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

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

The CERN Laboratory | site covers
about 80 hectares almost equally
divided on either side of the frontier
between France and Switzerland. The
staff totals about 3200 people and, in
addition, there are about 1000 Fellows
and Scientific Associates. Twelve Euro-
pean countries contribute, in proportion
to their net national income, to the
CERN Laboratory | budget, which totals
410 million Swiss francs in 1975.

CERN Laboratory Il came into being
in 1971. It is supported by eleven
countries. A ‘super proton synchrotron’
(SPS), capable of a peak energy of
400 GeV, is being constructed. CERN
Laboratory Il also spans the Franco-
Swiss frontier with 412 hectares in France
and 68 hectares in Switzerland. Its bud-
get for 1975 is 237.9 million Swiss francs
and the staff totals about 450.
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Cover photograph: Posing for the traditional group photograph at the National

Peoples Congress Palace in Peking are Chinese physicists and the CERN

group, whom they invited to visit China. The occasion at the Palace was an

interview with Wu Lein-Fu (centre of front row) where further contacts

between the scientific communities were discussed. (Photo Hsinhua News

Agency)



Further contacts with China

In the Summer of 1973 a delegation
of physicists from the Peoples Repub-
lic of China, headed by Professor
Chang Wen-Yu, made an extensive
tour of high energy physics Labo-
ratories in the USA concluding with a
week’s visit to CERN. In September
there was a return visit from CERN by
W.K. Jentschke (Director General of
Laboratory 1), G. Charpak, L. Van Hove
—~nd V.F. Weisskopf. The invitation for
.is visit proved to be much more
than an act of reciprocal hospitality.
The discussions in China were wide-
ranging and thorough and carried the
contacts between the scientific com-
munities a stage further.

Since the 1973 tour, the Academia
Sinica (the Chinese Academy of
Sciences) has decided to establish an
Institute of High Energy Physics head-
ed by Chang Wen-Yu. This is now
being set up in Peking with a sizable
staff. The Institute is to work on
theoretical high energy physics, par-
ticle detector instrumentation and
high energy accelerator studies. Ob-
viously, in order to participate in ex-
perimental high energy physics from
within China, the choice of an appro-

riate accelerator at this stage of the
research is not easy.

The tour of the CERN group centred
on Peking and Shanghai; it took in
several Universities, Institutes and

factories. The visitors saw, for example
the work on controlled thermonuclear
fusion (involving laser technology and
a mini-Tokomak) at the Institute of

Physics at Peking, on computers (1 ys
per operation) at the University of
Peking where there is a theoretical
group in high energy physics, onlasers,
thin films and integrated circuits at
Tsing Hua University, on reactor tech-
nology at the Institute of Atomic
Energy in Peking, on nuclear physics
involving the use of a cyclotron (in-
cluding isotope production) at the
Institute of Atomic Energy Shanghai. ..

Some very fine work, often emerg-
ing from modest means, was seen in
the field of instrumentation. This in-
cluded integrated circuits, many other
electronic instruments and multiwire
chambers (a follow-up from a cham-
ber passed by Charpak to the Chinese
delegationin 1973). It wasalso obvious
that part of the role of the Universities
is seen as that of research centres to
feed knowledge into industry.

Despite their achievements, the
hosts insisted that China is a ‘develop-
ing’ country in need of scientific and
technical input from the ‘developed’
countries. Together with this, however,
there was strong emphasis on self-
reliance. Though avid to learn from
experience elsewhere, they insist that
it must be the Chinese people them-
selves that do the work and apply the
knowledge.

At Peking and Shanghai, the CERN
visitors gave lectures on the present
status of high energy physics and its
organization in Western Europe. These
talks, particularly in Peking, were fol-
lowed by long, animated discussions

In conversation at the National Peoples Congress
Palace, left to right, Mme Charpak, Mrs Weiss-
kopf, G. Charpak, Mrs Jentschke, V.F. Weisskopf,
W.K. Jentschke, Wu Lein-Fu, two Chinese
interpreters, L. Van Hove, Mme Van Hove.

(Photo Hsinhua News Agency)

which revealed that the Chinese phy-
sicists are well up-to-date with recent
developments and able to partake
in informed debate on current theories.

On 13 September in Peking, there
were two important discussions con-
cerning the future development of the
relationships between the scientific
communities. In the morning, the inter-
est of the Chinese physicists in con-
tinuing the contact was expressed by
Professor Chien Shan-Tsiang, Vice-
Chairman of the Institute of Atomic
Energy during a tour of the Institute.
This was reiterated by Professor Wu
Yiu-Hsun, Vice-President of the Aca-
demia Sinica, at a dinner offered to
the CERN visitors in the evening.

These exchanges led to a highlight
of the tour — a meeting with Wu Lein-
Fu, Vice-Chairman of the Standing
Committee of the National Peoples
Congress. The Vice-Chairman said
that China wishes to see the contacts
and exchanges with high energy phy-
sicists, particularly of CERN, extended
and again stressed the readiness of
China to learn from scientific and
technical experience elsewhere.

In concluding discussions with
Chang Wen-Yu, Tsu Hong-Yan and
Tu Tung-Sheng of the Institute of
High Energy Physics, future exchanges
of information and of people were
discussed. Concerning the exchange
of people, we can finish with a typical
Chinese proverb quoted by Wu Lein-
fu — ‘One eye is better than a hundred
ears’!

303



Around the Laboratories

DESY

PETRA construction

to begin

As part of the measures taken to
stimulate the economy in the Federal
Republic of Germany, the Ministry for
Research and Technology has allocat-
ed money for the buildings of the
proposed 19 GeV electron-positron
storage ring, PETRA. Additional funds
totalling 14.85 million DM have being
granted for 1975/76 to the DESY
Laboratory for this purpose.

The funds include money specifi-
cally assigned to the building of extra
experimental halls. In the PETRA pro-
posal, money is requested for the
construction of four experimental halls.
The machine design, however, has
eight beam intersection regions and
the possibility of four other halls, being
built in the context of international
collaboration in the use of the machine,
was left open. The money that has
been allocated is to cover the con-
struction of six halls, two of them to
ensure accommodation for experi-
mental teams from other countries.

The additional budgetary allocation
has passed through all the relevant
Committees. Since construction plans
are already complete, building will go
ahead immediately when the formal
notification is received from the
Ministry.

Improvements at the synchrotron

In the midst of the excitement con-
cerning the PETRA decision, the Labo-
ratory continues to tackle its imme-
diate tasks. A shutdown of the 7.5 GeV
electron synchrotron and the DORIS
electron-positron storage rings ex-
tended from 18 August to 30 Septem-
ber while a series of improvements
were implemented. Normal operation
has now resumed.

The ejection system from the syn-
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chrotron for DORIS was rebuilt and
the transfer channels between the
machines were modified to raise the
DORIS injection energy from 2 to
4.3 GeV. It is now possible to fill
DORIS at all operation energies,
eliminating the necessity of ‘energy
ramping’ in the storage ring itself.
This will improve operation at high
energies.

The 400 MeV linac 1l injector has
been modified to yield higher positron
currents. The linac used to have
12 accelerator sections with the elec-
tron-positron converter positioned be-
hind section 5. The converter has now
been moved downstream by two sec-
tions leading to a 40 % increase in the
energy of the bombarding electrons
and to a higher positron yield. At the
same time, two accelerator sections
were added at the end of the linac to
keep the emerging positron energy un-
changed.

The linac | injector was also modi-
fied for higher energy. In the usual
DORIS injection scheme, positrons
and electrons can be fed in on a pulse-
to-pulse basis. This necessitates simul-
taneous operation of linac Il as a posi-
tron injector and linac | as an electron
injector into the synchrotron, the
energy of linac | was raised from 40
to 60 MeV by doubling the klystron
power.

In readiness for proton injection
into the synchrotron (to take a first
look at electron-proton colliding beam
problems), a Van de Graaff proton
injector was received in August after
successful testing at the manufacturers.
Its installation in the inner experi-
mental area of the synchrotron begun
in September and the proton injection
channel was installed. The r.f. acceler-
ating unit for proton acceleration in
the synchrotron has been operated
during the summer, but technical dif-
ficulties in the control systems have
caused some delay. The accelerating
unit was not, therefore, installed dur-

ing the shutdown and will probably
be moved in in November.

The storage rings, DORIS, are look-
ing in progressively better shape.
During recent months, they have
mainly operated at energies of 1.5 and
1.84 GeV at currents of about 2 x
250 mA and a beam lifetime greater
than 10 hours. The average luminosity,
over a period of several weeks, was
about 4 x 10% per cm? per s.

IN2P3
Establishing centre
at Annecy

Construction of a Nuclear Physics
Institute is now in progress at Annecy
in France (45 km from CERN). It is to
be a research centre specifically for
the French National Institute of Nu-
clear Physics and Particle Physics,
known abbreviatedly as IN2P3. The
aim is to have a laboratory close to
CERN which can serve as a base for
the physicists who are using the major
CERN facilities and preparing for the
future SPS experiments. Most of t.__
physicists will come from the High
Energy Division of the IPN at Orsay.

The construction is on a 45-hectare
site specially set aside for the develop-
ment of the University of Annecy as
part of the University of Savoie.
Building is scheduled for completion
in July 1976 when Professor M. Vivar-
gent, who is in charge of the project,
will be appointed the Director. It is
intended that personnel will include
thirty-five physicists and about fifty
technicians and administrative staff,
whose task will be to prepare and
carry out experiments at CERN. A
programme has already been drawn
up, comprising experiments at present
under way at the PS — the systematic
investigation of heavy mass particles,
such as the J/{, with the symmetrical



The curtains of wires of a cylindrical multiwire
proportional chamber built at Orsay to look at
the events produced by colliding electron-
positron beams in the new storage rings, DCI.
Behind the wires can be seen a not unfamiliar
Jjournal. One could say that the appearance of
CERN COURIER is always an event. . .

(Photo Orsay)

bispectrometer (in collaboration with
a team from |ISN Brussels) and the
study of spin-dependent effects in
proton-proton interactions (in col-
laboration with CERN and Oxford
teams). it also includes current ISR
experiments — the study of isobaric
production in the -4 interaction region
(in collaboration with teams from
CERN, Hamburg and Vienna) and the
“tudy of large-angle correlations (in
collaboration with Scandinavian and
MIT teams). Finally the programme
covers experiments in preparation for
the SPS — study of large-momentum
transfer hadronic elastic interactions
(in collaboration with teams from
CERN, Genoa, Oslo and University
College london) and a study of
muon inelastic scattering using a large
spectrometer, as part of a European
collaboration.

ORSAY
Cylindrical detector ac-
curate and transparent

“A solenoid magnetic detector, which
will be installed on the new DCI
electron-positron colliding beam ma-
chine at Orsay (see July issue, page
229), is being used at present on the
smaller storage ring ACO. It has been
in operation for nine months.

The detector was designed during
the very first few months following
the development of multiwire propor-
tional chambers at CERN, and has
incorporated the most sophisticated
features of this type of chamber. The
solenoid sets up a field of 0.9 T and
encloses four concentric cylindrical
proportional chambers 0.26 to 1.60 m
in diameter and 0.5 to 1.06 m long.
This particular geometry gives an
acceptance of 2= in the azimuthal
plane. Multiple scattering is minimised
by the extreme transparency of the
chambers (6 x 10-* radiation length).

A problem with these techniques is
to measure both co-ordinates with a
single chamber. A novel method in-
volving detection in the cathode plane
in conjunction with the traditional
method of detection in the anode plane
has been developed and has been in
use at the Laboratory for four years.
The chamber has anode wires parallel
to the axis and two sets of cathode
wires inclined at + 45° to the anode
wire direction supported by coated
glass fibres. This array makes it pos-
sible to locate the track of a charged
particle to within 0.6 mm. The accur-
acy of the cathode measurement is
very nearly as good as that of the
anode measurement, which is difficult
to achieve in this type of detector.

A charged particle describes a heli-
cal trajectory in the solenoid and is
picked out by four readings, making
it possible to measure the momentum

-to within 0.5 %. The data is read-out

by an on-line computer from ampli-

fiers associated with each of the
11 520 anode or cathode wires. The
events may be monitored during the
experiment on a display screen. A new
measurement of the form factor of
the pion at low energy has already
been made using this detector.

DUBNA
News on relativistic
nuclear physics

‘Relativistic nuclear physics’ is a new
trend, on the boundary between high
energy nuclear physics and elementary
particle physics. |t embraces the field
of multi-baryon phenomena, corre-
sponding to the condition where a
particle has momentum (p) very much
greater than its mass (m).

One of the characteristic pheno-
mena is the cumulative effect when a
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particle, such as a pion, receives
energy from a group of nucleons in a
relativistic nucleus. In 1971, it was
announced that Dubna had seen such
an effect in the production of pions by
relativistic deuterons. These experi-
ments also proved the scale invariance
of the interaction of relativistic nuclei
with hadrons, as A.M. Baldin, Director
of the Laboratory of High Energy,
predicted.

The ratio of the differential cross-
sections of pion production by deute-
rons and by protons at zero degrees
for the same p/p.x ratio was found
to be independent of the energy of
the incident particles and of the pions
produced. The experiments were car-
ried with 11 GeV deuterons, from the
synchro-phasotron.

Since these first results, research in
the field of relativistic nuclear physics
has progressed in various directions
using a variety of techniques.

The group led by V.S. Stavinskij has
investigated meson production on
various nuclei looking at the back-
ward pions produced in the collision
of a nucleus at rest bombarded by a
proton. Investigations were made with
the nuclei of °Li, Li, C, Al, Cu, '*Sm,
5tSm, '*2W, **W, and Pb and it was
shown that the invariant cross-section
of cumulative pion production in-
creases practically linearly with atomic
weight.

With higher cumulative orders (in-
creasing the number of nucleons of
the fragmenting nucleus) and with
secondary particles other than pions,
the exponent in the dependence of
the cross-section on the atomic num-
ber, A, becomes greater than unity.
The dependences of the cross-section
on the atomic number were deter-
mined up to A? (when the secondary
particle is a deuteron). These depen-
dences confirm the existence of group
and collective dependences of nu-
cleonsin nuclei. Scale invariance of the
particle production cross-section was

306

also shown to apply in the region of
cumulative orders higher than 2.

Studies have been made of proton
emission in the backward direction
during high energy pion interactions
with carbon nuclei. These experiments
were carried out in a 2 m propane
bubble chamber exposed to a 40 GeV
meson beam at Serpukhov. It was
found that in processes where the
proton is emitted backward with a
momentum of over 300 MeV/c, (i.e.
when the cumulative effect takes
place) scale invariance is observed in
the 510 40 GeV energy range. Research
into the cumulative effect is continu-
ing.

Other experiments at Dubna involve
a 17 GeV alpha particle beam directed
onto the SKM-200 installation, the
main part of which is a 2 m streamer
chamber in a magnetic field. The
main aim is to study the characteristics
of the interaction of relativistic nuclei
with other nuclei. At present studies
are being carried out on the inter-
action of alphas with lithium nuclei
in a target inserted in the streamer
chamber.

Emulsions have been irradiated in
beams of relativistic deuterons and
alpha-particles and the initial results
on the interactions with the emulsion
nuclei give information on total in-
elastic cross-sections.

Preparatory work is being carried
out in order to direct beams of relativ-
istic nuclei from the synchro-phaso-
tron to the bubble chambers — 2 m
propane, 1 m hydrogen and 26 litre
xenon chambers.

A big programme of research is
under way at the synchro-phasotron
bombarding a thin internal target. Slow
recoil protons are recorded by tele-
scopes of semiconductor detectors.
This original technique was success-
fully used in experiments at Serpu-
khov and at the FermiLab. The current
programme concerns studies of elastic
scattering of nuclei on nuclei and the

fragmentation of a fast primary nucleus
and the target nucleus.

Similar to the experiments carried
out with a thin internal target at
Dubna are the collaborative experi-
ments which are part of a Soviet-
American Agreement for scientific and
technical co-operation. The forthcom-
ing work includes a study of elastic
and inelastic proton-helium scattering
at the 400 GeV FermilLab accelerator

For research in relativistic nuclear -

physics, it is desirable to accelerate
heavy nuclei also. To obtain such
beams it is preferable first to strip the
atoms of all orbiting electrons in an
ion source. Preliminary acceleration
can then be carried out with the usual
injectors and they can subsequently
be accelerated in a synchrotron.
Development work is being carried
out at Dubna on a cryogenic variant
of the electron-beam source of multi-
charged ions (KRION) which is al-
ready able to produce beams of nuclei
of elements with Z from 6 to 10 with
an intensity of 10'® particles per pulse
and also highly-charged ions such as
A+15[ Xe+29-

lonization in this source is produced

by a magnetically focused electroi

beam which has a current density
which increases during the pulse. To
fully ionize nitrogen atoms in the
KRION electron beam, it is necessary
to hold the ions in the electron beam
region for 40 to 50 ms while the beam
density rises to 30 A/cm? A vacuum
of 2 x 10" torr in this region is pro-
duced by cryosorption. A supercon-
ducting solenoid (1.5 T) focuses the
beam. The length of the source is 1 m,
the quantity of liquid helium stored is
20 | and the consumption of liquid
helium 0.2 I/hour. To obtain beams of
nuclei of heavier elements, the current
density of the electron beam in the
source needs to be increased.

The prospects offered by research
in the field of relativistic nuclear phy-
sics depend on being able to make a
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detailed study of the asymptotic region
of the interaction of relativistic nuclei.
The need for investigations in this field
is dictated primarily by the develop-
ment of the physics of strong inter-
actions requiring the investigation of
complex systems. Important features of
collisions of relativistic nuclei compar-
ed with collisions of particles are —
the internal structure of the colliding
—bjects is known (at least in the non-
.elativistic region) and the quantum
numbers of the colliding objects can
be varied over a wide range; investiga-
tions can be made into multiple pro-
cesses when many particles are pre-
sent and not only into the final state
(cumulative effects); it is possible to
make more justified use of statistical
and hydro-dynamical approachessince
averaging is over at greater number
of configurations. The nuclei may
serve as a realistic quark model of the
relativistic object.

To investigate this asymptotic re-
gion, the energy level in the Dubna
synchro-phasotron (up to 5.5 GeV/c
per nucleon) is not high enough. It
seems essential to have an energy of
at least 10 to 15 GeV per nucleon.

.ubna has therefore prepared a pro-
posal for constructing a cryogenic
accelerator for relativistic nuclei — a
nucleotron with an energy of about
15 to 20 GeV per nucleon, able to
accelerate the nuclei of light and
medium elements. An analysis of the
list of problems that can be tackled by
experiments on a nucleotron, covering
an extremely wide range of questions,
shows that the nucleotron could be-
come a very useful adjunct to the
family of existing and planned high
energy accelerators.

KEK
Boosting the booster

Construction of the 12 GeV proton
synchrotron at the National Laboratory

for High Energy Physics, KEK, in
Japan proceeds on schedule. During
the summer, tests on the 500 MeV
booster continued and some impor-
tant decisions were taken.

The 20 MeV linac has virtually
reached its design intensity of 100 mA.
A 95 mA beam at 20 MeV was
achieved during a test run from an
input of 200 mA at 750 keV provided
by the preinjector. The ion source is
in fact providing a 260 mA pulse,

Layout of the injection units of the 12 GeV proton
synchrotron nearing completion in Japan. It
shows the location of the proposed new experi-
mental facility for nuclear and medical experi-
ments which would make use of the 'spare’

500 MeV protons which will be available from
the booster.

60 mA being lost at present during
transfer to the linac tank.

It has proved difficult to accelerate
these high intensities through the
booster. The r.f. voltage pulse appears
to be too short and the resulting
‘bucket” where the protons are cap-
tured and accelerated is too small. It
has therefore been decided to add
another r.f. cavity to spread the bucket.

A new facility is being proposed to
make use of the abilities of the linac
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The new computer building, which has

recently been completed and occupied at
Stanford, looking serene in its Californian setting.
It houses the Laboratory’s IBM computers
which are extensively used in ‘real time’ data
processing on-line to experiments. The com-
puter system is also used by IBM for ‘field
tests’ in developing advanced software.

(Photo SLAC)

and booster to provide more 500 MeV
proton pulses than the main 12 GeV
ring can swallow (only nine pulses
out of twenty). It emerged as a joint
proposal from a nuclear physics ex-
perimental group and a neutron dif-
fraction research group. Doctors in a
cancer therapy group have also started
to study the application of the proton
beam for medical treatment.

A proposal is being put together
ready for a budget request for 1976.
It involves a pulsed magnet, along the
transfer line between the booster and
the main ring, deflecting some of the
500 MeV beam pulses to a new ex-
perimental facility.

RUTHERFORD
Laser facility

On 3 October, the UK Science
Research Council announced that it
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is establishing central laser facilities
at the Rutherford Laboratory for the
use of University scientists. The ini-
tial investment of £1 million will
cover the purchase of a versatile high
power neodymium glass laser plus
diagnostic and experimental equip-
ment. The total cost of providing and
operating the facilities over the next
six years is foreseen as £ 5.7 million
and there will be a development pro-
gramme on laser and optical technol-
ogy which may lead to the use of
higher power lasers in the future.

This decision follows a study by a
Committee chaired by D.J. Bradley.
It aims to sustain the high quality of
the UK research programmes involving
high power laser pulses, in the light
(no pun intended) of progress in
other countries, particularly the USA,
USSR, Japan, France and Germany.

The research programme will tackle
subjects such as — very dense plasmas
produced by laser compression; non-

linear interactions of laser radiation
with matter; laser development. ..
The possible use of laser beams to
induce controlled fusion reactions
(which has been promoted perhaps
rather prematurely) is not a direct part
of the programme but if such a
possibility is to be investigated in the
UK at a later stage, the information
coming from the research at the
Rutherford Laboratory would be z
important input.

The main high power laser system
will be capable of power densities of
over 10° MW per cm? the laser
delivering 10 J in 100 ps (rod am-
plifier) or over 200 J in 300 ps (disc
amplifier). Extension to higher powers
could readily be made. It will be
possible to split the disc amplifier
output into two beams to give sym-
metrical irradiations.

The complete system is expected
to be in operation, initially in tem-
porary accommodation, fifteen months
from the time it is ordered. The broad
support for the University scientists,
which can be provided by the experi-
enced Rutherford Laboratory, should
further strengthen the UK research
effort in this field.

BROOKHAVEN
ISABELLE magnet
outdoes design
requirement

On 6 October, a prototype super-
conducting magnet for the proposed
200 GeV proton storage rings, ISA-
BELLE, topped the design field of 4 T
the first time it was powered. The

"magnet is a full size prototype 4.25 m

long. A preliminary look at the field
quality in the dipole {(not at the ends)
indicates that the field harmonics are
also at the levels which would be
appropriate for the operation of ISA-
BELLE.



At the time of writing, no detailed
measurements of field quality have
been made. The magnet has been
powered once more and quenched at
the same field level though the oper-
ating temperature was slightly higher
(4.7 K compared to 4.3 K). This may
indicate that the magnet will-train to
higher fields.

This is the second full size super-

-conducting dipole to be built. The first,
whose performance was reported in
the September issue, page 273, was
hardly a fair test of the design since it
was built in a considerable hurry. To
have hit the jackpot with the second
without any training of the magnet is
making the ISABELLE project people

very happy.

ARGONNE
Record energy
for polarized protons

On 30 September, polarized protons
were accelerated in the Argonne Zero
Gradient Synchrotron to a new peak
_momentum of 12 GeV/c. The climb
.0 this new high energy was accom-
plished in only 30 hours of machine
development time despite the fact that
five new depolarizing resonances (two
strong and three weak) had to be
crossed in going beyond the previous
peak.

In July 1973, the ZGS became the
first accelerator to give polarized pro-
ton beams of GeV energy. Since then,
operation with polarized protons has
been limited to energies of 6 GeV for
lack of funds and because of limita-

tions in the beam-lines used to convey |

the polarized protons to experiments.
There has, however, been plenty of
original work to do with polarised
beams up to 6 GeV. Now things are
ready for higher energies. A new beam-
line with superconducting magnets is
being installed to take 12 GeV polar-

ized protons to the Effective Mass
Spectrometer (see Octoberissue 1974)
and they can also be taken to the
12 foot bubble chamber.

The speed with which the beam
energy could be taken higher is a con-
sequence of several improvements
since the 1973 tests when two weeks
work was needed to achieve 6 GeV.
The higher beam intensity and the use
of a fast polarimeter made it much
easier to locate and cross the depo-
larized resonances by means of rapid
tune shifts using a pulsed quadrupole
system.

Improvements in the polarized ion
source and in acceleration efficiency
give a beam over an order of magnitude
more intense than was available two
years ago. The fast polarimeter was
developed by the group of C. Johnson
at CERN and taken to the ZGS for
testing. It consists of two telescopes
each with three counters looking at
the recoil particles from a small poly-
ethylene target mounted in the ex-
tracted beam just outside the acceler-
ator ring. Absolute measurement of
the polarization was performed, as
before, with a polarimeter consisting
of a pair of double arm spectrometers.

At 9.5 GeV/c, when the last strong
resonance was crossed, the proton
beam polarization was measured as
67 + 12% and no change was seen
upto 12 GeV/c using the CERN polari-
meter. (At the time of writing the
absolute value at the highest energies
has not been checked.)

A month of ZGS operation with
12 GeV polarized protons has now
been scheduled for February of next
year and further time is anticipated
later in the year. On the basis of the
September tests the experimenters can
expect an intensity of around 5 x 10°
polarized protons per pulse in the
extracted beam.

The availability of high energy
polarized protons makes possible a
series of measurements on proton-

proton elastic scattering for the first
time in the GeV energy range. This
will determine experimentally the am-
plitudes that govern the process. Be-
cause each particle in the initial and
final states has spin 1/2, a minimum
of nine independent measurements
are required to make a unique deter-
mination of the amplitudes (assuming
parity conservation and time reversal
invariance). These measurements are
being made by an Argonne-North-
western group mainly at a beam
momentum of 6 GeV/c. An array of
proportional wire chambers is used to
detect both scattered and recoil pro-
tons emerging from a polarized proton
target.

The first measurements have used
the polarized beam in conjunction with
an ethylene glycol polarized target in
which the proton spins are aligned
vertically, approximately normal to the
scattering plane. The polarization of
the proton beam, as it comes from the
ZGS, is also in the vertical direction.
However, the number of independent
measurements that can be made with
the spin directions normal to the
scattering planeislimited and measure-
ments with the polarization oriented
in the scattering plane are also re-
quired.

For this purpose, a new super-
conducting spin-tipping magnet has
been put into service. The solenoid
rotates the spins of the beam protons
by 90° about the beam direction as
they pass through it. It is a cold bore
magnet designed and fabricated by
American Magnetics Inc., in collabora-
tion with Argonne, and the cryostat
was built by Cryogenic Associates.
The coil winding is 12.25 cm inner
diameter and 178 cm long. The opera-
tional current is 420 A, producing an
integral field of 11.3 T.m for 6 GeV/c
operation. The magnet has been in
operation at the ZGS for several
months without any problems.

A polarimeter has recently been
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added to measure the polarization of
the recoil protons. It consists of a
block of carbon with two proportional
wire chambers on either side. The spin
of the recoil proton is analyzed by a
second scattering in the carbon, de-
tected by the multiwire proportional
chambers. The polarimeter can be
used to analyze polarization com-
ponents transverse to the recoil par-
ticles direction of motion, both normal
to the scattering plane and in the
scattering plane.

The combination of all these ele-
ments has allowed the first measure-
ment at high energies of a triple spin-
correlation parameter, denoted as (S,
N; 0, S). In this notation the spin
orientation of all four particles is given
in the order: beam, target; scattered
particle, recoil. Polarization normal to
the production plane is denoted by N,
along the particle direction by L, and
transverse to these two by S. A zero
denotes that the particle spin is not
observed. In this notation, a conven-
tional polarized target scattering ex-
periment measures (0, N; 0, 0) which
is the polarization parameter. Earlier
experiments at the ZGS have measured
such quantities as (N, N; 0, 0) or
(0, N; O, N). In addition to the triple-
spin correlation measurement, the pre-
sent experiment can measure (S, 0;
0, S), by averaging over the target
polarization, and (0, N; 0, N), by
averaging over the beam polarization
and detecting a recoil particle in the
polarimeter in the plane of the first
scattering.

The next step will be to use a target
which can be polarized in the scat-
tering plane, providing L- and S-type
target polarizations. For this, the pre-
sent polarized target magnet will be
replaced by a pair of superconducting
Helmholtz coils with the field direc-
tion in the horizontal plane. This mag-
net has been built and successfully
tested and will soon be installed for
operation in the experiment next yeatr.
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FERMILAB
On computing

Computing for the experimental pro-
gramme at the 400 GeV proton syn-
chrotron ofthe Fermi National Accelera-
tor Laboratory covers three basic tasks
— on-line computing at the experi-
ments themselves, ‘fast turnaround’
computing to back up experiments
taking data and batch processing of
the bulk of the experimental data.
About 35 small computers are in-
volved in on-line computing (mainly
PDP-11s used in a Fermilab configura-
tion called BISON — Basic Instrument
for the Support of On-line Needs).
Fast turn-around computing is imple-
mented in the computer centre in a
room on the 7th floor of the Hi-rise
building. A CDC 6600 (131 kwords
of memory) has been installed there
since 1973. Its capacity became
saturated this year and a second CDC

The spin-tipping solenoid installed on the
extracted polarized proton beam at Argonne
which rotates proton spins in the incoming
beam by 90° as they pass along its bore. It

has been in operation for several months
without problems. The tangle of wires is also
associated with the polarized proton target and
proportional wire chamber detectors of the
experiment which are barely distinguishable on
the left of the photograph.

(Photo Argonne)

(65 kwords of memory) was installed
in the summer of this year. The two
computers will be linked together in
November and are expected to cater
for the computing needs through to
the middle of next year.

A broad band data communications
network (BISON-NET) links the cen-
tral computers to the small on-line
computers enabling sample checks on
data to be made in ‘real time’. The
production prototype modules for
BISON-NET are installed.

Remote job entry terminals are also
being developed. They will be able to
talk to either the Fermilab computer
centre or the IBM 370/195 at the
Argonne National Laboratory.

The installed computing facilities at
the Laboratory are limited, mainly due
to the restricted financial resources,
and there are long range plans for
major new equipment to cater for the
needs into the 1980s. Nevertheless,
the Fermilab expects to be able to



Schematic diagram of the experiment measuring
the “triple spin correlation parameter’ in proton-
proton elastic scattering. It requires the high
energy polarized protan beam from the Argonne
Zero Gradient Synchrotron, a spin-tipping
superconducting solenoid to rotate the proton
spins, a polarized target and a polarimeter to
analyze the spin of the recoil proton.
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maintain a ‘lean but adequate and
responsive computer capability’. (A
report by A.E. Brenner on the com-

buting service appears in the Septem-
er issue of NALREP.)

TRIUMF
Cyclotron performance

The cyclotron at the TRIUMF Labo-
ratory in Canada is now in regular
operation and experiments are well
under way. Proton beams with ener-
gies between 180 to 520 MeV have
been extracted and a 48 pA average
current was accelerated in a pulsed
mode (100 us/10 ms). (In normal
operation currents are kept lower to
keep radioactivity problems manage-
able.)

The machine is operated on a
4 days/week schedule, 24 hours per
day, over periods of eight weeks fol-
lowed by a few weeks shutdown to

take a look inside the cyclotron and
to implement improvements. Three
8 hour shifts per week go to machine
development, the rest of the time
going to feeding two beams simul-
taneously to experiments. There are
two experimental halls on opposite
sides of the machine. Extracted beam
currents are held down to 300 nA in
the ‘Meson Hall’ and 50 nA in the
‘Proton Hall'.

The cyclotron has a unigue ability
to send beams of independently vari-
able energy and intensity to the two
experimental halls which can thus
have their schedules fixed indepen-
dent of one another. This is possible
because of the acceleration of negative
hydrogen ions. The ions are stripped
by introducing targets into the magnet
gap yielding protons which are then
bent out of the machine by the field
which was holding in the negative
ions. The radial location of the targets
dictates the energy of the emerging

protons and the extent to which the
targets protrude into the beam sets
the relative intensities of the emerging
beams (the absolute intensities being
set by controlling the intensity at
injection). The successful performance
of these systems has been one of the
most gratifying features of the cyclo-
tron operation. In general, conditions
are so reproducible that it may soon
be possible to let a computer set up
the operating parameters.

Machine development is concen-
trating on slowly increasing the in-
tensity towards 100 pA, improving
beam quality (reducing the emittance),
achieving better vacuum conditions
(10-® Torr rather than 2 x 10-7 Torr),
accelerating polarized ions (300 nA
with 80% polarization have been
obtained from a Lamb shift type ion
source), and installing a third har-
monic r.f. amplifier to give separated
turn acceleration which will reduce
energy spread to 100 keV at 500 MeV.
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CERN News

PS comes on again

As we reported in the September issue
(page 269), on 29 August a fire broke
out near the South Hall of the proton
synchrotron. Besides damage due to
the fire itself, there has been consider-
able secondary damage caused by
hydrochloric acid from the interaction
of burning PVC insulation and humid-
ity. The PS power station, the power
supplies for the auxiliary magnets,
poleface windings and the injection
correction components, timing circuits,
the hydraulics of fast kicker magnet 97
and many other pieces of equipment
in the South Hall extension were all
damaged to some extent, depending
on how close they were to the fire.

Thanks to the advice of J. Birabeau
from the Surface Treatment workshop,
a lot of electronic equipment was
saved by fast cleaning action during
the week-end following the fire. Later,
two specialist firms (Reichenberger
and Allianz) helped by providing the
materials and the technical instructions
for cleaning up the corroding electrical
and electronic equipment.

Rebuilding of the damaged equip-
ment started in parallel with the clean-
ing operations and on 10 Sep-
tember the Linac started up again with
a provisional power line. On 15 Sep-
tember the Booster was able to take
up the running with some machine
experiments and the target date of
24 September for the start-up of the
whole machine was achieved. This
was thanks to great efforts, from both
inside the PS Division and outside
(mainly the Site and Buildings Divi-
sions), helping those responsible for
the damaged material.

The physics programme is being
operated at a reduced level for a few
weeks having started as planned on
25 September with internal targets 1
and 8 sharing beam at 19 GeV/c. The
beam energy was not higher because
of the non-availability of the poleface
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winding power supply but the spill
length was increased (600 ms) and
the repetition time was faster (1.8 s)
than usual. Filling of the Intersecting
Storage Rings was done at 15 GeV/c.
It proved possible to adjust the
machine intensity to the level needed
by the users (1.5 % 10" protons per
pulse for the internal targets and
2 x 10" ppp for the ISR), despite the
fact that the low energy corrections
were not usable, thanks to the use of
the Boosterin injection. The next step,
on 10 October, was to increase the
energy to the usual levels of 26-24
GeV/c using a power supply provided
and adjusted to the characteristics of
the poleface windings supply by ISR
staff. Slow ejection 62 could also
start at that date. For the following
run, after an eight day stop (instead
of 10 days initially foreseen), it will
almost be possible to carry out the
normal experimental programme,
though with many provisional solu-
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The SPS control room. In the foreground is the
console which is now integrated into the control
system. The top left and top right consoles are
used for simulation runs and safety monitoring
respectively. »

On 23 September Academician P.L. Kapitza
visited the CERN Laboratories. He is pictured
here (right) down the tunnel of the 400 GeV pro-
ton synchrotron listening to the explanations of
R. Levy-Mandel.

tions. The effects of the fire are likely
to be around till Christmas.

SPS control system
taking shape

One of the control consoles of the
400 GeV proton synchrotron is now
connected via its computer and th. _
message transfer system to the satellite
computers which directly monitor and
control the machine components.
Dialogue tests with the computers
have been under way since the begin-
ning of August and the entire system
seems to be operating well.

All twenty-four NORD-10 com-
puters initially ordered have been on
site for some time and seventeen of
them are now installed in their destined
positions. The others are in action in
the laboratories and the assembly hall,
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where they are used for adjusting and
testing SPS equipment. This use has
made it possible to check the reliability
of the computers, which has proved
well up to specification, and to perfect
the NODAL language which will be
used in controlling the machine.
NODAL is a very simple interpretative
language which can be learned quickly
by unspecialised personnel, thus al-
lowing those directly responsible for
machine components to compose their
own monitoring programs.

The seven computers for the main
control building are all now in place.
The message transfer system, installed
~by TITN, has been used to transmit
several million messages between
computers and it has achieved the
specified reliability. The control room
has three man-machine dialogue con-
soles and a fourth, simpler one, for
monitoring and safety. Console No. 1
has been operating in the simulation
mode since Easter and is being used
to develop programs and to test the
man-machine dialogue. Console No. 2
is already linked to the message trans-
fer system and, since the beginning
of August, it is this console which has
been involved in the tests of the chain
— console / message transfer system /
satellite computer.

The three consoles will be almost
identical and the accelerator will nor-
mally be controlled from a single one
of them. The others will be used for
the separate control of particular com-

ponents during machine study periods
and to control beam-lines and experi-
mental areas during periods of physics
operation.

With the black-and-white and col-
our television display screens and the
simple NODAL language, machine
control should become child’s play,
once the system is properly run-in —
given reasonably bright children.

SC going up

The 600 MeV synchro-cyclotron is
gradually climbing towards the high
level of performance which is the aim
of the machine improvement pro-
gramme. An internal beam intensity
of 2.8 uA was achieved in September.

The repetition rate of the machine,
which is controlled by the rotary con-
denser, will have to be raised in order
to obtain the rated intensity of 10 pA.
Only one in every two of the sixteen
acceleration cycles in each turn of the
rotor in the stator was used in attain-
ing 2.8 pA. When all the cycles are in
use, the repetition rate will be doubled,
but before this is done a large number
of precautions need to be taken. The
equipment is highly sophisticated and
has to be nursed very gradually to its
maximum performance. Since there
are two rotary condensers, changes
can be made when necessary and
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weak points can be corrected as they
are identified.

The voltages applied to the Dee
electrode in the synchro-cyclotron will
also have to be increased to raise the
intensity further. The range so far used
has been restricted to between 14
and 18 kV (varying during the cycle)
while the electrode is designed to
withstand a voltage of 30 kV. The
effect of increasing the voltage is to
capture and accelerate more particles.
It is now possible to say that to attain
10 A there will be no need to go
much beyond 20 kV. This should
ensure greater machine reliability,
since it will be running well within its
limits.

Measurements on the beam itself
have shown that the amplitude of the
radial and vertical oscillations is lower
than 1 cm, a very good figure for this
type of machine. Paradoxically, this
excellent quality is a drawback when
attempting to share the beam between
an internal target and an extraction
channel. 1t is much more difficult to
split the present small beam precisely
than it was with the old machine’s
larger one! Extraction efficiency is now
at 70 % compared with the previous
figure of 7% (not 1 % as mentioned
in the July issue).

Radiation problems, such as those
associated with the useful life of the
units of the internal targets, are also
beginning to raise their heads. This
will become more important as the
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intensity increases further. One solu-
tion, involving the eventua! elimina-
tion of internal targets, is being con-
sidered but it requires new fitting out
of experimental areas. The optimum
solutions are seldom the cheapest.

A new machine trick which is now
being used is to reverse the SC mag-
netic field and invert the central region
so that the protons circulate in the
opposite direction. This makes it pos-
sible to extract a wider variety of
secondary particles from the internal
targets. This operation is made easier
by the central region arrangement,
which allows it to be removed and
inverted very quickly.

The efficiency of the beam transfer
line to the ISOLDE isotope separator
on-line, which comprises a 60 m beam-
line, has now risen to 88 %, giving
ISOLDE beams of high intensity.

Iron in the
neutrino line

Work has started on the installation
of the shielding which is designed to
filter out all particles other than neu-
trinos en route from the 400 GeV pro-
ton synchrotron to the 3.7 m European
Bubble Chamber, BEBC, ready for the
neutrino experiments which will be an
important part of the SPS programme.

To produce the neutrinos, protons
from the SPS are directed onto a
target near the accelerator ring giving
rise to the production of pions and
kaons with an average energy of
around 40 GeV/c. A magnet will con-
centrate these particles into a 13 mrad
cone and a second magnet, 90 m
downstream, will further focus the
beam. The pions and kaons will then
enter a vacuum tube measuring 1.20 m
in diameter and 300 m long, in which
most of them will decay, giving rise
to muons and neutrinos.
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Once the neutrinos have been pro-
duced, all other particles, in particular
the muons, have to be eliminated from
the beam. This will be the task of the
shielding, which is now being installed,
comprising 170 m of iron (followed by
180 m of earth). Calculations show
that this shielding (equivalent to
230 m of iron with a density of 7.2)
will reduce the muon flux from 10"
to 10 in each machine pulse, under
standard operating conditions.

The iron shielding is being erected
in an underground tunnel with a 4 %
slope, since the neutrino beam s
climbing up from the underground
SPS to BEBC at ground level. It con-
sists of 425 iron discs, from which an
arc is cut so that they can stand on
the floor of the tunnel. Each disc, is
2.50 m in diameter, 40 cm thick, and
weighs about 14 tons. They are lower-
ed down a shaft, and run on a rail-
mounted trolley to their desired loca-
tion at a rate of ten per day. Gaps

Inside the tunnel which will house the iron
shielding for the neutrino beam-line. The photo-
graph shows a 14 ton disc which has been
carried by a trolley on rails to the position in the
tunnel where it is to be unloaded. 425 of these
discs, each 2.50 m in diameter and 40 cm thick,
will be installed to stop all particles other than
neutrinos.

between the discs and the tunnel walls
are then filled with concrete to stop
particles which might otherwise sneak
through. The concrete is of a type
which does not adhere to the iron
which can thus be readily salvaged at
a later date if necessary. This is quite
a substantial long-term investment.

A gap has been left in the shielding
after the first ten metres for the instal-
lation of muon detectors and similar.
spaces will be left every 20 m so that
detectors can monitor the muon flux
progressively through the shielding.
Positioning of the shielding will be
complete by the end of the year.




Recent discoveries
In high energy physics

At the 14th International Cosmic Ray Conference
at Munich in August, Professor Schopper,
Director of the DESY Laboratory,

reviewed the recent findings. This is an abridged
version of his talk. It is a little more specialised
than we normally include but, for those who
recall some of their physics education, it adds
background to the arguments that we have been
sketching in recent articles.

"Nhy are physicists so excited about
the new particle discoveries — the J
or ¢ family of particles found at Brook-
haven, DESY and Stanford? First of
all it had not been expected that
bosons (spin = 1 particles) more than
twenty times heavier than the lightest
boson, the pion, would exist. In par-
ticular, the newly discovered bosons,
Jor ¢ at 3.1 GeV, and ¢ at 3.7 GeV,
do not fit in the well established quark
classification scheme. Secondly, bo-
sons with masses larger than 3 GeV
have many possibilities to decay into
lighter particles, yet the lifetimes of the
J/¢ and ¢’ are about 1000 times longer
than expected. Finally, a new law of
nature is necessary to understand these
extremely long lifetimes and some of
‘he particle decay properties.

Pointlike constituents of particles

Before discussing possible explana-
tions of the new particles, there are
other interesting results which were
known before the discovery of the J
and ¢ particles and which have some
bearing on their interpretation.

In 1973 there were already indica-
tions at the Cambridge Electron Ac-
celerator that the cross-section for
electron-positron annihilation had an
anomalous behaviour above centre of
mass energies of 2 GeV. If the an-
nihilation into hadrons, particies feel-
ing the strong force, is compared to
the annihilation into pointlike particles,
such as muons, we expect that the
ratio of the cross-sections R = ¢ (e*
+ e—— hadrons)/c (et + e-— muons)

will be less than 1. This is because the
coupling of the photon, produced in
the electron-positron interaction to
hadronsis reduced by destructive inter-
ference from the different parts of the
hadron. Indeed for hadrons with a
finite radius R should approach O if
the energy gets very large.

If, however, the hadrons contain
pointlike constituents (partons or
quarks) R should approach a constant
limit asymptotically. For example, it
can be assumed that the photon con-
verts into a quark-antiquark pair and
the quarks subsequently decay into
normal particles. The photon-quark
coupling strength is given by the
electric charges of the quarks and R
should approach the value of the sum
of all the charges squared. For the
three well-known quarks with their
charges of (=1/3, —1/3, 2/3) we ex-
pected R to settle at 2/3. The experi-
mental results demonstrate that R
neither goes to zero nor approaches
2/3 but tends to rise even at the
highest energies accessible at present.
The full interpretation is still lacking
but the behaviour of R indicates that
the hadrons contain pointlike consti-
tuents and that there must be more
such constituents than the three
known guarks.

Possible explanations of the new
particles

The possibility was considered that
the new particles are leptons, feeling
the weak interaction, which would
explain their long lifetimes. However,
several experiments showed that they
are subject to the strong interaction
and hence are hadrons of the boson
type because of their spin 1. Knowing
the coupling strength of the nuclear
forces and the number of decay chan-
nels into lighter particles which are
open, the decay width (which gives
the lifetime via the uncertainty prin-
ciple) of a hadron with a mass above
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3 GeV should be 40 to 200 MeV
whereas the measured widths are a
thousand times smaller.

The explanations that have survived
so far are theoretical models in which
a new quantum number is introduced
giving a new selection rule or sym-
metry principle which inhibits the
decay. In terms of quarks, a new
quantum number implies that the
number of quarks has to be increased.
I will describe the charm model based
on four quarks; it is the simplest and,
for my personal taste, the most
attractive model. It is by no means
clear which of the models will turn
out to be correct, if any, but the most
important qualitative features of the
following description are likely to be
incorporated in a future theory.

The usual quark model has three
units, the u, d and s quarks, which
are the building bricks of all the
hadrons. The three quarks have spin
1/2 and baryon number 1/3. They are
distinguished by their electric charges
represented by the third component
of isospin Is (u is isospin up and d is
isospin down) and their hypercharge,
Y, which is closely related to the
strangeness quantum number (s is
the ‘strange’ quark). Mesons can be
obtained by combining a quark with
an antiguark and baryons by com-
bining three quarks (for example the
proton is uud and the neutron is udd).
The great success of the quark model
is based on the fact that it accom-
modates all of the several hundred
known hadrons into this classification
scheme and, indeed, some previously
unknown particles could be predicted.

The new particles, however, do not
fit into the three quark model. To
incorporate them, the existence of a
fourth quark with a new quantum
number, charm C = +1, has been
proposed.

If we then construct the possible
combinations of quark and antiquark
given four of each, we arrive at a
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The quark model of the mesons. All possible
combinations of a quark (u, d, s) and antiquark
(4, d, 3) to form a meson can be obtained by
superimposing the triangle representing the
antiquarks on the three edges of the quark
triangle as shown on the left. It gives a group of
nine particles, a nonet, and the three particles in
the centre are combinations of a quark and its
own antiquark.

Since the spins of the quark and antiquark can
be parallel (ortho-quarkonium) or antiparallel
(para-quarkonium) there should be two such
nonets. In fact all the vector (JP = 7) and
pseudoscalar (JF = ) mesons found in Nature
exactly fit the quark model predictions as indi-
cated on the right.
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three dimensional structure and there
are three new particles D+, D° and F+,
which are composed of a charmed
and an ordinary quark, which should
exist. They have the charm number
C = +1 and their antiparticles have
C = —1. In addition, there is one more
particle composed of the charm quark
and its antiquark (charmonium) hav-
ingC = +1 + —1 = 0 (hidden charm).
This state with parallel spins (ortho-
charmonium) is identified with the
new particle J/¢. The second new
particle ¢ is interpreted as the first
radially excited state of orthocharmo-
nium. This explains, among other
things, why the ¢’ decays preferen-
tially into the ground state J/{J.

This interpretation opens a new
field of charmonium spectroscopy.
One of the results is that the binding
energy in charmonium is small so that
the mass of the charmed quark is
roughly half of the J/J mass, i.e. about
1.6 GeV. From the ‘ordinary’ quarko-

Left: If we build mesons with four quarks (u, d,
s, ¢) and four antiquarks (u, d, 5, ¢) we get the
structure shown. Compared to our three quark
Structure above, note the appearance of charmo-
nium (c t) at the centre which is believed to be
the newly discavered J/{ particle, and of the D
and F particles containing a charm quark or
antiquark.

Right: Possible decays of charmonium which are
inhibited a) by energy conservation, b) and c)
by ‘Zweig’s rule’. This empirical rule says that
interactions which can be drawn with initial and
final particles as throughgoing lines (representing
the participating quarks and antiquarks) are
allowed. Interactions involving unconnected
loops are hindered.
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nium system one can infer masses for
the ‘ordinary’ quarks of the order 0.3
to 0.5 GeV and hence the charmed
quark is much heavier. Using this
knowledge one can estimate the
masses of the charmed D and F par-
ticles — since they are composed of
a charmed and an ordinary quark, we
expect masses of about (1.6 + 0.4)
= 2 GeV. Many searches for these
particles have been performed but so
far their existence has not been de-
finitely established.

The reason for introducing a new
guantum number was not only to fit
the new particles into the quark
scheme, but also to explain their
narrow decay widths. This can be
achieved by applying ‘Zweig’'s rule’
as described in the diagram below.
It should be mentioned that Zweig's
rule, which applies to all hadrons and
not just to the new particles, is an
empirical rule which is not yet under-
stood.

Charmonium spectroscopy and the P,
and X particles

The quark-antiquark state of a meson
is a system similar to the proton-
electron system in the hydrogen atom
and one might hope to get a wealth
of information from its possible energy
levels, just as was achieved from the
hydrogen atom earlier this century.
For ordinary mesons, the quantitative
treatment is difficult since ordinary
quarks have a low mass and relativistic
effects are important. For charmonium
on the other hand the classical non-
relativistic procedure should be quite
adequate since the mass of the charm-
ed quark is rather large. The gooa.-.-
old Schroedinger equation becomes
honourable again, except that the
force binding the two quarks is not
known. From field theoretical argu-
ments, the force between two quarks
should be rather weak at small dis-
tances becoming stronger at larger
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distances. (This might be a reason
why quarks have not been separated.)
Phenomenological fits to the energy
level scheme of quarkonium use poten-
tials with a distance, r, dependence
which is in between a Coulomb
potential (varying as 1/r) and a har-
monic oscillator potential (varying as
r2). For these reasons, investigating
charmonium could play a key role in
.understanding strong interactions by
giving clearer information on the force
acting between quarks.

As with the hydrogen atom, one
expects different sequences of energy
levels for charmonium according to
the orbital angular momenta (thes, p,
d, ... levels) due to one quark mov-
ing around the other. The levels above
the lowest level correspond to radial
excitations. For a Coulomb potential
the 1p and 2s energy levels are iden-
tical. Since the quark potential is sup-
posed to be stronger than the Coulomb,
the 1p should be lower than the 2s
energy level in charmonium and hence
the position of the 1p level could give
valuable information on the quark
potential.

Again analogously to the hydrogen
atom, one has to introduce hyperfine
splitting (HFS) and spin orbit splitting
(LS) of the levels since the quarks
have spin 1/2. The levels with opposite
spin orientation (S = 0) are expected
to be lower than those with parailel
spin (S = 1). The LS coupling splits
the p states with S = 1 into 3 states
with J = 0%, 1+, 2+,

Between the various levels, transi-
tions are possible (again in complete
analogy with the hydrogen atom)
when the proper selection rules are
observed. The transition 4" — ¢ + =
induced by the strong interaction is
the strongest of all since the suppres-
sion, by Zweig’s rule, does not reduce
this transition probability to the magni-
tude of electromagnetic transitions.
For electromagnetic transitions, parity
conservation has the consequence

that the orbital angular momentum
must change by one unit.

The transition ¢' (3.7) — ¢ (3.1)
+ v + v was detected at DESY,
proving the existence of an inter-
mediate state which was named P..
The energies of the gammas were
found to be 160 and 420 MeV cor-
responding to a P, mass of 3.562 or
3.26 GeV depending on the sequence
in which the photons are emitted.
Two states at 3.53 and 3.41 GeV have
been identified also at Stanford by
their decays into hadrons; the first
could be identical with P If these
states are identified with the predicted
states, we can draw the conclusion
that the quark potential has indeed a
stronger r dependence than the Cou-
lomb potential and, secondly, the LS
splitting is of the order of 100 MeV
which is surprisingly large. (Maybe
history is repeating itself since a large
LS splitting in nuclei was originally
met with scepticism.)

Also, at DESY, there is evidence
for the decay ¢ (3.1) = X (— vy) + v
with the mass of X about 2.8 GeV.
This could be the expected decay of
paracharmonium (J = 1) into ortho-
charmonium by flipping the spins. If
this interpretation is right, it implies
a rather large (about 300 MeV) hyper-
fine splitting.

It seems that the predictions of the
charm model are being verified one
after the other with the exception of
the detection of the charmed mesons,
D and F. It must be mentioned, how-
ever, that some different theoretical
approaches, particularly the colour
model, can be made compatible with
the data and much more experimental
information is required before the
whole question is settled.

The neutral current of the weak
interaction

A different subject has a very interest-
ing relationship with the new particle
discoveries.

Charmonium, consisting of a charm quark, ¢,
and a charm antiquark, . This is the most popular
interpretation of the new particles. As with the
proton-electron system of the hydrogen atom,
there are several possible energy states of char-
monium. Some of them are indicated, together
with their angular momentum and spin designa-
tions. The particles which have so far been
discovered (Y, {", Pe, X) fit well into such an
interpretation.
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The electromagnetic interaction be-
tween two electrons can be described
by the exchange of a photon. In a
similar way, the weak interaction can
be described by the exchange of an
intermediate boson, W. There are two
differences. The range of the inter-
action is (by the uncertainty principle)
determined by the mass Mg of the
boson as h/Mgzc. The infinite range of
the electromagnetic force is associated
with the vanishing mass of the photon
whereas the very short range (less
than 107 cm) of the weak force
implies a high mass for the boson
(over 30 GeV). This high mass is
probably the reason why it has not
been found so far. The second essen-
tial difference is that the photon does
not carry electric charge whereas the
W does. In the familiar weak inter-
action the incoming lepton changes
its charge due to the fact that a
charged boson is exchanged.
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In spite of these differences, theo-
rists have tried for 20 years to find a
unified field theory for the electro-
magnetic and weak interaction based
on the principle of ‘gauge invariance’
in which an additional symmetry is
assumed to exist between the two
interactions. A number of theories
wetre proposed and almost all required
that the intermediate boson could be
neutral as well as charged. The neutral
boson, Z°, is in a way a brother of the
photon.

If the Z° exists, some processes
should be observed which are not
possible by an exchange of the charged
W. The most straightforward is the
elastic scattering of an electron and
a neutrino. Another process is the
inelastic neutrino scattering from pro-
tons with the proton breaking up in
several hadrons and the neutrino not
changing. The incoming lepton in
these interactions does not change
sign and they are known as neutral
current interactions. In 1973 such
processes were observed in the heavy
liquid bubble chamber Gargamelle at
CERN and then in other experiments
at the Fermil.ab and elsewhere.

This discovery opens the possibility
for a unified theory. However, imme-
diately, a difficulty arose. Weak inter-
actions in which a strange particle is
converted into a non-strange hadron
should be allowed, thanks to the
participation of Z°, but experiments
showed that these processes are about
10° times less likely to take place than
expected.

To remedy this difficulty it had been
proposed that, instead of describing
the hadrons by three quarks, a fourth
quark with a new property called
charm should be introduced. This
hypothesis was brought forward in
1970 (long before the new particles
were found!)} but did not meet with
great enthusiasm. Nevertheless, be-
sides explaining the suppression of
neutral current events with a change
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of strangeness, the hypothesis of a
charmed quark has an additional
virtue.

The weak interaction is formulated
in terms of interacting pairs of par-
ticles. it is evident that three quarks
cannot be grouped easily in pairs.
Since it had been found that the d
and s quarks, participate in the weak
interaction only as a mixture, it is the
mixture, denoted by d’, that is treated
as a single entity as regards the weak
interaction. The pair (u, d) is then
used to describe the weak interaction
of hadrons. The way in which d and
s mix are expressed by a mixing angle
6 and d" = d cos 0 + s sin 0. 0 was
determined from experimental decay
rates as 0 = 0.26 which implies that
the strange quark is involved only
weakly because sin 0 is small.

The picture is appreciably changed
with four quarks. Now a second quark
pair (c, s') with 8" = scos 8 — dsin 0
can interact with lepton pairs. There
is then full symmetry between lepton
and quark pairs. Strong and weak
interactions differ in that leptons have
integer charges while quarks have third
integer charges and the d and s quarks
participate in the weak interactions as
a mixture. Though these ideas met
with great scepticism initially, they
appear in a completely different light
after the discovery of the new particles.

The detection of the new particles
has opened the door to a new branch
of hadron physics and a better under-
standing of the symmetries governing
the structure of elementary particles
might ensue. The discovery of neutral
currents in weak interactions might
provide a basis for unifying the electro-
magnetic and weak forces.

The concept of a charmed quark or
any other extension of the three clas-
sical quarks will give new insights
about the basic units of matter and
perhaps vield links between the weak
and strong interactions.

Of course, many detailed, but also
fundamental, problems remain. Are
quarks real particles or mathematical
symbols for certain symmetries? Such
philosophical questions are certainly
very interesting but, for me as an
experimental physicist, it is already
very exciting and gratifying that un-
predicted new facts have been found
and that relations between pheno-
mena which had seemed completely
disconnected before have been estab-
lished.




LRS
LeCROY RESEARCH SYSTEMS SA

are looking for a university-trained

HIGH-ENERGY PHYSICIST

to take up an appointment immediately or at a date
to be agreed. Candidates should be in possession of
a Ph. D. or D. Sc. degree or have considerable
experience in carrying out experiments with acceler-
ators.

The successful candidate will be appointed to the
highly responsible position of Contact Man for LRS
with the research groups and institutes in Germany
and will represent LRS in that country.

LRS is a dynamic company manufacturing NIM and
CAMAC standard electronic equipment for fast trig-
gering and measurement of the type used in high-
energy physics experiments.

The head office of LRS is located in West Nyack,
N.Y., USA, and its European headquarters are in
Geneva, Switzerland.

Applications, with curriculum vitae and details of
previous employment, should be sent to:

Dr. Johannes Gutmann,

LeCROY RESEARCH SYSTEMS S.A,,
81, av. Louis-Casai,
CH-1216 Geneva

PEARSON

Very High Voltage

PULSE
TRANSFORMERS

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

PEARSON ELECTRONICS, INC.

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

Denmark at CERN 75
November 25th-28th

The Federation of Danish Industries

and

The Association of Electronics Manufacturers in Denmark
in co-operation with
The Danish Foreign Service
invite you to

DENMARK AT CERN ‘75 EXHIBITION
CERN Administration Centre

A team of engineers from Danish manufacturers of electronic equipment will present their products.

Meet us and become acquainted with Danish Industry.
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SALE OF SCIENTIFIC
EQUIPMENT

The main items available are :

The CERN Stores

have a large selection

of scientific equipment,
from the

Nuclear Physics Division,
for sale at favourable prices

Those interested
should contact
the following address:

1. CRT oscilloscopes:

SOLARTRON mod.
TEKTRONIX mad.
plug-

ins
2. Signal generators:

TEKTRONIX mod. 161, 162, 163 Pulse Generators
mod. 180A Time Mark Generator
mod. 105 Square wave Generator

EPIC mod. 300 Pulse Generator

NAGARD mod. 5002ABC Pulse Generator

3. Pulse amplifiers:

HEWLETT-PACKARD mod. 460A/B

ORTEC mod. 105

HAMNER mod. 380

4. Digital voltmeters and accessories:

DYNAMCO mod. DM2022

SOLARTRON mod. LM1480

HEWLETT-PACKARD mod. 457A A.C. to D.C. Converter

5. Power supplies:

OLTRONIX mod. LS14, LS15
mod. LS25, LS27, 1.S528

HALELETTRONICA mod. P7D

BRANDENBURG 20 KV, 10 mA

6. A.C. stabilizers:

SORENSEN mod. 1000-2S (1000 VA)

mod. 3000-2S (3000 VA)

7. Nuclear electronics modules:

CD1400
517, 545 and 360
C/A,D,G K L N O RS, 80,81, 85

2103, 2105, 2107, 2108 Trigger Generators

CERN types:

1010, 1040 Supply bin.

2209, 2213 Linear Gate

2613, 2615 Pulse Shaper

4105, 4106, Splitters

4107

6006, 6011 Discriminators

6703 Time to Amp.

Conventer

Other types:

EGG mod.
mod.
mod.
mod.

CHRONETICS mod.

8. Other instruments:
HEWLETT-PACKARD

PHILIPS
LEEDS AND NORTHRUP

GRUNDIG

mod.
mod.
mod.
mod,

mod.

2605, 2607 Delay-Trigger Generators
4104, 4107 Amplifiers
4122, 4123, 4124 Mixers

6219, 6220, 6225
7015

€102, C104, C126,
C144

F104, F105
OR100

T101, TR104

154

520A
561B
PR2200P
601018
DC
PV1900

Coincidences
Pulse Encoder

Coincidences

Fan-Out Inverter
Or Gate
Discriminators
Discriminator

Fast Scaler
Digital Printer
Pen Recorder
Pen Recorder
Potentiometer
TV Monitor

CERN

MAGASINS/RECUPERATION
1211 GENEVA 23 —Switzerland
Tel. (022) 419811 Ext. 2180
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DEGUSSA

DEGUSSIT

The material for heavy-duty applications

Gagussit ceramic oxide materials to DIN 40 685, of aluminium oxide, spinel, zirc)
nium oxide, magnesium oxide and silicon nitride, for uses where extremely high
chemical, heat, mechanical and electrical resistance are required.

Available in the form of :

capillary, open and blind tubes, to protect and insulate thermocouples;
crucibles, annealing boxes, boats, for annealing and metling at high temperatures;
nozzles and thread guides, for the manufacture and processing of chemical fibres;
electrical insulators and components, for electron tubes and electrical instru-
ments;

slip-rings and bearings, for sealing pumps;

— precision grinding tools, such as wheels, whetstones, miniature files and hand
laps, for work on extremely hard materials.

!

\Talk to us about vour problems — we shall be happy to advise you.

Degussa (Schweiz) AG
Postfach 2050 - 8040 Zurich - Telefon 01-54 39 00 - Telex 57946



LEMO -
univerrally recognized
to be the finest connectorrs
in the world,
guaranteeing
the strongest connections!

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

LEMOT SA

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

* {taly:
Spain:
Portugal:
Norway:

Sweden:

\

Germany:

Denmark:

“the accepted

method
of solving all

cleaning problems

involving
radioactive

materials’

Supplied to licenced installations

employing radio active sources
throughout the world

Evaluation samples and literature free from:

Prolabo,
12 rue Pelee, Paris X| eme

Fluka Feinchemikalien GmbH,

7910 Neu-Ulm, Lilienthalstr. 8
Western Germany

BDH ltalia SpA

20126/Milano, Via E. Breda 142

Interfal
General Orgaz. 21, Madrid-20

Parque Vacinogenico
Serra da Amoreira, Odivelas.

Christian Falchenberg
Sandgt 2, Trondheim

Novakemi Aktiebolag
Molkomsbacken 37, 123.47 Farsta

As Hitapharma
DK 1253 Copenhagen K.

Telephone: 0273 414371

Holland:

* Switzerland;

*USA.:

* Canada:

Australia:

New Zealand:

* South Africa:

HHIL
l] Concentrate

to whatever task
you apply any
cleaning agent -
even chromic acid
THIS PRODUCT WILL ACHIEVE
a better result
in less time
at lower cost
in complete safety

*no phosphate -
no poliution

- - g

Proton

V/h Ten Qosten de Reus N.V.,
Karperweg 37-41, Amsterdam 7
Technosa

CH 1009 Pully-Lausanne, Avenue General
Guisan 58

Harleco
480, Democrat Road, Gibbstown,
N.J. 08027, US.A.

Canlab
Division of Harleco

H.B. Selby & Co.
All branches

Geo. W, Wilton & Co.
P.O. Box 367, Wellington.

Hickman & Kleber Ltd.
271 Umbilo Road, Durban.

/

N.B. In these * countries DECON 90 is sold as CONTRAD
and in Germany as DCN 90.

DECON LABORATORIES LIMITED, ELLEN STREET, PORTSLADE, BRIGHTON, ENGLAND

Telex: 87443 j
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cosynus |
camac computerized gm T
il
system -

for nuclear spectrometry

> CAMAC

Ge(li)
DETECTOR

DISPLAY

MONITORING

COMPUTER

camacC

S Y J—

® Highly efficient system for 4 spectrometry

® Versatile system, easily expandable to users requirements :
Ty standard CAMAC modules for data acquisition and periphe-
rals interfacing. '

e Sophisticated software PREX v 10 : automatic peak research,

CASSETTE UNIT

Schlumberger |

gualitative and quantitative analysis.

® Simple and easy dialog between the user and his experiment
through a dedicated keyboard, large screen storage display.

FOR MORE INFORMATION PLEASE CONTACT :

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



LAKE SHORE CRYOTRONICS

CRYOGENIC NEEDS!

For details and lLiterature write, call, or telex

LAKE SHORE CRYOTRONICS, INC.

Developers and manufacturers of the most complete line of
CRYOGENIC THERMOMETRY and INSTRUMENTATION

(716) 992-3411 Telex 91-396 CRYOTRON EDNE

Tfie -
Answer

For all of your

(Twice Actual Size)

Lake Shore Cryotronics, Inc. combines

over 8 vyears of experience in the

development and manufacture of Cryo-

genic Thermometry and Instrumentation

with the latest state-of-the-art techniques

to give you the answer to your everyday

needs.

e Carbon Glass Resistance Thermometers

e Si & GaAs Diode Sensors

e Capacitance Sensors

e Platinum Resistors

¢ Thermocouples e Germanium Resistors

e Digital Thermometers & Controllers

e Liquid Level Controllers & Indicators

e Accessories o Engineering e Complete
Calibration Services 30 mK to 400 K

9631 Sandrock Road Eden, New York 14057

Overseas Representatives: Israel

Holland
Nenimijb.v.

Laan

John Hess
13 Giladi Street
Jerusalem, Israel

Copes Van Cattenburch 76-78 Germany, Switzerland, Austria

P.0.Box 1702 GTW

’s-Gravenhage 2011
The Netherlands
070-469509 Telex: 31706

Lindenstrasse 45
8Munich90
West German

France, Portugal, Spain

United Kingdom

MERIC

22 Boulevard Jean-Jaures Cryogenic Calibrations

91 Arpajon Pitchcott, Nr. Aylesbury
France Buckinghamshire, England
490-12-81 . 029-664 259 (Whitchurch 259)

Measuring
dynamic forces

with quartz force transducers is simple,
reliable, exact and gives minimum influencing of the
measuring object by the measuring instrument.

Quartz load washers

are available in 9 sizes for measuring ranges from
15 kN up to 1000 kN. They are tightly

welded, torque resistantand universalily applicable.
Special characteristics:

@ small dimensions

@ high stiffness; high resonant frequency

@ very large measuring range (up tu 1:105)

@ very low resolution (20mN)

y
0811/646784 Telex: 524 564 CRYO D

Quartz force links
are based on the load washers and therefore
possess their excellent characteristics. They are
compact, robust and measure compressive
and tensile forces.
@ 7 sizes, measuring ranges from =5kN up
to £120kN.
@ Excellent linearity, also for partial measuring
ranges
@ Resolution 20 mN.

Piezo-measuring

for dynamic and
short-term-static
mechanical variables

oG
L

Quartz pressure transducers

Quartz force transducers

Quartz accelerometers

Charge amplifiers, galvo amplifiers. Accessory
equipment for piezoelectric measuring systems.

Ask for detailed documentation

KISTLER

Kistler Instrumente AG
CH-8408 Winterthur/Switzerland
Eulachstrasse 22

Phone 052-2528 21 Telex 76 458
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NbTi VACUUMSCHMELZE
High Field Superconductor

VACRYFLUX"
5001

Single core conductors for magnets of high homogeneity.

Multifilament conductors with circular or rectangular
cross-section containing 60 to 3721 twisted supercon-

ducting filaments with smallest diameters of 10um (photogr.)
for dynamic application-

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

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

VACUUMSCHMELZE GMBH- D 645 HANAU

fours électriques

Etablissements et
BOURGEOIS verres de silice
S.A. capital 1200 000 F. Appareils de laboratoire et industriels
34, rue de Liege
75008 PARIS Etuves de chauffage b
Télex 28 363 Cétaver Paris Incubateurs W_—-———- f‘
Etuves a vide 1! :

Plaques chauffantes
Fours @ moufle
Fours tubulaires
Fours a creuset

Rubans, tresses, cordonnets, tubes, articles indus-
triels spéciaux pour :

- emplois diélectriques
- frettages, enrubannages, etc...
En quartz

Appareils a distiller

Spécialisés en matiéres synthétiques : . .
P Y q Appareils de laboratoire

- fil de verre (silionne et verranne) Emetteurs infrarouges
- fil polyamide Thermoplongeur
- fil polyester rétractable ou non Silice pour I'optique
- silice '

Four a creuset
- Kevlar type Tik/R 11/12
- fils thermostables (Nomex, Kermel)

etc... Demandez la documentation auprés de

]
Oerlikonerstrasse 88
QUESTIONNEZ-NOUS WI EAE tél. 01/46 40 40

vorm. WISMER AG 8057 Zurich
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As, for instance, in combination with this distri-
butor magnet of a tandem accelerator and many
other units for which long service intervals be-
long to the indispensable operating conditions.
Of course, the PFEIFFER TURBQ offers even more;
its vibration-free running, high compression ratio
for hydrogen and other volatile gases, its easy
servicing, low operating cost, high reliability,
wide working range at constant pumping speed, ...

PM 800 004 PE 7308

BALZERS-owned Sales Companies in:

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

» Where trouble-free and

o reliable operation is of
 decisive importance —

there you will find the
PFEIFFERTURBO

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

Do you know already the PFEIFFER TURBO? The
TPU 200 or the TPU 400? We shall be pleased to
provide you with technically important informa-
tion on these pumps. Your post card with the
catch word,,PFEIFFER TURBO" will do. By return
mail you will receive detailed literature.

BALZERS

ARTHUR PFEIFFER VAKUUMTECHNIK GMBH
Postfach '
D-6330 Wetzlar

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

A company of the BALZERS-Group
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CANBERRA ELEKTRONIK

NEW
OMEGAT i

SIGNAL PROCESSING

Internal Spectroscopy Amplifier

and SCA 50 MHz, 2048 Channel

ADC with Digital Offset ‘ ‘

and Coincidence Gate i
Optional Detector Bias HVPS |
|

MEMORY

256, 512, or 1024 Channel
Semiconductor Memory
10°-1 Counts full scale
Add, Subtract, v ~
and Non-Alter Modes ' > gCRIMINATOR COINCIDENCE

2160 2144 0
DISPLAY 0 e

44 inch rectangular CRT
Internal X-Y Plotter Interface _ INPUT Y

Optional Character Generator ' (Q) , (©)
LIVE or DYNAMIC data display N\

DATA ANALYSIS STROBE INPUT
Variable Ratio Analog COMPARE
Visual Spectrum STRIPPING
Optional Dual Cursors

for ROI Selection

Optional Digital INTEGRATOR

r— CROSSOVER —
INSPECT ADJ

~,

The portable "
Analyzer - . e

follo!

CANDERAA  HHEKTRONIK

1326 D 2144D

The high The The Coincidence
countrate pulse-shape- that mjxes
P— CANBERRA POSITRONIKA b Constant- Discriminator fast- and slow
- v . .
ELEKTRONIK STOLZ AG NL-Eindhoven 4500 fraction- DC coupled NIM logic

D-6 Frankfurt/M.70  CH-8967 Pisanostraat 34 Discriminator DC coupled

GeleitsstraBe 25 Widen-Mutschell Tel.040/440885 DC coupled \
Tel.0611/624074 o1 057/ cagee  Telex051744

Telex 416037 Telex 054070 Designed and manufactured in Munich, Ger%any




Instruments
électriques de précision
pour laboratoire
et plate-forme d’essai

Précisions 1%, 0,5% et 0,2 %0

LEYBOLD-HERAEUS -

The complete knowledge of vacuum technology and
its scientific and industrial applications:
Research and Development. Production of Equipment. After Sales Service.

The new LEYBOLD-HERAEUS Series of

Low Leak Rate
High Vacuum Valves

LEYBOLD-HERAEUS offers new bellows-sealed KF valves of
unit construction for all high vacuum applications.
Aluminium, stainless steel; manual and automatic operation;
sizes NW 10 KF to NW 50 KF. (KF = small flange)

The Mechanical Assembly Technique applied to
LEYBOLD-HERAEUS straight-through and right-angle valves
with interchangeable drives and bodies provides for the user
in research and industry optimum versatility in the construc- Appareils a cadre mobile pour V, A -
tion of a large number of different valve types from a few oo

basic units. Appareils a fer doux pour V, A

More than 200000 operations e.g. of electromagnetic valves Appareils électrodynamiques pour V, A, W
mean long life and high reliability. All valves undergo stringent Phasemeétres
individual testing for low leak rates. Fré 5t 2 aiquill
® Drives: with hand wheel, with lever, with electro- reguenceme res a aiguiiie .
pneumatic actuation, with electromagnetic actuation Indicateurs de valeurs effectives pour V, A, W
@ Bodies: right-angle valves of Al and stainless steel. avec convertisseur a thermocouple
Straight-through valves of stainless steel : .
® Any desired combination of valve drives and bodies Indicateurs de valeurs effectives pour V, A
® Bellows-sealed avec convertisseur a réseau semi-conducteur
® Leak rate less than 1 x 10-9 mbar xltr/sec Voltmétres, ampéremétres et wattmeétres a
® Operate in any position

indication analogique ou digitale, avec
convertisseur a thermocouple pour fréquences
jusqu’a 50 kHz et ultra-sons

Coffrets de mesures triphasées 3 et 4 fils
LEYBOLD-HERAEUS osures ip
Shunts de précision et transformateurs de

I.“ D 5000 KoIn 51 - Postfach 510760 courant t
Dispositifs d’étalonnage de compteurs

We shall be glad to provide you with more detailed information
on our High Vacuum Valves.

0000000000000 00 >
. [ .
: Information Coupon 1 " Demandez les listes
® Please let me have I your offer 1 d de Goerz et Erich Marek ericiMerex
° O further information [0 technical advice :
Name
.g ot . L X | !
o o Wl AG FUR MESSAPPARATE
o Adress A
] ° 3013 Bern ¢ Schlaflistrasse 17 « Tel. 031-421506
0 0000000000600 000000
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Deutsch Schweiz:

FRITZ WEBER

In der Rehweid 8
8122 Pfaffhausen ZH

Tel. 01/82518 44

ORTEC

VIP1° and WIN ** Ge(Li)'s :

10, 15 (and 30) °/v efficiency
standard production = low cost!
supply from stock

fast repair time (e.g. 7 days, VIP 10)

Suisse romande:

ORTEC GmbH INSTRUMATIC
Herkomerplatz 2 Dr. R. Jankow & Cie
D-8 Miinchen 86 1246 Corsier GE
Tel. 089/987173 Tel. 022/51 2352

Modéte P2. 15. 25 K
P2.15. 60 K

Modele P1. 5. 500 K

330

Prix:
en Frs,, sans ICHA, 30 jours net
10 jours 2%

Rabais de quantité dés 5 pieces: 5%
dés 10 pieces: 10%

Pour Op.Amp.+15 V:
P2. 15. 100 K 100 mA

P2. 15. 200 K 200 mA
P2.15. 300 K 300 mA

Pour logique 5 V:

P1. 5. 1000 K 1000 mA
P1. 5. 2000 K 2000 mA

Autres tensions et puissances sur demande

Baisse de prix
Alimentations SCI

avec transformateurs
a V'épreuve des courts-circuits,
livrables sur stocks

1-4 piéces I d
80— ¢ &OhE l I
13?-— Av. de Provence 20 - 1007 Lausanne/Suisse
206.— B Tél. (021) 256666-65  Telex 25640
293.—

Telemeter Electronic AG
8027 Zirich Tel.01 257872

136.—
179.—

i Circuits imprimes

[T

«l
i )




ALIMENTATIONS
SYSTEME CIM

Version |: + 8V 12A
+ 30V 2A

Version Il: + 8V 10A
— 8V 10A

Protections: Etablissement, coupure < 1 ms
La chute de I'une guelconque des tensions entraine la disparition de 'autre en un temps < 1 ms

Autres fabrications:

Chassis d'alimentation aux normes CAMAC et NIM
Blocs d'équipement. Convertisseurs continu-continu
Alimentations de laboratoire. Alimentations spéciales

SAPHYMO-STEL
51, rue de l’Amiral-Mouchez F 75013 PARIS, Télex : TESAFISAPHYMO 24780 E
Téléphone : 588-16-39

FISCHER electric CONNECTORS,

50 Ohm, for CAMAC SERIE 101 A004
(compatible with LEMO 00250
homologated by CERN-GENEVA)
These Connectors show the same
characteristics than all the well known
FISCHER-CONNECTORS

with self-locking.

Plug for cable: to be soldered
type S 101 A0O4

Plug for cable: to be crimped
type S 101 A004-1

Socket type D 101 A004
Cap for D 101 A004 type 101.00.315

Socket with cable-clamp
type DK 101 AQ04

This new type satisfies the most exacting
customers.

Please ask for our special documentation
concerning these new connectors and for
our general catalogue concerning our
range of coaxial, multiple and mixed
Connectors.

W. W. FISCHER

CH - 1143 APPLES

@ (021) 7737 11
Telex 24 259 fisch ch

STRNFOR

groupe Forges de Strasbourg

équipement de bureaux

MEUBLES
ET RAYONNAGES

Strafor SA
3000 Berne 15, Weltpoststrasse 17
Téléphone 031 44 73 01

®
Points de vente:
Bale, Berne, Genéve, Neuchatel, Zurich

Ce qui est bon pourPfhomme
est excellent pourlentreprise.
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Etanchéifé... Quand 2 clients sur 3

. ontdes problemes parficuliers,
T le mieux est de posséder
une methode universelle

i Une méthode qui permet de résoudre au

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

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

Dans tous les cas, le service technique
Joints Fargere est a votre disposition pour vous conseil-
ler ; I'étanchéité c’est son probléme.

CEFILAC
JOINTS FARGERE

90, rue de la Roche-du-Geai
42029 Saint-Etienne Cedex! France
Tél.:(77) 33.08.26

Télex : 33697 F

C

91, rue Garnot

92300 Levallois France
TéL: (1) 7:57 43152
Télex : 63 817 F

édipress -grenoble 160 A

/

E. LOTTI S.A. GYROLOK

Flareless
Tube Fittings

Réactifs MERCK

Produits chimiques
AVAILABLE

Produits pharmaceutiques

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

® in sizes from
1/16” to 1 OD /
3 mmto 12 mm

Traitement des eaux
Produits pour piscines

@ for high vacuum
pressure — temperature —
cryogenics

PLUS DE

5000 PRODUITS MATKEMI AG

EN STOCK

8, RUE BAYLON, 1227 CAROUGE

TELEPHONE 42 57 66 / 42 57 65
TELEX: 289 382 LOTI. CH.

ma

em

4106 Therwil
Erlenstrasse 27

Tel061/734822
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Telex 62440

Distributor for Switzerland




Are you ready for
MACAMAC?

the micro-processor-controlled
Camac that brings you:

more reliability
front-end pre-processing
less redundancy

more flexibility

lower system costs

4500 SOLOTHURN
tel: 065/311131

| une nouvelle réalisation
SODILEC .le bloc modulaire

alimentation tri-source

%}, .. § Dans un volume Les 3 voies sont protégées contre
R A de 70 X 120 X 125 mm (1 litre) courts-circuits, surcharges et surtensions.
uam - - - Vo@e 1:5V-2A Régulation : < 2.10~*
o0 e e A f Voie2: +105Va + 165V -015A Ondulation résiduelle : <1mV c/c
oAy Lo BV L . VOiE 3 - 10’5 j é - 16,5 V _ U,15A
w0 220w s oov |- W Possibilité de symétriser et dissymétriser Souplesse d’utilisation : Concue pour

T les voies 2 et 3 otentiomatre alimenter a la fois circuits logiques .
vooum| iﬁio‘:p;’rz BL ¢ par potentiom (DTL, TTL, MOS et CMOS), et analogiques
rvpe spooan | Sodilec : (Amplis opérationnels,...)

% 4 rue % Bigot

B3 NEUILLY PLEE Notice sur demande.

Sodilec

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

AGIGROUP/GAUBERT| 464
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NE 45719 HIGH VOLTAGE

Is specially designed for use with
multiwire proportional chambers. It
has an output range up to 6 kV
positive or negative, with a load
current of 250 A, The ripple
content is 0.01% or 100mV peak to
peak, and regulation is 0.01%.
Facilities include over current
limiting, remote programming and
overload logic output. This double
width NIM module is powered from
a standard NIM low voltage supply.

NE 4660 HIGH VOLTAGE

Operates with both semiconductor
and scintillation detectors and
may also be used to operate
electron multipliers, proportional
counters and ionisation gas
counters. Two outputs are
available : scintillation detector
output : — 5 kV positive or
nedative with load current of

1 mA (at 3 kV the load current is
2 mA) ; and semiconductor
output: 5kV positive or negative
current limited by 10 Megohm
resistor. This single width NIM
module is powered from a
standard NIM low voltage supply.

Full details on request.

I@ HiGH YOLTAGE agi

CONSTANT a
POS CURRENY NEG

0 @ ©

3¢

QUTPYT VOLIAGE CURRENT LIMIT
6OV = BYV © Q02 - 0-25mA

RIGH VOLTAGE STANDBY
N, a
" 52 Q "

VRITAGE CuRBENT
e ]
MONITOR ——]

124%  3smA @

NE 4646 HIGH VOLTAGE

Provides a voltage

from 400 to 3200 V positive or

negative at a load

is particulary suitable for applications
where an array of scintillation
detectors requires a higher current

capability. Regulat
current range, and

60mV peak to peak. This double
width NIM module is powered directly
from 117 or 234V ac supply.

NUCLEAR
ENTERPRISES
LIMITED
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NIM highvoltage units

For: Multi-wire Proportional Chambers,
Semiconductor Detectors, Scintillation Detectors

ot | | HIGH VOLTAGE et
% Oy B e )

Imareny EILV g N ™
22k

R
3 TroAmwmn SAKY e
2 1 ormAmex SSyv

¥ yotrs 8

OVERLDAD

suTRET

424V I0mA:
+1IV SSOmAL . .
~17Y 650mA
~24V  30ma

@

output variable

current of 5 mA. It

ion is 0.01% over
ripple is less than

SIGHTHILL, EDINBURGH EH11 4EY, SCOTLAND
Telephone: 031-443 4060

Cables: Nuclear, Edinburgh Telex: 72333
Associate Companies

Nuclear Enterprises GmbH, Schwanthalerstrasse 74,

8 Minchen 2, Germany. Tel: 53-62-23. Telex: 529938.

Nuclear Enterprises Inc., 935 Terminal Way, San Carlos,
California 94070. Tel; 415593 1455, Telex: 348371.



interchange!

ou can fit any of these
compatible supply units

into our NIM and CAMAC crates.

+6V 65 or 25A
-6V 25 or 65A
max output is 80Amps

120 watts

+ev - ; g , o +6V
+12v ; . , , : +12v

+24v i : o +24v

+200V o . . ! 117vac
117VAC

ﬁﬁ P8 2057 :
POWER SUPPLY

INFUT 220VAC

QUTPUTS

32A
£1436A

220VAC MAINS INPUT

SEN ELECTRONIQUE sa Case Postale 39 1211 GENEVE 13 tel (O22) 44 29 40 tix 23359ch

mni

ELECTRONIQUE

SEN ELEKTRONIK A Im Zentrum 18 8604 VOLKETSWIL, ZURICH tel (O B6 51 03 tix 58257ch

SEN ELEKTRONIK GmbH Postfach 223 2000 WEDEL- HAMBURG tel 04103 6282 tix 2189 548d



Its working range, its precision, its

The SpeCialiSt attachments and accessories make the
Of Versatility_ microd_ensitometer N!DM 3 the image

analysis system of highest perfection.

High resolution : Measuring apperture
continuously variable from 4 mm to 1 um.
Wide density range from 0.2 to 4.5 D.

X axis expansion from 1:1 to 1:1000.
Density linearity : T 1 %.

Repeatability :

Density : 0.5 % of full scale deflection,
Position: 0.5 % of scan length.

Computer controlled image analysis
systems available.

Raster scanning digital data systems available.
Double beam optical systems.

Large specimen table : specimens up to
240 mm X 115 mm.

A projection system allows the operator to
view the sample being scanned during the
scanning process.

You should send for our literature.
TECHNICAL OPERATIONS Ltd k

Niederlassung fur Deutschland
u. Vertretung fiir die Schweiz

7417 Pfullingen - Romerstr. 90
Telefon: (07121) 73021
Telex: 07 29 651

@ LABO-Nr. 203

Boutons-poussoir luminéux
électroniques série 11 E/31 E

— gignalisation par diodes LED's ou lampes
a incandescence fongue durée
- commutation par circuit intégré monolythique
- 2 sorties complémentaires en technique
& collecteur ouvert
—47Va25V,25mA
— stabilisation en température brevetée
de —20°C 2 +70°C

CRb552 Professional
Two Pen Recorder.

Just one of our range.

% Comprehensive standard facilities at low cost,

% 5 Sensitivities - 50 yv/mm to 100 v FSD.

% 9 Chart Speeds - 1 mm/min to 10 mm/sec.

¥ Rectilinear Traces - servo operated self balancing
potentiometers,

% Sprocket Driven chart paper by stepper motor.

% Fully Overlapping and independent pen systems.

% Vertical or Horizontal Mounting.

* Accuracy - 0.5% class.

% Event Marker.

% Electric Pen Lift.

* Writing Speed < % second FSD.

J.3.Lloyd mnstruments Lid

Brook Avenue, Warsash,
Southampton SO3 6HP.Tel: Locks Heath 4221
NETEUNENTS Telex 477042 JAY JAY - SOTON

Electro-Appareils Olten SA

appareils de commande et de signalisation
transformateurs, convertisseurs
commandes

Tannwaldstrasse 88, CH-4600 Oiten, téléphone 062/2119 61
5103.b
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Plus d’incertitude dans vos
mesures d’analyses de gaz

" QUADRUPOLE GAS ANALYZER 978-1000

10

'HORIZON

VEG-VAC 0176F

Un marqueur de masse indique un «pic»
gazeux sur I'oscilloscope incorporé

et sa masse s'inscrit sur 'affichage
digital.

La réponse Si vous souhaitez éliminer I'incertitude
. L ) de vos problémes de mesure retournez-nous
avos proble mes d’an alyse ce coupon pour documentation détaillée.

de gaz en production
et en laboratoire

L’analyseur de gaz quadrupole Varian,
compact, résistant, d'utilisation simple

Varian S.p. A.
Via Fratelli Varian/I-10040 Leini (Torino)
Varian AG/CH-6300 Zug/Switzerland

et de haute precision, vous offre tous ces {Veuillez me faire parvenir votre documentation
avantages, a un prix extraordinairement bas. {sur 'analyseur de gaz «sans incertitude».
Programmation interne asservie |
sur un spéctre présélectionné. :
Programmation externe pour sélection §N°m5
des «pics». Mesure de la pression partielle ! .

dans la gamme de 1x 1074 a2 x 107" Torr, : Compagnie:

Lecture digitale de la pression totale. . !
Fonctionne égalemgent en détecteur de fuites. varian i Adresse:
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MODEL 5175

HIGH TEMPERATURE LINEAR POSITION TRANSDUCER

PRODUCT DESCRIPTION

Measures linear position up to 6” and will provide
an equivalent output signal proportional to change
in position. Transducer wiper is positioned along a
precision electrical element thus allowing the input
voltage to be divided as a function of the mechanical

input.

MODEL 5175  HIGH TEMPERATURE
!NEAR POS!TI TRANM[TTER

FEATURES

+ High Level Qutput Signal

++260°C Operating Capability

+ Stainless Steel Construction

+ Continuous Shaft Rotation

+ Sand, Dust and Fungus Protection
+ Radiation resistant on request

ot s

MODEL 5175 HIGH TEMPERATURE
LINEAR POSITION TRANSMITTER

PRINCIPLE OF OPERATION

The transducer contacts are positioned along a pre-
cision electrical element which varies the resistance.
Excited by either an AC or DC input voltage, me-
chanical backlash is eliminated by a positive con-
nection between the shaft and contact assembly.

BOURNS (Schweiz) AG Baarerstrasse 8 6301 Zug
Tel.042 23 22 42 Telex 78 722
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revolutionary

qVi.

“ MULTICHANNEL AN

Conventional MCA’s are big, expensrve full of | 1tﬁeuused feawres and requ*re
a wealth of ancillary electronics to make basic measurements, The LRS Mode!
3001 qVi® Multichannel Analyzer is different. It's packaged

search hardware, costs a realistic $1,995", provides

mance, and measures physics parameters d:recty Tr

zer design. ’

side these oulstanding oharactersstacs

COMPACT PACKAG!&& Hybnd/ LSi technolo
a' complete 1024 -channel high-performan :
housed in a NIM module. It's more portabt

it jOmS the rest of your. resaafch mstrume

3

3 DIRECT ANALYSIS MODES Actuai iy 3 yzers in ‘I :

s the g (charge) mode, the 3001 dir integrates pha’to-

multiplier anode pulses without the fora chargs SENgi- -

tive_preamp or pulse siretcher. Less glectionics and less

- o o noise. ADC sensitivity is 0.25 pC/channel, The integration’

MEASURE . smenk interval is adjustable from 10-500 nsec for-compatibility with
, e : . - a wide range of scintifiators including fast piashc Nal,-and

lead: glass. A fast lingar gate:and direct coupling et mmaie

plieup and subsequent baseline shift.

V:in the V (voltage) mods, the 3001 operateé asa cenventwnal
pulse height analyzer accepting 0 1o 1 volit inputs from am-
plifiers or other voltage sources. Buill-in lower level dis-
¢riminator can be adjusted to < channel 1 or fired extemaﬂy
Usefut for low-gain detectors with pfeamps

he { (time) mode, the qu‘@ repfaces the standard TAC-
mbination with a built-in time-to-digital converter, |t
art/stop inputs directly to accumulate tifme dura-. .
ra with switch- selectable resolunon of 100 psec/:
1 nsec/channel.

; g b . : ERATION Memory coptents (16 bns} can be
Lgomzour 0 e W ! - ear/log fashion on any oscilloscope, evérn: dur!
e : ! ‘umulation. tensified channel markefs simplify.

! Segmentable memory allows’ analySIS over
ols or in 256-channel: quadrants (forspectra
out gain changes. . . . Built-in linear gate and
it Iogtc decisions rlght at the analyzes -

| interface-connectar-permits data from
ded- mto memory for h|stogramm|ng

MAC dataway: =

n the new 3001 gVi® -MCA,
ROY RESEARCH SYSTEMS
ew York, or your local Sales

“Within U.5.A. Slightly higher abroad

LeCroy Research Sysmms | ‘
lnnavators in lnstrumentatmn

'm:ao*! RESEARCR SYSTEMS CORP.; 126 N. Rte. 303; West Nyack, N.Y, U 5 A.; (914) 358:7900; TWX: 718+ 575«2629 hemﬁ'( RESEARCH SYSTEMS
S Gl AR S
hi rankiurt/Main eleitstrasse S any;

i@?ﬁe ﬁNGiNEERING 11D, 4251 Steeles Avenue, West; Downisview, éﬁtmo, Canada M3N V7 416 661»9722 W%ﬁﬁs THRGUGHOUT‘ I‘Hﬁ mm




A fireball lights up as a
KMSF laser beam impinges
on the target.

(KMSF photo by Tom Leonard)

ings happen

at KMSF

Our Model 1400 provides vital cooling

for their laser-fusion program

The search for new energy sources is
being pursued in a number of promis-
ing areas, including the utilization of
controlled thermonuclear reactions.

KMS Fusion of Ann Arbor is in the
development phase of a system to pro-
duce useful energy from laser-induced
thermonuclear activity. in the KMSF
system, energy pulses from a mode-
locked YAG laser are amplified and
focused on microscopic targets—glass
spheres filled with deuterium or deuterium and trmum
KMSF reports having formed plasmas with tempera-
tures of 20,000,000°C and densities of 10%* nuclei
per cubic centimeter (20 times the density of solid
deuterium) by compression of the targets.

CTi's model 1400 Helium Liquefier/Refrigerator
supplies liquid helium to cool five 40-kilogauss super-

conducting magnets that activate five
Faraday rotators. These rotators serve
as optical gates to protect the upstream
amplifiers and optics from damaging
reflected energy and make possible
the unique KMSF double-pass arrange-
ment that in effect doubles the gain of
the amplifiers.

The Model 1400 is the standard by
which all other low-temperature sys-
tems are judged. Laboratories and

research centers worldwide depend upon the reliable

Model 1400 for liquid helium supply or for closed-
cycle cooling of superconducting magnets, cryopumps,
and gas recondensers.

Write or call CTi-Cryogenics today for complete
technical and price information on the versatile and
reliable Model 1400.

Er-Cryogenics
a Division of Cryogenic Technology, inc.

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



