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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 |l 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.

CERN COURIER is published monthly
in English and French editions. It is
distributed free to CERN employees
and others interested in sub-nuclear
physics.
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Physics at London

This article was prepared by K.W.J. Barnham,
I. Halliday and |I. Siotis (Imperial College,
London)

A conference of outstanding interest—a study
in rapt attention.

The XVII International Conference on
High Energy Physics was held at the
Imperial College of Science and
Technology, London, from 1-10 July.
It drew together about 800 physicists
from 40 countries. Known affection-
ately as the Rochester Conference, this
biennial event is held in rotation in
Europe, the USA and the USSR.
CERN COURIER’s review of the
last Conference held at Chicago in
1972 (Oct. p. 315) detected ‘a feeling
of excitement and anticipation’ and
closed with the words ‘whether this
feeling of excitement is justified and
whether something very important
does come up, we should know before
the next Rochester Conference in
two years’ time’. Since that time many
ideas have been upset and it is clear
that the fundamental discoveries made
in the past two years have more than
vindicated the expectations at Chi-
cago. With many major surprises and
advances to discuss, the Conference

proved to be one of the most stimu-
lating and exciting for a long time.

It was primarily the opening of the
new accelerators and experimental
facilities which prompted the sense of
expectancy at Chicago and it is from
these that the major discoveries have
come.

The surprising results from the ISR
which revealed that the total proton-
proton cross section rises with energy
were followed by measurements at
FNAL which showed that this increase
with energy is also a property of pion
and kaon-proton total cross sections.
The heavy liquid bubble chamber
Gargamelle provided the first evidence
for the existence of neutral currents
and the results were soon confirmed
by two counter experiments at FNAL.
Experiments at the Stanford electron-
positron storage ring SPEAR provided
another major surprise concerning

the way in which hadrons are pro-
duced in electron-positron collisions.

The SPEAR results solidly confirmed
the earlier Cambridge bypass measure-
ments which showed that the cross
section for e+ e~ hadrons stays con-
stént up to the highest energy investi-
gated. These last results are in com-
plete contradiction to the simple quark
model (whether coloured or not)
predictions. Other ISR surprises such
as the unexpectedly large numbers of
hadrons at large transverse momenta
were confirmed by results from FNAL
and were complemented by detailed
information on the properties of indi-
vidual events. Hadrons however are
not the only particles produced at
large transverse momenta. Experi-
ments from the ISR and FNAL reported
results which show that electrons and
muons are produced in roughly equal
numbers, about ten thousand times
less frequently than pions. Again this
number is well outside the range of
simple quark model predictions. All
these unexpected results were com-
plemented by solid progress in the
study of weak interactions and the
more conventional subjects of hadron
physics such as resonance spectro-
scopy and two-body reactions.

With so much happening so fast it
is difficult to give a complete picture
of the Conference in a short report.
So let us concentrate on trying
to answer briefly the main questions
physicists who were not in London
must now be asking their more fortu-
nate colleagues. The many individuals
whose work has contributed to this
surge forward in the subject will ex-
cuse the fact that reference is made
only to their Laboratory, the full list
of names being rather overwhelm-

ing.

Hadrons from lepton collisions

Let us start with the SPEAR results.
The main surprise lies in the fact that
the cross section for et e~ — hadrons
is constant with energy for energies
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The Argonne neutrino experiment using the
12 foot bubble chamber, filled with either
hydrogen or deuterium, gives very clear infor-
mation on the existence of neutral currents.

Neutral current evidence from Argonne:

1. A neutrino interacts with a proton to give a
neutron, a positive pion and an outgoing
neutrino. Only the positive pion is seen since
the other particles produced in the interaction
are uncharged.

2. A neutrino interacts with a proton to give
an outgoing proton and neutrino plus a neutral
pion which can be identified via its subse-
quent decay into two gammas at least one
of which is seen materializing as an electron-
positron pair.
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above 3 GeV. The expected mecha-
nism for this process is one in which
the electron-positron pair annihilate
into a virtual timelike photon which
then materialises into hadrons. Care
is taken in the experiments to exclude
contributions from the competing
process in which the hadrons are
produced by ophoton-photon inter-
actions in a double Bremsstrahiung
diagram. The one photon annihilation
process can also lead to a final state
consisting of two oppositely charged
muons whose cross section is pre-
dicted by QED to fall as the inverse of
the center of mass energy squared.
Parton models which have been so
successful in describing the SLAC
results on deep inelastic lepton scat-
tering can then predict the ratio et e~
— hadrons / et e- — pt u~to be a
constant equal to the sum of the
squares of the parton charges. With
quark partons this constant is 2/3,
coloured quarks would give 2 and an
SU3 octet of quarks would give 4.
Experimentally this ratio turns out not
to be a constant and, more surprisingly,
at the highest energies available it
reaches a value of 6!

A second big surprise from the
SPEAR results is that single hadron
energy distributions only show the
type of scaling expected from deep
inelastic electron scattering for large
secondary hadron energies. At lower
secondary hadron energies the distri-
butions show a behaviour which is
very similar to that of hadrons pro-
duced in very high energy proton-
proton collisions. A third SPEAR
result appears to have provoked
intense theoretical activity. It was
observed that as the energy of the
et and e~ beams is increased the
fraction of that energy going into the
observed charged particles decreases.
Hence a large proportion of the energy
must be going into neutral particles.

All these results proved to be a
disaster for the hitherto successful



New total cross section data from the Fermi
Lab. (black dots) show a general rise with
increasing energy for various incident particles
on protons. Additional proton-proton cross
section measurements made at the CERN ISR
lie off the figure to the right (see next figure).

quark-parton model. However this is
clearly not a disaster for physics.
Experimentalists would be very upset
if a new facility exploring unknown
areas of nature didn’t produce unex-
pected results.

Neutral currents

Let us now turn to neutral currents
whose birth was consecrated at this
Conference. The necessity of neutral
currents or heavy leptons (or both)
emerged as a result of the attempts to
renormalise the theory of weak inter-
actions so as to cure its diverging high
energy behaviour. The first evidence
of neutral current interactions was the
observation at CERN of events of the
type v, + nucleon ~ v, + hadrons in
the large heavy liquid bubble chamber
Gargamelle. It was the absence of a
charged muon in the final state which
provided the evidence for the existence
of neutral currents. A thorough dis-
cussion of the experimental evidence
from Gargamelle was presented at
this Conference and at the same time
results were confirmed by two experi-
ments at FNAL. The results can be
presented in terms of the ratio of
neutral to charged current events
which turns out to be about 20 % for
neutrino and 409% for antineutrino
induced reactions. The next stage will
obviously be the detailed experimental
study of their properties.

New confirmation of the existence
of neutral currents in weak interactions
came from Argonne. An Argonne/
Concordia College/Purdue University
team used the twelve foot bubble
chamber filled with hydrogen or deu-
terium to look for two types of inter-
action

v+tp—v+n+nt
v+tp—-v+p+n®
In the first type only the positive pion
is seen emerging from the interaction;
in the second type the proton and at
least one electron-positron pair from

a43F

(o]
g 5
T

o
[ee]
T
-

TOTAL CROSS SECTION IN MILLIBARNS {10™%cm?)
n
D

" TOTAL CROSS SECTIONS -
ON PROTONS

+
23 ¥
S
S

201
19F
18 Lt ¥

30 50

ENERGY IN BILLION ELECTRON VOLTS (GeV)

n ) L L
100 150 200 300

the neutral pion decay is seen emer-
ging.

In 700000 pictures they have
twelve clear examples of neutral
current interactions. The use of the
hydrogen chamber has the advan-
tage over the CERN and FNAL infor-
mation in being able to identify all the
produce of some interactions. The
team is now working on interactions

v+tn—v+p+n
in which everything about the inter-
action can be measured — the neu-
trino energy, the momentum transfer,
the proton/pion masses and so on.

Need for charm

The successful prediction of neutral
currents has strengthened theorists’
confidence in renormalisable models
and they are now predicting the exist-
ence of a new quantum number,
charm. It is the experimental absence
of strangeness — changing neutral
currents in conjunction with the need
to renormalise certain diverging weak
interaction processes involving quarks
which leads to the necessity of charm.
During the next two years we shall
certainly witness an intense experi-
mental activity in the search for
charmed particles.

Hadron interaction cross sections

Turning to hadronic interactions many
results were presented which would

have been thought exciting in any
ordinary year. Total cross section
measurements for n*+, K=, p and p on
proton and deuterium targets were
presented by groups from FNAL. All
except the pp cross section show a
rise over the FNAL energy range and
the pp results interpolate smoothly be-
tween the Serpukhov and ISR points.
The pp cross sections flatten out with
increasing energy and thus avoid
crossing the rising pp points. The very
basic theorem according to which
particle and antiparticle cross sections
should approach each other as the
energy is increased is beautifully satis-
fied by the new results. In fact the
difference between the two is very
well described by a 1/4/s behaviour
as predicted by Regge models. On the
other hand it seems unlikely that
data at presently accessible energies
will be able to distinguish between
models predicting different functional
dependences for the rise in the cross
section. As was stressed by the rap-
porteur all available data can be
fitted by a Ins or (Ins)? rise or even
apower law in s. Experimental attempts
to pin down the mechanism respon-
sible for the rise led to apparently
contradictory results. Groups from the
ISR and FNAL studying the pionisa-
tion and diffractive components of
proton-proton interactions separately
claimed that the contribution to the
total cross section of their respective
kinematic regions could account for

245



Total pp and pp results from the low energy
data through Serpukhov, the new Fermi Lab.
resufts (the black points) and the CERN ISR
results.
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the rise. We thus seem to witness the
parts adding up to more than the whole
uniess of course the two observations
are the result of the same mechanism.

High- transverse momentum patrticles

Staying with the ISR the first results
from Split Field Magnet experiments
were presented and included measure-
ments of elastic pp scattering at high
momentum transfer. The variation with
energy of the position of the dip in the
cross section first reported at the
Chicago Conference tends to support
a simple picture of geometrical scaling
i.e. the proton behaves like a ‘grey
disk’ whose radius increases with
energy.

Some very important results on high
energy two-body reactions were pre-
sented by groups working at Serpu-
khov and FNAL. They reported measu-
rements of = p — n° n and = p —n
at momenta up to 100 GeV/c which,
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when combined with recent precise
measurements at the CERN PS, lead
to beautifully straight p and A: Regge
trajectories.

The report on the observation of
unexpectedly large numbers of par-
ticles at high transverse momentum
was one of the highlights of the
Chicago Conference two years ago.
As has often been stressed high trans-
verse momentum events may be the
manifestation of pointlike constituents
in the proton. It is therefore extremely
important to study in detail the pro-
perties of subevents, in particular the
quantum numbers of the emerging
particles, the effective mass distribu-
tions and the correlations among
them.

Results from the ISR and FNAL
show very high production ratios of
kaons, protons and antiprotons to
pions. Thus for example at p; ~ 6
GeV/c and E_,, ~ 400 GeV they
find K*/=+ ~ 0.7. Another important

result from the ISR concerns the muiti-
plicity of particles associated with one
of large p,. In the hemisphere oppo-
site to the large p; particle the multi-
plicity grows by a factor of 4 between
p; ~ 0.7 and 3.7 GeV/c. This is
independent of the incident energy.
In the hemisphere towards the large
p; particle the "multiplicity is strongly
energy dependent and at the lower
energies decreases with increasing
p,. At the highest energies it be-
comes independent of p,. An intri-
guing result of the same experiment
was that triggering on one =° with
large p; enormously increases the
chances of finding nearby another
=° with a similar p,. The effective
mass spectrum of the two pions does
not show any obvious resonant
structure.

The study of large transverse mo-
mentum phenomena is still at a very
early stage and, as the rapporteur on
the subject pointed out, we cannot
yet draw any real conclusions but
many questions have been raised
which need further detailed experi-
mental study.

Pointers to the future

Extrapolating forward from the disco-
veries of the past two years it is not
too optimistic to predict that the
next two will be at least as exciting.
We may well have seen at this Confer-
ence the first hints of some of the
forthcoming sensations. At least
three results first reported at this
Conference were received with the
sort of reaction which suggests that
they are good candidates for tomor-
row’s major story, though at present
all three are, to varying degrees, sub-
ject to confirmation.

Firstly, the results mentioned earlier
from a number of FNAL and ISR
experiments observing single lepton
production at large transverse mo-
menta. ls this observation, and the



difficuities of parton models to explain
it, related to the SPEAR results on
et e~ — hadrons or are we seeing very
substantial production of @ mesons
which then decay to lepton pairs?
This is undoubtedly the firmest of the
three results to be discussed and in
the next two years several experi-
mental searches for lepton pair pro-
duction at high transverse momentum
will be made.

The second very interesting result
was the observation at FNAL of two
neutrino induced reactions with not
only a w in the final state but also a
ut. Both events occurred at the highest
neutrino energies and we may be ob-
serving the onset of a new process.

Thirdly, another experiment at FNAL
studying deep inelastic muon scat-
tering from a nuclear target shows
some weak indication of a deviation
with the scaling which would have
been expected from lower energy
deep inelastic lepton scattering. The
breakdown of scaling at high energies
would indicate that some new pro-
cess was taking place involving the
existence of a fundamental length.
dowever this is a very difficult expe-
riment to perform needing a thorough
understanding of the systematic errors.

Three hints then from the Confer-
ence which could lead to an even
more interesting Rochester Confer-
ence in two years’ time. How wide-
spread was the sense of expectancy
that the next two years will witness
very important discoveries? Well, one
rapporteur went on record as being
prepared to bet any physicist a crate
of wine that by the next Conference
charmed particles with masses below
12 GeV wiil have been found.

So we can make one firm predic-
tion for the next Rochester Confer-
ence. There will either be excitement
among physicists at a discovery of
great importance or a number of pro-
fessionally despondent but inebriated
physicists.

H2rd Session

of CERN Council

The Council met on 26, 27 June under the
Presidency of Professor W. Gentner

At the June Council Session the
Directors General presented reports
of progress at the two CERN Labo-
ratories. W. K. Jentschke mentioned
some recent physics results from the
28 GeV proton synchrotron and the
intersecting storage rings. As covered
in the report of the London Confer-
ence, there is further evidence for
neutral currents from the neutrino
experiments with the Gargamelle
heavy liquid bubble chamber. Another
example of neutrino-electron scat-
tering has been seen and over two
hundred events on nucleons are now
confirmed. In addition, an experiment
with a proton beam into the chamber
has checked that the estimate of the
background, which could result in
other events being confused with
neutral current events, is correct.
While the existence of neutral cur-
rents is supporting evidence for the
attempt to unify the interpretation of
weak and electromagnetic interac-
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tions, a subversive new type of
interaction remains the only way to
explain the behaviour of the neutral
kaon. The so-called superweak force
has been postulated to account for
the disrespect of the neutral kaon for
the symmetry of charge and parity in
Nature. Since the combined symmetry
of charge, périty and time is still be-
lieved to be good, the violation of
charge-parity implies a violation of
time symmetry to restore the balance.
The superweak theory makes rather
precise predictions as to how the
symmetry of time will be broken.

The network of survey reference points on the
Laboratory Il site is being extended to meet the
geodetic needs of the accelerator and of its
North Experimental Area. The work has been
greatly eased by the use of a geodolite, on loan
from the Fermi Laboratory, which is a distance
measuring instrument using a modulated laser
beam. It is capable of accuracies of one part in a
million over distances longer than could
previously be measured in one stage at CERN.




To test assembly and alignment procedures for
the imminent installation of components in the
SPS tunnel, a 30 m stretch of machine
comprising four bending magnets flanked by
two quadrupoles has been linked up in the
Laboratory Il large assembly hall.

v
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A CERN/Orsay team in 1970 show-
ed that time symmetry violation does
occur and this has now been confirm-
ed in a more precise experiment by a
CERN/Heidelberg team. In essence
what- it does is to watch the neutral
kaons and, after a fixed time, measure
how many convert to anti-neutral
kaons. Taking anti-neutral kaons it
watches, after the same fixed time, how
many convert to neutral kaons. If time
is symmetric these should be equal but,
in fact, the second figure is about 1 %
greater than the first. This measure-
ment is in good agreement with the
prediction of superweak theory which
remains an uncomfortable pheno-
menon on the sidelines of our present
interpretation of Nature.

Another experiment which is just
beginning to take data is the new
version of the g-2 measurement
aiming to push the accuracy of this
key figure, which emerges from the
roots of quantum electrodynamics,
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still further. After about a week of tests
with the pion beam, injecting into a
storage ring where muons are pro-
duced in pion decay, a first attempt to
observe what the muons are doing
was made on 15 June. With only a
seven hour run, excellent clean results
were obtained which already give g-2
to the accuracy of the 1966-67 results.
This promises well for being able to
improve the accuracy considerably
and thus to penetrate deeper into the
nature of the electromagnetic force
and of the muon.

L. Van Hove carried the physics
story much further at the Council
Session when he reviewed the out-
come of the last few years of research
to mark the end of his three year term
as Director of the Theoretical Physics
Department. Since we did a rather
similar review in our May issue, we
will leave this topic but may return
to it in a subsequent issue since it illu-
minated in different ways our present

interpretation of particle interactions.
The steady progress in the building
of the 400 GeV proton synchrotron
the SPS, in Laboratory Il was reporte
by J.B. Adams. He emphasized parti-
cularly the work on the machine
tunnel (including the showing of a
film, directed by G. Pessis, on tunnel
construction). At the time of the
Council Session, "the mole” had bored
its way around 90 % of the 7 km cir-
cumference of the machine, maintain-
ing an accuracy of better than 5 cm
compared to its scheduled position.
Meanwhile the lining of the raw
tunnel has begun in the half of the
ring no longer used by the mole and
its spoil-removing/preliminary-lining
entourage. This involves filling in the
joints of the preliminary lining, mount-
ing steel sheets for water proofing,
casting a second concrete lining, in-
jecting cement between the linings
and laying the tunnel floor. Over a
sixth of the ring is completed and the



installation of services (power lines,
etc.) has started. The first magnet is
scheduled to be wheeled into the
tunnel in October.

Assembly and testing of magnets is
under way on a large scale. Over
100 bending magnets have been
built, satisfactorily tested and stacked,
awaiting their descent into the ring.
About fifty quadrupoles have been
delivered and some of the various
types of correction magnets are be-
ginning to arrive. A trial assembly of a
half period (the sequence of magnets
which is normally repeated around the
ring) of the machine has been satis-
factorily carried out in the large Assem-
bly hall.

The high power components of the
accelerating system are now being
built and the first section of an r.f.
tank is expected to be delivered soon.
There have been problems with the
1256 kW power amplifiers and the
ceramic discs in the power transmis-
sion lines but they have been cleared
and both amplifiers and discs are
being produced which meet all the
requirements.

Magnets (quadrupoles and bending
magnets) for the injection beam-line
from the PS are on site and the septum
magnets for the injection system are
being manufactured. The design of
the kicker magnets is complete and
components, such as ferrite blocks,
vacuum tanks and ceramic feed-
throughs, have been ordered. These
magnets will be powered by current
pulses as high as 10 kA with very
short rise and fall times and pulse
durations of some microseconds. Spe-
cial pulse forming networks with a
deuterium thyratron and ignitrons have
been developed to provide these
pulses and are being subjected to
lifetests aiming for their survival over
as many as 107 pulses.

A full-scale prototype of the elec-
trostatic septum for the ejection sys-
tem, one of the trickiest of the machine
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Major services to the Laboratory Il site are
nearing completion:

1. Installation of the 380 kV electrical power
lines is well advanced over the 40 km linking
the Laboratory to the European grid at
Génissiat. The hand is guaranteed to
release the cable before the lines are powered.

2. Two 5000 m? reservoirs are to hold the site
water supply brought from Lac Léman. One
of them has already been filled and is distri-
buting water, via the pumping station, to part
of the site.

CERN 182.5.74



Personalities in the news:

1. L. Leprince-Ringuet
2. K. Johnsen
3. L.

Van Hove

1. CERN 3497
components, has been built. It is 3 m
long with the septum made of a plane
of stretched 0.15 mm diameter tung-
sten wires spaced 1.5 mm apart. To
eject 400 GeV protons, it is required
to hold a field gradient of 100 kV/cm
between the wires and the titanium
cathode. The prototype achieved
120 kV/cm with a gap of 17.5 mm
and a pressure of 10—° torr. However,
lower pressures are desirable so as to
reduce the number of ions liberated by
the beam which can initiate electrical
breakdown and at 10—* torr perform-
ance of the prototype was reduced by
about a factor of two. Studies to opti-
mise operating conditions are conti-
nuing.

For the control system, three quar-
ters of the 24 computers are delivered
and performing well. The first part of
the ‘message transfer system’ has
been installed; prototypes of the
CAMAC and multiplexor modules are
in action. A total of 1500 km of cable
for carrying control signals and light
currents have been ordered. Some
is already being installed in the Auxi-
liary Building by access shaft No 2.

The layout of beams in the West
Hall and for the North Area has been
approved by the Committees which
oversee the experimental programmes.
Detailed design of the beams is now
under way. To the West, of particular
interest will be the neutrino facility
where both wide-band and narrow-
band (energy spread) neutrino beams
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2, CERN 291.2.71
will be sent to feed an array of detec-
tors including the 3.7 m European
bubble chamber, the Gargamelle heavy
liquid bubble chamber and electronic
detectors. To the North, of particular
interest will be the muon beam where
very high intensities at peak energies
will be available.

Everything remains on schedule for
commissioning the accelerator in the
second half of 1976.

Collaboration with ESO

The Agreement for scientific and
technical collaboration between CERN
and the European Southern Obser-
vatory has been extended for a further
three years. The Agreement covers
particularly the help given by CERN
in the construction of a 3.6 m optical
telescope destined for the Observatory
at La Silla in Chile.

Budgets in coming years

At the end of each year the Council
considers CERN budgets for the
following four years thus making it
possible, both in the Member States
and in CERN itself, to do long-term
planning with a good understanding
of the likely financial situation. In addi-
tion, for the building of the SPS a total
budget and a budget profile over the
years of construction have been
agreed.

These forecast figures are adjusted
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to take account of the movements of
raw material prices, salaries, etc. in
accordance with a ‘cost variation
index’. A preliminary estimate of the
index is usually presented at the June
Council Session and this year it is
coming out in the uncomfortably high
region of 10 %. This reflects the rate of
inflation prevailing in Europe and,
compounded by currency exchange
problems, will not make life easy
during the financial discussions later
this year.

Appointments

The Council approved the election ¢
two new members of the Scientific
Policy Committee — R.H. Dalitz and
A. Lagarrigue. They succeed two
members of long standing who have
contributed considerably to the deve-
lopment of CERN — L. Leprince-
Ringuet, a member of the SPC from
its very first meeting twenty years ago,
and S.A. Wouthuysen, a member of
the SPC for the past ten years.

Within CERN itself, S. Fubini takes
over from L. Van Hove, who has
completed three years as Director of
the Theoretical Physics Department,
and W. Schnell takes over as Director
of the Intersecting Storage Rings
Department from K. Johnsen, who is
to devote himself to further studies
on storage rings. F. Ferger becomes
Head of the ISR Division for three
years beginning July 1974.



CERN News

Booster accelerates
10" protons per pulse

During a machine development run
on 18 June, the 800 MeV Booster
reached an intensity of 1.02 x 10
protons per pulse for the first time.
This intensity was maintained for
several thousand pulses but the accel-
erated beam quality was not suited
for. transfer to the main synchrotron
ring and more work needs to be done
to master beam behaviour. Never-
theless it is an encouraging achieve-
ment to have reached design intensity.

Many refinements to machine com-
ponents over the past months togeth-
er with a very stable Linac beam
contributed to the success and, in
addition, two special tricks were
called into play. The first trick was
to increase the multi-turn injection
efficiency into the Booster by inject-
ing into a larger phase space area.
This was set up by collapsing the
deformation of the injection closed
orbit, which is used in multi-turn
injection, faster than usual. It gave
more accelerated intensity but the
resulting horizontal beam emittance
at 800 MeV was 25 % too large for the
beam to squeeze through the transfer
line and into the PS.

The second trick involves the r.f.
system. It has been known for a long
time that, when the protons from the
Linac have a low spread in energy

(obtained by using a debuncher), the
Booster trapping efficiency is high.
However if this low energy spread is
combined with high beam intensity,
the bunches circulating in the Booster
become unstable longitudinally. To
avoid this, a larger energy spread is
usually provided from the Linac which
lowers the trapping efficiency to about
80 % but gives much happier bunches.

Even for lower energy spreads,
instabilities take longer to grow to
serious proportions than it takes to
trap the incoming beam into bunches.
L. Magnani discovered in a preceding
run that feeding the r.f. phase loop
with a signal that shakes the bunches
at their natural oscillation frequency
usually prevents the instabilities from
developing. It is not yet fully known
why this trick works, but the net
result is that it makes it possible to
take lower energy spreads, trapping as
much as 95 % of the protons accumu-
lated by multi-turn injection into the
four superposed Booster rings, and to
accelerate high intensities to 800 MeV.

It is not yet clear when 10" protons
per pulse can be reached in the PS
for normal operation. However, the
Linac people are attempting to provide
an improved beam for future Booster
development runs. The Booster people
are involved in further experiments to
investigate the remaining instabilities
and to cure them. The PS people,
amongst other things, are finalizing the
injection procedure of the Booster
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The trapping efficiencies at various r.f. voltages
as measured in the Booster for two energy
spreads of the beam from the Linac. Note how
the efficiency is higher with a small energy
spread. Being able to use this higher efficiency
contributed to the recent Booster intensity
record.

Multi-exposure oscillogrammes of a Booster
bunch produced by trapping a beam from the
Linac with low energy spread. The lower trace
has no r.f. phase modulation; the upper trace
has phase modulation of 4 4°.

beam and expect to experiment further
this year with the improved gamma
transition jump (see vol. 14, page 10)
and with extra correction lenses, all of
which need to work well to provide
10*® protons per pulse of the required
quality from the PS.

SPS : Completion
of the 7 km tunnel

On 31 July the Robbins machine
completed the job of boring the SPS
tunnel — a ring 6900 metres in cir-
cumference and 4.8 metres in diameter
(see, inter alia, vol. 12, page 124 and
vol. 13, page 70). The contract for the
underground works was placed with
the group ACCEL comprising Losin-
ger, Prader and Cuenod of Switzer-
land; Soc. Grands Travaux de Marseille
and Forgal of France.

It was on 12 March 1973 that the
‘mole’ with its attendant train was
ready 50 metres underground, to start
boring through the layer of molasse it
was not to leave before completing
its journey.

Apart from rest days there were four
breaks in the work of the machine
totalling eleven weeks out of the
sixteen and a half months’ operations.

1) In July 1973 there was a halt
of two weeks, caused by the unex-
pected encounter of pockets of me-
thane in the second sextant, just
beyond shaft PA2. These pockets
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At precisely 10.32 a.m. on 31 July, the Robbins
boring machine (the ‘mole’) reached the end

of its 7 km circular journey, marking the
completion of the piercing of the tunnel and of
a major stage in the construction programme for
the 400 GeV accelerator on CERN Laboratory 11
site. The photograph shows a group of VIPs

and journalists present in the tunnel at the final
breakthrough. On the right, the beam transfer
tunnel from the PS joins the main ring.
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showed up as fissures or crazing, often
quite large, which when exposed gave
rise to dangerous concentrations of
gas in the tunnel. The safety services
took quick action, and after the sec-
tion ‘had been adequately ventilated
a permanent detector system was
installed. Detectors were placed at
three points: at the head of the
machine, near the device which
placed the pre-cast concrete vault
sections and again at the end of the
train. In addition, mobile detectors
kept a check on the methane concen-
tration in the tunnel during week-ends.
This double detection system was kept
going up to the end of the boring
operation. Other safety measures were
also taken: the capacity of the venti-
lation system, for example, was in-
creased and a system installed for
trapping escaping gas.

Mention should also be made of
another type of incident which, al-
though not halting the boring opera-
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tion, occasionally slowed it up to a
rate of less than 10 metres per day.
Regions of fractured molasse which
were encountered intermittently made
it necessary to install supporting
rings between the head of the ‘mole’
and the device for placing the vault
sections.

2) In August 1973 there was a
planned pause of four weeks, at shaft
PA2 to pierce the entrance to the
North ejection line and concrete the
wall between the two tunnels.

3) Two weeks over Christmas and
the New Year.

4) Finally, three weeks at shaft
PP4 were needed for fitting out the
new marshalling yard as service oper-
ations were moved over from the
PGC and for the installation of the
three sets of demountable shuttering
with which the interior vault is formed
progressively over the three sextants
already bored.

The Robbins boring machine has

finished its job on the SPS with
commendable efficiency, boring at
an average rate of about 21 metres per
day — faster than had been originally
foreseen. By the end of July, all the
civil engineering work had been
completed between shafts PA3 and
PP4, service instaliations are already
going in and tHe first magnets are due
to go down in October.

NUE Experiment,
Aachen-Padua
collaboration

A new experiment aimed at investigat-
ing neutral Ieptonic currents was put
under way at the beginning of July.
This experiment, which gets its name
from a combination of NU (neutrino)
and E (electron), continues the series
of studies with the Gargamelle heavy
liquid bubble chamber, but makes
use of an array of spark chambers.

The experiment is being done by an
Aachen/Padua collaboration and is
mainly directed at investigating neu-
trino scattering of the type

v te —y, te

and measurement of the cross section
of this reaction. The results will extend
the research made with Gargameile,
which led to important developments
in our understanding of weak inter-
actions (see vol. 13, page 291). The
experiment, which was approved last
October, has been set up at great
speed with the help of the CERN
technical services.

A light-tight and dust-proof build-
ing was erected behind Gargamelle
along the line of the neutrino beam.
Temperature in the building is kept
constant in order to avoid air move-
ment and distortion of the spark
chambers.

The equipment consists of 150
aluminium thick-walled optical spark
chambers. Together they form a 7 m



long detector with a useful weight of
20 tons — twice that of the Garga-
melle detection unit with heavy freon
filling. Each chamber is in the form
of a 4 cm thick module weighing
230 kg and with an area of 2 x 2 m=
One module consists of three plates,
with a potential difference of 8 kV
applied between the middle plate and
the outer plates. The inert gas used is
a mixture of helium and neon (Neogal)
circulating in a closed system incor-
porating purification plant.

The flash from the sparks is reflected
into the camera by two mirrors. Each
mirror, some 15 m? in area, consists of
an assembly of eight aluminium honey-
comb supports covered with a thin
layer of aluminium-coated mylar. The
two images obtained are projected on
to the same film exposure by two lenses
mounted side by side.

Triggering of the chambers is not
selective according to the type of
event wanted, as is usually the case
with spark chambers, but takes place
automatically. after the neutrino beam
passes through, at each pulse of the
CERN proton synchrotron. The idea
behind this is to ‘see everything’
as the particular events investigated
are so rare (1/10000 neutrino events),
no risk must be taken of missing them.

Apart from its substantial useful
weight which enables a high number
of neutrino events to be obtained, the
equipment has the advantage of giving
very clear images in the sense that the
detector is ‘bare’ and nothing in the
vicinity can create secondary events.

This experiment, in which 36 000
photographs were taken at the begin-
ning of July, will provide altogether a
million photographs. Amongst these it
should be possible to find about a
dozen neutral leptonic current events
— a significant addition to the two
such candidates so far recorded in
Gargamelle (see vol. 14, page 167, and
vol. 13, page 212).

View of the equipment for the NUE experiment
which has started on the study of leptonic
neutral currents. The body of the detector in the
centre of the photograph is 7 m long and
consists of 150 spark chambers. The two mirrors,
each of over 15 m?, reflect the track images to

a camera, which has already taken over

36 000 pictures.

Example of a neutrino event photographed with
the equipment of the NUE experiment. The
long track of the muon can be easily seen.
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Under the title of ‘Sweden at CERN" an
exhibition of Swedish equipment from eight
companies, in association with a series of
lectures, took place from 10 to 14 June. The
photograph was taken during a reception on
12 June and features, left to right, J. Nilsson
(Director of the Swedish Council for Atomic
Research), G. Engblom (Director of the Swedish
Export Council), J.B. Adams (Director General
of CERN Laboratory Il), S. Nilsson (Swedish
Ambassador at Berne), and W.K. Jentschke
(Director General of CERN Laboratory 1).

]
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Photograph of a magnet constructed at CERN
for SIN, the Swiss Institute for Nuclear Research
at Villigen. It is-one of two compensation
magnets being built for separated, pure pion
beams of momentum up to 550 MeV/c. The
magnet is 300 mm long with an aperture of

313 mm. The bending force is 0.067 T.m at

250 A, corresponding to a deflection of the
order of 36.5 milliradians at 550 MeV/c.

Record luminosity in ISR

In recent developments on the ISR
during which studies have been made
of the interdependence of the pres-
sure in the system and the maximum
current that can be stacked, a lumino-
sity of 1.04 x 10" cm~? s~' has been
achieved. Luminosity is the parameter
which when multiplied by the pro-
ton-proton cross section gives the
rate of interaction and is as a result the
determining number as to the rate at
which the physics research can go on.
This new high figure was obtained
with a current of 22 A in each of the
two rings and with an effective beam
height of 4.75 mm. The luminosity is
proportional to the product of the
beam currents and inversely propor-
tional to the effective height.

Since the ISR have been put into
operation the intensity of the beams
which are usable for physics has been
steadily increased and physics runs
have been made with luminosities of
5 x 10% cm~2 s~'. It has been appre-
ciated for some time that the deter-
mining factor in the maximum curreni
which could be stacked is the qual-
ity of the vacuum. As this has been
steadily improved with mean pres-
sures now about 10~"* torr and sensi-
tive zones one by one sorted out, the
question of instabilities is becoming of
comparable  importance.  Finding
appropriate working lines with the
proper compensation for the space
charge Q shift has always been a pre-
occupation but the ultimate limit to
beam intensity was set by the run-
away rise in pressure that occurred
at certain spots as the current built up.
Now it is a bit of both.

Rather as an off-shoot to the drive
for higher luminosities is the drive for
higher currents as such, but it is worth
noting that currents of 27.4 A have
been stocked in ring 2 and of 26.7 Aiin
ring 1. The beams were not of a quality



as regards life-time and background
suitable for physics experiments but
the famous brick wall of the past (used
to describe the barrier to higher inten-
sities) has turned out to be more of
a movable partition in steady retreat.

Still the old Linac

Although the days of the old Linac
are numbered now that a new ‘proton
factory’ is being built (vol. 13, p. 332)
it continues to supply a beam whose
characteristics have greatly changed
since the Linac was commissioned in
1959 and must do so until 1977.

Five years ago the aim was set to
increase the length and intensity of the
output pulses to give 100 mA for
100 ps in a beam whose dimensions in
the horizontal, vertical and longitudinal
phase-planes were closely defined.

Remembering that the original
design target was 10 mA for 10 us it
will be understood that providing a
beam of high quality with the required
reliability is not easy, particularly as the
Booster is far more exacting in its
demands than the PS. It is necessary to
maintain with precision a desired
quality not only from pulse to pulse but
also throughout the increased pulse
length, all the more so when studies are
being made of the behaviour of the
following machine, ie., the Booster.
In addition it was requested to switch
quickly — even from one pulse to the
next — from feeding the Booster to
feeding the PS direct which again
helped to expose the limitations of the
old machine.

This is why a programme of short
term improvements was put in hand at
the same time as a long term solution
was prepared, namely to build a new
Linac. The decision was taken to relax
a number of specifications, e.g., to
reduce the intensity requirement to
50 mA, and to reconstruct a number of
components.
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To improve the reliability, the r.f.
system has been considerably modi-
fied: the risk of flash-over has been
eliminated by replacing the flexible
coaxial cables with rigid lines and
fitting the r.f. amplifiers with improved
output coupling loops and lines of
adjustable length. The master oscillator
and the first stages of amplification
have also been replaced whilst a set
of circulators will be put in shortly
which should reduce coupling be-
tween cavities. Stability has been
improved by stabilising the modulator
high voltage supply and trigger and by
replacing the coupling loops between
the cavities.

In the pre-accelerator a new system
for stabilising the high tension has
also been added. To help start-up and
adjustments during operation the con-
trol room instrumentation has been
improved, particularly for the measure-
ment of the phase of the accelerat-
ing cavities. Further work is under

Site of the new Linac. On the left, a
retainment wall, necessary because of the
slope of the site.

On the right, the building of the present Linac
which will have to stand up to the requirements
of CERN'’s major installations for another good
three years. Early in 1978, the new machine

is scheduled to take over.

way on the computer acquisition of an
additional set of important parameters.

These various modifications have
made it possible to furnish 5x10' ppp
to recent neutrino experiments and to
run a good number of experiments on
the Booster. To understand better the
limits to its capabilities a beam not only
more intense but more dense is
required. For this a buncher (which
compresses the bunches in longi-
tudinal phase space) has been rebuilt
and put in between the pre-accelerator
and the Linac. With it in use 85
mA have been achieved recently and
the Booster has been able to acceler-
ate over 10'* ppp to 800 MeV.

If one wanted to push further the
performance of the old Linac there
are many more things that would
require serious face-lifts: replacement
of the tanks and the entire vacuum
system, further rebuilding, of the r.f.
and the control systems, building of
the low energy beam transport. Since
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The Academy of Sciences, Paris has just awarded
its Grand Prix in the mathematical and physical
sciences to André Martin, of the Theoretical
Studies Division at CERN, for his research on
strong interactions between particles at the
upper limit of very high energies. It will be
remembered that, less than a year ago, Martin
received an honorary doctorate from the
University of Lausanne for his work (see

vol. 13, page 372).

(Photo ‘24 Heures’)

the construction of a new Linac has
been undertaken, investments in the
old machine will be restricted to
maintenance as soon as the pro-
gramme spelled out above is finished.

CERN-Serpukhov
collaboration:
from 70 to 400 GeV

During the past six years, physicists
from CERN and its Member States, and
from the Soviet Union, forming joint
teams, performed electronic and
bubble chamber experiments at the
Serpukhov accelerator (see vol. 12,
p. 172). The Agreement signed in
1967 between the State Committee
for Atomic Energy, Moscow, and
CERN, cleared the way for research
with the highest energy protons
available in Europe: those accelerated
to 70 GeV by the Serpukhov accel-
erator.

But protons of 400 GeV will soon
be available at CERN, and the ISR
already attract many investigators
interested in the highest available
centre of mass energies. In order to
exchange notes on past experience
and future plans, the Joint Scientific
Committee of the CERN-Serpukhov
collaboration held an enlarged session
in Geneva on July 15-19.

It was agreed that the Soviet dele-
gation include active physicists not
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only from Serpukhov, but also from
all other institutes of the Soviet Union
engaged in research in high energy
physics. The Joint Institute for Nuclear
Research (Dubna) sent a delegation
headed by Professor Dzhelepov. The
leader of the Soviet delegation was
Mr. Morosov, Vice-Minister of the
State Committee.

The scientific discussions included
a review of the present state of the
SPS machine by J.B. Adams, a descrip-
tion of the beams and experimental
areas by G. Brianti, and presentations
of the preparations for the SPS experi-
ments by P. Lehmann, and of the ISR
experiments by H. Schopper. The
proposals for 400 GeV experiments
with incident muons, and neutrinos,
the preparations of experiments with
BEBC and with the Omega spectro-
meter were discussed in more detail.
The Soviet delegation presented,
amongst others, recent technical devel-
opments on multichannel Cherenkov
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Interval during an augmented session of the
CERN-Serpukhov collaboration Scientific
Committee. Left to right in the front rows:
Messrs. A. Serov (State Committee), 1.G. Morosov
(Vice-Minister for Atomic Energy), V.S. Kaftanov
(ITEP) and V. Dzhelepov (Dubna).

counters and on high energy v detec-
tors (see vol. 14, p. 83) now in use
at Serpukhov. Informal discussions
and visits of the CERN Ilaboratories
completed the exchange of informa-
tion.

It is hoped that these scientific
discussions will contribute to the
inception and” development of new
forms of collaboration.

Summer students

Summer courses for students are offer-
ed each year at CERN. In response to
circulars sent out at the end of 1973
to Universities and Institutes of Tech-
nology in all the Member States, some
540 applications were received this
year by the Fellows and Associates
Service from students of physics, data
handling, mathematics, electronics,
electricity and mechanics. Choosing
among so many was difficult, but




finally over 150 students were selected
and allocated to the scientific and
technical Divisions of Laboratories |
and Il, the latter receiving students
for the first time.

Their participation in the work of
one of the experimental physics,
applied physics, data handling or
accelerator groups or of the technical
or health physics services should
provide highly satisfactory training for
these students.

Alongside this activity a series of
61 lectures has been organized on the
physics of elementary particles, accel-
erators, detection systems and data
handling. There are two basic courses,
one on FORTRAN and one as an
introduction to particle physics. The
first, given by Mrs. Burkhardt and Miss
Kurjo, takes as its starting point this
year the University of Birmingham
video-tape system; the second, given
by Professors Gottfried, Telegdi and
Weisskopf, will be the subject of a
book due to appear in about a year’s
time.

The value over the years of these
courses, giving students the oppor-
tunity of a close insight into the work
being done at CERN, is well illustrated
by the fact that a considerable number
of Fellows and staff members of the
Organization are in fact former summer
students.

Documentation for these courses is
sent each year to more than 300 Uni-
versities and Technical Institutes in the
Member States. If any teacher or
student reader of the COURIER wishes
to obtain the documentation for the
1975 summer courses, he should
apply in January either to his institute,
or by letter to the Fellows and
Associates Service, Personnel Divi-
sion, CERN, 1211 Geneva 23. It
should be noted that the deadline for
enrolment is 1 March 1975, and that
the documentation will be available
from 1 January.

Around the Laboratories

DESY
Dedication of DORIS

After four years of planning and con-
struction and several months of test-
running, DORIS, the double storage
rings at DESY was ready for the dedi-
cation ceremony. This took place on
June 18th. ‘Typical’ Hamburg weather
did not dampen the enthusiasm of the
physicists who came from the various
laboratories where electrons hit posi-
trons or where other particles are made
to collide together so that we can look
for structures in particles.

In his welcome address, Prof.
Herwig Schopper thanked the outside
physicists for their helpful interest and
the staff of DORIS for their inven-
tive co-operation. Secretary of State
Hans-Hilger Haunschild and Biirger-
meister Prof. Dieter Biallas from the
governments of Bonn and Hamburg,
asked the physicists at DESY to re-

View of the double storage rings at the point,
where positrons coming from DESY-Synchrotron
are infected into the upper ring.

(Photo DESY)

gard DORIS and possible future ex-
tensions as an incentive to maintain
the same high standards of research
that had been achieved over the past
ten years.

Chairman of the Scientific Council
of DESY Prof. Wolfgang Paul, touched
on the national co-operation between
DESY and &ll those laboratories within
the Federal Republic of Germany
working in the field of high energy
physics. Prof. Willibald Jentschke of
CERN, visiting ‘his old laboratory,
emphasized the necessity for both
electron and proton machines. Finally,
Prof. Victor Weisskopf explained to
the audience of some six hundred parti-
cipants, assembled in the centre of the
storage rings where they were all the
time surrounded by stored electron
and positron beams, why we are
searching for the ‘Infinitely Small’.

In the January issue (page 13) start-
up experience and future plans for
the machine were reported. Here we
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Part of the equipment used to inject a polarized
electron beam into the linear accelerator at
Stanford. The system, developed at Yale
University, is known as PEGGY. It uses

the photo-ionization of a beam of lithium-6
atoms. In the unit with the triangular shaped
upper section is the ultra-violet lamp pulsed
180 times per second. Its controls are in the
box of electronics on the left. Behind the
triangle is a polarization reversal coil. Nearer
the camera is the beam measuring equipment.

{Photo SLAC)

will give a brief status report on the
progress which has been made during
the past few months.

On the technical side, the final
complement of magnet power sup-
plies has been installed, so that the
energy of DORIS can now be in-
creased to 3.5 GeV.~The vacuum
system has been completed, including
the installation of heating jackets, and
after baking out, the gas desorption
rate has been reduced by roughly a
factor of 10. Owing to technical diffi-
culties the beam position monitor
system is not yet operational.

Machine studies were performed
mainly at two energies, 1.5 GeV and
2 GeV. It was found that the measured
and the theoretically predicted trans-
verse acceptances of DORIS agree to
within a factor two. The deviation can
be explained by closed orbit distor-
tions. For electrons an injection effi-
ciency of 60 % was reached, and for
positrons 25 %. The difference results
from the fact that the beam emittance
and the energy spread from the injec-
tor, the DESY-Synchrotron, is larger
for positrons than for electrons. These
values are valid only for injection with-
out the multipole correction magnets
in operation. Use of sextupoles reduces
the injection efficiency drastically,
whereas the octupoles have only a
small influence. The problem of ma-
chine non-linearities is being studied.

Maximum stored currents so far
are 750 mA for electrons and 160 mA
for positrons. Although the same
forces drive both beams into instability,
it is believed that the electron currents
are larger because ions in the electron
ring provide some Landau-damping.
On the other hand ions cause widening
of the beam and careful adjusting of
the clearing electrode voltages is
necessary to avoid loss of particles.

The luminosity has been measured
to be 2 x 10%* cm—2 s~' with currents
of 300 mA for electrons and 100 mA for
positrons. This value is in agreement
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with calculations based on measured
beam currents and dimensions. Beam-
beam forces could be identified during
this experiment but at these current
levels are far from being destructive.
Higher values for the luminosity can
be reached by storing more current or
by storing the same current in fewer
bunchesi.e.increasing the particle den-
sity per bunch. By modifying the Linac
injector to the DESY-Synchrotron it
was possible to produce short bunch
trains so as to fill only four adjacent
buckets in DORIS out of the 480 avail-
able. In an alternative scheme which
has been tried sucessfully but has not
yet been studied in great detail one out
of every four buckets is filled. With the
short train mode the peak bunch cur-
rent is limited to about 0.3 mA/bunch,
but after compensating the machine’s
natural horizontal and vertical chro-
maticity (that is variation in Q value
with momentum) a limit of about
2 mA/bunch was reached. Careful

measurements of peak bunch current
threshold versus octupole strength
lead us, to conclude, together with
the above observation, that the limit
of 0.3 mA/bunch is given by the
Head-Tail-Effect. This is the name
used to describe the influence of the
head of a bunch on the tail, causing it
to wiggle, which of itself would not be
important, but for the fact that some
time later the particles in the head and
tail have changed places so the effect
is amplified and instability results.
The 2mA/bunch limit with sextu-
poles in the short train mode and the
current limit when all 480 buckets are
filled, are probably caused by coherent
oscillations of the beam excited by
spurious r.f. modes in the cavities and
probably in the vacuum chamber. One
can combat these oscillations by intro-
ducing Landau-damping and by de-
coupling the motion of single bunches,
both in the transversal and longitudinal
dimension, but at present the gains




achieved in this manner are not high
enough. For this reason a programme
of locating, identifying and damping
the modes which cause these single
beam instabilities has been started.
This programme has already been suc-
cessful in so far as several r.f. cavity
modes have been measured, and we
are hopeful that after finishing this
programme, larger currents can be
stored and higher luminosities
achieved.

First experiments will start in early
autumn. DASP, a large equipment of
double arm spectrometers, and
PLUTO, a superconductive coil with
4 =-detectors, are in the process of
starting work.

STANFORD
SLED, PEGGY and
Computers

A novel way of increasing the peak
energy of their electrons has been
cooked up at the Stanford Linear
Accelerator Center. The system is
known as SLED (for SLAC Energy
Doubler) and was presented in a
paper at the Stanford Accelerator
Conference by P.B. Wilson, G. Loew,
D. Farkas and H. Hogg.

The essential idea is to insert micro-
wave networks between the powering
klystrons and the accelerator. The net-
works, which have high Q resonant
cavities, hang on to the power during
most of the pulse from the klystrons
and then pass it to the accelerator
within a shorter time. Thus more power
is crowded into a shorter pulse. The
effect on the accelerated electrons is
to increase their peak energy at the
expense of the pulse length.

For experiments where more energy
is important and where the pulse
length is not crucial, SLED offers an
attractive alternative to previous
schemes such as the Recirculating

Linear Accelerator described in vol. 13,

page 10. Not least among its attrac--

tions is its much lower price (about
$ 5 million for the networks, machine
and switchyard modifications and new
instrumentation).

If the whole accelerator is con-
verted to the SLED scheme a peak
energy of close to 50 GeV is antici-
pated. This would almost double the
energy of 26 GeV which will become
available when new 30 MW kly-

Aerial view of the group of buildings housing
the 800 MeV proton linear accelerator, LAMPF.
The injector end is nearest the camera and

the protons are accelerated along the mesa in
the direction of the Jemez mountains to the
experimental areas.

(Photo Los Alamos)

strons are installed. The pulse length
would drop from 1.6 us to 0.3 us and
the pulse repetition rate would drop
from 360 to 180 per second, the duty
cycle thus being reduced by an
order of magnitude. The average
current would be reduced to 13 pA
(from 40 vA) but within the short
pulse would be increased to 220 mA
(from 70 mA). By pulse shaping, the
energy spread of the emerging beam
could be kept to 0.5 %.
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No decision has yet been taken on
whether to implement SLED but pro-
totype networks are now being tested
and it is intended soon to install one
or two units on the accelerator itself
for experimental studies of their effect
on the electron beam.

A team at Yale University (V.W.
Hughes, R.L. Long, M.S. Lubell,
M. Posner and W. Raith) has been
experimenting with photo-ionization
of alkali atoms to study the basic pro-
cesses involved and to produce a
polarized beam of electrons suitable
for injecting into high energy acceler-
ators. Their work has resulted in a
polarized electron source known as
PEGGY which is now on the Stanford
linear accelerator.

The polarized beam will be used in
a scattering experiment on to a pola-
rized proton target. Knowing the spin
directions of the incoming electrons
and the target protons will make it
possible to pull more information
from the data of the experiment. The
different predictions of various models
of the proton‘structure can be checked
by these measurements. The proton
target operates at 1 °K with a 5 T
magnetic field and has given 70%
polarization of protons in butanol in
prototype form. With the electron
beam it is hoped to achieve 90 %
polarization with intensities of over
10° electrons per pulse and a pulse
repetition rate of 180 per second.

The experiments at Yale reached
about 60 % electron polarization with
5 x 10® electrons per pulse from a
lithium 6 atomic beam. The time
available for the tests was limited and
the ultraviolet lamp used in the photo-
ionization process was operated at
only 1 pulse per second. However a
lamp has been working in independent
tests at the design figure of 180 pulses
per second.

PEGGY is now installed on the
accelerator and is being tested. The
electron beam polarization at the
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injection energy of 70 keV is measured
by Mott scattering and, to confirm
that no appreciable depolarization
occurs during acceleration, the Moller
scattering method (which does not
involve using the polarized proton
target) will be used for further
measurements at about 10 GeV.

SLAC’s computing power has been
stepped up with the addition of two
IBM 370/168s. They have joined the
360/91 which has been in action
since 1968 and has become satu-
rated, particularly owing to the new
flood of data from experiments at the
storage ring SPEAR and that to come
from the Large Aperture Solenoid
Spectrometer, LASS (itself capable of
churning out 200000 bytes per
second). The three computers have a
total memory bank of 8 million bytes.
They are linked on-line to experiments
and operate round the clock, seven
days a week.

USA report on future
projects

A ‘Subpanel on New Facilities’ has
forwarded recommendations to the
High Energy Physics Advisory Panel
(HEPAP) concerning the future requi-
rements of particle physics in the USA.
The subpanel was chaired by
V.F. Weisskopf and, after studying the
problemsforaweek, ithasurged HEPAP
to transmit its recommendations to

‘the Atomic Energy Commission so

that appropriate decisions can be
taken in time for the budgets of Fiscal
Year 1976 (beginning July 1975).
The report draws attention to the
fact that by FY 1976, eight years will
have elapsed since the previous big
project (the 200 GeV proton synchro-
tron at the Fermi National Accelerator
Laboratory) was authorized and that
the time is ripe, particularly in view of

the present richness of the field, for
new steps to sustain the success of
US high energy physics.

Three recommendations have been
made;
1. Authorization in FY 76 of a 15 GeV
electron-positron colliding beam faci-
lity (PEP). It is felt that PEP is ready
for construction on the basis of the
existing design report which is found-
ed largely on proven technology.
To include provisions for proton-
electron collisions in a later develop-
ment would not add significantly to
the cost of the electron-positron pro-
ject. PEP would make possible a
logical extension of the experimental
programme of the SPEAR storage ring
which has recently added astonishing
new information to our knowledge of
particle behaviour. The PEP design
aims for a higher luminosity (10%
cm~2s~") than has so farbeenachieved.
The machine would be built by a
joint Berkeley-Stanford team and be-
come a national high energy physics
facility. The cost estimate is $ 53 million
(at 1974 prices) with $ 20 million to
equip the experimental programme
and $ 4 million per year for operation
2. Provision of about $ 3.5 million in
FY 76 to establish procedures for the
building of superconducting magnets
on an industrial scale for a proton-
proton colliding beam facility (ISA-
BELLE). The aim is to follow up this
prototype magnet stage quickly with
a request for construction of ISA-
BELLE with proton energies of at least
200 GeV and a design luminosity
of 10** cm=2 s-'. The report further
points out that the USA has at present
no facility in the extremely important
field of proton-proton colliding beam
physics. The project requires a major
step in the application of supercon-
ductive systems which would be likely
to have wide impact on other areas
of science and technology. A design
study has been prepared at Brook-
haven. The technological problems



are more difficult than in the PEP pro-
ject and, in particular, it takes time to
advance from laboratory prototypes
to industrial prototypes of super-
conducting magnets. It is for this
reason that one or two years more
work in advance of authorization are
recommended. The present cost esti-
mate is $ 127 million at 1974 prices.
3. Provision of funds to support an
accelerator development programme
at. the Fermi National Accelerator
Laboratory with the long term aim of
an accelerator and/or colliding beam
systems in the energy region of
1000 GeV and above. An accelerator
providing high energy beams to bom-
bard a fixed target has advantages over
colliding beam systems both in inter-
action rates and in variety of secon-
dary particle beams. The panel consi-
dered the constuction of an accelerator
in the few TeV range as the challenge
for the Fermi Laboratory in the future
(10 to 15 years from now) and there-
fore recommended support for the
energy doubler and other steps to-
wards achieving such energies. If no
technical advances are found to
reduce the cost of a machine to give
energies of several thousand GeV an
international approach might be advis-
able, as an expansion of the current
co-operation in high energy physics,
either as a USA-European effort or on
an even wider scale with the inclusion
of the Soviet Union and/or other
countries.

The Subpanel maintains that the
three recommendations can be imple-
mented over the next ten years while
still keeping the high energy physics
budget for operations and equipment
near $ 200 million (1974 prices). In
line with the strong feeling of the USA
high energy physics community, the
recommendations also take account
of the desirability of sustaining three
strong research centres distributed
geographically across the country.
With these new projects — PEP on the

West Coast, TeV machine in the Mid
West and ISABELLE on the East
Coast — diversity of physics, style and
intellectual input can be sustained.

LAMPF
Recent operation
figures

The 800 MeV proton linear acceler-
ator, LAMPF, at Los Alamos was
operated at a peak current of 10 mA
in June. With a pulse length of
160 us there was no sign of problems
from beam break-up. The average
current was over 90 ¢A at a duty
cycle of 2% and these figures were
limited only by the use of a temporary
beam stop.

Beam losses in the Alvarez type
section (accelerating to 100 MeV)
are not a critical problem and can

be accepted in high current operation.
About 2% of the beam is lost in
acceleration from 100 to 240 MeV
with the side-coupled cavity tanks
and about a further 1% in 240 to
800 MeV acceleration alsois side-cou-
pled cavity tanks. More than 90 % of
the injected beam reached full energy
within a mgmentum spread of 0.1 to
0.2 %. The particles of lower energy,
which are not in correct phase for full
acceleration, can be absorbed if neces-
sary in a collimator near the first bend
in the beam switchyard at the output
end of the machine.

LAMPF is in routine operation for
physics accelerating currents in the
5 to 10 ¢A range with a duty cycle of
5 % and these figures are likely to be
held until the experimental areas can
take more. As many as six indepen-
dent experiments take data. We shall
be returning to news from Los Alamos
with a detailed report in a few months’
time.
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Security depends on CCTV,

Surveillance equipment must be
reliable. EEV camera tubes give you
long life and performance you

can depend on.
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Power Supply?

INFORMATION
When is a Power Supply Not a

PROPORTIONING VOLTAGE
+— RESISTORS —— . . ¥ FEEDBACK
— A A
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+ \
= REFERENCE ~A- &
T (input) /
E; < LOAD
™

regulate current

supply is a servo amp.

Power Operational Amplifier/Power Supply

B Bring feedback from current sensor and it will

B Bring voltage feedback and it will regulate voltage
Il Bring feedback from your load and the power

Bipolar Operational Power Supply

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

All the world’s a hadron

David Horn and
Fredrik Zachariasen

Hadron Physics
at Very High Energies

Covers the rapidly developing field of
very high energy hadron physics. It re-
views in some detail the experimental
results on elementary particle scatter-
ing and production recently obtained at
the two new very high energy facilities,
the Intersecting Storage Rings at
CERN, and at the National Accelerator
L.aboratory, at Batavia, as well as data
from older accelerators such as the one
at Serpukhov. The phenomenological
interpretation of these data in terms of
the Regge pote picture are outlined and
discussed. Attempts at a more funda-
mental theoretical understanding of
these processes are also described,
with the major emphasis on field theo-
retic and multiperipheral models. These
models are described in some detail,
and both their successes and shortcom-
ings are pointed out. Other theoretical
ideas, encompassed in pictures of
elementary particles as droplets, in
statistical descriptions of high energy
production processes, and in fireball
descriptions of production, are men-
tioned more briefly.

1973, xvi, 378 pp.;

hardbd, ISBN 0-805-34402-0, $17.50;
paperbd, ISBN 0-805-34403-9, $9.50

R. P. Feynman
Photon-Hadron Interactions

“This new volume of lecture notes will
receive close attention from physicists.
Its scope is actually ‘Partons and/or
Quarks in Elemé&ntary Particles
Physics,' rather wider than its title might
suggest. Feynman was stimulated to
give these lectures by his attendance at
the international Symposium on Elec-
tron and Photon Interactions, 1971, an
they have been published ‘with
thought that other people might be in-
terested.” In fact, the volume gives the
most complete discussion available in
print of Feynman's ideas underlying his
‘parton model approach to hadronic in-
teractions (hadron=elementary particle
with strong nuclear interactions).”
—Nature Physical Science

1972, xvi, 282 pp.;
hardbd, ISBN 0-805-32510-7, $16.00;
paperbd, ISBN 0-805-32511-5, $7.95

Descriptive literature on following titles
available from publisher:

Paul H. Frampton, Dual Resonance
Models

R. B. Neal (ed.), The Stanford Two-Mile
Accelerator

D. E. Parksetal., Slow Neutron Scatter-
ing and Thermalization

E. Persico, Principles of Particle Ac-
celerators

C. O. Smith, Nuclear Reactor Materials

Books are available from your local technical bookseller or from
Addison-Wesley Publishing Company

Advanced Book Program
Reading, MA 01867, USA

West End House
11 Hills Place
London W1R 2LR, England

De Lairessestraat 90
Amsterdam 1007
The Netherlands




And on EEVvidicons,isocons,

intensifiers and pyro-electric tubes.

L2 d¥7

stand shock or vibration.
. Forspecial applications at low
light levels, or for detecting
radiation outside the normal
range of vision, EEV offers
1socons, intensifiers and pyro-
electric tubes.
The EEV camera tube range is
wide and growing. Every tube
incorporates the benefits of EEV
experience : good picture geometry
and resolution with long life expectation.
7  Write for typelists;orif youhave a
specific requirement, call Camera Tube
Sales at Chelmsford. )

EEVand M-OV know how.

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

VAN

NbTi 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 10;1( 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.

Reliable operation —hour after hour,
year after year —isessential for closed
circuit cameras.You’re more likely to
get thiskind of consistent reliability
from the camera tube experts: EEV.

EEV vidicons cover all TV
pick-up applications, in mono
or colour, for most cameras —
in magnetically focussed and
electrostatically focussed
types (separate or integral
mesh) with a range of
photo surfaces. Special
rugged types are
available to with-

VACUUMSCHMELZE GMBH:- D 645 HANAU
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Ein
breites
Programm zur Losung Ihres Registrier-
- -Problemes

KOmDensatlonsschre|ber
SEnvoGon a

250 mm Schreibbreite - Das Servogor S-Programm
0,3 sek. Einstellzeit bietet 40 verschiedene
0,25% Genauigkeit Typen mit umfangreichen

Bitte verlangen Sie Liste B-8-13 ~ Zusatzen und Zubehor.

(L4 GOERZ!

264 GOERZ ELECTRO Ges.m.b.H.-A-1101 Wien - Postfach 204 - Telex 01-3161
Telefon (022 2) 64 36 66




crate
interface
for PDP 11

Schlumberger

Two most powerful features of UNIBUS
extended to the CAMAC modules:

-DIRECT CAMAC REGISTER
ADDRESSING : 371 addresses per crate

-FAST INTERRUPT HANDLING:
8 interrupt vectors can be individually
masked

Moreover:

-UP TO 11 CRATES IN A CAMAC SYSTEM

-EXPANDED ADDRESSING FACILITY
2944 addresses for one crate in

an 11-crate system or for two crates

in a 6-crate system

-DIRECT MEMORY ACCESS
WITH ATC 081 BOARD

-SHORTENED UNIBUS CYCLE DURING
DATIP PHASES

-FAST Q TEST in the case of block
transfers or Camac Dataless instructions

FOR MORE INFORMATION PLEASE CONTACT :

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



Mineral Insulated
Cables

Include a range of wiring cables for use
in high radiation, high temperature and
corrosive areas, available with
aluminium, copper or stainless steel
sheath.

ﬁducts
forNuclear

Research

BICC are the world's largest
cablemakers and offer a wide range
of products for nuclear research, a
few of which are shown here.
Specialist engineers from our
Brussels office are always ready to
visityou and discuss problems of
design and installation.

Enquiries to our Brussels office
please.

Control/Supply Cables

Cables with thermoplastic, elastomeric,
fibre, tape and mineralinsulation are
available to suit a wide range of
operating temperatures and with a variety
of finishes.

MI Thermocouples
and Thermocouple
Cables

A comprehensive range of mineral
insulated thermocouple and extension
cable are available, as well as a
comprehensive range of PVC and glass/
silicon extension/compensating cables.

A wide range of radio frequency
coaxial, miniature multiway,
computer interface, mufticore and
tri-axial tv camera, tv distribution
and associated cables for total
electronics and telecommunications
installations and cabinet wiring.

Crosslinked Polythene
and EPR Power Cables

A comprehensive range of crosslinked and
EPR cables are manufactured for power
distribution.

Magnet Wires

High temperature glass insulated
winding wires and strips,

Energy Storage
Capacitors

Designed to meet most applications in the
field of nuclear research.

Enamelled winding wires and
strips.

Cables for High
Temperature
Applications

High temperature glass insulated cables.
PVC, Kynar & Tefzel insulated connecting
wires.

A complete electricat and mechanical
engineering service covering design,
procurement, installation, project
management and maintenance is offered
by Balfour Kilpatrick Installations Ltd.
(BK1) a member of the BICC Group.

BICC MARKETING ORGANISATION FOR EUROPE: BICALSA, 24 RUE DU LOMBARD, B-1000, BRUSSELS, BELGIUM, Tel: BRUSSELS (01032 2) 138232
BRITISH INSULATED CALLENDER’S CABLES LIMITED: Group Head Office, P.O. Box No. 5, 21 Bloomsbury Street, London WC18 3QN Tel: 01-637 1300 Telegrams : Bicalbest London Telex
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LEYBOLD-HERAEUS
The complete knowledge of vacuum technology an
its scientific and industrial applications:

Research and Development. Production of Equipment. After Sales Service.

Triode Sputter lon Pumps

Standard -1Z<Series

Research and industry need vacuum pumps of still better

performance. LEYBOLD-HERAEUS produce standard series

of ultra-high vacuum pumps, satisfying the most exacting
requirements:

The new generation of LEYBOLD-HERAEUS Triode Type
Sputter lon Pumps exhibits new brilliant features:

Continuous operation at 3 - 10-5 torr means no hazard
for the triode system

Full triode lifetime in continuous operation: 30,000 hours

at 1-10-6 torr and 3,000 hours at 1 - 10-5 torr. —
Further increase of life span by 50 per cent due to
novel design feature (patent applied for)

Constant pumping speed even at 3 - 10-5 torr —
no argon treatment necessary

.and in addition many other advantages:

ngh pumping speed for air, reactive gases and noble
gases

High stability for noble gases — no memory effect
Reliable start at 102 torr

Low ultimate pressure

Minimum magnetic stray field

Complete pump bakeable to 350 °C

< > LEYBOLD-HERAEUS
I-“ D 5000 K6In 51 - Postfach 510760

00000000 c0cco 0 >

information Coupon

to be sent to LEYBOLD-HERAEUS Dept. ZV 3

D 5000 Kaln 51

- Postfach 510760

[] Please let me/us have information about sputter

ion pumps

[] Please let me/us have information about ultra-high

vacuum systems

Name

Company

Address
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Wide Band, Precision

CURRENT
MONITOR

With a Pearson current monitor and an
oscilloscope, you can measure pulse or
ac currents from milliamperes to kilo-
amperes, in any conductor or beam of
charged particles, at any voltage level up
to a million volts, at frequencies up to
35 MHz or down to 1 Hz.

The monitor is physically isolated from
the circuit. It is a current transformer
capable of highly precise measurement
of pulse amplitude and waveshape. The
one shown above, for example, offers
pulse-amplitude accuracy of +1%, —0%
(typical of all Pearson current monitors),
20 nanosecond rise time, and droop of

only 0.5% per millisecond. Three db

bandwidth is 1 Hz to 35 MHz.

Whether you wish to measure current
in a conductor, a klystron, or a particle
accelerator, it's likely that one of our
off-the-shelf models (ranging from 15"
to 1034"” ID) will do the job. Contact us
and we will send you engineering data.

PEARSON ELECTRONICS INC

4007 Transport St., Palo Alto, California 94303
Telephone (415) 326-7285

LI
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LEMO SELF-LOCKING
ONNEGTORS
FORN A S0LID BOND.

FOR T OWN
SBLE THER
MPOS=Ecor ON

NNE
DiscO

Our production programme

Connectors, unipole {1+150 A). Connectors, coaxial (50-60-75-100Q). Connectors,
biaxial and triaxal. Connectors, high voltage (2-5-8-10-15-30 KV.DC)}. Connectors,
multi-coaxial, multiple contacts, multiple high voitage. Connectors, combined, high and
low voltage. Connectors, combined, coaxial and signal. Connectors, combined special.
Connectors, forthermo-couples. Adaptorstoconnectors type: BNC-UHF-C-N-CONHEX -
PET-Suhner-G. Radio, etc.

International connections:

Germany: LEMOSA GmbH. Wernher von Braun Strasse 16. D- 8011 Putzbrunn. England:
LEMO U.K. Ltd. 6, South Street. Worthing, Sussex. Austria: LEMOSA GmbH. Postfach
703. A-1011 Wien. Belgium: Ets. Clofis Sprl. 539, Steenweg Brussel. B-1300 Overijse.
Denmark" K. Kamuk A/S. Bredebovej 31. DK-2800 Lyngby. United States: LEMO
USA, INC. 2015 Second Street. Berkeley, California 94710. Finland: Oy Chester AB.
Uudenmaankatu 23 A. SF-00120 Helsinki 12. France: Jupiter S.A. Constructions élec-
triques. 104, rue Garibaldi. F-94 Saint-Maur. Holland: Geveke. Elektronica en Auto-
matie NV. P.O. Box 652. Amsterdam. ltaly: LEMO ltalia S.R.L. 10, via Calzecchi.
1-20133 Milano. Norway: Henaco A/S. P.O. Box Okern. Oslo 5. Sweden: AB D.J.
Stork. Humblegatan 32. Box 37. $-172 21 Sundbyberg 1.

LN

LEMD S5/

Electrotechnigue
Tel. (021) 711341  Telex 24683 1110 Morges (Switzerland)
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TABLE OF PERFORMANCE SPECIFICATIONS

Quench Field at 4.2K
Quench Field at 3.0K

Clear Bore Diameter

Outer Diameter

Length

Operating Current at 150 kG
Field Homogeneity at 150 kG
Time to 150 kG (Virgin Run)

Time to 150 kG
(Subsequent Run)

Weight

Average Current Density in
Winding Space at 165 kG

158 kiloGauss

165 kiloGauss

25.7 mm

231 mm

262 mm

126 Amperes
3x10*in a5 mm DSV
Under 30 minutes
Under 10 minutes

66 kilograms
15,500 A/cm?

New IGC magnet
breaks the
150 kG barrier

170 + ~
~
~
~ ~
e m— — —E]— — — — \_— amee == DESIGN STRESS
LIMIT {185 kG)
@\
160 4+~ @\
NOT QUENGCHED @\

Central Field (kiloGauss)
/

150 ==

o ¢ t t t +
0 2.0 3.0 4.0 5.0

Temperature (Kelvin)

CENTRAL FIELD AT “QUENCH’
VERSUS MAGNET TEMPERATURE

An I1GC superconductive magnet has decisively penetrated the
long-standing 150 kG barrier for commercial superconducting
solenoids. Built for the Mullard Cryogenic Laboratory of the
Clarendon Laboratory, Oxford, England, the new magnet pro-
duces 158 kG'at 4.2 K and 165 kG at 3.0 K, This record perform-
ance was made possible by IGC’s modular approach to magnet
design, combined with the superior properties of I1GC’s stabil-
ized Nb;Sn conductor.

Unique in its characteristics, the new magnet has an outer
diameter of only 231 mm and weighs only 66 kilograms. It is
also extremely stable, performing to 150 kG in less than 30 min-
utes on its first run, and in less than 10 minutes on subsequent
runs.

From a mechanical stress standpoint, the new magnet was
designed to perform to 165 kG. As the inset graph shows, how-
ever, the results suggest that IGC Nb,Sn magnets may be
capable of fields in the range of 170 kG at temperatures near
the helium A point (2.18 K).

Superconductive magnet performance to fields above
180 kG at 4.2 K may also be made possible by this major ad-
vance. Such magnets will use V,Ga superconductor (now avail-
able through IGC) in the regions of the winding space where
the field is greater than 150 kG.

This is one more reason to consider IGC, whatever your
requirements—superconducting materials, ultrahigh field mag-
nets, or complete turnkey systems. Rely on the one company
with across-the-board capability . . . Intermagnetics General
Corporation. For more information, write or cail: Paul Swartz,
Vice President of Marketing and Sales, Charles Industrial Park,
Guilderland, New York 12084. Telephone: (518) 456-5456.
TWX No. 710-441-8238,

MTERMAGRETIOG = =)L

NEW KARNER ROAD

CORPORATION
GUILDERLAND, N.Y. 12084
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000000000000
Fiche de laboratoire®

No. 354 279 (en 7 couleurs)
No. 354 280 (en 7 couleurs)
|l

||

La fiche 354 279 constitue I'élément de
connexion idéal entre fiches-bananes et
lames a souder, chevilles wire-wrap, fils
etc. Le type 354 280 sert d’élément en
serie pour deux fiches 354279 ou est
soudé directement a un cable de rac-
cordement. Un contact élastique est ob-
tenu en plusieurs points, d'ou une faible
résistance de passage!

Encsson

Composants

Ueberlandstrasse 436

Ultra 123

le taraud
robuste
pour matiéres
difficiles
a travailler

Ultra GG

le taraud
spécial
pour fonte,
a rendement
supérieur

\\)

8061 Zurich, téiéphone 01/4166 06

MONOFLASH

der vielseitige ‘Mikrosekundenblitz mit der grossen
Lichtleistung. Bis 55 WSs/Blitz. Ansteuerbar Uber
Ruhekontakt, Arbeitskontakt und pos. Impuls. Ein-
gebauter Retarder, elliptischer und Parabolreflektor.
Halogenlampe zur Einstellung, Monitorausgang.
Mehrere Gerate konnen in Reihe geschaltet und
nacheinander mit verschiedenen Intervallen ge-
zlindet werden.

Flur Einzelbildaufnahmen schneller Vorgange in
Forschung und Wissenschaft, Ballistik, Wind Tunnel
Untersuchungen, Kavitationsforschung, Bruch- und
Zerreisvorgange etc.

Bitte fordern Sie Unterlagen an bei

—
o - %

MONOQFLASH Mikrosekundenblitzlampe

IMPULSPHYSIK GmbH

2 Hamburg 56 (Rissen) Siilldorfer Landstr. 400
Tel. (040) 812151 / FS 02189 514 ffid

£R
 F4

105 Uitra

le taraud
universel

Notre programme Ultra
est une spécialité
de toute premiére classe
et signifie pour vous:
meilleur rendement!
Avec ces quatre iypes Ultra
vous résoudrez
tous vos problemes
de taraudage.

131 Ultra

le taraud
spécial
pour trous
borgnes
a rendement
supérieur

U LTRA Charles Manigley+Cie
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Un groupe de niveau européen

dans

Nettoyage industriel
Nettoyage d’ateliers, bureaux, laboratoires, cliniques

DNET la prestation de services

Hygiéne, désinfection, désinsectisation, dératisation

Prestations de main-d’ceuvre

Manutentions

Office nouveau du nettoyage ONET

13008- MARSEILLE 12 bis, boulevard Pébre tél. (91) 732850
75- PARIS 4 et 6, rue du Buisson - Saint-Louis-Xe tél. (T) 2081557
GENEVE 55/57, rue Prévost-Martin tél. 257888
74 - ANNECY 6, avenue de Mandallaz tél. (50) 454641

01-SAINT-GENIS Route de Genéve

tél. (60) 411207

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

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
accontmodates all requirements.

TIPSWITOOL
1564 DOMDIDIER/Switzerland

Entreprise de peinture

Suisse
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
75 —~ PARIS 16°

Direction administrative :

B.P. No 2
SAINT-CLAIR DU RHONE
38 370 Les Roches de Condrieu

Tél. (74) 855307
855228
Télex: 90404 F
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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

Preis-Reduktion

SCI-Netzgerate

mit Netztransformator,
kurzschluBsicher,
ab Lager lieferbar

Preise:

exkl. WUST, 30 Tage netto,
10 Tage 2%
Mengenrabatt ab 5 Stick

Fur Op. Amp. £+ 15 V: Fr./Stk. (1—4)

Modell P2.15. 24 K 25 mA 90.—
P2.15. 60K 60 mA 138.—
P2.156.100K 100 mA 170.—
P2.16.200K 200 mA 237.—

P2.15.300K

Fuir 5 V Logik:

Modell P1.5. 260K 250 mA 128.—
P1.5. 600K 500 mA 160.—
P1.5.1000 K 1000 mA 215.—

300 mA 345.—

Andere Spannungen und Leistungen auf Anfrage.

Telemeter Electronic AG
8027 Ziurich Tel.01 257872
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The World of
TITANIUM

What do you know about Titanium? This versatile
metal combines strength with lightness and economy.

Titanium has made a world of difference in so many
industrial applications.

Shouldn’t you be using it ? Find out by contacting

metallbodio 1D,

P.O. BOX 296 STEINENTORSTR. 20, CH-4010 BASLE
TEL. 061 238953 TELEX 62 270
Agents for
TITANIUM METAL & ALLOYS LIMITED,

2 METAL EXCHANGE BLDS., LONDON, E.C.3.




LEYBOLD-HERAEUS

LH

Pompes rotatives
a palettes

Pompes -trivac®-$ et -trivac-D

Bon vide limite avec ou sans lest d’air

Débit élevé méme dans les basses pressions
Fonctionnement silencieux et exempt de vibrations
Raccordement par brides PNEUROP
Grande robustesse, méme en service continu
Filtrage d’huile en continu
Vanne de sécurité incorporee
Programme d’accessoires trés complet

LEYBOLD-HERAEUS AG

Oerlikonerstrasse 88, Téléphone 01 46 58 43

8057 ZURICH

Schilumberger

Centralisation
automatique
des données

par exemple le systeme Compact 33
pour pressions, contraintes,

températures, forces,
tensions, etc.

Le Compact 33 est le dernier-
né de notre famille de Data
Logger. Son extréme flexibilité
permet son installation la ou
jusqu’ici seuls des systémes sur
mesure et coliteux pouvaient étre
installés.

jusqu’a 1000 voies

niveaux de commutation jusqu'a 1 uv

jusqu’a 100 programmes individuels

possibilité d'utilisation simultanée sur deux expériences
affichage des mesures et des commandes

possibilité de sauts de voies

avec sorties directes en unités physiques

Demandez a nos nombreux clients
qui utilisent nos systémes DTU et

Computer Logger. lls vous confirme-
ront a quel point nos systémes sont

fiables et confortables.
Schlumberger

8040 Zirich 1207 Genéve
Tel. 01 528880 Tél. 022 359950

Miinchen — Wien — Paris — Mailand — Stockholm
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Commercial
uranium...
... - :

hY ’\'::'/_:.., -

jl.lst 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 uranium is demonstrably a written into a Fact File onthe
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 fabricating commer-  sendfor yours today.

range of radiological shielding cial uranium—casting, machin-

and non destructive testin N . .
Spploations baance wesnts | BNFL - BritishNuclear Fuels Limited

foraircraft, colouring compounds " Risley, Warrington, WA3 6AS
forglass and ceramicsand asa Telephone: Warrington 35953

BNF 5 D]
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Everyth
Camac
Counter

ONE OF THE 2500 AVAILABLE

HOKE VALVES

316 SS HIGH
OR BRASS VACUUM
—40°C TO 600°F TO 1000 PSIG

HOKE BELLOWS SEALED VALVES
(4100 SERIES)

MATKEMI AG

4106 Therwil
Erlenstrasse 27
Telefon 061 /734822
Telex 62440

Mesurer, surveiller, commander
grace a VIDAR 5600

VIDAR 5600 sert a la surveillance de nombreuses valeurs
limites et a la commande ou a la quittance d'alarmes lors
de dépassement de valeurs de consigne. Aucune pro-
grammation n’est nécessaire.

‘ ® Mesurer de 10...1000
canaux

® Surveillance jusqu'a 550
paires de valeurs de con-
signe

® Commande de dépasse-
ment de valeurs

Service simple
Pas de software!

Kontron Electronic AG

Hardstrasse 235 8031 Ziirich Telefon 051 445690 Telex 52115
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SEMTECH q,é// |

SEMTECH “METOXILITE"
RADIATION RESISTANT SILICON RECTIFIERS

1 AMP 25°C/NO HEAT SINK
PIV TO 400 VOLTS
MONOLITHIC NON-CAVITY CONSTRUCTION
FUSED METAL OXIDE HERMETIC SEAL
SUPERIOR THERMAL SHOCK RESISTANCE

REVERSE RECOVERY TIME:

100-300V/1A=0.3 us LOW THERMAL IMPEDANCE
400V /IA=10us LOW REVERSE LEAKAGE

HIGH TEMPERATURE
LINEAR POSITION TRANSDUCER

“MODEL 5175 HIGH TEMPERATURE
LfNER POSITION TRANSMITTER

SPECIFICATIONS

Standard Ranges ... 1.0, 2.0, 4.0 and 6.0 inches Power Rating ...... 1.0 watt/inch @ 38°C
Linearity - .. ...ooooe +£0.5% (4") 0.1 watt/inch @ 260°C
Resistance 1000, 2000 and 5000 ohms :5% Std.  Operating Temperature . . . . —54° to + 260°C
Repeatability . Shaft Actuation Force 1 Ib. maximum
Insulation Resistance i Full Scale 1.000.000 cycles

Bourns (Schweiz) A.G., Baarerstrasse 8 6301Zug
Tel. 042/23 2242 Telex78722
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20UT REG
SPEC 154
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uTPUT
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HC
1220008
LR

1
L

SEN

put
their
cards

on
the

Dual 16 bit‘ Output Register

2 OR

This high~efficiency instrument contains
two individually controlied 16 bit regis-
ters which will execute HANDSHAKE
dialogues with external units. When
connected with a SEN 2 IR 2002 Dual
Input Register, 16 bit words can be trans-
ferred between two CAMAC systems.

=051

The unusual versatility of the 2051 lies
in the two pluggable output stages, which
provide systems operators with the pos-
sibility of changing module assignment in
a few seconds. A full range of standard
stages is available, covering the most
frequently required working levels.

Price: S.Frs.1,650.00

cif Switzerland

ELECTRONIQUE
31, Av.Ernest RPictet 1211 GENEVE 13 SUISSE Case postale 39 Tel(0D22)44 29 40 Telex 23359CH
SEN ELEKTRONIK AG ZURICH Tel (01 88 51 03 Telex 58257 CH
SEN ELEKTRONIK GmibH HAMBURG, Germany Tel. 04103 6282 Telex 2189 5480
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Turgl)ies

ftandard helium liquefiery

® Capacity 10-15 litres/hour

—easily uprated to 30 litres/hour.

@ Reliable, automatic and safe
operation with minimum
maintenance.

® No liguid nitrogen pre-cooling.

@ Vibration-free and virtually silent
coldbox.

@ Demountable panels provide
maximum accessibility.

@ Optional built-in automatic
purification system.

TurBQCool liquefiersincorporate the highly
successful gas-bearing turbo-expander systems
developed by BOC. These silent running machines,

 unlike the reciprocating engines used in most other

liquefiers on the market today, are free from mechanical
wear and formal maintenance and represent the
ultimate in reliability.

For furtherinformation please contact:

The British Oxygen Company Limited,
Boc CRS Division,

”I Deer Park Road, London SW19 3UF.
Telephone: 01-542 6677
Telex 263490.




Compact packaging — 12 channels per
single-width module means fewer crates,
smaller systems, less gate fan-out.

Well-controlled pedestal — Advanced
hydrid circuit front end eliminates
peak shifts and/or constant calibration.

Excellent input impedance match —
minimizes possibility of digitizing input
reflections.

10-bit resolution — one part in 1024.

Widest dynamic range — 4 times the range
of 8-bit ADC’s allows broader spectra,
better accuracy, simplified setup.

High sensitivity — 0.25 picocoulomb
per count.

No feedthrough — Up to 1,000-fold overloads
are rejected by fast gate, eliminating
spurious data due to out-of-time chamber
firings, noise, etc.

Uniform sensitivity throughout gate
interval — Negligible modulation of measure-
ment with position of signal within gate.

Well-ventilated module — Low component
count, less than one-fifth of competing
designs, permits free circulation of air for
cooler, more reliable, longer-lasting
operation.

Fast clear input — Enables fast rejection
of unwanted data within 2 us without any
dataway operation.

DC test input — DC level at front-panel
connector (or patch pins on dataway)
injects proportional amount of charge into
all ADC’s simultaneously.

Full LAM functions.

High digitizing speed — without sacrifice
in differential linearity.

LAM and Q suppression — eliminates
readout of empty modules.

ADC’s by
\ thedozen

The new Model 2249:
12 ADC's in a single
compact CAMAC module

LRS has more experience with fast-pulse ADC’s than
any other manufacturer in the world. The Model 2248
8-channel ADC is the standard at virtually all particle
accelerators . . . and thousands of channels are
already in use in experiments.

All this experience has been embodied in our
newest ADC, the 12-channel, 10-bit Model 2249, to
make it the most versatile and reliable ADC available.
The new 2249 is designed specifically for use in the
most demanding applications — applications such as
particle indentification using dE/dx counters . . . record-
ing x-ray, neutron, or recoil proton energies using
lead glass or other total energy absorption counters
...improving time resolution by correcting for slewing
due to variances in counter output amplitudes . . . and
debugging or monitoring proportional or drift chambers.

For further information, call or write
Raymond Chevalley, Technical Director, LeCroy Research
Systems SA, Geneva, or your local LRS Sales Office.

LRS

LeCrovy Research Systems SA
81, Avenue Louis Casai ¢ 1216 Cointrin-Geneva e Switzerland
Phone: (022) 34 39 23 Telex: 28230

LeCROY RESEARCH SYSTEMS CORPORATION
126 North Route 303 West Nyack, N. Y. 10994
Phone: 914/358-7900 ¢« TWX: 710-575-2629 e Cable: LERESCO

SALES REPRESENTATIVES IN:

SWITZERLAND GERMANY
Camberra Elektronik GmbH.
Geleitstrasse 10
6000 Frankfurt/Main 70
West Germany

LeCroy Research Systems S.A.
81, Avenue Louis-Casai
1216 Cointrin-Geneva
Switzerland
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Doyou
want low-cost
liquid helium?
-get: =——
it

CTi's new Model 1204 Helium Liquefier/Refrigerator was
designed for the laboratory that has always wanted a reliable
in-house supply of liquid, but felt that helium liquefiers were
too expensive. '

The Model 1204 is compact and simple to install and operate.
Most importantly it is an economical investment for the research
center with a growing need for liquid helium or continuous cool-
ing of superconducting magnets.

Write or call CTi-CRYOGENICS today for complete data on the
new economical helium liquefier that any laboratory can afford.

Er-Cryogenics
a Division of Cryogenic Technology, inc.

Kelvin Park
Waltham, Massachusetts 02154
(617) 890-9400

In Europe:
CTi-CRYOGENICS AG

Glattalstrasse 18
CHB8052 Zurich, Switzerland
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