
veer off in new directions without
retaining the ability to calculate this
value.

The muon, since it is a spinning
charged particle, has a small magnetic
field, as if a tiny bar magnet is lying
along its spin axis. Its magnetic mo-
ment is proportional to the angular
momentum associated with the spin.
The classical value is multiplied by the
gyromagnetic ratio, g, which, for par-
ticles which have spin % such as the
muon, is equal to 2 in quantum theory.
However, because the muon is in-
volved in emitting and recapturing
virtual photons, the value of the mag-
netic moment is slightly changed in a
way which is calculated using quan-
tum electrodynamics. This gives an
‘anomalous magnetic moment’ pro-
portional to (g-2). (For a fuller exposi-

The storage ring where the (g-2) of the muon
has been measured to an accuracy of 20 parts
per million. The forty bending magnets are
C-shaped with the aperture opening facing
towards the centre. Electrons from the muon
decays can then emerge through this opening
and be measured by counters spread around the
inside of the ring.

tion of this story, see August 1966,
page 152 and May 1974, page 156.)

(g-2) can be measured by watching
the rate at which the muon’s tiny
magnet swings around in a known
magnetic field. In the new experiment,
pions are injected into a storage ring
where they decay into muons. The
weak force involved in the decay
makes things happen in a particular
direction (parity is not conserved) and
the muons are born with their spin
axes predominantly lined up in the
direction of travel of the muons. If ‘g’
were exactly equal to 2, the spins
would stay aligned this way but due
to the anomalous magnetic moment
they swing around as the muons orbit
the ring.

Subsequently, the muons them-
selves decay to produce electrons and
again the electrons tend to emerge in
a particular direction — the direction
of the muon spin axis. These electrons
have variable energy when they reach
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a detector — highest when the muon
spin axes point towards the detector
and least when they point in the
opposite direction. If the detector is
made sensitive only to the highest
energy electrons, its counting rate will
rise and fall rythmically at the rate the
muon spin axes are swinging around.
This is the technique used in the CERN
experiment,

The storage ring is 14 m in diameter
and consists of 40 bending magnets,
giving a field of 1.47 T, interspersed
with electrostatic quadrupole focusing
magnets (see April 1973, page 110).
Pions, produced at the proton synchro-
tron, are injected at an energy of
3.1 GeV. About 10° of them begin to
orbit the ring and about 10 % have
decayed during 2/3 of a revolution
yielding some 200 muons (over 90 %
polarized) with the correct momentum
and angle to be stored. The ring
characteristics have been carefully
tailored to hold muons of momentum
3.094 GeV/c. At this value, the in-
fluence of the non-uniform electric
focusing fields is zero and only the
uniform magnetic field works on the
muon spins.

Having a uniform field is one of the
main advantages compared to the
previous experiment (where uncer-
tainty concerning the average field
seen by the muons introduced an error
of 160 parts per million). Also, the
muon momentum is higher (3 com-
pared with 1.27 GeV/c) and this, in
accordance with Einstein’s relativity
theory, increases the lifetime of the
muons (64.4 s compared with 27 us).
The muons can therefore be watched
for longer times which again increases
the accuracy of the measurement.

The electrons emerging when the
muons decay are seen by twenty
counters installed around the inside
of the storage ring. They are 20 cm
lead-scintillator sandwiches viewed
by photomultipliers.

The ring began operation in June
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1974 and almost immediately was
working well. The first experiment has
been carried out on positive muons
for which the anomalous magnetic
moment is now measured as
0.001165895 + 0.000000027. This is
below the theoretically calculated
value by (13 £ 29) x 10-° The cal-
culated value includes quantum elec-
trodynamic effects down to sixth order
(where the virtual photons leaving the
muon can perform a series of contor-
sions before being recaptured) and
also includes an estimate of the effect
of the strong interaction which can
normally be left out when considering
the muon.

The experiment will continue
throughout this year attempting to
push the accuracy still further (to
10 parts in a million) and to measure
also the negatively charged muon.

PS starts up

The Proton Synchrotron and the Inter-
secting Storage Rings have had a two
month rest at the beginning of this
year while a series of modifications
and a general programme of main-
tenance was carried out (see January
issue, page 7).

The Linac, Booster and PS Main
Ring all came back into action at the
end of February as scheduled. Thanks
to a careful series of preliminary
checks, the start-up went like clock-
work. After a few hours checking the
magnetic status of the PS using direct
injection from the 50 MeV Linac, the
800 MeV Booster was switched into
the circuit. Two hours ahead of pro-
gramme, the ejection system to the
neutrino target was in operation (re-
ceiving 19 of the 20 orbiting bunches
of protons) giving beam to the Gar-
gamelle heavy liquid bubble chamber.

Following that, the new slow ejec-
tion system into the East Hall was
tuned up using the remaining bunch.

When the magnets in this new beam-
line had been tuned to pass the protons
efficiently, their currents proved to be
very close to the theoretical calcula-
tions. It is on this beam that the
Brussels/Orsay team have their double
arm spectrometer which will search
for new particles covering a wide mass
range which includes the region where
the new particles were discovered ii.
November last year. They had five
days of protons for preliminary tests
after which the 20th bunch was sent
in the opposite direction to the West
Hall so that experiments in the Omega
Spectrometer could sort themselves
out.

Although the start-up of the
machines went very smoothly, there
was a mysterious hitch during the first
twelve days of operation. Despite the
fact that the Booster was feeding
6x10'2 particles per pulse to the PSring
only 5 x 10'2 were being accelerated.
For tests when Gargamelle was off
the air, the PS was fed directly from
the Linac again since the lower energy
beams are better for localising faults.
It was found that beam loss we
occurring at the junction box of a
vacuum pump and opening up the
offending region revealed that beam
was hitting a connexion of one of
100 pairs of damping resistors which
had been installed during the shut-
down to cope with a resonance prob-
lem occurring at 1.5 GHz. With this
out of the way, the intensity limitation
is probably out of the way also.

The machine schedule through to
Easter will also see internal target No. 1
receiving protons together with the
slow ejection system 16, and fast
ejection will feed the ISR and the
3.7 m bubble chamber, BEBC. For
all these operations, at the request
of the experimental physicists, the
Booster will be kept in action (con-
trary to the initial plan) to ensure a
healthy flood of protons.

At the time of writing the ISR restart



The two spectrometer arms of the Brussels/Orsay

experiment during installation of the magnets.
When the magnets were in place the target
region was completely boxed in by concrete
shielding to cut down background. Two small
windows through the shielding along the arms,
allow particles to emerge to detectors (mainly
Cherenkov counters). The sensitivity of the
system is very high and should allow a thorough
search of the mass region from 1.5 to 5 GeV.
Tests are now under way and data taking is
scheduled for the beginning of May.
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has not taken place so we shall come
~back to their experience in the next
.ssue.

Experiments

During the machine shutdown, several
new experiments were set up at the
PS and ISR and the 1975 experimental
programme could be a very exciting
one, with much more information
emerging, for example, on the possible
existence of quarks and of charmed
particles. This information is closely
related to understanding the nature of
the new particle discoveries at Brook-
haven and Stanford.

The discoveries caused a flurry of
excitement at the end of 1974 and the
experimenters had a ten-day extension
of the scheduled operation of the ISR
before the shutdown in order to collect
data in connection with these stable

particles of high mass (3.1 and
3.7 GeV).

The CERN/Hamburg/Orsay/Vienna
group investigated, with the Split Field
Magnet, the production of muon pairs
some of which could come from the
decay of a 3.1 GeV particle — analysis
is under way. The CERN/Harvard/
Munich/ Northwestern / Riverside
group have started looking at the
production of pairs from a charmed
particle and its charmed antiparticle
(they trigger on electrons and look for
narrow mass peaks spotting kaons,
lambdas, etc.). The CERN/Holland/
Lancaster/Manchester and Daresbury/
Liverpool/Rutherford/Scandinavia
groups have put their wide and
narrow-angle spectrometers together
to study the production of electrons
and associated pairs (pions, kaons,
etc.) also looking for the narrow mass
peaks which are expected if charmed
particles exist. The CERN/Rome group
studied the production of forward-

emitted electrons and have put close
limits on the increase in production
when moving from PS to ISR energies.

The CERN/Columbia/Rockefeller/
Saclay group, which stopped collect-
ing data at the ISR last September,
has results showing five events of a
particle with a mass of 3.1 GeV decay-
ing into an electron-positron pair. The
cross-section for the production of the
3.1 GeV particle at ISR energies is
about fifty times greater than that seen
at the energy of the Brookhaven
Alternating Gradient Synchrotron. This
implies that the new particles are
present in observable quantity around
the ISR.

We shall be following up these
experiments, and the others which are
now starting, in the course of the year.

BEBC restarted

On 22 February the 3.7 m European
bubble c¢hamber, BEBC, started
recommissioning after its rebuild. The
large superconducting magnet had
begun working again in December
(see January issue, page 9) and the
latest phase has seen the cool down
of both chamber and magnet followed
by picture taking with beam from the
PS.

The magnet had been left isolated
in its vacuum tank and its temperature
had reached 140 K when cool down
began in February. On 2 March, the
"technical run’ with beam was used for
a whole series of tests to determine
the best working conditions for the
chamber and to optimize the quality
of the photographs. The quality is now
looking very good.

The "technical run’ will merge into a
‘production run’ beginning with an
experiment being carried out by a
collaboration of scientists from Ger-
many, ltaly and the U.K. They have
50 000 to 100 000 photos lined up
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with a 21 GeV negative pion beam
into the chamber. The beam-line will
then be switched to feed 12 GeV
antiprotons until the end of operation
of the chamber with the PS in July.
After that the chamber will have some
time to breathe while the West Hall is
being made ready in anticipation of
beams from the SPS.

Calculating Klein

In September of last year (see page
293) we reported Willem Klein's
seemingly incredible achievement of
deducing the 37th root of a 220
digit number in three minutes, 26
seconds during a lecture given to
CERN summer students. Judging by
his more recent performances he was
only warming up.

The latest feat was on b March
during a demonstration at the Lycée
Lacassagne at Lyon in France. He
was confronted with a 200 digit
number with the task of extracting the
23rd root. This is more daunting than
his exercise of last summer since he
had to pull out a nine figure number
rather than a six figure number.
Previously his record stood at eighteen
minutes five seconds. At Lyon it took
just ten minutes thirty seconds.
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On 26 February, the Spiral Readers at CERN
clocked up their millionth measured event on
bubble chamber tilm. This type of semi-automatic
measuring machine was initiated at Berkeley.
Two of them have been built at CERN, the first
coming into action for regular film measurement
in 1970. They both now operate at a rate of
about 70 vertices per hour and have a good
record on the criterion of Swiss francs/event.

A description of the CERN Spiral Readers can
be found in October 1968, page 247.

The last physical obstacle to the free passage of
protons between the PS and SPS falls to the
drill during the annual shutdown. The wall is in
the beam transfer tunnel where protons are
taken from the PS to the ISR. At this point,
protons wifl be bent off down a tunnel leading
to the underground 400 GeV synchrotron ring.
The tunnel is already dug and partly equipped.

L
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Around the Laboratories

Palermo Conference

The biennial International Conference
of the High Energy and Particle Physics
Division of the European Physical
Society will be held at Palermo in
Italy from 23 to 28 June. Attendance
will be by invitation only with the
quota for the various countries and
Laboratories following established
tradition.

The programme has the following
major topics: The new particles, Lep-
ton production by hadrons, ete-—had-
rons, Neutrino physics, Deep inelastic
lepton scattering, Hadron spectro-
scopy, High energy hadron collisions,
Standard electromagnetic interactions
of hadrons, Theoretical topics, New
projects, Highlights in technical de-
velopments. These subjects will be
covered by invited papers in plenary
sessions with the possibility of organ-
izing special sessions if needed.

Papers for the Conference should
be sent to A. Zichichi, European Physi-
cal Society, PO Box 39, 1213 Petit-
Lancy 2, Switzerland — abstracts by
15 April and full texts by 1 June.

NOVOSIBIRSK
Electron cooling
successfully tested

The Institute of Nuclear Physics at
Novosibirsk has concentrated on the
construction of storage rings incor-
porating many new ideas. One of their
long-term aims has been to build ama-
chine where proton-antiproton inter-
actions can be studied (see May 1967,
page 88); the big problem with such
a scheme is to achieve adequate anti-
proton beam intensities. The idea of
G.l. Budker, Director of the Institute,
is to use an electron beam travelling
along with the antiproton beam to
‘cool’ the antiprotons — damping their

motion and making them less likely to
be lost from the beam.

To test the scheme, a small storage
ring, known as NAP-M, was designed
in 1972. It has four bending magnets,
3 m bending radius, and four 7.1 m
straight sections. It can hold protons
up to 150 MeV and is fed with 1T mA
beams at 1.5 MeV from a pulsed
electrostatic injector. Circulating beam
was achieved in September 1973 and
its characteristics were studied during
the subsequent six months. For the
past year electron cooling experiments
have been under way.

Electron beams of energy up to
100 keV and intensity 1 A, from a re-
fined three electrode gun, can be run
along with the proton beam ina 1 m
length of a straight section. For the
experiments, the proton beam was
taken to 65 MeV and the ring magnet
fields were then held constant while
the electron beam at 35 keV was
injected. Operation and observation
was all under computer control (an
Odra-1304). Probes with TV cameras,
pick-up stations and scintiilators (in-
cluding one which could be moved
across the beam) were used to monitor
the beams. There was also an external
telescope of scintillators and Geiger
counters which spotted the formation
of neutral hydrogen atoms emerging
through a thin walled vacuum cham-
ber at the cooling section. This could
be used to optimise the lining up of
the two beams by looking for the
maximum production of the neutral
atoms.

The experiment showed that cool-
ing occurs when the proton and elec-
tron velocities are identical to one part
in a thousand or better. When this is
achieved, the effect of the electron
beam on the proton beam is to reduce
its energy spread, to reduce the ampli-
tude of the proton betatron oscilla-
tions and to increase the proton beam
lifetime. This does not necessarily say
that electron cooling is the best route

to intense antiproton beams but it
does confirm the original thinking that
went into the electron cooling concept.

Three other storage rings are in
operation at the Institute. VEPP-2, a
500 MeV electron-pasitron machine,
works mainly as injector for VEPP 2,
a 660 MeV electron-positron machine
which has low beta insertions to
increase the luminosity. VEPP 3 is a
3 GeV electron-positron machine. Its
performance remains limited by inade-
quate positron intensities. There is no
high energy electron linac to help in
positron production; they are obtained
by bombarding a tungsten target with
450 MeV electrons which gives a low
yield of 250 MeV positrons.

For the future, VEPP 4, which was
originally intended as a 25 GeV proton-
antiproton machine incorporating
electron cooling, has been redesigned
as a 6 GeV electron-positron machine.
To tackle the positron beam intensity
problem, a linac is likely to be built.
It is hoped to bring VEPP 4 into action
in 1978.

INFN Conference on
applications
in biomedicine

A conference dedicated to ‘biomedi-
cine and the methodology of funda-
mental nuclear physics’ was held at
Istituto Superiore di Sanita in Rome
on 14, 15 February. It was the first of
a series of interdisciplinary conferences
organised by INFN (Istituto Nazionale
di Fisico Nucleare) the aim of which,

-as stated by Prof. C. Villi, President of

INFN, at a Press Conference, is to
encourage the ‘fall out” of knowledge
acquired in nuclear physics research
into other fields of research and tech-
nology. In the case of biomedicine,
there is occasional application of
nuclear techniques but use is rarely
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made of the methodology of research
in fundamental nuclear physics.

The first conference was dedicated
to the presentation of advanced
methodologies of high diagnostic and
therapeutic power which can be de-
rived from nuclear research and to a
discussion between doctors and re-
searchers working in the biomedical
field as to their practical application.
Twenty-five papers, illustrating con-
tributions in the various fields, where
the use of nuclear methods is most
meaningful, were presented and dis-
cussed.

The topics included: Measurements
of biological parameters and the detec-
tion of trace elements using back-
scattering methods, x fluorescence,
etc.; Advanced semiotics using detec-
tors, such as multiwire proportional
chambers and drift chambers, phono-
pneumography and radiofrenography;
Digitization of semiotic data, such
as electrocardiograms, radiographs
and microphotographs by using flying
spot and CTR techniques; Digitization
and analysis of clinical data using
large and small computers; Use of
new therapeutic instruments such as
microtrons, heavy ion accelerators and
short-lived isotopes; Computer con-
trol of therapy, particularly of radio-
therapy and dosimetry.

The interest in the use of heavy ion
accelerators in the treatment of cancer
without damaging surrounding tissue,
was prominent, as was the possibility
of obtaining three-dimensional radio-
graphs using 1.2 GeV proton beams
as analysing particles and drift cham-
bers as detectors. Another impressive
possibility is that of using the auto-
matic machines which measure bubble
chamber film for digitizing radio-
graphs and microphotographs so as
to analyse them with computers and
present the data to doctors in a more
accessible form.

The technique of listening directly
to respiratory sounds in order to obtain
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thoracic phonographs of high semiotic
value also seems of great interest.

This first conference demonstrated
that in practically all sections of INFN
there is a strong interest in the bio-
medical applications of the abilities
acquired in the course of nuclear and
high energy physics research. It also
brought out the receptivity of the more
advanced sections of the medical
world towards these new prospects
in diagnosis and therapy.

The conference was organized by
Prof. I.F. Quercia, who is now pre-
paring two further conferences sched-
uled to be held in 1975. They will be
dedicated to the application of nuclear
methodologies in informatics and in
astrophysics.

DARESBURY
Research programme
changing shape

The research programme at the Dares-
bury Laboratory will be almost com-
pletely restructured in the next few
years. The b GeV electron synchrotron,
NINA, is to be closed down and the
research will instead be centred on a
Nuclear Structure Facility (a 30 MV
tandem Van de Graaff now under con-
struction), and a Synchrotron Radia-
tion Source (a 2 GeV electron storage
ring which is on the brink of authoriza-
tion). Thus the community that the
Laboratory will be serving will become
increasingly more involved with nu-
clear physics and the many fields of
physics, chemistry and biology using
synchrotron light.

Construction of the Nuclear Struc-
ture Facility (see May 1973, page 150)
began a year ago. It will be the highest
energy tandem Van de Graaff in the
world (its nearest rival being a 256 MV
machine recently authorized at QOak

Ridge) and is designed particularly for
the acceleration of heavy ions. With
100 % duty cycle, good energy resolu-
tion and flexible control of the energy
it will be an important addition to the
machines for nuclear physics studies
and will complement the Darmstadt
UNILAC and the proposed GANIL
accelerator in France.

Work on the tower to house the
tandem and on the huge pressure
vessel (45 m high) is about on sched-
ule. Vessel sections will be lowered
into the tower in May for welding
together. Its pressure test is scheduled
for November. Meanwhile, a lot of
development work is being done with
the pilot machine (operating up to
9 MV) so as to master the technical
problems involved in going to much
higher voltages than other tandems.
Such things as the laddertron charging
system, a rotating power drive shaft,
the optical data link system and
accelerator tube sections are being
given severe testing.

The NSF is due for completion in
1978. A Users Committee has already
been formed with representatives from. _
many Universities {Birmingham, Brad-
ford, Edinburgh, Glasgow, Liverpool,
London, Manchester, Oxford). In the
near future this Committee will be
involved in the decisions on the larger
experimental facilities such as spectro-
meters and computers. Participation
in the use of the NSF by scientists
from other countries will be encour-
aged and it is likely that particularly
close ties will be established with the
UNILAC and GANIL Laboratories.

The proposed Synchrotron Radia-
tion Source is a 2 GeV electron storage
ring capable eventually of handling
beams up to 1 A intensity. The project
was described in the November 1973
issue, page 338. Since then a few
changes have been introduced; there
is a new layout of the linac-booster
injection system and it has been de-



The tower, which will house the tandem Van de
Graalff of the Nuclear Structure Facility, rising
from the ground at the Daresbury Laboratory.

(Photo Daresbury)

Layout drawing of the Synchrotron

Radiation Source planned for the Daresbury
Laboratory. A 2 GeV electron storage ring

(fed from a linac and booster synchrotron) will
hold high currents to give intense fluxes of
radiation. The ring sits in the Nina power

supply hall.
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cided to operate the r.f. cavities at
500 MHz. The SRS will provide us-
able fluxes of radiation in the wave-
length range from about 0.5 angstroms
out to radio wavelengths. In the first
stage the aim is to achieve 0.5 A
currents and to feed three beams. A
beam lifetime of 8 to 10 hours is
planned and this will demand excep-
tional vacuum conditions (10-° torr)
in the presence of high radiation fluxes.
Subsequent developments will in-
crease the current, the number of
beams and possibly take the wave-
length limit lower (to 0.1 angstroms)
with the use of superconducting mag-
nets called ‘wigglers’ (a development
which has been studied at the Ruther-
ford Laboratory).

If authorization for construction is
forthcoming soon, commissioning
could start in April 1979, about fifteen
months after the planned close down
date for NINA (the SRS will be built
in the hall now containing the NINA
power supplies). It is expected that a
Users Committee will be set up as for
the NSF. There are already about
60 scientists from 16 Universities in-
volved in the experimental programme
at the synchrotron radiation facility on
NINA. The number is likely to grow
considerably as the SRS takes over.

Daresbury is obviously in the un-
usual position among national Labo-
ratories in Europe at the present time
of having a rather clear programme in
front of it for some time ahead. It is
also an interesting programme tackling
new areas of research with facilities
as fine as any in the world.

DARMSTADT
UNILAC progress

[t had been hoped that the versatile
heavy ion accelerator, UNILAC, being
built at the Gesellschaft fur Schwer-
ionenforschung (GSl), Darmstadt,
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would provide its first full energy
beams at the beginning of 1975.
There have, however, been some de-
lays in the delivery of components
and first operation is about six months
away. Nevertheless, most machine
components are in place and under
test and there has been the satisfac-
tion of seeing some accelerated heavy
ions.

The machine is a multi-tank device
using different acceleration techniques
— a Wideroe section, an Alvarez sec-
tion and a single gap cavity section.
The last of the 60 outer drift tubes for
the Wideroe section, which has four
tanks, arrived at the Laboratory in
January. Tank Il was completed last
July and has been successfully tested
with full r.f. power (620 kW). Fre-
quency stability was very good and
the axial field distribution is within
1 % of the design values. Tank | was
completed in December (it had pre-
viously been tested with some dummy
drift tubes) and, a few days later,
argon ions were accelerated through
the tank to 0.22 MeV per nucleon.
25 % transmission was achieved, with-
out the buncher in action, which is in
agreement with the theoretical predic-
tion. Tank Il is now undergoing r.f.
tests and Tank IV is near completion.

In general, the tests on the Wideroe
section have so far gone well. Multi-
pactoring was encountered at the
expected r.f. levels but conditioning
of the drift tube surfaces for several
hours cleared the problem. It is hoped
to have a beam through the full section
(giving 1.4 MeV per nucleon) and
into a small experimental hall in April.
A beam-line to take the accelerated
ions is already in place.

The two Alvarez tanks are assem-
bled and r.f. tests are under way.
Tank | has taken 200 kW peak r.f.
power at 5% duty cycle. The proto-
type final stage of the 108 MHz r.f.
generator has operated at 1.6 MW
peak power at 12.5 % duty cycle.

76

Delayed delivery of quadrupoles is
holding up assembly of the single gap
cavity section. However, the r.f. com-
ponents have been tested (using a
debuncher as load) and the 50 kW r.f.
generators are going through their
acceptance tests.

The aim is to have accelerated ions
into the main experimental hall by
October 1975 but some experiments
taking beam from the end of the
Alvarez section at 5.9 MeV per nucleon
may be possible a few months earlier.

STANFORD
The next fiscal year

As reported briefly in the February
issue, the USA President’s budget for
Fiscal Year 1976 does not contain
authorization of the PEP project — the
joint Berkeley/Stanford proposal for
the construction of a 14 GeV electron-

The Alvarez section of the heavy ion accelerator
UNILAC at Darmstadt. lons have already been
accelerated to low energies and final construc-
tion and commissioning is under way. Full
energy beams are scheduled in about six months’
time.

(Photo GS/)

positron storage ring. Nevertheless,
for the first time in seven years, the
trend of decreasing financial suppor..-
for the research programme has been
reversed. If the recommendations in
the President’s budget are accepted,
SLAC will see an increase of 14 % %
in its ‘costs’ for the year beginning
1 July, which should enable the Labo-
ratory to keep its nose ahead of
inflation.

Work on PEP will of course con-
tinue, prodded even more by the new
particle discoveries on the SPEAR
storage ring. The present research
facilities are likely to be operated at
about 40 %, on average, of their full
potential, as they have been during
the present year. SPEAR will obviously
be prominent and its improvement
programme will be completed. This
involves reaching higher energies (up
to about 4.2 GeV per beam compared
with the present peak of 3.8 GeV) and
higher luminosities (with maximum



One of the four new r.f. accelerating structures
installed in the SPEAR electron-positron storage
ring at Stanford. The new structures will enable
the peak energy of the beams to be pushed

to about 4.2 GeV.

(Photo SLAC)

currents of 100 mA in one bunch
~ompared with the present 70 mA).

On the linear accelerator there will
also be a gradual move to higher
energies using the SLED scheme of
increasing the energy gain per sector
of the machine (see July 1974,
page 259). In addition more powerful
klystron tubes (30 or 40 MW com-
pared to 20 MW) will help take the
peak energy beyond the present maxi-
mum of 22.74 GeV.

Beams of polarized electrons are a
new possibility in the experimental
programme and the special electron
source, PEGGY, built at Yale University
(see July 1974, page 260) is now
providing polarized electron intensities
approaching 10° per pulse. It gives
pulses 1.5 us long at a repetition rate
of 180 pulses per second, from photo-
ionization of a polarized beam of
lithium-6 atoms. Polarization can be
measured by a Mott scattering monitor
at 70 keV which has recorded 75 +

10 % polarization of a beam with
intensity 8 x 10® electrons per pulse.
Moller scattering is used to monitor
the high energy beam and has re-
corded similar polarizations. An exper-
iment using the beam from PEGGY,
together with a polarized proton target
POPCORN, will begin soon to check
spin dependence in deep inelastic
electron-proton scattering where dif-
ferent predictions are made by different
models of the proton structure. It will
be followed by an experiment with an
unpolarized target to check parity
violations in electromagnetic inter-
actions.

Other new facilities for experiments
which are likely to come into action
during the year are the Large Aperture
Solenoid Spectrometer (LASS) and
the 40 inch bubble chamber operated
in the hybrid mode. LASS has a super-
conducting solenoid which has proved
hard to master — leaks, a shorted turn
and helium filling difficulties have

delayed operation during the past year.
It has a large array of detectors,
including multiwire proportional cham-
bers, and is likely to be amassing vast
quantities of data by the end of 1975.
The 40inch bubble chamber has pulsed
at rates up to 12 per second. Used in
association with counters and spark
chambers, it can select the interesting
events to photograph.

BROOKHAVEN
More antiprotons

The ramifications of the new particle
discoveries have led to a flood of new
experiments. In particular, if the stabil-
ity of the particles can be explained
on the basis of a property known as
charm, then many other charmed par-
ticles are expected to exist. All high
mass, harrow (i.e. stable) objects are
under suspicion and one of these is
an object which was observed in 1974
in a proton-antiproton experiment at
Brookhaven. They observed an 18 mb
cross-section at a mass of 1.9 GeV.

A look is being taken at this object
in the 2 m bubble chamber at CERN.
The incoming momentum of the anti-
protons is fixed as precisely as pos-
sible, the superconducting field shield
(see June 1971, page 150) is used
to manoeuvre the low momentum par-
ticles through the bubble chamber
magnet fringe field and the field in
the chamber is held down at 0.5 T.
About 170 000 pictures were collected
before the annual shutdown and are
now being analysed aiming for a mass
resolution of + 2 MeV.

Brookhaven are following up their
first experiment and have tried several
ways of increasing their antiproton
beam intensity. Using an ‘energy de-
grader’ they succeed in achieving
much higher fluxes of antiprotons in
the low energy separated beam and in
extending the useful range down from
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600 to 450 MeV/c. The optimum per-
formance is obtained when the de-
grader (a block of material in the path
of the antiproton beam) is located at
the target. A single block, high Z
(platinum or "hevimet’) material serves
as target and degrader. The fiux is
optimised by moving the block across
the incoming proton beam, effectively
altering the thickness of the degrader,
since the antiproton beam emerges at
an angle of 10.5° Since they are in
focus in the beam, multiple scattering
of the emerging antiprotons is reduced
and good beam optics are retained.
The antiprotons are fully momentum
analysed by the subsequent beam-line
elements.

The number of antiprotons per 10'?
protons on the target is over 2 x 10°
at 700 MeV and about 2.5 x 10? at
450 MeV.

RUTHERFORD
Superconductivity
to the fore

The contribution of the Rutherford
Laboratory to the development of
superconducting magnets has been
prominent for many years. They led
the move to multi-filamentary con-
ductors and are now, in association
with the neighbouring Harwell centre,
among those pushing the application
of niobium-tin filamentary conductor.

Recently several large magnets have
been built for use in physics experi-
ments. These include the BASQUE
solenoid for the TRIUMF cyclotron in
Canada (see May 1974, page 173)
and a magnet for a ‘frozen spin’
polarized proton target which has
operated well in an experiment recently
completed on NIMROD.

In January another polarized target
magnet was successfully tested. It is
designed to give a central field of
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2.5 T with a homogeneity of 2 parts
in 10* over a target volume 30 mm in
diameter and 50 mm long. The magnet
consists of two pairs of solenoid coils
mounted around the horizontal axis
giving a large exit cone (60° semi-
angle) for secondary particles to
emerge. To leave this large cone free,
the magnet had to be well away from
the axis and the pair arrangement —
a main coil and a smaller inner coil
powered to oppose the main field —

Drawing of the new superconducting magnet
for a polarized proton target at the Rutherford
Laboratory. It has a wide exit cone for secondary
particles to emerge and this required a two
solenoid arrangement with the coils set well
back from the axis. The magnet has achieved

its design central field of 2.5 T with a homogeneity
of better than 2 parts in a thousand.

was needed to ensure the field homo-
geneity. Despite the comparatively low
central field, the field at the main coil
is 5.6 T. The design field was reached
after a single quench and the homo-
geneity was achieved after minor ad-
justments to the currents to the smaller
coils.

A superconducting hexapole mag
net is under construction for use in
neutron beam experiments at the
France/Germany/UK high flux reactor
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centre in Grenoble. It is T m long has
a b cm bore and a peak field of 5 T.
High current density is desirable in
hexapole magnets and they are an
obvious candidate for the application
of niobium-tin superconductor which
can take much higher current densities
than niobium-titanium. A niobium-tin
“model 30 cm long is being planned,
using the 'wind and react’ technique
— see October 1974, page 349 — and
construction may start before the end
of the year.

Perhaps the major remaining con-
cern in the construction of super-
conducting magnets is to master the
phenomenon of training — the pro-
gressive approach to a peak field over
a series of ‘quenches’ (the magnet
losing its superconducting property).
It seems that we still do not manage
to avoid small movements of the super-
conductor which generate heat and
send the conductor normal. Research
on this phenomenon has continued
at Rutherford with a series of small
coils and two large magnets are now
- being built with the aim of suppressing
training very much in mind.

One is a 5 T d.c. dipole without
iron yoke which is intended for an
optical spectrometer to be used in
Zeeman splitting studies at Imperial
College London. It is being impreg-
nated with epoxy resin under high
pressure. This should take a firm hold
on the conductor. The other is the
fifth generation of pulsed supercon-
ducting magnets, AC 5. The design
of this magnet seems to incorporate
every possible technique to ensure
that the superconducting coil is held
rigidly under compression. It is hoped
to have tested both these magnets in
time for the Magnet Conference at
Frascati in April and we should be
coming back to them in more detail
at that time.

The work on pulsed magnets, par-
ticularly, is carried out in close liaison
with the Karlsruhe and Saclay Labo-

A sketch of the superconducting accelerating
cavity and its cryostat as designed for use at
the Cornell electron synchrotron. A prototype
is performing well in the ring accelerating
electrons to GeV energies. The cavity seems
happy in the synchrotron environment.

TO LINEAR MOTION
TRANSDUCER AND
DASHPQOT FOR TUNING

SUPER
INSULATION

ACCELERATOR
VACUUM

SYNCHROTRON
RADIATION EMERGES
THROUGH THIN STN.
STL. WINDOW AT
END OF DEWAR

ratories in the GESSS collaboration
(Group for European Superconducting
Synchrotron Studies). GESSS is con-
tributing to the applications of super-
conductivity at CERN. The experi-
mental programme at the 400 GeV
proton synchrotron calls for super-
conducting magnets (Karlsruhe, for
example, are to build two quadrupoles
for a hyperon beam). There is also the
challenging prospect of a set of super-
conducting magnets for a ‘low beta
insertion’ to increase the luminosity in
one intersection of the Intersecting
Storage Rings.

CORNELL
Novel idea for storage
ring filling
A novel idea from M. Tigner has led

to a proposal to extend the electron
synchrotron facility at Cornell Univer-

sity by the addition of a storage ring,
housed in the same tunnel, which will
permitelectron-positron collidingbeam
research with beams of energy up to
8 GeV or more. A major difficulty in
the operation of such storage rings is
to achieve high enough positron beam
intensities in an acceptable time (see,
for example, the note on Novaosibirsk,
page 73). The Cornell invention is
a ‘phase-vernier system’ which would
enable the synchrotron to become a
much more efficient positron injector.

In effect, the synchrotron does
double duty. After completion of its
injector function, it becomes a bypass
into which individual bunches of
particles may be shunted from the
storage ring for a predetermined num-
ber of revolutions and then returned
to the ring. During injection, conven-
tional beam stacking occurs in the
storage ring. As many as sixty equally
spaced bunches can be spread around
the ring thus using the synchrotron’s
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long duty cycle to the maximum.
When this stacking is complete, the
bunches can be diverted, one at a
time, back through the synchrotron.
Since the path length here differs from
that around the storage ring, it can
be arranged that the bunches are all
superimposed serially back in the
storage ring into a single intense
circulating bunch.

The process can be completed
within about one second for electrons.
Positron filling times would be about
one or two minutes. Clearly, the
scheme increases the luminosity dra-
matically and fills the ring at a very
acceptable rate.

Intensive design studies for a col-

liding beam facility using this idea are
under way and a formal proposal is
likely to be submitted to the National
Science Foundation in the next few
months.

Meanwhile work on the develop-
ment of superconducting accelerating
cavities has continued to show pro-
mising results on the Cornell synchro-
tron. A 0.6 m length of standing-
wave, S-band niobium accelerator
was installed in the ring in December
1974. When not operating, the cavity
was kept at 150 K, with brief periods
at room temperature. The accelerator
has maintained its initial Q of 1.1x10°
and breakdown field of 4 MeV/m

(effective) under these conditions
indicating that it should be able to
survive in a synchrotron environment.
The superconducting cavity was
used alone to accelerate a beam to
4 GeV and in concert with the normal
r.f. system to take a beam without loss
to 12 GeV. Limited helium reservoir
capacity at present restricts such
operation to three hours but a cryo-
genic system is being added to permit
continuous operation at 1.9 K.
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You too should\ make use of our
Know-How in the field of
Light Structures Technology!

Our experience for decades:
estructures made of fibre reinforced synthetic materials
o fibre reinforced synthetic foams
ebonding technique ®sandwich plates estructures

Contact: Contraves AG, Schaffhauserstr. 580 , CH-8052 Zlirich
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PARTICLE

ENERGY MEASURING

a )

COMPOSITION (% By Weight)
GLASS TYPE PEMG 1 PEMG 2 PEMG 2A PEMG 4 PEMG 5
(Optical Glass) (SF 2) (F2) (F2w) (SF5) (SF1)
Si0, 41 45 45 38 35
PbO 50 45 45 55 61
K,0 5 6 6 5 2
Na,0 3 3 3 1 1
PHYSICAL PROPERTIES
Radiation Length (cm) 2.84 3.22 3.22 2.54 217
Refractive Index (nd) 1.64769 1.62004 1.62004 1.67270 1.71736
Abbe No. (vd) 33.8 36.3 36.3 - 32.1 29.5
Specific Gravity 3.85 3.61 3.61 4.08 4.47
Coefficient of Thermal Expansion 88 87 87 85 81
(x10 - 7) (—30 - 4-70°¢)
INTERNAL TRANSMITTANCE (Ti) FOR 25mm THICKNESS
Wavelength (nm)
330 0.07 0.10
340 0.15 0.41 0.45 0.02
350 0.47 0.703 0.741 0.27 0.01
360 0.708 0.843 0.875 0.57 0.14
370 0.837 0.911 0.932 0.753 0.35
380 0.894 0.934 0.955 0.850 0.55
390 0.940 0.965 0.975 0.915 0.711
400 0.968 0.973 0.984 0.953 0.829
420 0.981 0.984 0.988 0.975 0.925
440 0.985 0.985 0.989 0.982 0.960
460 0.988 0.988 0.991 0.985 0.973
480 0.992 0.989 0.992 0.987 0.985
500 0.994 0.990 0.993 0.990 0.990
550 0.995 0.992 0.995 0.991 0.993
600 0.995 0.993 0.996 0.992 0.993
650 0.995 0.995 0.997 0.993 0.993
700 0.995 0.995 0.997 0.993 0.994
WE GUARANTEE THE TRANSMITTANCE WITHIN THE TOLERANCE LIMITS:
Transmittance Range Tolerance on Above Value Ti

0. to 0.50 Minus 0.1

0.50 to 0.985 Minus (1 minus Ti) x 0.2

Over 0.985 Minus 0.003
Bourns Optical Glass is proud of our “PEMG” Lead Finely polished pieces ready for use in counters are
Glass Blocks for use in CERENKOV Counters. Our made to your size and shape specifications including
glasses have become widely used in recent years square, rectangular, hexagon, and disc shapes.
because of our reputation for highest quality, reason-
able prices, and reliable deliveries.

\— _/

PLEASE CONTACT US FOR FURTHER INFORMATION AND A PROPOSAL:

1790A Springfield Avenue

New Providence, New Jersey 07974 U.S.A.
Phone 201 665-1666

Telex: 136469

RIS OPTICAL GLASS

AD.NO. 74-74
MARLBOROUGH ASSOCIATES, INC.
1234 IOWA AVE., RIVERSIDE, CALIF. 92506



Time is money.
DECsystem-10 saves both.

The big way.
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New DECsystem-10, the big timesharing
computer. Performing and saving for you in a
big way right from the outset. That's because un-
like most large systems, the DECsystem-10 was
designed from the start to handle a large number
of computing jobs at the same time — local and
remote batch, interactive EDP and timesharing.

This capacity for multi-task activity has built
for the DECsystem-10 the reputation of being the
best timesharing system for the money. That's
why the DECsystem-10 is the number one choice
of successful independent timesharing bureaus
worldwide. And for these companies computers
are their lifeblood.

Price is one thing, what you getis another.
You will find it hard to match DECsystem-10
features or performance anywhere else for the
price. A price with a range as wide as the choice
of operations DECsystem-10 offers. From 1.05 to
7.0 million Swiss Francs.

For 1.05 million Swiss Francs you can have
a system which offers a choice of high level
languages, powerful utility programs and a whole
library of user application software. Simultaneous
service can be provided for sixteen lines whilst
still maintaining a batch processing service. A
time proven operating system, re-entrant software
and highly efficient file management ensure maxi-
mum job throughput.

And you can grow! The single operating
system with user-software compatibility through-
out the whole range of DECsystem-10 make ex-
pansion using the modular hardware simple. The
smallest system can easily be extended to run
over 100 simultaneous jobs, 14 batch streams,
local or remote whilst also ensuring response to
time dependent real time tasks.

For today’s problems, tomorrow’s solu-
tions. If your present and future computing needs
are pure batch, which would be unusual today,
stay with a batch computer. But, as we suspect,

if you have a mix of requirements, the DECsystem-
10 is definitely for you. On program development
alone, the DECsystem-10 is many times more
productive than batch systems. You can take our
word for it, but you don’t have to. You can talk to our
customers — over 400 penny-wise businesses,
manufacturers, schools and research institutions
who are saving time and making money with the
DECsystem-10. We'll be happy to put you in touch
with them.

Timesharing computers: a Digital tradi-
tion. Digital is the world’s leader in timesharing
with a thousand large and small systems around
the world. Which amount to a lot of time and
money saved.

For the new DECsystem-10 information kit, con-
tact Digital Equipment Corporation International
(Europe), 81, route de I'Aire, CH-1211 Geneva 26,
Tel. (022) 4279 50.

Offices in Reading, London, Birmingham, Bristol,
Leeds, Manchester, Edinburgh, Munich, Berlin,
Cologne, Frankfurt, Hamburg, Hannover, Stutt-
gart, Vienna, Stockholm, Gothenburg, Oslo, Co-
penhagen, Helsinki, Paris, Grenoble, Utrecht,
Brussels, Geneva, Zurich, Milan, Turin.

Time is money. Save both.
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CANBERRA ELEKTRONIK

OMEGA |

NIM-BIN

Hi-Power NIM-BIN,
for fast logic NIM Modules

1 4 F

AR

New Analyzers from Canberra for 1975

8180 the intelligent Analyzer
OMEGA | the portable Analyzer

For information and demonstration contact:

The pbrtable
Analyzer

CANBERRA - CANBERRA

ELEKTRONIK c/o STOLZ AG POSITRONIKA bv
D-6 Frankfurt/M. 70 CH-8958 Mutschellen NL-Eindhoven 4500
GeleitsstraBe 10 Bellikoner Str. 218 Pisanostraat 34

2 0611/624074 & 057/546 55 = 040/44 08 85
Telex 416 037 Telex 054 070 Telex 051744
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une nouvelle réalisation
. SODILEC .le bloc modulaire

alimentation tri-source

o . S Dans un volume Les 3 voies sont protégées contre
W/Cmmm.sfm:* & chslanve YMV %\ . - . . .
; e de 70 X 120 X 125 mm (1 litre) courts-circuits, surcharges et surtensions.
Fmende m m . Voie 1:5V-2A Régulation : < 2.10~*
S MR A . 3 . , .
v R Voie 2: +105Va + 165V -0,15A Ondulation résiduelle : <1mV ¢c/c
LOsaignd o B Voie3: —105Va — 165V -0,15A o
Lo ovo om0V Possihilité de symétriser et dissymétriser :I?rlrj]g:ﬁsse‘ ‘: “ft(']!'saitr'o'!t: (':;’g"ia”e pour
ma we wE R e G les voies 2 et 3 par potentiométre er a 1a 101s circurts ues
D) incorpord par p (OTL, TTL, MOS et CMOS), et analogiques
seve spaoso | DOdilec ‘ {Amplis opérationnels,...)
% 4 rue S Bigot
G NEUR LY. PLEE Notice sur demande.

< | Gadilec

7, avenue Louise 93360 NEUILLY-PLAISANCE
Tél. : 927.38.07 TELEX : UPIEX 22 429 F

AGIGROUP/GAUBERT! 464
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FP = Finition
Parfaite

Que vous ayez a résoudre tous les problémes
possibles ou des problémes quasi impossibles & ré-
soudre — que vous ayez  usiner des métaux, carbures,
matiéres plastiques ou d'autres matiéres — que vous ayez
a fraiser, aléser, mortaiser ou rectifier des piéces de
petit ou grand volume, rectangulaires, rondes, coniques
ou autres: les machines FP de Deckel, variables et
adaptables & volonté, vous offrent tout le raffinement
technique pour un usinage rentable.

Les machines FP de Deckel vous garantissent une
finition parfaite, synonyme de précision, de qualité de
surface, de perfection, qui marquent votre fabrication.

Rl P2 = FPa FPaL
i
Rl a4 '
0 | M) [~
~— -lh i

Finition parfaite des piéces et maniabilité exemplaire
des machines ~ combinée a un haut degré de sécurité et
aune longue durée de vie -, voila ce qui confére aux
machines Deckel leur valeur particuliere. Nos machines
sont en service dans 95 pays, surveillées par des
techniciens avertis.

Demandez, dans les milieux professionnels, des
renseignements sur Deckel. Ou, mieux encore,
demandez-nous directement.

DECKEL

i

Deckel (Suisse) SA
8600 Dubendorf Ringstrasse 16
Téléphone 018214885 Telex 54961

KWIKASALR

LIMITED
INCORPORATING

ABBEY FREIGHT SERVICES

LIMITED

EXPRESS-SERVICES

to

UK

Departures each

TUESDAY-THURSDAY

Route du Grand-Lancy 6, 1211 Geneva 26
Phone: 022 /4309 09, telex 27 596
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BURR-BROWN

Industry’s first FET IC
Instrumentation Amplifier

Telemeter Electronic AG
8027 Ziirich Tel.01 2578 72
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Interrupt 3
alarm
register

' I R ]o reference Laboratory I 73/19.
O Handles 16 independent interrupt of alarm
inputs via front panel stockets.

O A 16 bit register memorises the state
(active or not) of the 16 inputs.

O A second 16 bit register allows to mask
the input register.

O Each bit is individually maskable.

FOR MORE INFORMATION PLEASE CONTACT :

SAIP/SCHLUMBERGER : BP 47 - 92222 Bagneux (France)
Tel. : (1) 655.22.11. - Telex : SAIPEX 25075 F

' Schiumberger




instrumentation nucléaire complémentaire:

et dans le cadre des arrétés du 18 au 24 Avril 1968 sur les rayonnements ionisants, complétez votre équipement avec les
STYLODOSIMETRES
/ :

Appareil individuel a seuil réglable Alarme sonore 3 seuils.

Sous 300 mg/cm dues & l'irridiation par les photons d'énergie
égale ou supérieure a 50 keV et pour les électrons quelle que soit

leur énergie.
Sous 300 mg/cm? dues a I irridiation par les : )
photons d'énergie -égale ou supérieure a 2

10 keV et pour les électrons quelle que soit
leur énergie. Présentation murale ou portative. Assure la surveillance

; du niveau radioactif. Alarme lumineuse ou sonore. Tele-
Sous 7 mg/cm” (dose peau). commande d'opération extérieure.

Haut isolement intérieur, fuite journaliére inférieure & 0,5%. Fabrica-
tion standard aux normes fram;alses normes DIN ou anglaises sur
demande. Systéme CEA-LCA

LA PHYSIOTECHNIE!

34,AV.ARISTIDE BRIAND - BP 11-94110 ARCUEIL - FRANCE TEL:7351610 4

MICROSOL, Ia plus
petite électrovalve sur
le marché mondial

Circuits i |mpr|mes

CiCoral d]

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

T

2/2- et 3/2-voies
6 et 10 bar
pour air, gaz neutres, liquides

TECALTO SA

tous les voltages habituelles Hydraulique et
2,5 watt pneumatique
peut étre actionnée directement Rautistrasse 58
par circuits transitorisés 8048 ZURICH
largeur 15 mm! ? 01522550

-
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As, for instance, in combination with this distri-
butor magnet of a tandem accelerator and many
other units for which long service intervals be-
long to the indispensable operating conditions.

Of course, the PFEIFFER TURBO offers even more;
its vibration-free running, high compression ratio
for hydrogen and other volatile gases, its easy
servicing, low operating cost, high reliability,
wide working range at constant pumpingspeed, ...

PM 800 004 PE 7308

BALZERS-owned Sales Companies in:

Ziirich (CH), Frankfurt/M (D), Wien (A),
Kungsbacka (S),Berkhamsted (GB),

™ Where trouble-free and
wa reliable operation is of

decisive importance —

there you will find the
PFEIFFERTURBO

there is still much more in it that is decisive! It is
not for nothing that PFEIFFER is the leading manu-
facturer of turbomolecular pumps.

Do you know already the PFEIFFER TURBO? The
TPU 200 or the TPU 4007 We shall be pleased to
provide you with technically important informa-
tion on these pumps. Your post card with the

catch word ,,PFEIFFER TURBO" will do. By return

mail you will receive detailed literature.

ARTHUR PFEIFFER VAKUUMTECHNIK GMBH

Postfach
D-6330 Wetzlar

‘Santa Ana (USA), Meudon (F), Milano (1)

A company of the BALZERS-Group -
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... built iInto every

instrument we makae.

Beta Gas Monitors

TRITON systems monitor tritium, argon-41, carbon-14,
chlorine-36, fluorine-18, krypton-85, radon-222,
sulfur-35, xenon-133, xenon-135, and gamma
radiation. Features: 0.5 micron absolute
filters, electrostatic precipitators, positive
displacement pumps, gamma compensation
to SmR/hour.

TRITON 955B — Highest sensitivity sys-
tem: 10.Ci/M? full scale for tritium.
Highest sensitivity as a gamma area moni-
tor: 0.05 mR/HR full scale. Particu-
larly useful for industrial and reactor
monitoring, as an analytical tool, and

for H® and C* tracer work generally.
TRITON 10558 for portability — A
lightweight (less than 20 1bs.) battery-
operated monitor whose size belies

its sensitivity (50uCi/M?, full scale). Fea-
tures rechargeable nickel-cadmium bat-
teries. The 1055 can be operated (and its
batteries recharged) on standard

line current. Has recorder output.
TRITON 1125 — Mil-spec quality.
Portable, rugged, rainproof.

100pCi/M? full scale for H®

TRITON Calibrator (CL-1)

and Remote Alarm (RA-1) —

A calibrator (with enough tritium gas for 1000 or more cali-
brations) and a remote alarm (with both visual and audible
systems) are also available.

RADON SYSTEM for low-level analysis of radon samples
from human respiration, mine, or water supply effluents, air.
Includes Radon Concentrator (RCTS-2) which purifies,

concentrates, and transfers samples to Radon Counter (ILAC-2).

Its scintillations produced by Radon gas are counted by
photomultiplier in Radon Analyzer (LLRC-2)

NEW! »Xe MONITOR (MODEL 133). Protects lab person-
nel from accidental exposure to **Xe radiation. Reads 0.1 to
10 MPC of **Xe. Features large panel meter, audible and
visual alarms, and a recorder output. This low-cost monitor
provides reliable, unattended operation.

Johnston =~

Particle & Photon Detection

Focused Mesh Multiplier Model MM-1 For use in mass spectrometers,

electron and ion velocity analyzers, X-ray and vacuum U.V.
spectrometers, and neutral particle experi-
ments. Detects electrons, ions, protons,
UV, X-ray photons, energetic neutral
atoms and molecules. Guaranteed deliv-
ered gain. Typical electron gain: 10° at
2.5 kv., 107 at 3 kv./10® at 3.5 kv. Gain is
stable with count rates in excess of 10°
per second. No ion feedback or spurious
pulses. Non-magnetic. Low noise: less
than 1 count/minute at 107 gain. Ultra
5 high vacuum operation: bake-
able to 350°C. Rugged. Flight
proven in many rocket launches.
Size: 1.25” high, 2” diameter.

Model MM-2 Similar characteris-
tics as MM-1 but only half the
diameter (1”).
Preamplifier- Amplifier-Discrimina-
tor (Model PAD) Rugged. Minia-
ture. Charge sensitive input.
Risetime: 3 nsec. Adjustable
discriminator: 20:1 range.
PAD-1: lowest power con-
sumptlon Pulse count rates to 10°/
second. PAD-2: for pulse count rates to 107/second.
Regulated High Voltage Power Supply (Model HV-4R). All
solid state. Output: 500v to 6.1 kv. Low noise: less than 300
microvolts RMS. Low drift: less than 0.01% /hour, 0.02% /day.
Lightweight. Rack mounted.

BACTEC™®
Bacterial Detection Systems

BACTEC Model 225, fully automatic; BACTEC Model 301,
semi-automatic. For bacterial detection in clinical samples of
blood, urine, spinal, synovial, and pleural fluids. And for
sterility testing of pharmaceuticals, foods, drugs, radioisotopes
and other products.

BACTEC Model R301. For research use as a radiometric
Warburg apparatus for chemical, biochemical, or biological
reactions and procedures in which a radioactive gas is released.

*Patented: U.S. No. 3,676,679
Other U.S. and foreign patents pending.

Laboratories,Inc. <

3 Industry Lane, Cockeysville, Maryland 21030, USA
Phone: (301) 666-9500 Cable: “JOHNLAB”
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IVI e Et th e A » The Type 1004 A offers you:

a ‘ -4 independent 16-bit channels {(convertable
CheapeSt to 2x32-bit)
a n d m 0 st : =~ 4 fast individual gates AND & common gate

- 100 MHztyp, 3ns min inputs
—-high impedance gate inputs for simplest
daisy-chaining

]
ve rs at I I e oy - the possibility 16 ‘use any gate connection

as a counting input

10 0 IVI H z C) : ~ the best capability/price ratio
' ©®

The Type T004 A is ideal as &

c a m a c AE ~— general purpose nuclear counter
— titmie digltizer

s c a I e r : . -~ ADC digital link te; éamac

- high speed scaler

Short delivery of (all
Borer Camac scalets

4500 SOLOTHURN 2, SWITZERLAND
tel: 065/3111 31 telex: 34228

&dipress -grencble 180 R

Efanchéité...Quand 2 clienls sur 3
.. oni des problemes particuliers,

le mieux est de posséder
,; une méthode universelle

Une méthode qui permet de résoudre au
niveau du joint n'importe quel probléme d'étanchéité.
Il nous a fallu des'années pour la mettre au point, a partir
d'études réalisées pour le secteur nucléaire, le plus
exigeant dans ce domaine. Désormais Fefficacite d’'un
joint peut se calculer d'avance, ainsique les paramétres
a respecter pour chaque type d'application. Les résul-
tats sont garantis : il vous suffit de nous indiquer avec
précision les conditions d'utilisation.

Nous avons aussi un stock permanentde
prés de 5000 joints différents : celui gu'il vous faut s’y
trouve peut-étre.

Dans tous les cas, le service technique
Joints Fargére est & votre disposition pour vous conseil-
ler : I'étanchéité c’est son probléeme.

CEFILALC

90, rue de la Roche-du-Geai 91, rue Carnot

42029 Saint-Etienne Cedex!France 92300 Levallois France
Tél :(77) 33.09.26 Tél. (1) 25743152
Télex : 33697 F Télex : 63817 F
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LEMO -
univerrally recognized
to be the finest connectors
in the world.

guaranteeing
the strongest connections!

Ever since 1957 when the first LEMO self-locking
connectors roused the enthusiasm of experts all
over the world, LEMO has never ceased setting
ever higher standards of quality, culminating in
near-perfection from the points of view of ap-
pearance, simplicity and efficiency. LEMO connects
all types of cable: coaxial, multiple, high voltage
and combined. And if your problem calls for a
new solution, LEMO will find it for you!

LEMT SAH

Electrotechnique
Tel. {021) 711341 Telex 24 683 1110 Morges (Switzerland)




NbTi VACUUMSCHMELLZE
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 10um (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

i STRNIFOR

groupe Forges de Strasbourg

Appareils de laboratoire et industriels

Etuves de chauffage i ®
Incubateurs “Wf
Etuves a vide h

Ptaques chauffantes
Fours & moufle
Fours tubulaires

Fours 3 creuset equipement de bureaux

MEUBLES
ET RAYONNAGES
En quartz
s s pe s ]
Appareils a distiller
Strafor SA

Appareils de laboratoire
Emetteurs infrarouges
Thermoplongeur

3006 Berne, Thunstrasse 73

®
6 K , Téléphone 031 44 73 01

o . . s?
Silice pour I'optique . ®
. Poinis de vente:
tyf;(;urTiﬁ/E{e1u1s71t2 Bale, Berne, Genéve, Neuchatel, Zurich
®

Demandez la documentation auprés de
WiEAE Oerlikonerstrasse 88 ce qUi eSt bon pour l,homme
tél. 01/46 40 40 est excellent pourl'entreprise.

vorm. WISMER AG 8057 Zurich
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Schlumberger

Nous comblons
une lacune

L SOLARTRON 2050
DIGITAL MULTIMETER

Nouveau!

Multimetres de table 7050/7140.
Affichage clair et distinct 4x9 et 5x9,
changement des gammes automatique,
haute précision, trés facile a manier.

Entre les petits multimétres et les
voltmétres systémes, il nous manquait
encore des multimétres de table per-
formants. Cette lacune est maintenant
comblée.

H Véritables multimeétres portables
petits, légers, robustes, a mettre a I'épreuve; dans
tous les domaines; alimentation réseau ou par
batteries rechargeables; résolution 100 pV.

H Multimetres de table
trés haute précision; changement de gammes
automatique; sortie BCD en option; résolution 10 pV.
B Voltmetres et multimetres pour systémes
de mesure
fiabilité et confort de mesure les plus hauts;
enti€rement programmables; résolution 1 pV et
mieux.

Schlumberger — premier dans la production
de voltmetres numériques — trouvera
également I'appareil qui vous convient.

Demandez nos notices, liste de prix ou

le conseil de nos ingénieurs.
Schlumberger

1207 Genéve
Tél. 022 359950

8040 Ziirich
Tel. 01528880

Miunchen — Wien - Paris — Mailand — Stockholm
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GYROLOK

Flareless
Tube Fittings

AVAILABLE

@ in brass, 316 SS,
steel, monel and
aluminium

@ in sizes from
1/16” to 1" OD /
3 mm to 12 mm

@ for high vacuum

pressure — temperature —
cryogenics

mMaGs

MATKEMI AG
4106 Therwil
Erlenstrasse 27

Tel061/734822
Telex 62 440

Distributor for Switzerland

Kemi
N /

EUROVAN

SAUVIN, SCHMIDT S.A.

Déménagements (membre EURQOVAN)
Service fret avion (agent IATA)
Camionnage officiel CFF

GENEVE
Gare de La Praille

Tél. (022) 438000




TIME

your fast logic
system

AUTOMATICALLY

'SEN's new range of CAMAC FAST LOGIC modules includes
this fast logic unit which provides dataway switching of the
logic function.

The other modules in this series include pulse shapers, dis-
criminators and a programmable delay unit. All three modules
are part of the SEN DELAYPLOT system - the completely

automatic way to plot delay curves.

FAST LOGIC UNIT
FLU 2062

In the DELAY PLOT system, this unit provides a trigger for
the A B C D condition, where the A,B,C and D parameters

are adjusted first and the trigger condition imposed thereafter.

C—_D__JE} ¢

Dy |

BOOLEAN FUNCTIONS SELECTED BY CAMAC COMMAND.

* All inputs accessible from the dataway.

Contact any of the SEN offices below for
more details about this and other CAMAC
equipment.

ELECTRONIGUE

31, Av.Ernest Pictet 1211 GENEVE 13 SUISSE Case postale 39  Tel.(022)44 23 40 Telex 23353CH

SEN ELEKTRONIK AG ZURICH Tel. (O1T 86 51 O3 Telex 58257 CH

EN El ERTRONIK CrmbH HAMPRIL 1IR3 Cermanv Tel 04103 8282 Telex 2189 5480



ive new low-cost

lab computer systems

F
withab
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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. 43.700 to S.Fr. 112.000. Capable
of handling the research jobs you're
likely to encounter without having to de-
velop additional programs.And fully com-
patible 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.22.800.With 16K words,
just S.Fr. 28.500.

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-11 library. A package of laboratory
applications modules subdivided into five
categories: data processing, data display,
data analysis, data acquisition and inter-

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—_----—-----—--q

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 l'Aire,

CH-1211 Geneva 26,

Tel. (022) 4279 50.

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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At Motorola,

CMOS

This plant— Austin, Texas

Newest and largest of Motorola’s CMOS facilities is at Austin,
Texas. Dubbed “Silicon Ranch” by local hands, the Austin
plant was designed exclusively for MOS fabrication with each
module a specialized facility for one of the varied MOS tech-
nologies. The first CMOS module featuring the world’s most
automated line came into full production during 1974 and
yields are phenomenal. Silicon Ranch utilizes more of the most
up-to-date probe and test equipment than any other facility in
the world, too. It’'s now the heart of Motorola’'s CMOS world-
wide operations.

This plant — Phoenix, Arizona

Phoenix is the proving ground and original home of the
MC14000/MC14500 McMOS* line. It was here that Motorola’s
first CMOS explorations were carried out back in 1969, and
here, too, that McMOS was introduced in 1971 as the first
coherently systems oriented CMOS family.

;onOﬁ"’"A

This plant— East Kilbride, Scotland

Motorola’s third major CMOS facility is the fabrication and
test operation in East Kilbride, Scotland. This modern plant is
in full scale production to meet the needs of Western Europe.

*McMOS is a trademark of Motorola Inc.

is a form of plant life...

Considering the growing capacity at Austin, and the con-
tributions of Phoenix, East Kilbride, and other CMOS facil-
ities, it’s no wonder that McMOS is available today as no
CMOS has ever been available. Considering the yields
Motorola is now obtaining on its McMOS lines, it’s no
wonder prices have been reduced as they have. Considering
McMOS MC14000/MC14500 CMOS will pay off in your
designs.

For a new Motorola CMOS brochure including all major
parameters, interchangeability guide, list of available appli-
cation notes, write to Motorola Semiconductor Products
S.A., Geneva sales office, 16, chemin de la Voi-Creuse, 1211
Geneva 20 (Tel. 33 56 07).

@ MOTOROLA Semiconductor Products S.A.



§FAN -IN é
AN-0U
Both...in a single package!

No longer is there a need to use an expensive 4-fold logic unit to provide
the simple function of logic fan-in/fan-out. And no longer is it necessary
to use an additional amplifier or to operate your phototubes at higher
voltage to drive both a discriminator and an ADC from a split, linearly
mixed signal from a counter array or hodoscope. The new LRS LOGIC
and LINEAR Fan-Ins/Fan-Outs offer cost-savings and conveniences
heretofore unavailable with separate fan-in and fan-out modules.

< N
MODEL 428 & w =5 (| MODEL 429
LINEAR ; o = I ROGIC
Fan-In/Fan-Out S o) s ¢ | Fan-In/Fan-Out

SERIAL NO.
NEW YORK | <

LeCROY RESEARCH SYSTEMS CORP.; 126 N. Rte. 303; W. Nyack, N.Y. 10994;
(914) 358-7900; TWX: 710-575-2629 + LRS SA; 81 Avenue Louis Casai; 1216
Cointrin-Geneva, Switzerland; (022) 34 39 23 « LRS LTD.; 74 High St.; Wheat-
ley, Oxfordshire OX9 1XP, U.K.; (08677) 3540 « CANBERRA ELEKTRONIK
GMBH; 6000 Frankfurt/Main 70; Geleitstrasse 10; W. Germany; (0611) 62074 -
APTEC ENGINEERING LTD.; 312 Dolomite Drive; Downsview, Ontario, Can-
ada; (416) 661-9722 OFFICES THROUGHOUT THE WORLD
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LAIR LIQUIDE
the leading
european
manufacturer

matériel cryogénique

SRRV NOG. 94500 ChONMOIgNY /Morne
Cel 880 .80.80 TEIEX 23884 CNOMOAl CNAMD




