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Where are we now ?

A brief review of some of the progress in
particle physics during 1977

Perhaps the simplest and most honest
answer to the question in the title is
that we do not know. During the year
several discoveries, or convincing con-
firmations of earlier discoveries, have
opened a door that we thought we
were closing. Just as theory was put-
ting the produce of the experiments
into order in a very promising way,
there have been new findings that now
need to be absorbed. However, we
have certainly moved nearer to under-
standing the workings of Nature as a
result of the research in 1977.

A simplified picture of where we
were in our knowledge of hadrons at
the end of 1976 would show us
holding four types of quark {up, down,
strange and charmed) as the con-
stituents of all the hadrons — the par-
ticles sensitive to the strong force. We
had absorbed the Brookhaven /
Berkeley / Stanford discovery of the
J/psi particle at the end of 1974 by in-
troducing the charmed quark and all
the known families of hadrons could be
built up from combinations of these
four quarks in a calculable way.

During 1977 some empty corners of
this picture have been painted in with
results from the electron-positron
storage rings at DESY and at Stanford.
The J/psi had already been interpreted
as consisting of a charmed quark and
charmed antiquark where the charm
property was hidden. It was desira-
ble, therefore, to identify particles with
‘naked charm’. This has been thor-
oughly done in the study of D mesons,
the first of which was found at Stan-
ford in 1976, and in the discovery of F
mesons at DESY announced in July.
The Ds and Fs all exhibit naked charm
in the ways that were predicted.

A question mark on the quark front
was some data from a Fermilab experi-
ment showing ‘anomalous’ behaviour
of antineutrinos at high energy, for
which one explanation was the ex-
istence of an additional type of quark.
More neutrino data from CERN during
1977 has removed this anomaly but

the possibility of a new quark has come
back, again from Fermilab, though
from a different direction and looking
much more solid.

If a 1977 oscar is to be given to any
particular particle for a starring role
during the year, it must go to the muon.
In July came the announcement that,
in observing muon pairs emerging
from high energy interactions at the
Fermilab accelerator, new very heavy
particles have been seen around a
mass of 10 GeV. Known as the Upsilon
particles, they are most frequently in-
terpreted as consisting of a quark-
antiquark pair of a new type.

The postulated new quark has been
assigned names like ‘beauty’, ‘top’ or
‘bottom’. Just as the J/psi provoked
the search for naked charm, so the Up-
silon now offers physicists the exciting
prospect in 1978 of looking for naked
bottom.

The study of muons coming from
high energy neutrino interactions ran

The discovery of the year, the Upsilon particles
of mass about 10 GeV, being announced by
Leon Lederman at the Budapest Particle
Physics Conference in July.

like a thread through the year. It began
with ‘dileptomania’ — the attempt to
learn more about the phenomenon of
two muons coming directly from a
neutrino interaction. Then in February
Fermilab discovered three muons
emerging. This result and the dimuon
events were strongly reinforced by the
start of high energy neutrino experi-
ments at the CERN SPS, where much
more data could be assembled. To
round the year off, CERN discovered in
November four muons emerging from
a high energy neutrino interaction.

The origin {or origins) of this
proliferation of muons is not clear. It
may become so when we know more
about new types of quark. Alternative-
ly, it may be at least partly the result of
the existence of new types of heavy
lepton.

At the beginning of 1976 we could
pretend that we had four leptons —
the particles which do not feel the
strong interaction. These are the
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Other views of the four muon neutrino event
shown on the cover, this time looking from the
side. The CERN / Dortmund [ Heidelberg /
Saclay collaboration led by Jack Steinberger
has amassed the enormous total of 5 million
neutrino interactions (3.5 million of the charged
current type, 1.5 million of the neutral current
type). Among them are six thousand dimuon
events, thirty-five trimuon events and this
single four muon event.

electron, muon, electron-type neutrino
and muon-type neutrino. This gave a
pleasing symmetry with the four
quarks which build up the hadrons and
made the theoreticians happier in their
attempts to develop a model which
would incorporate all known particle
behaviour.

However, a heavy lepton (tau) had
already been discovered on the SPEAR
storage ring at Stanford. Though peo-
ple tried not to believe it and would
really have liked to see it go away, this
now seems a forelorn hope because
during 1977 there has been still more
evidence from Stanford and it is now
also backed by data from DESY.

There were three highlights a little
outside the main-stream of the
development of particle physics. One
was the annual discovery of an isolated
quark, announced in April, this time in
a Millikan-type experiment at Stanford
University. It has not deviated theoreti-
cians from their efforts to demonstrate

why it is not possible to see an isolated
quark (see Physics Monitor).

A second highlight came from
several experiments during 1977
which clearly established ‘baryonium’
as a way of life. These well-defined
states have been seen in a number of
spectroscopy experiments and have
the peculiar property that, while they
look superficially like mesons, they
prefer to decay into a baryon-anti-
baryon pair. Thus additional selection
rules now have to be incorporated into
the underlying quark model.

The third side highlight featured the
muon again. Rumours circulated in
February on the basis of very
preliminary data from an experiment at
SIN, that the muon had been seen to
decay at a very low rate into an
electron and a gamma ray. If such a
decay were found, it would destroy the
distinction between the electron and
the muon which has always seemed
absolute up to now. However, the
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decay has not been confirmed by later
data from SIN or from TRIUMF.

Some theoreticians would have
been pleased to see this muon decay
into an electron plus gamma. It can be
predicted as occurring at a low rate
from some gauge theory calculations.
Gauge theories are all the rage, and an
article on them can be found in the
September issue. They have had wide
success in explaining our present
knowledge of particle behaviour and
they have the fundamental attraction
of being applicable to any force field-
gravitational, weak, electromagnetic
or strong. They thus hold out the long
searched for holy grail of unifying our
interpretation of all types of behaviour
in Nature.

To date, they have welded together
weak and electromagnetic behaviour,
an achievement rubbed home by the
discovery of neutral currents at CERN
in 1973. The only cloud on that horizon
is the failure to see neutral current ef-
fects in some other physics experi-
ments where they might have ap-
peared. Fortunately, for the moment,
we can hide behind the complexity of
some of the necessary calculations
and believe that these are wrong, o.
that the structure of the neutral cur-
rents is more complex, rather than that
the neutral current effect is not there.

Now gauge theories are being ex-
tended to absorb the observation of
the Upsilon and the tau. The tau is like-
ly to have its own neutrino, in analogy
to its electron and muon confreres,
bringing the total number of leptons to
six. The Upsilon type of quark (if that
proves to be the correct origin of the
particle} is also likely to have a
companion, bringing the total number
of hadron constituents to six. The
gauge theory manoeuvers with the
extended list of particles may well ab-
sorb more easily a few uncomfortable
phenomena, like the violation of
charge-parity symmetry in the decay of
the neutral kaon, which have been
largely swept under the carpet in the



general progress of our understanding
of particle behaviour.

Turning to the machines on which
particle physics research is done, a ma-
jor event in 1977 was the start, in
January, of the physics programme on
the CERN 400 GeV proton synchrotron
(the SPS) with some of the most in-
tense beams and most sophisticated
Hetection systems available.

Among the machines under con-
struction the star has been the PETRA
18 GeV electron-positron storage ring
at DESY where a cracking pace has
been set and maintained throughout
the year. They must now, however,
look over their shoulder because the
twin machine, PEP at Stanford, has
begun building in earnest with formal
ground breaking in June. Work on the
Tevatron, with the addition of a super-
conducting ring to take the energy to
1000 GeV, continues at Fermilab. A
variety of possibilities for colliding
beams as well as 1 TeV fixed target
physics will be opened up.

The 400 GeV proton-proton storage
ring {ISABELLE) at Brookhaven has
ieceived its first construction money.
Authorization is also through for the 8
GeV electron-positron storage ring
(CESR) at Cornell. The same energy
range will be reached by VEPP-4 at
Novosibirsk which is nearing comple-
tion.

Europe, via the European Commit-
tee for Future Accelerators (ECFA), has
decided that a very high energy
electron-positron storage ring, to give
about 200 GeV in the centre of mass,
should have top priority as its future
project. The Soviet Union continues its
study of UNK, a several TeV fixed
target proton synchrotron. And we
welcome some new colleagues to the
high energy physics community from
China where a several hundred GeV
proton synchrotron is planned.

It has been very satisfying to see
that international use of new and plan-
ned facilities has been taken very much

to heart (for example at PETRA and
ISABELLE) in line with the recommen-
dation which emerged from the inter-
regional discussions held in 19786.
These same discussions led to the set-
ting up of the Inter-regional Commit-
tee for Future Accelerators {ICFA) to
keep alive the possibility of a ‘world
machine’ in the years to come.

In the field of accelerator technology,
the idea of beam cooling has been
taken up at CERN and Fermilab in addi-
tion to Novosibirsk and the realization
of high intensity antiproton beams, for
proton-antiproton colliding beams and
for other experiments, is probable only
a few years away.

Other applications of accelerators
continue to mushroom. They are being
developed more and more for use in
medicine. The synchrotron radiation
community using electron rings is
growing rapidly and many new
dedicated rings are being built. Ac-
celerators are also to be the source of

One of the completed octants of the electron-
positron storage ring, PETRA, which has
maintained a very rapid construction pace
during 1977. The machine is scheduled for
operation in 1978.

{Photo DESY)

the intense neutron beams of the near
future. The possibility of using ac-
celerated heavy ion beams in fusion
reactor systems is being keenly pur-
sued in the USA.

Allin all, it has been a very lively year
in high energy physics holding out the
promise of even livelier things to come.
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CERN COURIER’s crystal ball

A new simulation computer program,
OMEN (On-going Multiparticle Event
Number-cruncher) is being developed
to aid the long-term planning of parti-
cle physics experiments. Although the
program is not yet available for general
release, we were fortunate enough to
obtain a prototype version, and used
input data culled from the pages of the
1977 COURIER to obtain this unique
glimpse of what could be in store in
1978.

JANUARY

Twenty new high mass particles dis-
covered in lepton pair experiments.
Theorists propose periodic table of
qguarks. Copies printed and distributed
to schools. IBM announces a new com-
puter to handle the world's neutrino
data.

FEBRUARY

Fractional electronic charges detected
on a television screen in Memphis,
Tennessee. Five muons seen coming
from a neutrino interaction. Weinberg-
Salam angle remains unchanged. US
Supreme Court rules that jets must no
longer be produced in hadronic reac-
tions.

MARCH

Leptons get heavier and heavier. Very
high energy cosmic ray event recorded
in  South America. Government
overthrown. The A1 meson disappears
from view. Medical applications of
charmed quarks demonstrated. Six
muons seen coming from neutrino in-
teraction.

APRIL

Analysis of cosmic ray event reveals
ten free quarks, a tachyon, four Higgs
particles, two magnetic monopoles,
three superheavy nuclei and an in-
termediate vector boson (the charged
kind). Weinberg-Salam angle remains
unchanged but accelerator building
stops throughout the world.

MAY

Particle Data Group publishes special
quark souvenirissue. Land prices in the
Andes soar as USA physicists rush to
install particle detectors. European
physicists hold Workshops to decide
which cosmic rays to observe. Muon
production in neutrino interactions in-
cluded as event in Olympic games.
JUNE

The Big Shut Down starts. Accelerator
sites used as car parks. BEBC is resited
for cosmic ray experiments on the
summit of Mont-Blanc. g-2 experi-
ment reconstructed to measure the
Weinberg-Salam angle to one part per
million. South American governments
introduce import tariffs on multiwire
proportional chambers.

JULY

Photograph of cosmic ray event hung
in Louvre. IBM (South America)
reanalyses world’'s neutrino data.
World record of 256 muons seen com-
ing from a neutrino interaction is not
ratified because of following wind and
physicists taking anabolic steroids.
Weinberg-Salam angle unchanged.
Physicists read ‘Finnegan's Wake' to
learn significance of quarks.

AUGUST

CERN COURIER reports naked bottom
seen on Copacabana beach. Inter-
national high energy physics con-
ference hurriedly convened in Rio de
Janeiro. High energy physics football
team wins final of World Cup in Argen-
tina.

SEPTEMBER

South American cosmic ray event
shown to be a hoax. Land prices in
Andes plummet as physicists return to
machines. Owners reluctant to remove
their cars from accelerator sites. Parity
experiment discovers violation of
atomic physics. IBM analyses Fin-
negan’'s Wake'.

OCTOBER

IPCFA (Inter Planetary Committee for
Future Accelerators) holds first
meeting. Although next generation of
machines envisaged to be built on a
regional basis, plans to construct a
Cosmic Ray Storage Ring in ten years’
time as a World Machine are put
forward. The A1 reappears. Five million
physicists now using synchrotron
radiation facilities.

NOVEMBER

IBM computer wins Nobel prizes for
physics and literature. IPCFA proposes
Energy Doubler for the Cosmic Ray
Storage Ring. Mohammed Ali says
‘I can knock muons out of anything !’
Accelerator building stops again.
DECEMBER

Bug found in OMEN.

Oh well.

The hunt~ for naked bottorm

N
.
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Around the Laboratories

STANFORD
SSRL breaks new
ground

A dedication ceremony for the
Stanford Synchrotron Radiation Labo-
ratory (SSRL) was held on 27 October
with George Pimentel, the recently ap-
pointed Deputy Director of the
National Science Foundation, as the
principal speaker. Construction of the
Laboratory, initially with the status of
‘project’, started in 1973 and it began
operation in 1974 but the busy staff
did not find time for a formal dedica-
tion ceremony until now.

The ceremony included ground-
breaking for a new synchrotron radia-
tion experimental hall being con-
structed on the south arc of the SPEAR
electron-positron storage ring. Funds
($ 6.7 million) have been authorized
over a three year period by the National
Science Foundation for this new hall
plus up to seven new synchrotron
radiation beam-lines and up to nine-
teen experimental stations. Also in-
sluded are funds for a wiggler magnet

nd much experimental equipment
(monochromators, detectors, vacuum
sample chambers, etc.).

The need for these new facilities can
be appreciated from the exponential
increase in proposals for experiments
at SSRL — which have been approx-
imately doubling in number each year
for the past three years. The original
beam-line provided for five simulta-
neously operating experimental sta-
tions. This has now been expanded to
nine with the addition of a second
beam-line in 1976 but the demand far
exceeds the supply.

This has been particularly true
recently because of the increased high
energy physics interest in the 4 GeV
centre of mass region which requires
that the storage ring be operated at 2
GeV beam energy where the X-ray flux
is minimal and many SSRL experi-

ments cannot take useful data. They
require stored beam energy of 2.5 GeV
or higher to obtain high intensity at
photon energies of 10 keV and higher.

SPEAR was run at a beam energy
greater than 2.5 GeV for about 50% of
the operations time during 1975, 76.
During 1977 this took a precipitous
drop to 16 % and, coupled with the ris-
ing user interest, this has resulted in a
serious lack of running time for X-ray
experiments.

The scene at the dedication of the Stanford
Synchrotron Radiation Laboratory, held on the
site of the SSRL South Arc Expansion at the
SPEAR storage ring on 27 October. On the right
is the plot of ground used for the ceremonial
ground breaking.

The line-up for the ground breaking ceremony
at SSRL (left to right) — Seb Doniach, Ron
Gould, Bill Spicer, Stig Hagstrom, Bill
Qosterhuis, Artie Bienenstock, Andy Sessler,
Bill Miller, Herm Winick, Pief Panofsky, Stan
Stamp and George Pimentel.

{Photos SLAC)

At present SSRL operates sym-
biotically on SPEAR and the beam
energy is determined by the needs of
the high energy programme. When
PEP is operational, SPEAR will become
available as a dedicated source of syn-
chrotron radiation for 50% of its
operation time. High current, multi-
bunch, single beam high energy opera-
tion will then provide vastly increased
synchrotron radiation flux, especially
at X-ray wavelengths. During brief
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multibunch trials, 225 mA was stored
in SPEAR and more should be possible.

In addition to the increased facilities
now being constructed at SSRL, four
new electron storage rings have been
authorized in the USA, three as
dedicated synchrotron radiation sour-
ces and one for colliding beams plus
synchrotron radiation:

At Brookhaven the Department of
Energy has authorized construction of
2.5 GeV and 0.7 GeV storage rings.
The project is called the National
Synchrotron Light Source (NSLS) and
the Director is Arie Van Steenbergen.
At Wisconsin the National Science
Foundation has authorized construc-
tion of a 0.75 to 1.0 GeV storage ring
called Aladdin with Ed Rowe as Direc-
tor.

At Cornell the National Science Foun-
dation has authorized the construction
of an 8 GeV electron-positron colliding
beam storage ring called CESR and a
synchrotron radiation laboratory is
planned to operate symbiotically. The
project is called the Cornell High
Energy Synchrotron Source (CHESS)
and is directed by B. Batterman and N.
Ashcroft.

The increasing interest in syn-
chrotron radiation research, leading to
the construction of new facilities in the
USA and elsewhere, is due primarily to
the exciting research results from ex-
isting laboratories such as SSRL,
DESY, Daresbury, Orsay, Novosibirsk,
Wisconsin and more than ten other
laboratories throughout the world.
Programmes in X-ray absorption, dif-
fraction, fluorescence and in UV
photoemission among others, have
been actively pursued for several
years. New applications include Moss-
bauer studies, pumping of soft X-ray
lasers, X-ray microscopy and X-ray
micro-lithography (for replicating mi-
crostructures such as integrated cir-
cuits on a sub-micron scale).

The new storage rings in the USA
should begin operation around 1980-
81. Until then, the only US source of
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synchrotron radiation providing pho-
tons above 150 eV will be at SSRL
where the first of the new beam-lines
will be operational in 1978. Additional
beam-lines, including a wiggler line,
will come into action in 1979 and
1980.

CERN
SPS getting better
all the time

Apart from one bad hiccup in July

following the long shutdown, there has '

been a rather steady improvement in
the performance of the 400 GeV
proton synchrotron, the SPS, during
1977. Physics began at the ac-
celerator in January with average in-
tensities around 3 x 10'? protons per
pulse. This figure has now moved to
about 5.5 x 10'? and the general
reliability of the machine has enabled
some 108 protons to be fed to the ex-
perimental targets during the three re-
cent monthly operating periods. The
reliability of the whole SPS complex is
now over 80 %.

The present peak operating intensity
(sustained for 15 minutes) is 9.1 x
102 and there is confidence that this
will be increased to over 10'® when
double pulse injection becomes part of
the regular operating cycle next year.
On 29 November, a pulse of 1.01 X
103 was accelerated to 200 GeV with
single pulse injection. A third r.f. cavity
is to be installed, providing 167 GeV/s
rather than 110 GeV/s, so as to reduce
the acceleration time. With two flat-
tops of 2 s duration, at 200 GeV and
400 GeV the cycle time will then move
t0 9.6 s compared to the present 8.4 s
with only one long flat-top.

The long flat-top at 400 GeV will be
needed to serve the counter experi-
ments in the North Area which are
nearly ready. Flexibility in extraction
manoeuvres at the SPS will then be

even more a feature of machine opera-
tion than it is at present when fast,
fast-slow and slow extractions can all
be used to feed the West Area experi-
ments.

North Area gets ready

The SPS feeds two experimental areas

-— one to the West and another to the

North of the site. Experiments in the
West Area are in full swing and the first
generation of experiments in the North
Area are preparing to receive their first
particles next year.

The initial experimental programme
for the North Area splits into mainly
hadronic physics in one experimental
hall (EHN 1), using high energy
electron of hadron beams, and muon
physics in a second experimental hall
(EHN 2), using a high intensity muon
beam designed to provide bursts of
108 muons at energies up to 300 GeV.

Several hadronic experiments will
run simultaneously in EHN1 and any
of them using high intensity beams
would produce unacceptable levels of
background for their neighbours.
Therefore, to allow the full force of the
400 GeV beam to be used directly, an
underground experimental area EHN3
is being built, scheduled for comple-
tion in 1979. While hadron beams in
EHN1 will provide up to 108 particles
per pulse, the underground ‘cave’
EHN3 will permit secondary beams of
up to 10" particles per pulse to be
used. Its experimental programme has
yet to be decided but the proposed first
generation of experiments should
emerge next year. Probably two ex-
periments could be installed alongside
each other.

The initial experiments for EHN1 are
as follows:

NA1. A Frascati / Milan / Pisa /
Rome collaboration will use photons
from a high energy electron beam to
look for the production of heavy -
mesons.

NA3. A CERN/ Collége de France /



Ecole Polytechnique / Orsay / Saclay
collaboration will investigate the
hadronic production of high transverse
momentum particles, including elec-
tron and muon pairs. This could
provide more information on possible
additional quark-antiquark  bound
states.

NAB. Originally designed as a study
of inelastic hadron reactions by a
Karlsruhe / Munich team, using a
streamer chamber triggered by a single
arm spectrometer to select particles of
a particular type and momentum, the
collaboration has been joined by
physicists from Bari / Krakow / Liver-
pool / Munich. Additional triggers will
be used to extend the study of hard
hadron-hadron collisions. An electron-
hadron calorimeter will assist in the
study of jet production.

NAG. An investigation of high ener-
gy neutron proton elastic scattering at
very small angles by a Freiburg / Karls-
ruhe / Moscow group. This could
provide the first evidence of ‘magnetic
scattering’ due to the magnetic mo-
ment of the neutron. These experi-
ments for EHN1 have recently been
joined by NA7 where the electromag-
netic form factors of pions and kaons
will be measured by a Frascati / Milan /
Pisa /Rome / Southampton / Westfield
group using the NA1 spectrometer.

Experimental Hall EHN2 will be the
home of two large collaborations doing
muon physics:

NA2. The European Muon Col-
laboration is confronting a programme
of muon physics using a specially
designed spectrometer to distinguish
between muons and produced
hadrons. The collaboration of CERN /
Daresbury / DESY / Freiburg / Kiel /
Lancaster/ LAPP {Annecy) / Liverpool /
Oxford / Rutherford / Sheffield /
Shrivenham / Turin / Wuppertal, led by
Erwin Gabathuler, will first concentrate
on high energy inelastic scattering of
muons to investigate the properties of
photon exchange over a wide range of
momentum transfer.

NA4. The other muon experiment
involves a CERN / Dubna / Munich /
Saclay collaboration, led by Carlo Rub-
bia, using high energy muons to study
the deep inner structure of nucleons.
The experiment uses a 50 m long
target, surrounded by a specially
designed magnet to trap the scattered
muons in orbit and increase their
chances of detection.

To cope with the increased demand
for data handling when these and
similar experiments get under way, a
computer network (CERNET) is being
developed. It will link experiments with
the main computer centre and ensure
rapid processing of trial data samples,
etc. The new network is not specifically
designed for work with the North Area
experiments but they will most likely
be the first to use it. The network ap-
plies the ‘packet-switching’ technique
to make the most efficient use of the
available communications links on the
CERN site.

The superconducting magnet system on the r.f.
separated beam-line to the BEBC bubble
chamber. The feed lines to the three magnets
from the local liquid helium dewar are easily
distinguished and part of the 60 m long helium
transfer line, which is used about once a week,
can be seen on the right.

(Photo CERN 154.8.77)

Superconducting
magnet operation

In the May issue 1973, we described a
superconducting bending magnet in-
stalled at the last deflection point in
the hadron beam-line to the BEBC
bubble chamber. Since then this mar
net has been joined by two others t
cope with the higher energy particles
coming down the r.f. separated beam-
line from the SPS. The three super-
conducting magnet system has been
operating reliably for over a year.
The peak bending power of the
group of magnets is 27 Tm which
can handle beam momenta up to 150
GeV/c. Main parameters of the two
new magnets are — central field 4.75
T at a current of 700 A, 74 mm bore
and a cryostat length of about 3 m.
A problem in the use of supercon-
ducting magnets is that of the liquid
helium supply. Big magnets, like those
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Photographs of this style are becoming an
almost regular feature of the COURIER — an
indication of the blossoming collaboration with
our Chinese colleagues, which has been one of
the happiest features of the high energy physics
scene in recent years. This time the photograph
comes from the visit to China of Herwig
Schopper, Director of DESY (front row, 4th from
left) to help arrange collaboration between the
Peking Institute for High Energy Physics and the
DESY Laboratory. The photograph was taken at
areception given by Fang Yi(front row 5th from
left), Vice-Chairman of the Academia Sinica.

on bubble chambers, justify the instal-
lation of their own liquefier and small
magnets, with low liquid helium con-
sumption, can be supplied from mobile
dewars without too much in-
convenience. But for a system of a
scale described here, with a typical
liguid helium consumption of 25
litres/hour, neither of these solutions is
attractive. A liguefier would be rather
uneconomic due to its small size, while
the work involved in changing dewars
at the necessary frequency would be
unacceptable.

The adopted solution is a locally in-
stalled 6000 litre liquid helium stor-
age dewar which is permanently con-
nected to the three magnets. It is top-
ped up once a week from the BEBC li-
qguefier via a 60 m long transfer line.
This method of operation has worked
without problems and the overall los-
ses are 7 to 8 W per magnet, averaged
over a weekly cycle, including a
transfer.
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DESY
Collaboration with
China

Following an invitation of the Aca-
demia Sinica (the Chinese Academy
of Sciences), Herwig Schopper, Di-
rector of DESY, spenttwo weeks in No-
vember visiting China where he was
received with warm hospitality.

The main purpose of the visit was
to discuss possible collaboration
between the High Energy Physics In-
stitute in Peking and DESY. The
political basis for such a collaboration
has been provided, on the one hand, by
visits of several members of the
German government to China and, on
the other hand, by the new science
policy laid down in a circular by the
Central Committee of the Chinese
Communist Party on 18 September.

After the modernisation of agricul-

ture, industry and defence, the new
policy puts emphasis on the develop-
ment of science and technology.
Within this programme basic research
enjoys high priority with emphasis on
high energy physics, molecular
biology, astrophysics and fusion.
However, the rapid development of
science in China after several years of
stagnation can only be achieved by
collaborating with other countries.

This is not only the desire of the
Chinese scientists concerned but is
also supported in the highest political
circles. This was demonstrated by a
reception given by Fang Yiin the ‘Great
Hall of the People’ for Professor
Schopper in the presence of the
German Ambassador, H. Wickert. Fang
Yi is a member of the Polit Bureau
of the Central Committee of the CPC
and Vice-Chairman of the Academia
Sinica.

As a first step in collaboration, it is
planned that six Chinese physicists will




work at DESY at the beginning of
1978, joining the Mark J experiment at
PETRA under the leadership of Sam
Ting. Following the new policy declara-
tion, this will be the first group of
Chinese physicists sent to work in a
foreign country since many years.

Professor Schopper spent several
days at the High Energy Physics In-
stitute lecturing on recent results ob-
tained at DORIS and on the design,
construction and experimental pro-
gramme of PETRA. The administrative
structure of DESY and in particular the
decision taking procedures were aiso
reviewed. In long and detailed discus-
sions with leading representatives of
the Academia Sinica (Li Chang, Tsien
San-Tsiang and others) the plans for
the Chinese High Energy Physics
programme  were covered and
problems, like the choice of energy for
a large proton accelerator, how to
organize a big Laboratory, how to
choose a site and how to arrive at a
lively experimental programme, were
considered.

The main aim of the Chinese high
energy physics programme is now
defined as the construction of a several
'hundred GeV proton synchrotron with
a booster as an intermediate step. The
idea of building a 1 GeV machine to
begin seems to have been abandoned.
A site near Peking for this accelerator
has yet to be found. There exist also
plans for an electron storage ring as a
synchrotron radiation source to be
located in southern China.

Herwig Schopper was aiso con-
sulted in his role as Chairman of the
Association of German National Labo-
ratories (AGF) to describe the research
programme of various German
centres. Here again there was strong
interest in learning from experience in
organization and management. The
hope was expressed that collabora-
tions with other German Laboratories
besides DESY could be established in
the future.

Other centres visited were the In-

stitute for Atomic Energy near Peking,
which can be considered the cradle of
Chinese nuclear physics, the Institute
of Nuclear Research and the Fu Tang
University (both in Shanghai). The
future scientific programmes, the
training of students and the relation
between Universities and research
centres were discussed.

KARLSRUHE
Progress in supercon-
ductivity

A high proportion of the research and
development work at GfK, Karlsruhe, is
now concentrated on superconduc-
tivity. It ranges from ‘pure’ research on
the basic properties of supercon-
ducting materials through to applica-
tions in energy storage, in Tokamak
fusion systems and in medicine. En
route, it takes in many components for

Inside the first tank of the superconducting
proton linac at Karlsruhe looking upstream
towards the injector. The suspended units are
three niobium containers around the
superconducting niobium helices with liquid
helium tanks of focusing quadrupole doublets
in between them. To give an idea of scale, the
outside diameter of the helium tanks is 40 cm.

{Photo Karlsruhe)

use in particle accelerators and high
energy physics experiments.

Of great potential importance for
future developments in high energy
physics facilities is the work on super-
conducting radio-frequency cavities.
For example, considerable savings in

capital investment, space require-
ments and power consumption in the
r.f. systems of large electron-positron
storage rings might be possible if
reliable superconducting systems are
developed.

Karlsruhe have several years of ex-
perience in this work and have com-
pleted two sizable projects — a super-
conducting linac and superconducting
r.f. separators. Both projects have
proved very difficult to implement but
a great deal of experience has been
gathered in the process and they have
helped to define what is practically
possible, rather than theoretically pos-
sible, given the present state of the art.

The linac has been built as a
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A superconducting r.f. separator structure
being assembled at CERN for installation in the
SPS beam-line to the Omega spectrometer.
The separator was built at Karlsruhe.

{Photo CERN 94.11.77)

prototype for accelerators with poten-
tial application in medicine. Karlsruhe
has recently been involved, in col-
laboration with the Cancer Research
Centre at Heidelberg, in a project study
for the Ministry of Research and
Technology concerning the use of ions
and negative pions in radiation therapy
and diagnosis. The construction of an
accelerator was proposed in the pro-
ject study.

The Karlsruhe prototype linac went
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for superconductivity in order to
reduce size and operating cost. A
helical structure was selected to avoid
the large cryostats which would be re-
quired by a low frequency Alvarez
structure. Taming the structure has not
been easy, particularly from the point
of view of stabilizing frequencies with
several helices which have a tendency
to vibrate like springs. This problem
has been surmounted by adding a fast
feedback system and protons have

been accelerated to 2.35 MeV with
three helices in the first tank.

The present aim is to bring three
tanks into operation, the first two of
which would have helical structure
(five helices in the first and four in the
second) and the third an Alvarez struc-
ture which would receive the protons
at about 6 MeV. It is felt that, if the
more difficult problems of the low
energy end of the linac are solved, ex-
tension to the necessary energy for
medical applications will be readily as-
sured.

Small superconducting quadrupole
doublets {25 cm long) are being built
for installation in the linac. They will
operate in the persistent current mode
(10* hours time constant) so as to
reduce the number of leads into the
1.8 K cryogenic system. The quads will
be brought on and disconnected, with
current  circulating, during linac
operating periods.

Other work relating to medical ap-
plications is the construction of a
movable superconducting magnet
which will help guide leads through
veins, for example during the introduc-
tion of a ‘pacemaker’ into the body
The operation time could then be
reduced from an hour to minutes
which is important when the patient is
being exposed to X-rays in order to
locate leads correctly.

Returning to r.f. superconductivity
— two superconducting r.f. separators
built at Karisruhe have been delivered
to CERN for installation in the beam-
line to the Omega spectrometer at the
SPS. They had achieved deflecting
fields of 1.2 MV/m and 1.4 MV/m prior
to dispatch from Karlsruhe and we will
carry a fuller report on their perfor-
mance when they are in action at
CERN. In addition to the experience
gathered in their construction, their
operation in the beam-line will be a

testbed for aspects of long-term
reliability.
The most important supercon-

ducting r.f. work now being launched



at Karlsruhe is the construction of a
cavity to be installed on the DORIS
electron-positron storage ring at
DESY. It is a joint CERN / DESY /
Karlsruhe project. CERN has interest
because it is charged by the European
high energy physics community to pur-
sue, as top priority, the construction of
a very high energy (about 200 GeV in
the centre of mass) electron-positron
storage ring (the LEP project) for which
superconducting r.f. cavities could
have significant impact in reducing
costs. DESY has interest because
superconducting r.f. cavities are likely
to prove the only feasible way to go to
higher energies (perhaps 30 GeV) in
the PETRA electron-positron storage
ring. The installation of the 500 MHz
cavity in DORIS is scheduled for the
end of 1979 and it will test perfor-
mance in an actual storage ring en-
vironment.

Among other projects are the con-
struction of the superconducting coils,
together with Saclay, for the CELLO
detection system at PETRA and par-
ticipation in the large coil project (LCP)
at Oak Ridge in which six big supercon-
ducting coils are being built by dif-
rerent Laboratories to test perfor-
mance of large scale systems such as
would be needed in a Tokamak fusion
reactor. Six smaller superconducting
toroidal coils {TESPE project) are to be
built in advance.

BROOKHAVEN
At low energies

In the April issue, page 115, two
experiments were described which re-
quired beam from the Alternating
Gradient Synchrotron at very low
energies — 5 GeV and 800 MeV
kinetic energy. The AGS staff learned
how to make the accelerator run at
these energies and both experiments
recently completed successful runs.
A BNL / Princeton group needed the

5 GeV proton beam in order to search
for a six-quark bound state with mass
near the two lambda threshold of
2230 MeV. A sensitive search required
high flux, good duty cycle, and a beam
containing no pions. This was achieved
by diffractive scattering of the internal
beam with 5% efficiency, lengthening
of the flat-top to 3 s and careful tuning
of the power supplies to eliminate rip-
ple. A proton flux of 5 x 102 protons
per second was achieved with a duty
cycle up to 80%. The data are being
analysed and the experimenters expect
sensitivities of the order of a few tens
of nanobarns.

A Harvard / Pennsylvania / BNL
group searched for neutrino oscilla-
tions by making neutrinos from the
decay of pions which were produced
with 1.5 GeV/c protons. Duty cycle
was not a concern but it was necessary
to obtain as high a flux as possible. The
problem of transporting a beam with a
much larger emittance was solved by
vertical shaving, extracting over five
turns and adding several quadrupoles
to the beam-line. In order to obtain
satisfactory regulation of the magnet
currents, all power supplies to the ex-
isting magnets had to be replaced. A
new neutrino horn was designed to op-
timize the flux still further.

The experiment has recently run for
a week with a beam on target of 4.5 x
10'2 protons per pulse and a 700 ms
period for the AGS cycle. Several new
records were set, including that of the
total number of protons accelerated in
a 24 hour period — 1.05 x 10'8, Data
from the run are being analyzed.

FERMILAB
Negative ion injection

A negative ion beam has been
accelerated by the Fermilab linac en
route to a further increase in the ac-
celerator intensity. The ions emerged
from a second Cockcroft-Walton injec-

An ‘energy fountain’ installed at the Fermilab
main ring as a power dump for the
superconducting magnets of the Energy
Doubler. This is the first of six such fountains
which will take the magnet power in the event
of an emergency. The fountains stand

10 metres high and are painted light orange.
They continue the unique Fermilab tradition of
bringing a certain aesthetic elegance to the
most functional of equipment.

{Photo Fermilab)

tor with a negative hydrogen ion
source which has been installed in an
extension to the linac gallery.

~ A negative ion beam was first in-
jected into the linac on 12 October
when 17 mA was accelerated to 200
MeV. Since that time one afternoon
per week has been devoted to ion
beam studies and, at the time of
writing, the maximum current through
the linac is 33 mA. During one exer-
cise, a 15 mA beam was accelerated
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The second Cockcroft-Walton injector built at
Fermilab to provide negative hydrogen ions for
acceleration through the linac so as to be able
to increase the current injected into the booster.
The linac accelerated its first ions in October.

(Photo Fermilab)

through the linac and delivered to the
booster injection point.

Actual multiturn injection into the
booster by stripping on a carbon foil is

now awaiting completion of a new in-

flector and orbit-bump system. The
stripping process takes two electrons
off the negative hydrogen ion
liberating protons. Multiturn injection
into the booster is then possible
without corresponding increase in
beam emittance and the stripping thus
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provides a means of circumventing
Liouville's theorem.

The goal is to deliver 25 mA of
negative hydrogen ion beam to the
booster for 20 turns (56 us). This re-
quires a 50 mA beam at 750 keV, us-
ing a magnetron ion source of the
Dimov type, and this has already been
achieved. Measurements indicate little
change in beam properties during the
pulse; the beam emittance in both
planes is slightly less than that of the

proton beam (when reduced to the
same current level). Some distortions
in the 750 keV beam emittance from
the accelerating column occur at cur-
rents above 20 mA and are being
studied.

A stripping efficiency of 90 % should
give 10" protons for 20 injected turns
of 25 mA ion beam and 13 booster
batches (required to fill the main ring).
A 50% transmission of the booster
plus main ring would then yield the
accelerator design aim of 5 x 10"
protons per pulse. Because of space
charge limits, however, the booster
may not reach this level as operated at
present.

This work has been led by Cy Curtis,
Chuck Schmidt, and Wes Smart.

MICHIGAN
Polarized Beam
Workshop

A successful ‘Workshop on Possibi-
lities for Polarized Proton Beams at
Higher Energy’ was held at the Univer-
sity of Michigan from 18-27 October.
Some 38 experimenters, theorists, ac-
celerator physicists and administrators
from 23 centres in Europe and North
America gathered for ten days to seek
a feasible way to study spin-spin forces
in strong interactions at very high
energy.

They were spurred on by the recent
discovery of very large spin-spin forces
in high transverse momentum proton-
proton scattering by an Argonne /
Michigan / Niels Bohr Institute / Oxford
collaboration at the Argonne ZGS (see
August issue, page 237) and the sur-
prisingly large lambda polarization
recently seen in inclusive lambda
production at the CERN PS and at Fer-
milab.

The Workshop was devoted to plan-
ning for a type of high energy physics,
rather than planning for a specific
accelerator project at a specific



Laboratory. Polarized proton and
deuteron beam possibilities were
studied in considerable detail for the
AGS, PS, SPS, Fermilab, ISR and
ISABELLE and in some detail for KEK
and Serpukhov.

At the start of the Workshop, the
organizer, A.D. Krisch (Michigan),
proposed that the theorists should
work on improving polarized ion
sources. Instead, by the end of the
Workshop, F.E. Low (MIT) and his
theoretical colleagues were designing
200 GeV polarimeters using the
Primakoff effect and Coulomb in-
terference, while L. Michel (Bures-sur-
Yvette) was vigorously discussing the
‘Siberian Snake’ scheme for eliminat-
ing depolarizing resonances. This sur-
prising scheme, recently proposed by
Y.S. Derbenev, I. Kondratenko and A.N.
Skrinsky (Novosibirsk), has the protons
polarized in the accelerator plane
rather than vertically. If it works, it
could totally eliminate depolarization,
even up to the full energies of Fermilab,
the SPS or ISABELLE.

The polarized ion source experts,
H.F. Glavish (ANAC), E. Chamberlin
(Los Alamos), W. Kubishta {(CERN) and
E.F. Parker (Argonne), came up with a
simple new idea which they believe
will increase the polarized source in-
tensity by a factor of about thirty. It
uses the ANAC atomic beam type
source that already exists at Argonne
and CERN, but bombards the polarized
neutral hydrogen atoms in the ionizer
stage with negative deuteron ions in-
stead of electrons. The cross section
for the production of polarized
negative hydrogen ions is two orders
of magnitude larger than that for the
production of polarized protons using
the present process.

The source experts expect the
polarized ion source intensity to in-
crease from its present 50 to 100 pA
to perhaps 1 to 5 mA. This scheme was
carefully studied and no one could find
any flaw. The ‘sourcerers’ have rushed
back to their laboratories to try it.

A second highlight was that the ac-
celerator experts, led by E.D. Courant
(Brookhaven), pointed out that while
depolarizing resonances are certainly
worse in strong focusing accelerators
than in the weak focusing ZGS, they
may not be as bad as was once feared.
In fact, for polarized deuteron accelera-
tion the resonances are almost trivial,
and achieving polarized deuterons
looks fairly easy at 30 GeV or indeed at
300 GeV. However O. Chamberlain
(Berkeley) made it clear that the ex-
perimenters  would much prefer
polarized protons.

The accelerator experts found that
polarized protons might somehow be
possible. Courant calculated that, us-
ing ZGS-type resonance jumping
schemes (pulsed quadrupoles for in-
trinsic resonances and pulsed orbit
bumps for imperfection resonances), a
polarized proton beam could probably
be accelerated to almost 25 GeV at
gither the AGS or PS without very

Participants at the Polarized Beam Workshop at
Michigan listening to F.E. Low discussing the
theory of spin at very high energy. In the front
row are Q. Chamberlain (left) and R. Cool.

serious depolarization. Much of the
new optimism comes from the ZGS
success in repeatedly jumping 31
depolarization resonances with no
significant depolarization up to 12
GeV.

Other studies included polarized
proton beams produced by hyperon
decay led by G. Fidecaro (CERN}), and
the use of polarized gas jets. J.B.
Roberts (Rice) led a study of
polarimeters for protons and deute-
rons, with the accelerator physicists
stressing the need for an ‘internal’
polarimeter which could measure
polarization during acceleration.

Hoping to reduce the confusion
caused by different groups using dif-
ferent symbols for the same spin-
parameter, the participants led by E.
Leader (Westfield College) tried to
agree on a uniform notation. This was
the most violent part of the Workshop
with hard fought battles, such as C__
slowly but surely being beaten down
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Construction details of the large drift chambers
being built at Rutherford Laboratory.

by A . To everyone's surprise,
agreement was finally reached (by
almost everyone) and the Workshop
established the "Ann Arbor convention’
which will appear in the Workshop
proceedings.

An international organizing commit-
tee was established to ensure the con-
tinuation of the ‘Symposia on High
Energy Physics with Polarized Beams
and Polarized Targets'. These were
held at Argonne in 1974 and 1976 un-
der the sponsorship of the ZGS users
group but the increased activity makes
a broader sponsorship now seem ap-
propriate. The 3rd Symposium will
most likely be held at Argonne in 1978
and the 4th in Europe in 1980.

From the discussions in the
Workshop there were two general
conclusions:

1. Understanding some features
of fundamental interactions needs
precise spin experiments with both
electron and proton accelerators —

electron-proton scattering to give in-
formation about the quark wave func-
tion and proton-proton scattering to
give information about the quark-
quark interaction.

2. The spin-spin forces in very high
energy large transverse momentum
proton-proton interactions may be a
key to understanding the quark-quark
force. The spin-spin inclusive experi-
ments may be even more important
than the spin-spin elastic experiments.

The Workshop was coloured by the
optimism of the source experts and ac-
celerator experts. There was a strong
feeling that we might be studying, in
the 1980's, proton-proton inclusive
cross sections in pure spin states in
clean colliding beam experiments.
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RUTHERFORD
Drift chambers for
muon experiment

The first of twelve large drift chambers
have arrived at CERN from the Ruther-
ford Laboratory to be installed in the
spectrometer of the European Muon
Collaboration in the North Area of the
SPS.

A ‘production-line’ approach has
been adopted at Rutherford and the
chambers are built under stringent
quality control to ensure the necessary
high standards. A novel design is used,
suitable for building large chambers,
and two sizes are being made with
active areas of 3.5 m x 3.0 m and
45m x 3.5 m.

Each chamber assembly has two,
three or five planes with sense
(readout) wires aligned horizontally,
vertically or at 60° to the vertical. The
planes are fabricated using panels of
Nomex honeycomb with glass fibre
skins. The panels are 25 mm thick, ex-
tremely flat, strong and lightweight.
Datum alignment holes are drilled into
them using a master jig and all subse-
quent positionings are relative to these
holes.

The graded high voltage planes are
made from copper strips (3 mm wide
and 6 mm pitch) etched from a 0.4 mm
flexible sheet of copper-clad glass
fibre laminate. Special tools were
developed to cut and trim the sheets
since these ‘circuits’ are up to 5 m long
and the etchings must be straight to
within 0.5 mm.

The circuits are accurately aligned
and held flat on a vacuum table for glu-
ing to the panels. A spacer frame (7.5
mm glass fibre epoxy resin) is then
glued to the graded voltage planes and
the line voltages are brought to the
planes using bus-bars and resistive
decoupling.

The sense wires (20 um diameter
gold-plated tungsten) and potential



The production line at the Rutherford
Laboratory for building the large drift chambers
to be installed in the muon spectrometer of the
European Muon Collaboration at the CERN
SPS. In the foreground can be seen the stacking
of the honeycomb panels. The subsequent
production stages follow in the background.

(Photo Rutherford)

wires (100 uym diameter beryllium-
copper) are accurately tensioned (50 +
5 gand 375 + 25 g, respectively} and
soldered to printed circuit boards. Us-
ing specially designed handling
frames, the panels are assembled and
held in a steel frame. They are finally
fitted with gas connections and tested
for leaks under high voltage condi-
tions. A gas mixture of 75 % argon and
25% isobutane is presently used and
about ten inlet / outlet ports are fitted
to each gap to guarantee adequate gas
purity throughout the large volume.

There is a 60 mm drift space
between a sense wire and potential
wire. The output from the sense wire
goes into readout electronics, devel-
oped in the CERN EP Division, which
has a high capability for analysing
multi-hits. The resolution time is +
4 ns corresponding to + 0.2 mm
position accuracy.

A prototype chamber, designed and
built at Daresbury, gives overall posi-

tion accuracy of + 0.3 mm for straight
single tracks. For the SPS muon
physics programme, an accuracy of
+ 0.5 mm will be sufficient.

The success of this chamber con-
struction is due to close collaboration
between the physicists, several groups
at Rutherford and industry. Delivery of
the drift chambers will be completed
early in 1978.

Physics
monitor

Gravitinos and photinos

Supersymmetry, according to Murray
Gell-Mann, is ‘amusing’. Although it
has, as yet, no experimental support, it
could help in the construction of a uni-
fied theory incorporating particle in-
teractions and gravity.

The basic idea of supersymmetry.is
to extend the space-time symmetry of
the Universe beyond that required by
relativity. This is done by introducing
new  space-time  transformations
which behave like the square root of
ordinary translations. The technique is
the same as that in the Dirac equation
where ‘spinors’ describing spin one-
half particles are brought in as the
‘square root’ of the Klein-Gordon equa-
tion which describes ordinary relati-
vistic behaviour. Supersymmetry also
has its conserved quantities behaving
as spinors.

The concept was first developed in
the USSR but the work went almost
unnoticed until it was reformulated by
theorists at CERN. Subsequent work
has extended the application of the
ideas to include gravity and has at-
tempted to forge that elusive link
between particle physics and general
relativity.

One immediate result of super-
symmetry is that particles of different
spin and statistics can occur in the
same particle multiplet, which has in-
teresting consequences. Spontaneous
symmetry breaking in a supersym-
metry picture brings in Goldstone fer-
mions as well as bosons. The familiar
photon and graviton (the massless
boson communicators of electroma-
gnetism and gravity) then acquire as
fermion companions the photino (spin
1/2) and the gravitino spin (spin 3/2). It
is very tempting to identify the photino
with one of the known neutrinos but
this encounters some difficulties.

The requirement for zero mass Gold-
stone particles, which emerges from
the theory, can be eliminated by in-
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troducing a ‘Super Higgs' mechanism
(see September issue, page 272)
which at the same time gives the
gravitino some mass and leads to a
mixing of gravitational and weak in-
teractions.

One persistent problem with super-
symmetric theories is that they can fre-
quently indicate that the proton is un-
stable and further special mechanisms
then have to be brought in to stop the
proton from rotting away.

Is parity violated by
neutral currents ?

Parity violation in weak interactions
was first observed some twenty years
ago. The violations of right-left sym-
metry were associated with the
charged current type of weak interac-
tion in which the electrical charges are
exchanged between the incoming and
outgoing particles.

In 1973, experiments using the
Gargamelle bubble chamber at CERN
discovered that there is another type of
weak interaction, the neutral current
type, which does not involve the ex-
change of electrical charges of the
participating particles. Conjecture
mounted as to whether this current,
like its charged counterpart, also
violates the parity symmetry. This
guestion has still not been resolved
and, in his summing up of the Ben Lee
Memorial Conference at Fermilab in
October (see November issue, page
363), Steve Weinberg devoted a lot of
time to describing the progress which
has been made on this topic.

He emphasised that although we
see different behaviour in neutrino-
nucleon and antineutrino-nucleon in-
teractions, this does not necessarily
mean that parity is violated in neutral
current interactions. What the results
do show is that, if there is only one
neutral intermediate vector boson
mediating the neutral current interac-
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tions, then it cannot be of pure vector
or pure axial vector type.

If only one intermediate vector
poson exists then these results
demonstrate parity violation in neutral
current interactions. However, there is
nothing (other than simplicity) which
limits theory to only one such particle
at the moment. If the theory describing
the interactions is expanded, more
such particles can be introduced and
the experimental results could then be
compatible with parity conservation.

But why consider expanding the
gauge group in the theory beyond
the standard Weinberg-Salam model,
when neutral current interactions of
neutrinos are already very well
described by the model?

Some theorists have shown that a
large class of bigger gauge groups can
be formulated which mimic the stand-
ard Weinberg-Salam model. Their
predictions for neutrino interactions
stay the same but calculations for
electron neutral current and nuclear
neutral current interactions give new
results.

It was the atomic physics experi-
ments with bismuth which provoked
interest in these questions. Results
from Oxford and Washington showed
an upper limit for parity violation in
electron-nucleon interactions well
below what would be expected from
the Weinberg-Salam model (see May
issue, page 155). However, these
results hinge on some detailed atomic
physics calculations, which are ap-
parently not yet complete as additional
contributions due to shielding, etc., are
still being estimated. For this reason,
most people seem to. be reserving
judgement on these electron neutral
current effects until experiments have
been carried out on atoms with more
‘benign’ structure where the calcula-
tions are simpler.

Experiments on hydrogen, the most
benign atom of all, are lined up at
Michigan, Washington and Yale but,
due to some perversity, little or no ef-

fect might be seen if the Weinberg-
Salam angle is near a particular value.
This value corresponds to sin?® =
0.25, which (in due accordance with
Murphy’s law) is compatible with the
latest measurements. Parity violation
in these neutral currents might
therefore be difficult to pin down.
Observations on deuterium would help
and such experiments are also in the
pipeline.

Another experiment, devoid of
atomic physics complications, is the
investigation of deep inelastic elec-
tron-nucleus scattering at SLAC,
where parity violating electron neutral
current effects would show up as
asymmetries. The accuracy available
with this experiment could soon reach
a level at which these effects could be
expected to be seen.

For neutral currents in nuclear in-
teractions, experiments on oxygen 16
have detected effects on a level ex-
pected from charged current interac-
tions alone. However, these are
isospin-conserving reactions in which
the neutral current would not be ex-
pected to have much to say anyway
and any parity violating contribution
would be correspondingly more dif-
ficult to observe. Preliminary results
from experiments on other nuclei are
not inconsistent with neutral current
parity violation but further results and
data from a wider range of nuclei
should soon be available to help clarify
this point.

One crucial question, mentioned by
Weinberg, is whether the basic form of
the global {charged plus neutral) weak
interaction is itself parity violating, or
whether the parity violating effects
seen in weak interactions come about
as a result of a spontaneous symmetry
breaking mechanism. The status of
parity conservation in neutral current
interactions could be an important in-
dicator to help reserve this issue.

However, if the neutrino mass is tru-
ly zero and not just a small value which
is difficult to measure, then there is



The points show the measured ratio of neutral
current to charged current cross sections for
neutrinos (x-axis) and for antineutrinos (y-axis)
from different neutrino experiments at CERN
and Fermilab. All the results home in on roughly
the same range of values for the "Weinberg-
Salam’ angle, ®w. This angle, which comes in
as sin® Ow, is the free parameter in the theory
which dramatically unified weak and

electromagnetic interactions and predicted the
existence of the neutral current. The dotted line
is the prediction of the theory assuming no
antiquarks in the target nucleons, while the
solid line takes account of the small antiquark
effects due to the ‘sea’ of virtual quark-
antiquark pairs which accompanies the
nucleon.
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strong reason for suspecting that
parity is not conserved in the basic
form of the global interaction. Another
phenomenon which could shed light
on this problem is the possibility of
muon decay into an electron, the
separate conservation of muons thus
being only approximate. Weinberg has
said that he would be ‘amazed’ if con-
servation of muon number were not
violated at some low level — so ex-
periments continue.

Quark confinement:
2. Bags

Experiments show that quark-like
objects exist deep inside nuclear mat-
ter but they are reluctant to come out
into the open. This problem of the ‘per-
manent confinement’ of quarks is
proving difficult to describe quan-
titatively using field theory techniques
(see November issue, page 380, which

introduced concepts used more freely
here).

The problem in field theory is to
develop mathematical methods for ex-
tracting information while avoiding
some diseases which afflict conven-
tional perturbation theory. There are
new field theory methods which show
embryonic signs of having useful
characteristics but, since the right
mathematical tools have not yet been
perfected, other physicists are taking a
different approach.

Any successful theory of hadrons
should incorporate three ingredients
— quarks, colour and the existence of
hadrons as extended objects in space-
time. Quantum chromodynamics (see
the previous article on quark con-
finement) has the first two ingredients
and has the advantage of using quan-
tum field theory which for many years
has been the lifeblood of theoretical
particle physics. However it comes un-
stuck when trying to explain quan-
titatively the existence of extended
hadrons containing quarks.

The bag model

Instead of starting out with quarks in-
teracting through the exchange of
gluons and somehow trying to arrive at
a picture of hadrons with quarks con-
fined inside them, some physicists as-
sume confinement as a basic feature of
the theory, so that the colour interac-
tion exists only inside a definite volume
or ‘bag’.

The first formulation of this bag
model was at MIT and described the
affinity of quarks inside hadrons in
terms of an empirical ‘pressure’ term
which kept the bag intact. The space
inside a hadron in which the colour in-
teractions take place is somehow dif-
ferent from the space outside, so that
hadrons can be viewed as ‘bubbles’ in
the rest of the geometry of space-time.

This bubble analogy has been ex-
tended by introducing ‘surface tension’
effects to further describe the proper-
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ties of the hadronic bags. The ex-
istence of the bags is then due to the
hadronic forces inside them. Other
physicists take the view that hadron
structure is a direct result of some
granular geometry of space-time, and
that the quarks come in as the
hadronic co-ordinates which describe
what goes on inside these small do-
mains.

While a bag model may sidestep the
difficulties of ‘explaining’” quark con-
finement and extended hadrons, it is
not without its problems. For example,
we cannot ignore possible additional
bag states. What is the significance of
an ‘'empty bag’ — some kind of bubble
in space-time containing no quarks?
What is the significance of ‘glueballs’
— bags containing gluons but no
quarks?

Apart from these peculiarities, the
simplest kind of bags are those in
which quarks and gluons just sit there
with no angular momentum, looking
very much like bags of free quarks. The
success of asymptotically free field
theory (i.e. free quarks) in explaining
the observed behaviour in electron-
nucleon and neutrino-nucleon scatter-
ing can be seen as a demonstration of
the approximate validity of this
simplest bag picture.

In the bag model, the effective mas-
ses of the ‘up” and 'down’ quarks are so
small that they can be considered as
massless inside their bags, while the
strange quark is attributed a mass of
0.5 GeV. The effective masses of the
hadrons are then composed of the con-
stituent quark masses and kinetic
energies, together with the energy of
the bag.

The observed spectrum of mesons
and baryons can be ‘explained’ by in-
troducing spin-spin effects in the gluon
exchange between quarks, similar in
principle to the hyperfine structure ef-
fects seen in atomic physics. In this
way the observed particle masses can
be fitted using a minimal number of
parameters, and the properties of new
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states can be predicted. However, the
approach has conceptual problems
due to the neglect of other effects like
‘radiactive corrections’ due to virtual
gluons, which cannot be ignored
without more justification.

Bigger bags

So long as the correct colour con-
figurations are maintained, these bag
ideas can be readily extended to
meson states containing more than the
normal quark-antiquark pair and to
baryon states exceeding the standard
quota of three quarks. For example, a
bag can be proposed containing two
quarks and two antiquarks to explain
the ‘baryonium’ effects recently seen
in a number of experiments {see June
issue, page 197 and July/August issue,
page 243).

Additional quarks in baryon bags
could give rise to dibaryon states (see
October issue, page 335). How these
states are related to non-relativistic
bound states like the deuteron is an in-
teresting question and this point of
contact between particle theory and
established nuclear physics principles
could well provide an additional lever
to help uncover the secrets of quark
confinement.

The bag model is an attempt to
provide a framework for describing
hadronic phenomena, including the
ideas of quarks, exact colour symmetry
and quark confinement, in a way which
circumvents some of the current
deficiencies in field theory techniques.

Its successes in describing the
observed spectroscopy of hadrons are
impressive but the mqdel is totally
deficient when it comes to any
dynamic behaviour like resonance for-
mation or particle production, where
quark bags split apart or fuse together.
The description of the bags themselves
remains totally phenomenological, so
that many things go unexplained, in-
cluding guark confinement.

However, until some exact formula-

tion of quark confinement turns up and
enables more complete calculations to
be made, the bag idea provides one
way of handling the quark structure of
hadrons.

(We would like to acknowledge
the help given by Giuliano Preparata
in putting together these two articles
on quark confinement.)




People and things

On people

One of the leading practitioners of
particle accelerator theory, J.D.
Lawson from the Rutherford
Laboratory, has written a book entitled
‘The Physics of Charged Particle
Beams’. Rather than concentrating on
particular applications, John Lawson
takes a broad view of his subject and
emerges with a book which should be
of interest to plasma physicists as well
as his accelerator colleagues.

Changes in the leadership at the
Stanford Synchrotron Radiation
Laboratory — On 1 January Sebastian
Doniach, who has led the Laboratory
since its early days, hands over to
Arthur Bienenstock as Director.
Professor Doniach will then spend
three months at Orsay before returning
to SSRL as Consulting Director.
Herman Winick, the Deputy Director,
will serve as Acting Director until April

when Professor Bienenstock

- completes a sabbatical leave. Ronald

Gould has been appointed Associate
Director for Administration.

Professor W.D. Allen has retired from
the Rutherford Laboratory. Since 1966
he has held a joint appointment at
Rutherford and at Reading University.
During his career he made a speciality
of building Van der Graaffs, leading
several projects culminating in the
710 MV Oxford Electrostatic Generator.

Lee Teng, associate Head for advanced
projects in the Accelerator Division at
Fermilab has visited China, extending
the contacts with the growing Chinese
high energy physics community.

Maurice Jacob of the CERN Theory
Division has been elected
‘Correspondant de I'Académie des
Sciences de I'lnstitut de France’ for the
physics section.

* BN

AN

This tableau greeted John and Rene Adams and
Michael Crowley-Milling during their
September visit to Peking. It reads "Warm
welcome to Uncles and Aunties from the
European Organization for Nuclear Research
who have come to visit our kindergarten.”

Atom Smasher Exhibition

On 1 December an exhibition tracing
the historical development of high
energy particle accelerators and
particle detectors was officially
opened at the National Museum of
History and Technology of the
Smithsonian Institution in
Washington. It has been prepared by
the Smithsonian in collaboration with
the DOE (ERDA as it then was), under
Paul Forman, the Curator of Modern
Physics. We hope to carry more
information and some pictures from
the exhibition in a coming issue.

New INFN President

Antonio Zichichi has been elected
President of the [Italian Istituto
Nazionale di Fisica Nucleare (INFN).
Zichichi is Professor of Advanced
Physics at the University of Bologna
(ltaly) and has been for ten years Direc-
tor of the Bologna INFN Section and
Director of the Bologna Postdoctoral
School of Physics. He is well known as
founder and Director of the Ettore Ma-
jorana’ Centre for Scientific Culture es-
tablished in 1962 and now consisting
of 70 National and International
Schools. Since 1976 Antonio Zichichi
has been a member of the Executive
Committee of the European Physical
Society, of which he is one of the
founding members.

Zichichi's  scientific work has
covered the study of lepton pairs
produced in hadronic interactions and
the search for heavy leptons produced
in  electron-positron  annihilations,
where he made pioneering contribu-
tions. He has been active in many
fields : high precision tests of quantum
electrodynamics, the systematic study
of the electromagnetic form factors of
the proton and pseudoscalar mesons,
the first measurement of the omega-
phi mixing angle, the discovery of the
antideuteron and of the two gamma
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1. A. Zichichi
2. G. von Dardel
3. M. Vivargent

decays of the X° meson, the high preci-
sion measurement of the weak cou-

pling constant. His present activity is in
a systematic study of the inner struc-
ture of the proton. )

New ECFA Chairman

At a Plenary Meeting of ECFA
(European Committee for Future
Accelerators), Marcel Vivargent from
LAPP Annecy, France, was elected
Chairman to succeed Guy von Dardel
from the University of Lund, Sweden,
who has held this position during the
past three years. At the Meeting Leon
Van Hove, Research Director General
of CERN, expressed the ‘appreciation
and gratitude’ of the European high
energy physics community to Guy von
Dardel for his guidance of ECFA affairs.
Among the many ECFA activities
during his term of office, was the
formulation of two important
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2.

recommendations — one encouraged
the rapid construction of an electron-
positron storage ring with centre of
mass energy above 20 GeV (which
was realized in PETRA at the DESY
Laboratory) and the international
exploitation of such a machine, the
other urged the construction of an
electron-positron storage ring with
centre of mass energy in the 100 to
300 GeV range (which now has top
priority as Europe’s main accelerator
project for the future).

Upsilon at ISR

Further evidence for Upsilon re-
sonances has been reported from an
experiment at CERN. A Brookhaven /
CERN / Syracuse / Yale collaboration
have measured the production of
electron pairs at intersection /-8 of the
Intersecting Storage Rings and find an
excess of events in the region from 8.7

3.

to 10.3 GeV, ascribed to the new Up-
silon particles first reported from Fer-
milab in July. Though only a few
Upsilon-type events have been seen in
the ISR experiment, the production
rate at the higher ISR energy seems to
be considerably greater than at Fer-
milab. This increase in production with
energy is much greater than that of the
well-known J/psi particle and suggests
that more surprises may be in store.

Booster boosted

The peak energy of the Fermilab
booster was nudged from 8 GeV to
10 GeV in November. With this it is
hoped to be able to feed a better
quality beam to the main ring and the
higher energy would be useful in
antiproton production for proton-
antiproton colliding beam schemes.
The energy increase followed r.f.
improvements (voltage raised 25 %)



and magnet power circuit
reorganization to increase the magnet
currents (also by 25%).

CERN enters ICE age

Protons from the CERN PS were
injected into ICE (Initial Cooling Ex-
periment) on 5 December. ICE is
designed to study technigues for cool-
ing particle beams and the experience
gained in this study will be especially
useful for possible future CERN proton-
antiproton colliding beam projects. ICE
will concentrate initially on the
stochastic cooling method (invented at
CERN and already demonstrated at the
ISR) to reduce the cooling time down

to a minimum. Subsequent investiga-
tions will look at electron cooling. ICE
uses equipment from the famous g-2
experiment reassembled in the hall left
vacant when the Gargamelle bubble
chamber maved to the SPS.

Royal Medal

John Adams, Executive Director
General of CERN, was among three
recipients of Royal Medals for 1977.
The awards were recommended to the
Queen by the Council of the Royal
Society of the UK and the medals were
presented by the President of the
Society, Lord Todd, on 30 November.
Dr. Adams received his award for

‘contributions to the design and
operation of high energy particle
accelerators.”

To close the 1977 Volume of CERN
COURIER, we should like to record our
thanks to all those who so readily
provided us with the information from
which we pulled together our articles.
This thanks goes especially to the cor-
respondents from the Laboratories
listed inside our front cover who have
been a major source of input. Our
next issue covers the months of
January and February 1978 and will
appear towards the end of February.

Advertisements in CERN COURIER

All advertisements are published in both English and French
editions. Second language versions accepted without exira
charge.

Publication date End of month of cover date

Closing date for

positive films and copy 1st of month of cover date

The cost of making films and of trans-
lation for advertisements are charged
in addition

60 or 54 Swiss (150 English)
Advertisements cancelled after 1st

of month of cover date will be invoiced

Advertising space is limited to 50% of contents and insertions
are selected on a strict first-come first-served basis.
All enquiries to:

Micheline FALCIOLA / CERN COURIER - CERN
1211 Geneva 23 Switzerland
Tel. (022) 834103 Telex 23698

Screen (offset)

Cost per insertion (Swiss Francs)
Space Actual size (mm)
(page) width by height 1 5 10
insertion | insertions | insertions
g 184 x 267 1300 1200 1100
'l 184 x 130
88 x 267 700 650 600
s 88 x 130 380 350 320
Supplement for
one colour 950 SwF
four colours 3800 SwF
Covers :
Cover 3 (one colour) 1450 SwF
Coverd » » 1780 SwF

los alamos

EXPERIMENTAL
PHYSICIST

The incumbent will be expected to make important
contributions to the conception, organization, running
and analysis of experiments in the Los Alamos Meson
Physics Facility program. The experiments will deal with
nuclear structure, nuclear reactions, and fundamental
aspects of sub-nuclear physics. Requires a Ph.D. in
physics, plus four or more years of experience in medium
energy experimental physics or closely related field. We
require recent publications demonstrating broad under-
standing and lively interests in these fields. Applicant
must demonstrate familiarity with most or all of the fol-
lowing techniques: particle detection, fast logics, data
acquisition and reduction, experiment planning and data
analyzing. This one to two year appointment carries the
same privileges and responsibilities as a permanent
Staff assignment.

Send complete resume, in confidence, to:

Rodney Brown,

Employment Representative
Division - 78-P

108 Los Alamos Scientific

al amos Laboratory,

J SCIENTIFIC LABORATORY P.0. Box 1663

of the University of California L0S Alamos,
New Mexico 87545

An affirmative action/equal opportunity employer
women, minarities, veterans, handicapped urged to ap-

i ply.
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HIPOTRONICS DELIVERS

MEGAWATTS

Part of an 8.4 MW HV DC Power Supply which
HIPOTRONICS recently delivered to Oak Ridge National
Laboratories for continued research in Nuclear Fusion!

When the requirements got tough
Hipotronics got the call. Oak Ridge
needed 168 kilovolts at 50 Amps for
the next phase of development of
their Fusion Reactor. So they turned
to Hipotronics, the leader in high volt-
age technology. They got exactly
what they wanted, a well regulated
high power supply that is rugged
enough to withstand repeated crow-
bar shorts with no damage to the
power supply.

Innovative design approaches are
everyday occurrences at Hipotronics
We design, manufacture and fabri-
cate every important component
and our facilities are the largest and
finestin the industry. That allows us
the flexibility to meet the most de-
manding specifications and condi-
tions of high technology programs
such as Neutral Beam Injectors and
High Power Lasers.

Hipotronics has also manufactured a
wide range of high voltage power
supplies for other applications:

m Capacitor Bank Charging

a Klystron Tubes

m Travelling Wave Tubes

m High Powered Lasers

m Accelerators

Whatever your requirements, pulsed
or continuous duty, brute force or
finely regulated, call us.

Remember —
HIPOTRONICS DELIVERS!

HIPOTRONICS, INC.
P.O. Drawer A, Brewster, NY 10509

(914) 279-8031 Twx 710-574-2420
Amex Symbol: HIP




La Chesnay Associés Communications 488

LE TUBE A BALAYAGE DE FENTE XX 1370

PERMET SEUL DE LE VISUALISER

En effet, 3 fonctions ont pu étre rassemblées en un
seul tube :

- obturation rapide dans le domaine de la nanoseconde
— déviation électrostatique d'image électronique

- intensification d'image par galette de microcanaux.
Cette addition étant le fruit de 'expérience acquise

par RT.C. pour la fabrication des familles de produits
suivants :

- photomultiplicateurs, toute la gamme : des applications

NOS CENTRES INDUSTRIELS : DES TECHNOLOGIES DE POINTE.

industrielles, médicales, jusqu’a la
recherche avancée

- tubes arayons cathodiques: plus de 20
types, du continu jusqu'a 5 GHz

- intensificateurs d'image : de premiere
et deuxiéme génération a renversement
d'image ou focalisation de proximité

- obturateurs d'image : en domaine X, UV,
Visible, IR.

Tube a balayage de fente XX1370

RT.C. LA RADIOTECHNIQUE-COMPELEC 130, av. Ledru-Rollin, 75540 PARIS CEDEX 11, tél. 355.44.99
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THIS TIME THE BEST "NIM MCA” COMES TO
YOU FROM EUROPE

3 different analysis modes: charge, amplitude, time analysis

INPUT UNIT MOD. 7412
Charge

Conversion gain: 0,25; 0,5,
| pc/channel

Voltage
Input range: 0 =1 Voltor 20 mV +8V
100 MHz clock rate

Time
Time resoulution: 100-200-
400 psec/channel

For information, write to:

SILENA

SILENA S.p.A.

SOCIETA PER L'ELETTRONICA AVANZATA
20133 Milano :

uffici: Via Negroli, 10/A

laboratorio: Via Negroli, 6

Tel. (02) 7490565 — 713871

ADVANCED

ELECTRONICS
CERN enquiries should be directed to
SILENA, Milano, ltaly

MOD. 7922 MCA

1
©1024 channels FROM APRIL 1978

e multiple region of interest
selection

® spectra integration

e crystal-controlled programmer

erepeated analysis cycles

e built-in interface for data-out

edesigned for easy
interfacing to digital
computers

AVAILABLE FOR DELIVERY STARTING
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NETHERLANDS
BERTHOLD

Nuclear Instrumentation
Wilhelminastraat 4
BREDA (Holland)

Tel. 076-142441

SWITZERLAND

MASSINI AG

Honggerstrasse 122

8105 REGENSDORF/Ziirich (Switzerland)
Tel. 01/840 45 73 —Telex: 56832

UNITED KINGDOM

ALRAD INSTRUMENTS LTD.

19a The Precinct,

EGHAM, Surrey, TW20 9HN (England)

Tel. EGHAM (078 43) 4887 — Telex: 934037

CANADA

CONSOQLIDATED CYBERNETICS CONTROLS LIMITED
Suite 2-A

1509 Sherbrooke Street West

MONTREAL. 109, Quebec, Canada

Tel. (514) 934-0000 ~ Telex: 05—-24452

Toronta office: -

CONSOLIDATED CYBERNETICS CONTROLS LIMITED
777 Warden Avenue,

SCARBORQUGH, Ont. M1L 4C3

Tel. (416) 7590000

Digital and analog data may be displayed on

* ’ w

WEST GERMANY

LABORATORIUM PROF. DR. BERTHOLD
Calmbacher Strasse 22

Postfach 160

D-7547 WILDBAD—1 (West Germany)
Tel. (07081) 3981-Telex: 0724019

AUSTRIA

BERTHOLD—-ANALYTISCHE INSTRUMENTE
Vertriebsgeselischaft m.b.H.
Witzelsbergergasse 10/28

A—1150 WIEN (Austria}

Tel. 0222-927222

BELGIUM

BAI

Benelux Analytical Instruments
Vaartdijk 22

1800 VILVOORDE (Belgium)
Telex: 61447

FRANCE

BERTHOLD-FRANCE s.a.

68 bis, rue Sartoris

BP.38

92250 LA GARENNE-COLOMBES (France)
Tel. 781-41-06 Telex: 611485

BASE 2
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BEAM DIAGNOSTIC
Equipment and “ KNOW HOW "’

from NTG-
NUKLEARTECHNIK

Besides the self-evident scientific-technical consulting the following products are forming
part of our delivery programme:

0 High vacuum containers and tanks
of each geometry and size

O High vacuum precision
feedthroughs with an accuracy of
positioning of + 0,01 mm

O Air pressure actuated vacuum
feedthroughs

[0 Faraday cups (cooled and uncooled)

O Duoplasmatron ion sources

0

Co-axial Faraday cups {50 Q
geometry)

Targets

Aperture diaphragms
Emittance Detectors
Profile grids

Rotation scanners

0o oo o o 0O

Electronic control systems and
plants

O High vacuum sealing systems
(flanges)

O Standard-HV-components as
T-parts, elbows, double-T-parts etc.

O Membrane bellows of different
materials and geometries

GSI-Werkfoto

6460 Gelnhausen 2 - Telefon (06051) 6241/6251 - Telex 04184320 ntg d

IG NUKLEARTECHNIK GmbH und Partner




The new Type 1008 Preset Counter/Timer from Borer

Provides timing from a microsecond up to years in
sequential time programming jobs, watchdog-timing,
nuclear counter/timer applications, for digital gate

generation, frequency division, etc.

@ Has two identical 24-bit preset counters
with a guaranteed counting resolution of 35 MHz

@ Has a built-in crystal time-base
which can be used by either or both counters

@ Has buffer stores for preset values

counters can be restarted within 100ns of the preset figure being reached

@ Has switchable TTL/NIM-level 1/0’s

can thus adapt to any combination of industrial/laboratory signals

@ Intermediate readouts possible

@ Single-width low-priced Camac module

Specialized for 35 years in the field of electromagnetic coils
and castings, the firm of S.E.G.C.E.M. has carried out a great
deal of work characterized chiefly by the originality of the
methods applied and the electrical and magnetic perfor-
mance levels which resulted.

In areas where such parameters as volume, power, or
temperature must be at a minimum, S.E.G.C.EEM. is in a
position to recommend effective and reliable approaches to
applications of very high current density, suitable forms of
coil windings, and cooling systems employing water or
natural or forced ventilation.

By contrast, some coil windings have been designed for
operation at high temperatures ranging up to 450°C.

A supplier to the nuclear energy industry, S.E.G.C.E.M. has
designed and built equipment components resistant to
radiation environments. The line of products which can be
offered ranges from small windings weighing but a few
grams up to massive items of equipment weighing several

tons.

PROCEDES L. POULAIN

Société Anonyme
au Capital de 300.000 Francs

1, rue d'Anjou

Z.l. DES BETHUNES
TELEPHONE 037 39-80 +
ST-OUEN L’AUMONE
(Val d'Oise)

Adresse postale:

B.P. 402 95005 CERGY

17,683ms

4/.13 [~ 4us

Typical timing operation that can easily be handled
by the Camac Type 1008 Counter/Timer

SWITZERLAND
telex: 34228

4500 SOLOTHURN 2
tel: 065/31 11 31

Designed to
wash away
damaging
contaminants.

Haws Model 7060-B
with patented “Feather-Flo™ heads

Install Haws emergency eye/face-wash fountains near
every hazard. Push of the valve handle provides instant,
gentle, pressure-controlled water to float away
contaminants without damaging delicate tissues.

This equipment can help to eliminate potential permanent
injuries. Write for free information and catalog.

Haws International, 1439 Fourth St.,
Berkeley, California 94710, U.S.A.

B

Haws Emergency
Equipment: Eye/Face-Wash
Fountains - Drench Showers -

INTEnNATlDNAL Decontamination Stations

Laboratory Usits « Freeze-
Proof Units

433



B NIMsignal
M 10inputs
M 6 outputs

B CAMAC
programming

M Differential
ECL signal

B 10inputs
M 6 outputs

W CAMAC
programming

[ 111131)

P BRBaRNEY

B Twoindependent
logic units

B NIMsignal
M 4inputs
8 4 outputs

B Manually
programmable

[32:11

Comrmon features of the modules
8 Cutputs independently programmable
8 Three operation modes

overlap, strobed, strobed+shaped.
# Propagation time independent from

the chosen logical combinations.

o SETNINEY

\

WES CAMAC TEAM
KARL WEHRMANN SPALDINGSTR. 74 2000 HAMBURG 1 TEL. 040/2415 11 TLX 2163043

_/
~

CAMAC-CRATES 200-500 W

® CERN COMPATIBLE, PLUGABLE
POWER BOX

® PLUGABLE FANUNIT

® DISPLAY SHOWS: STATUS, FAN
FAILURE, OVERLOAD, OVERHEAT

® CURRENT/VOLTAGE DISPLAY
@ SHORT CIRCUIT PROTECTION
® COMPUTER MONITORING PLUG
@ THREE 500 W-VERSIONS

For detailed technical and price information please contact WES and ask for catalog 9/76

WES-CAMAC-TEAM

represented in Switzerland by
QANBERRA-STOLZ AG Belikoner Str. 218 CH-8967 Widen-Mutschellen Telefon 057/54078 Telex 54070

_
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SEN is back wvith
THE RED LINE

FE-NIM modules

This month, we introduce:

LOGIC UNITS

LU 274 LU 278
16 input logic unit 32 input logic unit

LOGIC UNIT
16INPUTS
Lu274

RV

o)

— 16 —or 32 — OR/AND Logic unit
— more than 1, 2, 3, 4 logic majority outputs
— analog majority output

©0

O-0-0-0

inputs : 32 (LU 278) or 16 (LU 274) 50 © decoupled

. BB
NIM level
width ; minimum 5 ns for 4 majority output, @

3
- 3

-

minimum 3.5 ns for 1 majority output

1o
oXoXeXoJoXoXo,

©
©
©
o
@a,,a
©
©
©
©
©

logic outputs 4 outputs allowing to discriminate if more than 3
1,2, 3 or 4 simultaneous inputs @m
3 complementary outputs é
level : 16 mA current sources 28 g 30
width : input width or aoverlap minus 2, 3 or 4 ns for @
outputs 1, 2 and 3 s
1/0 delay : <11ns o S
analog output 1 output allowing to discriminate if 1,2, 3,4, b or ‘ z @
6 inputs @4m@
level : current source 2,66 mA/input
width : input width or overlap minus 2.5 ns '
[/0 delay : <6.5ns @ @

France: ORTEC Sarl; 7, rue des Solets; Tel. (1) 687 25 71 - TIx 202553F, F - 94 - RUNGIS — Germany: SEN ELEKTRONIK GmbH;

Postfach 223; Tel. 04 103 62 82 - Tix 2189 548d, D - 2000 - WEDEL — DIDAS Digital Data System; Radspielstrasse 8; % E N
Tel. 089 91 67 10 - TIx 529 167d - D - 8000 MUENCHEN 81 — Switzerland: SEN ELECTRONIQUE SA.; CP 39;
Tel. (022) 442940 - TIx 23359ch -CH - 1211 GENEVE 13 — SEN ELEKTRONIK AG; Austrasse 4; Tel. (01) 945 51 03;
TIx 58257ch - CH - 8604 VOLKETSWIL — United Kingdom: SEN ELECTRONICS LTD; London Street; Chertsey; Tel.
9328.66744 - GB - KT168AP SURREY. — OFFICES THROUGHOUT THE WORLD.

Headquarters: SEN ELECTRONIQUE S.A.; Avenue Ernest Pictet 31; Tel (022) 44 29 40 - Tix 23353¢h - CH 1211 6ENEVE 13. ELECTRONIGQUE
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Angst - Pfister /P

VOUS PRESENTE UN EXTRAIT DE SON PROGRAMME DE VENTE

® MATIERES PLASTIQUES
Lubriflon-PTFE, Ertalon, Ertacetal, Eltflon pour applications électroniques
® POLYPLATE PROCESSING
Condensateurs,cones d'antennes, substrates
® TUYAUX FLEXIBLES
pour basse, moyenne et haute pression, types spéciaux avec capacité
de résistance aux radiations — fluide eau déminéralisée
® ELEMENTS DE TRANSMISSION
Accouplements élastiques, variateurs de vitesse,
transmission par courroies trapézoidales et dentées, etc.
® JOINTS D'ETANCHEITE
standard ou sur plans en tous matériaux
1219 GENEVE-LE LIGNON TEL.: 022/964211
ROUTE DU BOIS-DES-FRERES 52-54 TELEX: 22675APG

Stesalit resolves your
individual problems

in fiberglass
construction

— for science

and advanced technic.

Frames for

proportional chambers

spark chambers

drift chambers

coasting boxes for Cerenkov counters
space research

and medical assistance.

Stesalit AG
Kunststoffwerk
CH-4249 Zullwil SO
Telefon 0618006 01
Telex 63182
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for science andindustry

= superior high — power tubes

Combining THOMSON-CSF's advanced Pyrobloc
pyrolytic-graphite grids and the Hypervapotron advanced
anode - cooling system, these tetrodes and triodes yield
superior performance as oscillators or amplifiers, with
unsurpassed overload safety, in many different scientific and
industrial applications.

One example, the TH 556: up to 900 kW CW at 30 MHz,
for dielectric-loss heating.

\

THOMSON-CSF

DIVISION TUBES ELECTRONIQUES / 38, RUE VAUTHIER / 92100 BOULOGNE-BILLANCOURT / FRANCE / TEL. : (1) 604.81.75
Germany - THOMSON-CSF Elektronenréhren GmbH / Leerbachstr. 58 / 6000 FRANKFURT am MAIN.1/ Tel. : (0611) 71.72.81
italy - THOMSON-CSF Tubi Elettronici SRL / Viale degli Ammiragli 71/ 1- 00136 ROMA / Tel. : (6) 638.14.58
Japan - THOMSON-CSF JAPAN K.K. / TBR Building / Kojimachi 5-7 / Chiyoda-Ku / TOKYO / T 102 / Tel. : (03) 264.63.41
Spain - THOMSON-CSF Tubos Electronicos S.A. / Alcala 87 / 7° Dcha / MADRID 9 / Tel. : (1) 226.76.09
Sweden - THOMSON-CSF Elektronrér AB / Box 27080 / S 10251 STOCKHOLM 27 / Tel. : (08) 225.815
United Kingdom - THOMSON-CSF Components and Materials Ltd. / Ringway House / Bell Road / BASINGSTOKE RG24 OQG / Tel.: (0256) 29.155 / Telex: 858865
U.S.A. - THOMSON-CSF Electron Tubes / 750 Bloomfield Avenue / CLIFTON NJ 07015/ Tel. : (201) 779.10.04
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% Platon—

] Flowbits

IHustrated is a Gapmeter and Flostat
indicating Controller Set which wiil
maintain constant flowrate of gases or
liquids despite pressure variations.

The Flowbits divisions of Platon Flow
Control offer immediate despatch of
900 items comprising flowmeters, flow
alarms, flow control valves, pipe, pipe
couplings and associated equipment.

!i Facilities in the U.K., France and
Lt Germany have been undertaken to
e ¢ provide this service to industry, research

and educational establishments by
eliminating the frustrating expense and
delay of separate sources of supply.

Flowbits

Wella Road, Basingstoke,
Hampshire, England.

Tel: (0256) 20376. Telex 858107

Flowbits GmbH

Blumenstrasse 6

6900 Heidelberg 1, Germany.

Tel: (06221) 24445. Telex 461759

Flowbits S.A.

73 rue de la Course

33000 Bordeaux, France.

Tel: {56) 52.35.37. Telex 550189

Model 4600

=/

The first
digital multimeter with
full autoranging
on each of the
five functions

® 20000 counts
® 0.01% dc accuracy for 6 months
® DCV, ACV, OHMS, DCI, ACI
® 80 dB normal (series) mode noise rejection
@ Battery (rechargeable) power or AC line
(mains) operation
@ 10000 MQ dc input impedance
|4 vo oreser ® BCD output optional

Industrievertretungen s‘““
" Tel. 057 546 55
Bellikonerstrasse 218 n n Telex 54070

CH-8968 Mutschellen

Un groupe de niveau européen

dans

CONET

la prestation de services

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

Hygiéne, désinfection, désinsectisation, dératisation

Manutentions

Office nouveau du nettoyage ONET

13008 -MARSEILLE 12 bis, boulevard Pébre tél. (91) 762850
75-PARIS 4 et 6, rue du Buisson - Saint-Louis - X¢ tél. (1) 2081557
GENEVE 55/57, rue Prévost-Martin tél. (022) 206848
74 -ANNECY 6, avenue de Mandallaz tél. (60) 514641
01-SAINT-GENIS Route de Gex - zi BP 25 tél. (60) 419133

Fournisseur du CERN a Genéve, du CEA & Marcoule, Pierrelatte, Cadarache,
La Hague, de I'ONU et de I'UIT a Genéve.
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We go to any wave length
to solve your
photodetecting problems.

When you think the detector you need doesn’t exist, you may be right. But
Hamamatsu can change that. Use our Detector Design Kit to put down on
paper exactly what you’re looking for. With this kit you select the base configu-
ration, cathodes, anodes, window materials and other vital elements you need
in a special photomultiplier tube, photocell, photo tube or vidicon. During the
past 25 years Hamamatsu has developed the world’s most complete line of
photosensitive devices and we’re not about to stop now. Our engineers are
specialists in design and production of detectors for leading instrument manu-
facturers. It only takes knowing what you need to put us to work for you. If you
design instruments using detectors, our design kit will help you.

Design Kit...

“cand get Hamamatsa working
faryou, This kit includes technical
data for photomuitiplier tubes,
photo tubes, photocelis, and
vidicons. Spectral response ranges
are provided as well as
dimensional drawings.

For your copy, call Carol Simola
at-(201) 469-6840 or write “Design
Kit” on your business card and
mail to Carol's attention. We'll
see that you get your copy
immediately.

HAMAMATSU CORPORATION »."120 WOOD AVENUE ¢ MIDDLESEX, NEW JERSEY 08846 ¢ PHONE: (201) 469-6640
International Offices in Major Countries of Europe and Asia.
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MODEL 5209 TOUCH PANEL DISPLAY
2 3 . 3 ]

VIDEO

DATA

... ‘ . K<< HineticSystems
3235 5209

A \Winning Combination...
for Monitoring and Control

3235 DISPLAY DRIVER 5209 TOUCH PANEL DISPLAY
¢ CAMAC module « Touch-sensitive transparent panel with 16
"buttons’’

e Drives standard black-and-white TV monitors

« Standard TV monitor with 9-inch screen
e Available for 50 or 60 hertz frame rates

+ Computer can change legends for screen buttons
« 64,48, 32, or 16 characters per line

« Seven additional input buttons
« PROM with 64 ASCI| and 32 special characters

« Video and digital 1/O interface for the 3235
o Digital 1/0 for touch panel, keyboard, or other

devices « Options for 120 or 220 volt power

Please contact us for additional information

Kinetic Systems International S.A.

Dept. CC127 = 6 Cheminde Tavernay = 1218 Geneva, Switzerland = Tel, (022) 98 44 45 « Telex 28 9622
KineticSystems Corporation * 11 Maryknoli Drive * Lockport, lllinois 60441 * Tel.8158380005 » TWX 910638 2831
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Interfaclng with fast Nims

The expanding range now includes linear and logic fan outs, logic fan-in/outs.and coincidence
modules designed to meet a wide variety of nuclear physics experimental requirements.

For fuli specxf:catlon contact the Edmburgh Technical Sales Office.

™ & 1
LINEAR FAN-OUT
B ogmn ¥
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of 2.

+ 200V protected.

into 50 ohms.

2%
DELAY 2.4ns

3ns for X10 overload

+6V, 50mA; -6V, 80mA;
-24V, 250mA;12W

-

NE 4516 Linear Fan-out

4 channels each with a fan-out

INPUTS dc coupled, +0.2V
to -2V range into 50 ohms,

OUTPUTS Two per channel,
non-inverting, « 3ns rise and
fall times, +0.2V to -2V range

GAIN X1 - 5%, nonlinearity

OVERLOAD RECOVERY

POWER + 24V, 220mA,;

| Esmc Fas-our |
218 )

©
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- HEATE A

NE 4685 Fast Logic
Fan-out

2 channels each with a fan-out
of 8.

INPUTS dc coupled, fast
NIM logic level into 50 ohms,
durationy 2ns, 100V
protected.

OUTPUTS 8 fast NIM logic
levels per channel, non-
inverted, < 1.4ns rise time,

< 1.9ns fall time, duration as
per input.
PROPAGATION DELAY
3.3ns; Differential delay,
«+0.1ns.

MAXIMUM COUNTRATE
200MHz

POWER +6V, 140mA; -6V,
410mA; 3.3W
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NE 4688 Logic Fan-in/out
4 sections selectable by front
panel control to give quad
4-fold fan-in/fan-out, or dual
8-fold fan-in/fan-out, or
single 16-fold fan-in/fan-out
with LED indication of mode.

INPUTS 4 per section, dc
coupled, fast NIM logic level
into 50 ohms, protected to
+100V.

OUTPUTS Fast NIM logic
level, 4 per section non-
inverting plus 2 per section
complementary, 2.5ns rise
and fall times, duration as per
input.

PROPAGATION DELAY
8.6ns; Differential Delay,
+0.25ns

MAXIMUM
COUNTRATE 100MHz
POWER +6V, 150mA; -6V,
420mA; -12V, 90mA; 4.5W

m‘;gm

ERRE R

5% IVTmA
LB A2 A

=

NE 4691 Coincidence

3 Fold

3 channels each with up 1o 3
coincidence inputs.

INPUTS 3 per channel, dc
coupled, can be individually
disabled by front panel
control. Fast NIM logic levels,
duration greater than 1.8ns,
protected to £100V.
OUTPUTS 3 fast NIM logic
levels, negative «2.5ns rise
and fall times, duration
adjustable from 5 to 50ns per
channel or common.
COINCIDENCE
RESOLVING TIME Greater
than 1ns overlap, set by input
duration.

PULSE PAIR
RESOLUTION .9ns
POWER +6V, 350mA; -6V,
430mA; -12V, 66mA; 5.3W

NUCLEAR

ENTERPRISES
S.A.

25, Chemin Francois-Lehxﬁann, 1218 G‘ravr_a'd Saconnex, Genéve
Tel 1022] 98-16.61/62 Telex 289066,

Nuclear Enterptises Ltd.

Sighthill, Edinburagh EH11 4YE Seodand. Tel (0314434060
Telex 72333 Cabiles: Nuclear, Edinburgh.

Nuclear Enterprises GmbH. Schwanthalerstrasse 74
&Munchen 2 Germany. Tel 53.62:23 Telex 529938
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a second
prefabrication

plant :

after the plant in Montelimar FRANCE,

the plant in Olazagutia SPAIN

has become operationatl .

You can :

W leave to us the installation of
500 t/month of piping circuits

®m be sure that the quality
requirements and delivery date
that you ask for will be met

prefabrication plants
Assembly area

bécca

DESIGN, SUPPLY, FABRICATION AND INSTAL-
LATION OF PIPING SYSTEMS FOR RESEARCH,
OFFSHORE OIL EXPLORATION AND REFINING
o CHEMICAL AND PETROCHEMICAL INDUS-
TRIES ® IRON & STEEL INDUSTRY e NU-
CLEAR POWER STATIONS...

2000 People - 500 Licensed welders

Ste BOCCARD

© BP 6080 - 69604 Villeurbanne Cedex
FRANCE - Tél. (78)68 3435 Télex 300426 F

® Tervuereniaan 42 - 1040 Brusse! 4
BELGIQUE

o Edificio Deusto - Avenida del Ejercito 3
Deusto - Bilbao 14 - ESPAGNE

® Olazagutia - (Navarra) - ESPAGNE
® Via Gozzi N° 5 - 10121 Torino - ITALIE

HEmzmerR

Precision
Power Supplies

Stability upto 1076 ; up to 300 kW ; up to 300 kV
for all applications

Magnets Microwave tubes
Superconductors Capacitor charging

Beam deflection Multipliers

Control and Measuring Techniques
Happinger Strasse 71
8200 Rosenheim

1 D el. -
HEmzmeER  Te.oo0s: - seaioon e

Débitmeétres
GEC-Elliott, Rotameter Works, Croydon

Appareils calibrés et
non calibrés
pour liquides et gaz

livrables ex stock Zurich type 1100

Vannes
a pointeau

en acier inox
au chrome 4421
et chrome-nickel-molybdéne 4436

Armatures Phonix

vannes d’arrét et de réglage

‘Hofer

technique a haute pression

Demandez la documentation auprés de

WiEAE Oerlikonerstrasse 88
tél. 01/46 4040

vorm. WISMER AG 8057 Zurich




Evt

Ein vollstindiges Sortiment
von Gasen und Gasgemischen
fir die Schweisstechnik

Un choix complet
de gaz et mélanges de gaz
pour la technique de soudage

® Sauerstoff
Oxygéne
(O2)

& Azetylen-Dissous
Acétyléne-dissous
(Cz2H2)

® Kohlendioxyd
Acide carbonique
(CO2 «S»)

® Argon
(Ar)

® Argongemische
Mélanges d'argon

& Carmig
(At/COz - Ar/CO2/02)

® Carmox
(Ar/Q2)

® Carbac
(Ar/Hz2 -~ Ar/He)

® Carinox
{Ar/He/CO2z/Hz2)

¢ Helium




LAIR LIQUIDE
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THE LEADING EUROPEAN MANUFACTURER
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ision matériel cryogénique
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AL CH 230884F
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880.80.80_T

57 avenue Carnot 94500 Champigny/M.France
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