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More particles
More excitement

This time it was the DESY Laboratory
in Hamburg that reactivated the fever
in the world of high energy physics
by finding a new particle linked to
those discovered at the end of last
year. Within hours of the DESY find,
Stanfard was churning out additional
information and theoreticians were
again pacing their offices without
their feet guite touching the floor.

We begin with a rapid recap. To-
wards the end of last year, at Brook-
haven and at Stanford a heavy particle
of exceptional stability was dis-
covered. lts mass is 3.1 GeV and it
lives a thousand times longer than
any other particle with that sort of
mass. Stanford then found another at
3.7 GeV. The theoreticians favourite
explanation is that they consist of a
quark (Q¢ ) wrapped together with its
antiquark (Q ), these quarks having
a completely new property given the
name ‘charm’. {See December 1974
issue for the story of the discoveries
and the April issue of this year for an
explanation of charm.)

The charm idea best fits the ohser-
vations (though other interpretations,

| particular one involving a different
property called ‘colour’, are certainly
not dead) but it is not proving easy to
isolate a charmed particle. The new
discovery has come along at a good
time to prop up the belief in charm.

A team from the Technical Uni-
versity of Aachen, the University of
Hamburg, DESY, Max Planck Institute
for Physics at Munich and the Uni-
versity of Tokyo were using the DASP
detection system (a double arm
spectrometer described in December
1974) at one of the interaction regions
on the electron-positron storage rings,
DORIS. They looked at electron-
positron collisions which created the
3.7 GeV particle and watched the
decay of the {3.7) into the {(3.1) with
photons coming off. They saw photons
of distinct energy around 400 MeV
and 200 MeV indicating that the (3.7)

had decayed to an intermediate
particle

37y X +vy
which had then decayed to the (3.1)
X—=(31) +vy

At the time of writing, sixty-five
such events have been recorded in
DASP.

On 14 July the team at DESY were
confident of what they were seeing and
the telephone lines started humming
again. Someone jumped on a plane to
Geneva clutching the results to be
passed ta the Editor of Physics Letters
summoned to the airport. And then the
SPEAR storage ring at Stanford joined
in. SPEAR was able to say that the
first photon to come off was the
200 MeV photon (a Doppler broaden-
ing effect was seen with the 400 MeV
photon since its parent particle was
moving). Thus the new particle is
pinned down at 3.5 GeV and the
decay chain is

(3.7) — (3.5) + v (200 MeV)

(3.5) — (3.1) + v (400 MeV)

Data from SPEAR on decays involving
mesons was then analysed and has
also shown the (3.5) particle, rein-
forcing the photon data. These decays
are, for example

(35) >nt+m-+ m + x
(36) - n+n+K+K

It ts possible that other particles are
lurking around the same energy region
and the hunt is on for these.

The charm advocates are delighted
about the discovery. First of all if the
(3.1) and (3.7) are, as we believe,
particles which feel the strong inter-
action (hadrons} then, as with the
well known hadrons, there is likely to
be a sizable family of them. Secondly,
if the hypothesis that the (3.1) is a
charmed quark -- charmed antiquark
pair is correct, then the combination
can be expected to exist in several

energy states rather close together
This phenomenon is familiar from
atomic physics where we can think of
an electron sitting in an orbit around
a nucleus. The different possible com-
binations of its own spin and of its
angular mementum as it swirls around
the nucleus enable it to live in one of
several energy states. It is when
electrons move from one orbit to an
other giving off energy as a photon
that we see these different possible
energy states because of the distinct
emerging photon energies. It is fasci-
nating that a similar sending off of a
distinct quantity of energy as a photon
seems to be telling us that the new
particles are (Qg, Q¢) combinations
in different energy states. Many theo-
rists expect that three states (three
particles) will he found around
3.5 GeV. Note that these particles are
more tortuous combinations of (Qg,
Qc) than the (3.1) and (3.7). They
will have different characteristics (or
different quantum numbers) from the
(3.1) and (3.7). They cannot be
formed directly in the electron-posi-
tron collisions giving a photon which
then converts to a particle because the
quantum numbers are not right and
this explains why they were not found
in the initial search six months ago.
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CERN News

Extended collaboration
with Soviet scientists

On 10 July a Protocol was signed by
Director General W.K. Jentschke, re-
presenting CERN, and Deputy Chair-
man |.G. Morozov, representing the
USSR State Committee for the Uti-
lization of Atomic Energy, extending
the collaboration which already exists
between CERN and high energy
physics centres in the Soviet Union.
The Protocol opens up, for the Soviet
scientists, access to the CERN Inter-
secting Storage Rings and the 400 GeV
proton synchrotron. It is a further
stage of the collaboration which gives
Western European scientists access to
the 76 GeV proton synchrotron at
Serpukhov which was for several
years the highest energy accelerator
in the world. .

Participation in the research pro-
gramme at Serpukhov was under the
auspices of an Agreement signed in
1967 (see July issue 1967). The new
Protocol is an addition to the Agree-
ment which was evolved during
meetings in the USSR in October 1974
and in February. 1ts main elements are
as follows:

Proposals for experiments, involving
Soviet and Western European scien-
tists in coHlaboration, may be sub-
mitted for the experimental pro-
grammes of CERN or the Institutes of
the USSR State Commitiee or of the
USSR Academy of Sciences. They will
be submitted through a joint scientific
committee to the Laboratory where
they would be carried out, for approval
in accordance with the normal Labo-
ratory procedures. CERN reserves the
right to limit the number of such
collaborative experiments to one at a
time though there could be overlaps,
particularly during the setting up
stages. All the associated administra-
tive measures (exchange of personnel
and equipment, etc...) will be car-
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ried out on a reciprocal basis as far as
possible. Financial and other obliga-
tions will reflect .the scientific and
material contributions of the col-
laborating teams and will be defined
in advance.

The Protocol has now become the
formal mechanism of co-operation
between CERN and the Institutes of
the State Committee and Academy of
Sciences — such as Serpukhov, Yere-
van, Gatchina, Novosibirsk and ITEP
Moscow. Relations with the inter-
national Laboratory at Dubna will
continue under a separate system as
in the past.

Discussions on the participation of
Soviet scientists in the SPS experi-
mental programme had already begun
in advance. In the West experimental
hall a CERN/Clermont-Ferrand/Gat-
china/Lyon/Uppsala team will carry
out a high precision study of elastic
scattering. The Gatchina scientists are
bringing with them a novel type of
ionization chamber (see February
issue page 39). In the North experi-
mental area a CERN/Dubna/Munich/
Rome team will be looking at muon
scattering on hydrogen and deuterium.
The Dubna scientists are bringing
with them iron which will be used in
a special toroidal magnet. Meanwhile
experiments at Serpukhov involving
CERN scientists continue. The Karls-
ruhe/Pisa/Serpukhov/Vienna experi-
ment {whose identification of the h
particle decay is reported later in this
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Signature on 10 July of the Protocol which
extends the coflaboration between CERN and
the high energy physics centres in the Soviet
Union. On the left Deputy Chairman .G. Morozov
signs for the USSR State Committee for the
Utilization of Atomic Energy. On the right
Director General W.K. Jentschke signs for CERN.

issue} has just finished and the
Dubna/Milan experiment watching
pion clusters travelling through nuclei
is taking data.

A detailed account of the develop-
ment of the collaboration between
CERN and Laboratories in the Soviet
Union has recently been published as
a CERN "Yellow Report’ available from
the Scientific Information Service. It i
entitled ‘A History of the Collaboratior:
between the European QOrganization
for Nuclear Research (CERN) and the
Joint Institute for Nuclear Research
(JINR) and with Soviet Research
Institutes in the USSR, 1955-1970
and is written by W.Q. Lock who was
involved in many of the formative
discussions from which the collabora-
tions emerged.

West Hall close down

Originally planned for 30 June, the
close down of the West experimental
hall was delayved until 2 July for the
Omega spectrometer to gather some
additional data. The 3.7 m European
bubble chamber (BEBC) had been
turned off a few days previously. The
next beams to this hall will be those



from the 400 GeV proton synchrotron
at the end of next year and the inter-
vening time will be fully absorbed in
preparing for their arrival.

The hall was invaded immediately
after the shutdown by the teams
carrying out the reorganization. All of
the existing beam-lines have to be
dismantled and the new lines installed.
4 great deal of heavy labour lies in
store — some 40 000 tons of concrete
and 6000 tons of iron have to be
moved.

During this time, the two large
detection systems will be able to take
a breather. BEBC has taken 425 000
photographs since coming into service
on 5 March — 300 000 with 12 GeV
antiprotons logking for charmed par-
ticles, 100 000 with 22 GeV negative
pions. Tests have been carried out on
the EMI (external mugn identifier)
hybrid installation, the purpose of
which is to identify muons in the high
energy neutrino experiments with the
SPS. For these tests, 16 000 photo-
graphs have been taken with wire
chambers located upstream and down-
stream of the bubble chamber.

BEBC will not become rusty. An
immediate start has to be made on
preparations for SPS experiments and
on improvements emerging from the
experience of the first long operating
period. A series of technical tests are
planned before the end of the year,
one investigating double-cycling
operation. BEBC may be able to take
two photographs during the same SPS
pulse with an interval of about
500 ms. Other tests are planned for
next year, particularly in order to put
the final touches to a target for neu-
trino experiments and to check use of
the chamber with neon-hydrogen
mixtures.

Omega has operated for about
50 days since the beginning of the
yvear and three experiments have been
petfermed. The first was a charmed
particle search. Three million triggers

At a meeting of the Track Chamber Committee
on 30 June, Ch. Peyrou received yet anather
tribute to his achievements during the

vears he has been head of track chambers

at CERN. The photograph shows D.C. Colley,
Chairman of the Committee, presenting
Professor Peyrou with a first edition copy

of the coffected works of the 18th century
physicist J. Bernoulli, Peyrou was respected
by physicists and engineers alike and his
passion for bubble chamber physics has been
an inspiration to the European high energy
physics community throughout the years of
CERN'’s existence.
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On 27 June Dr. H. Firnberg, the Austrian
Minister of Science and Technology, visited
CERN. She is pictured here in conversation with
W. Schnell, Director of the ISA Department,
during a tour of the Intersecting Storage Rings.
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Dr. E.G. Michaelis, Head of the Synchro-cyelotron
Division, {second from left) escorts
distinguished attendees at the inauguration

of SCIf on & tour of the improved machine.

were initially recorded and there was a
tantalising indication that new par-
ticles might be there but the sta-
tistics were insufficient. This led
to the delay of the West Hall close
down to enable the team to acquire
further data. The second experiment
searched for exotic particles produced
in =~n — pX-- interactions, triggering
on the fast proton. The third examined
insufficiently known parameters con-
cerning D°, E° and F,; resonances.
During the analysis an attempt will
also be made te pin down the
7. @ hypothetical particle of the pion
and eta family, consisting of charmed
quarks. A million triggers were obtain-
ed from 1.5 x 10" incident particles.

Preparations for SPS experiments
are now under way. Omega will be
fed either by a beam of tagged pho-
tons, produced from a beam of
electrons, or by a separated hadron
beam, (using two superconducting
radiofrequency cavities being built at
Karlsruhe). A UK group (Glasgow,
Lancaster, Manchester, Sheffield and
Dareshury) will provide the photon
tagging system and a large hodoscope,
to be located behind the Omega
magnet, as well as electron shower
detectors and a high speed electronics
system for triggering the reactions
produced by the photons,

A group from the Paris Ecole Poly-
technigque and Orsay will supply lead-
glass counters to cover an area 3 m in
diameter with a thickness of 50 ¢cm.
This will measure the energy of the
photons emerging from Omega. CERN
will supply optical spark chambers,
preportional chambers and drift cham-
bers (to be located inside the Omega
magnet aperture) and a more powerful
data acquisition system as well as
programmes to analyze the data.
Saclay, Birmingham and Rutherford
will build a second Cherenkov counter
8 m long (which can be shortened to
45 m) and hodoscopes. A photon
position detector is under study.

222

Inauguration of SC il

On 1 July, the improved 600 MeV
synchro-cyclotron was officially inau-
gurated. The Director General of
CERN Laboratory |, Professor
W.K. Jentschke gave the Inaugural
Address. E.G. Michaelis, Head of the
SC Division, described the improve-
ment Programme and Sir Denys
Wilkinson spoke about the physics
that the machine can now tackle.

The accelerator has been modified
so that its internal beam current can
increase from 1.3 to 10 pA and its
ejection efficiency from 1% to 70 %.
This has involved the installation of
a new type of ion source, of a rotating
condenser in the rf. accelerating
system, of a magnetic beam extraction
channel and a variety of other modi-
fications which are needed to cope
with higher intensities. (A detailed
description can be found in the Feb-
ruary issue 1973.)

Physics began again on the ma-
chine at the end of 1974. The machine
is now operated for about two thirds of
the time for physics delivering beam to
the on-line separator, ISOLDE, 1o a
liguid deuterium target for the pro-
duction of 600 MeV neutrons and to a
system of four internal targets giving
beam sharing of the extracted beam.
Devices such as a pulsed field coil,
giving a 2 ms burst of protons per
cycle free from r.f. structure, and a cee
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electrode, powered to give a long
burst of about 20 % duty cycle, have
been successfully tested.

Proton transmission, from 40 c¢m
radius to the extracted beam, exceeds
70 % — an efficiency which has never
before been achieved in this type of
machine. Already the extracted beam
intensity has reached 1.5 ¢A though
the r.f. system has not been pushed to
its full capability. This is being done
gradually. The design figure of 10 vA
for the internal current should be
possible with the full duty cycle being
used but with the accelerating voltage
at two-thirds the design value. At full
voltage the intensity could be doubl. _
the design value.

Shortly after the inauguration with
the exiracted beam at 1.5 pA, 1.2 ¢A
went to 1ISOLDE and this was suffi-
cient (providing 300 W of power) to
keep the ISOLDE lead target molten
at 700 °C without additional heating!
Intense secondary heams of mercury
isotopes emerged from the target
feeding five experiments simultane-
ously. Some spin measurements were
possible for the first time and two new
isotopes were discovered. One of them,
'"Hg, is the most neutron deficient
mercury nucleus identified to date.

With a performance at these levels,
the CERN synchro-cyclotron pro-
vides facilities for physics which are
competitive with the new meson
factories at LAMPF, SIN and TRIUMF.




55th Session of CERN Council

The Councif met on 25, 26 June under the
Presidency of M.P. Levaux

The June Council session tends to be
one of rather broad discussion on
overall policy compared to its Decem-
ber counterpart where practical deci-
sions, particularly on the CERN budg-
ets, are dominant. This session was
no exception and the thinking which
emerged will dictate the development
of CERN in the coming years. There
~qre two important measures to report
— the foreseen financial pattern
through to the end of the decade
and the new internal structure of the
Laboratory.

Professor W.K. Jentschke reported
on progress in Laboratory | during the
past six months. He described the
continuing crop of unigue informa-
tion coming from the Intersecting
Storage Rings, the charmed particle
searches and the identification of a
new decay channel of the h particle
in a collaborative experiment at Ser-
pukhov,

On the equipment side, all is well
with the accelerators and the major
detection systems and a lot of atten-

~lion is now being given to prepara-
.ons for the start of experiments using
beams from the 400 GeV proton syn-
chrotron, the SPS. In the West experi-
mental area in addition to the neutrine
physics programme (using the big
bubble chambers, BEBC and Garga-
melle and large electronic systems)
ten other electronics experiments are
approved. The first five North Hall
experiments are also approved.

Professor Jentschke brought out a
cause for concern regarding physics
at the SPS. The teams preparing for
experiments include very few physi-
cists from the smaller Member States.
Experiments at these higher energies
are on a much larger scale (in terms
of size of detection systems, time-
scales, etc...) than at the proton syn-
chrotron or the ISR. [t seems that, up
to now, the mechanisms for participa-
tion from regions where extensive

"home’” support is not available have
not been found. One contributing
factor may be that these physicists are
already heavily involved in the present
CERN research programme, at a scale
with which they can cope, and do
not have sufficient backing to prepare
at the same time for the coming of
the SPS. This situation is being
investigated.

To mark the end of his term of
office as head of track chambers,
Professor Ch. Peyrou reviewed the
years of bubble chamber research at
CERN. He described some of the
physics which has poured out from
bubble chamber experiments and de-
monstrated how ideally the technique
is adapted to the idea of European
collaboration in high energy physics.
A map of Europe showing the home
stations of teams using the chambers
at CERN was strewn with flags. Prof.
G. Salvini added a remark not unrelated

The 55th Session of CERN Council presided over
by M. Pierre Levaux (centre of picture} was

the scene of important discussions concerning
the financial framework of CERN’s future
activities.
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to the problem raised by Professor
Jentschke — that experiments in-

volving electronic detectors could
usefully pursue still further some of
the features of data distribution to
centres in the Member States which
have always been characteristic of
bubble chamber research.

Dr. J.B. Adams in his report on
progress at Laboratory 1l concentrated
on the magnet system showing an
impressive film of the magnet con-
struction and describing the worries
earlier this year when some magnets
were found to be breaking down
despite previous successful tests (see
April issue page 110). Despite the
additional work in repairing and re-
building over 200 magnets, itis expect-
ed that the last magnet to complete
the ring will be l[owered to the tunnel
on schedule at the end of this year.

There are some remaining worries,
particularly in connection with the
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delivery of quadrupole focusing mag-
nets for the beam-lines which are
behind schedule. Dr. Adams remarked
that the construction of a large techno-
logically advanced machine like the
400 GeV proton synchrotron appeared
to stretch European industry to its
present limits and that the rate of
advance is now dictated by the
capabilities of industry rather than the
ingenuity of designers. He reflected
on the problems which would have
artisen had the decision been taken
at this stage to incorporate super-
conducting magnets. Dr. G.H. Staf-
ford, Director of the Rutherford Labo-
ratory later remarked, however, that
if we set our sights on the stars we
must expect to trip over our feet
occasionally.

CERN budgets for the coming years

Professor B. P. Gregory acted as
spokesman for the Member States in
presenting their attitude to the financ-
ing of CERN's activities which has
emerged from recent discussions.

The problems lie not simply in the
magnitude of the figures, which are
inevitably a concern in times of
financial trouble, but also in the
growing disparity between expendi-
ture at CERN and what is then avail-
able for the research groups based in
the Member States. Long term, CERN
cannot continue to function as it is
intended to do if the home groups
are too severely weakened by financial
restrictions.

The wishes of the Member States
were summed up under three headings.
Firstly, since it is the total contribution
to CERN which has impact on the
national research budgets, the total
figure should be examined.and the
consequent effect on the programmes
considered afterwards. Secondly, the
cost variation index (which modi-
fies the CERN budget figures to take
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account of the movements of prices
and salaries in Europe), though still
remaining under the annual control
of Council, should generally be applied
and not used as an instrument affect-
ing policy by cutting back on pre-
viously approved figures. A proviso
to this is the concern that the salaries
of CERN staff should be carefully
watched. Thirdly, there is a wish to
return to the ‘Bannier procedure’
whereby at the end of each year
figures for the four subsequent years
{with varying degrees of ‘firmness’)
are put on paper. This enables CERN
to do sensible long term planning and

the Member States to know their

commitments for years in advance.

The Member States therefore pro-
pose that CERN should prepare pro-
grammes which assume, as a plan-
ning figure, a decrease in the total
budget of 3% per year for the next
four years. This means that the pre-
sent total budget of 645 million Swiss
francs would fall to 565 million Swiss
francs in 1979. (These figures are at
1975 prices — the actual figure
appearing on paper in 1979 will be
higher depending upon the increases
accorded as a consequence of the
cost variation indices.) Despite the
restrictive moves, the Council reas-
serted its determination to preserve
the high quality of CERN and thus
the high guality of research in Europe.

Replying for the CERN administra-
tion, Dr. Adams recognized that CERN
can only exist in the economic environ-
ment prevailing in its Member States.
Also firm guidelines on which to base
the long term programmes are very
important and the Council's attitude
to the cost variation index and the
Bannier procedure will establish such
firm guidelines.

CERN would prefer to see reduc-
tions applied in the light of the events
which are foreseen in the life of CERN
for the coming years. The major event
will be the change in 1979 from

construction to operation of the
400 GeV proton synchrotron. A first
look at the budgetary consequences
of this change suggest that the major
CERN programmes could be sustained
with an annua! budget reduction of
2.4%, possibly extending through to
1980 so as to arrive (a year later)
at the end figure proposed by the
Council.

No decisions were taken on the—
budgets but the discussions of the
next few months will be in this
region of 2.4 to 3% reductions.

Reorganization of CERN management

As from the beginning of next year the
two CERN Laboratories will be united
under two Directors General. A new
management structure, which will then
prevail, was approved by the Council.
The structure is detailed in the dia-
gram which also indicates the people
who will initially fill the various posts.
We add here, for those who are
familiar with the existing CERN mana-
gement, some notes which bring out
the major changes. _
The Directors General are directly
responsible to the Council and the
Council has clearly defined their
respective areas of responsibility so
that as far as possible they can act
independently. The Executive Director
General (D.G.E.) is respansible for
administration, for operation of equip-
ment and services and for the con-
struction of buildings and major equip-
ment: the Research Director General
(D.G.R.) is responsible for the research
activities. Many decisions, however,
spread into both areas of responsibility
and the management structure fries to
cater for the interlocking relationships.
A Directorate will consist of the
Directors General and six Directorate
Members (five of whom have been
appointed) who will assist the D.G.s
in evolving and executing the general



Research Director General
L. Van Hove

Executive Director General
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policies and programmes and in the
deployment of resources. The Direc-
~torate Members will supervise pro-
Jrammes involving many Divisions —
three Members having responsibilities
in the research activities (P. Falk-
Vairant, S. Fubini and J. Mulvey) and
three in administration and operation
(initially H.-O. Wuster and F. Bonaudi).
Another reflection of this ‘horizontal’
organization, across Divisional bound-
aries, is the setting up of a Programme
Budget System {under H.-Q. Wuster)
which will allocate and manage
financial and manpower resources on
the basis of agreed programmes.
There will be eleven Divisions with
Division Leaders directly responsible
to the two Directors General. There are
some changes compared with the
existing list of Divisions. The two
present experimental physics research
Divisions, Nuclear Physics and Track
Chamber, emerged from the days
when experiments using electronic

technigques and bubble chambers were
quite distinct. Now the trends are
towards amalgamation of the two
approaches and this is reflected in
reorganizing the two Divisions. An
Experimental Physics Division will
house all the experimental research
physicists; an Experimental Physics
Facilities Division will house staff
working on the large experimental
facilities such as bubble chambers and
spectrometers.

in the Accelerator Divisions, Labo-
ratory 11 will become the SPS Division,
and the present small Synchro-cyclo-
tron Division will be absorbed into the
Proton Synchrotron Division. A new
Division, to be known as Health and
Safety Division, has come into being
as from July of this year.

Two Boards will be created. A
Research Board will largely take over
the responsibilities of the present
Nuciear Physics Research Committee
but with a broader mandate. It will

concern itself with the research pro-
grammes, the research facilities and
the corresponding budget and staff
estimates. An Executive Board will be
concerned with the execution of the
agreed programmes and the corre-
sponding budget and staff estimates.

To conclude, we record the other
appointments made at the Council in
addition to those which are evident
in the diagram. R. Armenteros was
appointed Director of the Physics [l
Department until the end of the yearin
succession to Ch. Peyrou, G.H. Hamp-
ton, E. Picasso and W. Schnell had
their appointments as Director of the
Administration Department, Leader of
the Nuclear Physics Division and
Director of the ISR Department re-
spectively, extended until the end of
the year. In the Scientific Policy Com-
mittee, G. Salvini and P. Lehmann will
succeed E, Amaldi and F. Perrin.
V.F. Weisskopf will remain a member
for a further three years.
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Santa Fe Conference

The sixth International Conference on
High Energy Physics and Nuclear
Structure was held at Santa Fe from
9-14 June. This is the 'big one’ in the
field of intermediate energy physics
and serves as a bridge beiween the
nuclear and the high energy com-
munities. The beautiful city of Santa
Fe was invaded by nearly 500 phy-
sicists, well beyond the “official’ Con-
ference attendance of 300. In addition
a TV link to the nearby Los Alamos
Laboratory swelled the audience still
more. A lot of fresh information on the
nucleus was presented and we will
attempt to bring out some of the main
themes.

For the first time the electron ma-
chines of MIT and Saclay with their
high intensity and excellent energy
resolution, which came into action a
few years ago, were a prominent
source of new data. It seems that there
is a canonical time-lag between the
first operation of a machine and when
it starts pouring out significant results.
This is apparent with the meson
factories which are now in operation
but which have not yet flooded the
Conference with pion experimentai
data.

Among the important things to
learn about the nucleus are its geo-
metric and electrical features. What
is its shape? How is matter distributed
within the nuclear volume? How is the
electrical charge carried by the pro-
tons distributed? And so on. The new
data from electron scattering gives
remarkably precise information on the
charge distribution. For example, at
Saclay the scattering cross-section for
a nickel nucleus has been measured
spanning twelve orders of magnitude.

This precision has come at a time
when the theoreticians have evolved
techniques for reconstructing the
spatial distribution of charge in the
nucleus (the distribution involves both
the charged protons and the effect of
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the magnetic moment of the neutrons).
This analysis is almost independent of
any model of the nucleus — it does
not have a theory imposed on it. All
that is needed is a reference scale
which can be extracted from the data
on mesic atoms and then an actual
contour map of how charge is distri-
buted in the nuclear volume emerges.
Compared with the data which was
available before, it is as if we now have
an actual photograph in our hands
rather than an unresolved hologram.

Quite dramatic contour maps of this
sort came from MIT just before the
Conference. Looking at rare earth
nuclei such as ytterbium, they detected
two centres of higher density as if the
nucleus was already exhibiting a pre-
dilection for breaking into two. It will
be fascinating to see how these two
islands within the nucleus develop as
fissionable nuclei, such as uranium,
are examined.

High energy eleciron experiments
on deuterium at Stanford have in-
dicated that the number of electrons
bouncing off at wide angles falls off
much faster than is expected from
nuclear models. The data lines up
with the hypothesis that the electrons
are actually bouncing off individual
quarks within the proton or neutron in
the deuterium nucleus which is very
puzzling to many theoreticians. It will
be interesting to test this further by
seeing what happens when the elec-
trons are fired at helium ntuclei — will
they still scatter as if confronted by
the greater number of quarks in the
helium? Other data, such as that from
proton-deuterium scattering, seems to
be saying that whole nucleons and
not their quark constituents are re-
sponsible for scattering and the picture
is not clear.

The interaction between nucleons
and the conseguences in terms of pos-
sible nuclear states has been looked at

with a fresh eye in recent years. One
possibility involves nucleon and anti-
nucleon systems which have been
examined particularly by 1.S. Shapiro
in Moscow. It seems that theoretically
there is nething to stop nucleon and
antinucleon hanging together for a
significant time without annihilating
and such states could be observabie.
There is a growing volume of experi-

mental evidence which indicates that

something unusual is geing and
several groups claim to be seeing such
states. Not all the experimental evi-
dence is in agreement, however.

The new pion data was not very
spectacular with the exception of data
from SIN and Moscow which indi-
cates that when a pion is stopped in a
nucleus it has a surprisingly high
tendency to result in a nucleus in a
high spin state. It is as if the pion
lodges in the outer rim of the nucleus
and its interaction throws off one
nucleon leaving a high spin nucleus
behind it but why this should be such
a popular mechanism is not known.

From SIN and Rutherford there is-

alsc the first clear observation of
hyperfine effects involving the strong
rather than the electromagnetic inter-
action. This is seen in pionic and
kaonic atoms with particuiarly large
effects in deformed nuclei. The cigar
shape of such a nucleus means that
the pion or kaon orbits vary con-
siderably in their proximity to the
nuclear charge depending on whether
they swirl round the equator or poles
of the nucleus. This gives the differ-
ence in the energy levels of the orbits
which is seen as hyperfine structure
and may prove to be a new route to
information on nuclear matter dis-
tribution.

Among other mesic atom informa-
tion were important results from CERN
and Canada which have brought
X-ray measurements with heavy atoms
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back into line with the predictions
of quantum electrodynamics. Nothing
seems to survive for very long if it is
out of line with quantum electro-
dynamics. Mesic atoms have also
given new high precision mass meas-
urements for the pion, the kaon and
the antiproton and magnetic moment
measurements for the antiproton and
+he sigma.

Experiments at CERN are giving
fresh information on the nucleus by
looking at nuclei in which a neutron
has been replaced by a lambda par-
ticle. On the one hand, spectroscopy
of such hypernuclei has opened up
with the observation of decays from
higher energy levels emitting a gamma
ray in hypernuclei of hydrogen, helium
and lithium. Gamma rays have been
measured emerging from hypernuclei
corresponding to about ten different
energy states. On the other hand,
‘strangeness analogue states’ have
been identified where the lambda sits
in specific energy states. A remarkable
amount of information can be ex-
tracted from a modest amount of data.

A very ingenious experiment look-
ing for parity violation in polarized
proton-proton scattering was reported
by D. Nagfle from Los Alamos. By
modulating the polarization they were
able to eliminate the effect of asym-
metries in the detection system and
push the precision down to about
104 To get beyond this level, beam
stability onto the target was con-
trolled by a feedback system and the
precisicn moved to 2 x 10-". No
asymmetry was seen but the measure-
ment is now close 10 the level were
theory predicts that asymmetries will
appear. The technique is being pushed
further at Los Afamos and Argonne.

The parity resuits make it even more
important to check again the experi-
ment of Lobashov which indicated
parity violation two orders of magni-

tude higher than expected in the
neutron-proton interaction giving a
deuteron and a gamma. A similar
experiment is under way at Grenoble,

The vital links between our under-
standing of the smallest components
of the Universe and our understanding
of the largest objects of the Universe
are emerging again. High energy
physics has recently added the neutral
current interaction to its list of ways in
which the weak interaction can act.
Nuclei can have coherent interactions
via neutral currents and the inter-
action probability then grows as the
square of the number of nucleons
rather than linearly. When this is fed
in to the calculations of supernova
properties an intriguing picture
emerges.

It is believed that in these dense
stars the emission of neutrinos is the
major mechanism for getting energy
out from the interactions which take
place in the centre. Neutrinos, with
their very low interaction probabilities,
are the only particles which can escape
through the densely packed matter, in
particular penetrating an outer crust of
heavy nuclei. We now have to feed
into the sums that there are additicnal
ways in which the neutrinos can
interact and, depending upcn the
neutrino interaction cross-sections we
use, this can bring us quickly into a
situation where the outer crust is
opaque to the neutrinos. The super-
nova would then have to explode to
release its energy.

Measuring neutrino cross-sections
on heavy nuclei is so difficult, how-
ever, that D. Walecka bet a rather safe
bottle of champagne against them
being measured for anything heavier
than carbon. The more adventurous
experimenters have thought of aiming
a neutrino beam into the ground and
looking on the opposite side of the
earth.

Another entertaining astrophysical

calculation has been done by Tur-
kevitch. Considering the Van Allen
radiation belts around the planet
Jupiter, he estimated that the flux of
protons with energy of a few hun-
dred MeV on the inner moon was
about equal to that created on earth at
our meson factories. A rich crop of
nuclear interactions, for free, is there-
fore available to anyone whao cares to
go and look.
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Around the Laboratories

ORSAY
Start up of DCI

During the night of 9, 10 July one of
the two rings of DCI, the 1.8 GeV
electron-positron colliding beam ma-
chine being built at Orsay, was brought
into action for the first time. After
optimizing the beam from the linear
accelerator, which serves as injector,
electrons were fed into the ring and
circulated. Tuning the ring led to
particles orbiting for some hundreds of
revolutions. Electrons were then
stacked during ten minutes and beam
parameters were measured. A new
electron-positron colliding beam ma-
chine has thus joined the high ener-
gy physics armoury at an exciting
time.

DCI (Dispositif de Collisions dans
I'fgloo) takes its name from the cir-
cular building which houses it. This
is 36 m in diameter, whitish in colour
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and covered by a dome-shaped roof,
Until 1972 it was used as an experi-
mental area by physicists working on
the 2.3 GeV electron linear accelerator.
Since the DCI budget (41.5 million
French francs) did not include the
cost of a new building, the storage
rings had to be squeezed into the
igloo to the extent that some of the
components are actually touching
the walls.

DCl has two superposed rings,
capable of a maximum energy of
1.8 GeV, and each designed to carry
an electron and a positron beam. It is
hoped to achieve a luminosity of
about 10°** cm—*s~' by means of
‘space charge compensation’ — a
method of reducing the disruptive
effects of dense bunches of particles
passing through one another by
ensuring that the intersecting bunches
have zero overall space charge. Two
bunches, one of electrons and one of
positrons orbit each ring of DCI.

N Hin
4 SRR

Part of the DCI electron-positron storage rings.
On the left is the straight section to be used for
experiments. On the opposite side of the ring

in the injection straight section and an

injection heam-line can be seen doing a

U-turn to reach there. (This is @ consequence of
the building space restriction which

dominated the design of the machine.)

At the moment only the lower of the two
super-posed rings has a vacuum chamber
installed. It came into action in July.

When they collide, in the straight
sections common to both rings, the
four bunches come together to form
two intersecting bunches. One con-
sists of electrons from the top ring and
positrons from the bottom ring; and
the other of electrons from the bottom
and positrons from the top. The overall
charge in each bunch is zero and
space charge phenomena disappear.

Collisicns in the straight sections thus.

involve a pair of e e~ beams travelling
in one direction and a pair of e-et
beams travelling in the other.

Each ring has four half-periods con-
taining three horizontal bending mag-
nets, two vertical bending magnets
and seven quadrupoles. The quadru-
poles have secondary windings to
separate the beam parameters in each
ring. This allows different working
points to be wused with energies
ranging from 1.3 to 1.6b GeV atan r.f.
power of 125 kW per beam. The two
straight sections are 6 m long — one
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The solenoid magnelic detector now in
operation at the lower energy ACO storage ring
at Qrsay which will maove to DCI. Its aperture
contains an atray of cylindrical wire chambers
and scintilfation counters.

(Photos Orsay)

is used for injection and the other for
experiments. The accelerating cavities
(one per ring) operate on the eighth
harmonic of the revolution frequency.
Eventually each of the cavities will be
powered by a 3b0 kW supply giving
250 kW to the two beams in each ring.
The injection energy is 1.2 GeV
using the existing linear accelerator,
Two beam-lines are used to inject
particles in the two directions and can
be readily switched from electrons to
positrons. With one bunch per beam
the injection rate should reach 6 A/h.
With only one beam per ring (e.g. to
study positron-positron  collisions),
eight bunches per beam are possible
with an injection rate of 20 A/h.
During the first stage of operation
{expected to last about a year) only
one ring will be in action to study
e+e- collisions. The maximum lumi-
nosity will be of the order of
10° cm ?s-' at an energy ranging from
1.4 GeV to 1.7 GeV. When the second
ring comes into operation, physicists
will be able to study two types of
collisions: ete* and e*e¥. For the
positron-positron collisions each beam
/il consist of eight bunches and the
luminosity will be about 10*' cm-2s-*.
This mode will be used for ‘'two-
photon’ experiments and electron-
positron annihilation events, which
normally are a troublesome back-
ground to this type of experiment, will
not be there. Furthermore, a simple
but efficient electron-tagging system
can be operated using vertical bending
magnets as spectrometers at the end
of the straight section. A charged
particle and neutral particle detector
filled with cylindrical wire chambers
and scintillators {which is currently
installed at the lower energy storage
ring ACO) will be used. Synchrotron
radiation from DCI will also be used
by physicists from various fields at
the ‘LURE" Laboratory where the
radiation from ACQ has already been
exploited.

Synchrotron radiation experiments
in LURE

The ‘Laboratoire pour I'Utilisation du
Rayonnement Electromagnétique’ in-
volves both the CNRS (Centre Natio-
nal de la Recherche Scientifique) and
the Université Paris-Sud. It was set up
in 1971 to use the light emitted by
both the Orsay storage rings, ACO
and DCI. It began work at ACO where
various experiments required mono-
chromatic light in a vacuum of about
10-° torr. Two problems had to be
overcome — the light had to be trans-
ferred from the ultra-high vacuum in
the ring (10-'° torr) without using a
window (to avoid cutting off radiation
1000 A) and the light had to be made
monochromatic.

ACO has one light output where
three ion pumps ensure the change-
over from ultra-high to normal vacuum.
The light beam is then distributed

among several beam-lines so that
many experiments can be run simul-
taneously. The experimental hall has
two levels — two thirds of the light is
fed to the first floor (5 x 10 m} and
directed towards one of two mono-
chromators and the remainder is used
on the ground floor (4 x 12 m} where
there are three lines, two of which can
be used simultaneously.

Seven experiments are installed and
four run simultaneously. They cover a
variety of fields such as spectroscopy
below 1000 A, atomic physics, molec-
ular physics, solid state physics,
chemistry and biology. The teams
share time with a high energy physics
experiment but, as from 1976, ACO
will be used exclusively for synchro-
tron radiation research, and more
light outputs will be added.

The use of DCI for synchrotron
radiation is being developed to use
the range below 4 A, and an experi-
mental hall is being built with four
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Our picture of an event recorded by the ISR
Split Field Magnet detectors led to us receiving
this computer reconstruction of a ten particle
event seen by MASS (Multiparticle Argo
Spectrometer System) at the Brookhaven
synchrotron. It has been described as an *all
electronic bubble chamber’ designed to study
proton-proton interactions which give many out-
going particles. The data taking rate is many
orders of magnitude higher than in an ‘ail bubble
chamber bubble chamber’,

MASS has a vertex spectrometert (the

section iflustrated) of nine cyfindrical wire

spark chambers clustered around hydrogen
target located in a large volume 1 T magnetic
field. Further downstream, high momentum and
fow momentum spectrometer arms (picking out
tracks 1 and 2 respectively in the picture)

trigger the whole detection system on
appropriate events, A pattern recognition
program in a CDC 6600 computer

reconstructs the event from the signals

received from the detoctors.

PN

| Target \ \

1Beom Direction

X-ray monochromators. They are
scheduled for operation at the begin-
ning of next year.

JAPAN
First experiments
for KEK

Twenty-eight proposals for experi-
ments on the 12 GeV proton synchro-
tron at KEK were presented by groups
at the beginning of May. Two counter
experiments and two bubble chamber
experiments were approved by the
Program Advisory Committee and
scheduled to run from April 1977 to
June 1978.
The approved experiments are:

1. Measurement of the differential
cross-section and polarization para-
meter in the negative pion-proton
charge exchange interaction giving a
neutral pion and a neutron from 1.8
to 3.0 GeV/c (Kyoto);
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2. Precision measurement of the dif-
ferential cross-section and polariza-
tion parameter in negative pion-proton
elastic scattering from 2 to 4 GeV/c
{Nagoya / Hirashima / KEK / Osaka /
Tokyo / Kyoto);
3. Study of inelastic reactions in pion-
nucleon interactions in the intermedi-
ate energy region which will involve
300 000 negative pion pictures in the
initial run (KEK);
4. Study of three body reactions in
diffraction dissociation which will in-
volve 200 000 negative pion pictures
in the initial run (Tokyo Metro. Univ./
Nagoya/Tokyo Univ. of Agri. and
Tech./Chuo).

The counter experiments will use
an unseparated 4 GeV beam-line in
the internal target area. The KEK 1 m

bubble chamber will be filled with
hydrogen for this initial picture
taking.

Construction of two low energy
separated kaon beam-lines — one in

the momentum range below 1 GeV/c
and the other between 1 and 2 GeV/c
— was strongly recommended for the
slowly extracted beam area. It is
intended to build unique facilities at
KEK in this direction.

Eight of the proposals were in the
fields of nuclear physics, radiochem-
istry and solid state physics. These
were examined by the Committee on
17 June. A radiochemistry experiment,
proposed by Kyoto together with five
other institutes, was approved to use
the negative pion beam in the internal
target area parasitically. Two other
experiments have been recommended
forfeasibility tests using the test beam-
line in the internal target area. Deci-
sions on experiments which would
use the slow extracted beam-line were
postponed until the high energy
physics experiments situation be-
comes manageable.

Turning to construction progress
on the accelerator: Tests of the main
power supply with the main ring
magnets as load began in July. The
supply is of the static compensator
type {no motor-generator set) and
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hence careful checks of the impac
on the commercial power lines are

part of the commissioning procedure.
The 500 MeV booster is now operated
regularly for two days per week. Its
maximum intensity is 2 x 10" protons
per pulse {design figure 5 x 10") and
to advance this figure, attention is
being concentrated on improving the
position and phase feedback systems
of the r.f.

First beam ejection tests from the
booster took place in June with good
results. Ejection efficiency seems high
{precise measurements have not yet
been done) but the beam stability
problem which is being attacked via
the feedback systems has a bad effect
also on ejection. When this is im-
proved, both quantity and quality in
the ejected beams should go up ready
for feeding the main ring.



An inefastic interaction with a 6 GeV/c polarized

proton on helium in the Argonne 7.56m
streamer chamber. Each event is recorded with
two pictures — one to see the dim minimum-
fonizing tracks of the emerging high energy

particles and the other, stopped down to see the
bright track of the recoil nucleus (such as is shown

in the lower part of the picture),

ARGONNE
First helium experiment
in streamer chamber

A preliminary run to study polarized
protans interactions in helium has
been carried out at the Argonne Zero
Gradient Synchrotren by a group from
Strasbourg and Orsay. It involved a
6 GeV/c beam into a streamer cham-
ber filled with one atmosphere of
pure helium gas which serves as both
the target and the detector. {For a
description of some of the advantages
of the streamer chamber as a detector
see the June issue 1973, page 179).
The Argonne 1.5 m chamber repre-
sents a target mass of only 0.025 g/
cm® and the mass upstream of the
chamber had to be minimized to cut
down interactions occurring other than
with the helium and the trigger had
to be made insensitive to such other
interactions. The trigger consisted of
a beam telescope of scintillation coun-
ters upstream and & beam veto counter
and multiwire proportional chamber
Jlane downstream of the chamber
which counted the number of emerg-
ing charged particles.

To produce streamers in  pure
helium, a pulse of approximately
900 kV with a 20 ns width was used
{the usual neon-helium mixture re-
quires a 700 kV, 15 ns pulse) and
no difficulties related to the higher
voltage were encountered. In fact, the
system operated at a 15 per cent lower
voltage than expected because of the
higher efficiency of a new transmission
line to the chamber.

Good quality tracks were achieved
with little tuning and the chamber
memory was held to a few micro-
seconds by adding to the gas a little
sulphur hexafluoride. The recoiling
helium nuclei produce tracks much
brighter than the singly charged high
energy particles and to achieve good

photographs of both, each camera
photographed two images through two
lenses; one set at f/2 and one stopped
down to /5.6 which was sensitive
only to the bright recoil tracks. A
system of shutters was used to cover
the f/2 lenses during part of the flash
to record the fiducials so as to balance
the fiducial brightness in the double
photographs,

The goals of the experiment are to
study N* production, proton diffrac-
tion dissociation, =*He enhancements,
and *He fragmentation distributions.
The 1.5 m streamer chamber, which is
the largest chamber to operate with
pure helium, is needed in order to see
cleanly the very low energy helium
recoiling helium nucleus. The recoil
nucieus travels approximately 20 cm
in the chamber before stopping where-
as in the liquid of a bubble chamber
it would travel only approximately
0.3 mm. Over 49 000 pictures were
taken in the test run and the film is

now being analysed to determine the
interaction rates and to see whether
there are possible modifications which
woauld increase the rates in a large
praoduction run.

STANFORD
New hybrid facility
coming into action

Not many years ago, the bubble
chamber and electronic-type detector
were two distinct animals and the
practitioners of the respective tech-
nigues met at International Confer-
ences. Important moves towards their
amalgamation in hybrid systems began
when bubble chambers were devel-
oped to pulse many times per second
so that the fast data taking abilities
of the electronic detectors would not
be completely wasted while they were
used in the same detection system.

231



Side view of the hybrid detection system which
is coming into action at Stanford. The bubble
chamber magnet is opened on the left,

revealing the chamber volume, and the farge
cylindrical Cherenkov counter is pulled back.

On the downstream side of the chamber is the
frame for holding multiwire proportional
chambers and on the right is the black
shrouded scintillation hodoscope. The

lettering on the Cherenkov counter evolves from
the name of its designer Knut Skarpaas and the
fegend of King Canute.

{Photo SLAC)

At the same time, the excellent abilities
of the bubble chamber to capture all
that happened (charged particle-wise)
at the interaction point was preserved.
Pioneering systems included that at
the 30 inch chamber at Argonne {see
June 1970), which has now moved
to the FermiLab still in a hybrid system,
and at the 40 inch chamber at Stan-
ford (see September 1971).

Now electronic -detectors are be-
coming progressively more hubble
chamber like in their use. They are
often built as large multipurpose
systems capable of catching all the
produce of an interaction (see for
example the picture from MASS at
Brookhaven on page 230). On the
other hand bubble chambers are

hardly ever used without associated
electronic detectors.

Stanford have a new hybrid facility
under test. It consists of the 40 inch
chamber with a 2.6 T magnetic field
and a wide exit aperture, multiwire
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proportional chambers upstream and
downstream to define incoming and
outgoing particle directions, a large
Cherenkov counter and a scintillation
hodoscope. In a later stage a large
spectrometer magnet and drift cham-
bers could be added.

The bubble chamber has been de-
veloped to pulse at the rate of 12 per
second. This hardly nibbles at the
total electron output of the 22 GeV
linear accelerator (360 pulses per
second) and the hybrid facility can
operate during almost all operation
periods. The separated beam to the
chamber takes pions, kaons or pro-
tons from a target bombarded by the
electrons to the chamber. The down-
stream MWPCs are of honeycomb
sandwich construction with 2 mm
wire spacing. In conjunction with the
information from the upstream MWPCs
they can read particle angles an-line
to an accuracy of 3 to 12% (depend-
ing on the location of the interaction).

The Cherenkov distinguishes pions,
kaons and protons over a broad
momentum band.

The whole system has about 3 ms
to make up its mind, via the on-line
computer {a Nova 840), whether to
flash the bubble chamber lights and
thus to take a picture of the inter-
action region of an event. In hetween
pulses {about 100 ms), the computer
can busy itself with such things as .
sample analysis.

Most components of the system
are now operating and three expeti-
ments calling for pion or kaon beams
are lined up. A SLAC/CIT team will
use the positive pion-proton inter-
action triggering on fast kaons or high
transverse momentum protons. They
aim to study the Y* particle, inter-
actions giving high transverse momen-
tum particles and to survey events
such as boson decays. An Imperial
College London team will lock at
positive pion-proton and at negative
kaon-proton interactions to study Y*
production. A Purdue team will use
the same interactions to collect data
on a long list of events with an
increase of at least a factor of ten on
present data. All the experiments use
the ability of a hybrid system to sift
comparatively rare events from a
maorass of others thus avoiding scan-
ning millions of bubble chamber
pictures en route to the required
analysis.

The latest news that we have on the
Berkeley-Stanford PEP project, for
the construction of a 15 GeV electron-
positron storage ring, is that the
House of Representatives has passed
a $2.9 million appropriation for Fiscal
Year 1976 (starting now) for work on
PEP. This goes to the Senate for
approval and the Senate is likely to be
more favourably disposed to PEP than
the House. The Laboratories had
hoped for around $ 13 million this
year to make a serious start on the
project.



Results from the Serpukhov-CERN (Karlsruhe,
Pisa, Vienna) experiment on the 76 GeV
synchrotron looking at pion-proton interactions
giving neutral particles. Measuring neutral pions
shows clearly the two well-known neutral
mesons w and f and, for the first time reveals
the decay into neutral pjions of the i meson
which has an energy of near 2 GeV.

Meanwhile the scientific pressure is
being kept on by holding a Summer
Study (28 July-20 August) and the
engineering pressure is being kept
on by moving PEP some tens of
metres s0 as to take particles from the
end of the linear accelerator rather than
just before the end. The opportunity
is being taken in changing the location
of the ring to improve the magnet
lattice of the machine.

At the SPEAR storage ring the
background problem, which was in-
hibiting the climb to higher energies,
appears to have been overcome. At
about 3.7 GeV the synchrotron radia-
tion coming from the electron beam as
it was bent into the straight interaction
region was swamping the detection
systems. By reducing this radius of
curvature the radiation has been
greatly reduced.

SERPUKHOV
New particle decay
identified

The 4th collaborative electronics ex-
periment between CERN (Karisruhe,
Pisa, Vienna) and Serpukhov, com-
pleted data-taking on the 76 GeV
Soviet accelerator at the end of June.

During three years it has been
assembling large quantities of infor-
maticn (107 triggers per year) on
pion-proton interactions which give
neutral particles. This has been done
by spotting the photons, coming from
the decays of the neutral mesons
which are produced, in a spectro-
meter recording both photon energies
and positions. (The detection system
was described in the March issue 1973
page 83.)

At the end of the experiment a new
decay of a particle was seen for the
first time. A 40 GeV negative pion
beam was fired at a hydrogen target
and the detectors picked up the

1000 -

M, GeV

photons coming from two neutral
pions in the interaction
rm+p—-7n"+ = +n

The familiar @ and f neutral mesons
were identified as they decayed and
in addition, a particle known as the h
meson was seen decaying into two
neutral pions. It has a mass of about
2 GeV and its most remarkable pro-
perty is its high spin value of 4.

SACLAY
Present and future
research programmes

It is some time since we reviewed
activities at the Saclay Laboratory in
France and we shall therefore give a
broader account than usual.

Nuclear and particle physics in
France is done within two organiza-
tions — the National Institute of
Nuclear Physics and Particle Physics
{IN2P3) and the Atomic Energy Com-
mission (CEA)}. IN2P3, is ane of the
institutes of the National Scientific
Research Centre (CNRS) and groups
all the French University laboratories.
CEA’s work is done at Saclay with a
relatively small part at Grenaoble. For
particle physics most experiments are
now concentrated at CERN and overall
funds are about equally divided be-
tween CEA, IN2P3 and CERN. Pro-
grammes are examined by a Co-ordi-
nation Committee for nuclear and

particle physics to ensure coherent
planning in a field governed by a
number of different authorities (the
Ministries of Foreign Affairs, National
Education and Industrial and Scientific
Development).

The creation of IN2P3 in recent
years and of the Co-ordination Com-
mittee has helped to harmonize pro-
grammes and to forge closer links be-
tween the various laboratories. As a
result, despite the financial difficulties
affecting fundamental research in
Europe, it has proved possible to con-
front significant projects on a national
scale, such as the modernization of the
Saturne synchrotron and the pro-
posed construction of the heavy ion
accelerator, GANIL.

Research at Saturne and ALS

At Saclay, experiments are done on
two complementary machines: the
3 GeV proton synchrotron (Saturne)
and the 600 MeV electron linac (ALS).

Saturne is a weak focusing
synchrotron 22 m in diameter which
accelerated its first protons in August
1958. With a maximum energy of
3 GeV, it is at present producing
beams of 102 protons per pulse with
a duty factor of about 9%. The
intrinsic energy spread is of the order
of 102 but the ejection system is such
that, for high resolution speciroscopy
experiments, this can be brought down
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to about 3 x 10-*. High energy experi-
ments have obviously by now moved
to higher energy machines, in par-
ticular those at CERN and Serpukhov.
But nuclear physics experimenters
have turned towards the use of heavy
ion beams (tandem Van de Graaff
energy range) and of intermediate
energy particles {0.2 to 2 GeV from
Saturne and ALS).

In February 1972 a spectrometer
for nuclear physics experiments known
as SPES | came into service with
Saturne with an energy resolution of
the order of 100 keV for particles of
about 1 GeV. It has a precision of
6 x 10-* in measuring the momenium
of the emerging particles and has been
used to study elastic and inelastic
scattering, and two-body reactions
where the incident proton is absorbed
by the target nucleus with emission
of a pion, a deuteron or other par-
ticles. It has thus been discovered that
the deuteron is not necessarily made
up of two simple nucleons (proton
and neutron), but may also exist in
other forms such as the N” particle
and proton or two /. particles.

These results led to the decision to
extend spectroscopy with Saturne and
a second spectrometer, SPES Il, has
just been brought into service, It has a
solid angle ten times bigger, and a
momentum analysis range five times
wider (though with inferior resolu-
tion). With this instrument it will be
possible to study processes with very
small cross-section, such as the
associated production of kaons and
lambda hyperons and the excited
states of hypernuclet. It is planned to
have a third spectrometer, SPES I,
to be used in assaciation with SPES I,
to study three or four-body reactions
but this project is not yet financed.

The 600 MeV linear electron accel-
erator (ALS), which reached design
energy in 1968, complements Saturne
as a tool for nuclear physics research.
The machine is exploited about equally
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by Saclay users and by users fram
outside.

Electrons and photons interact with
nuclear matter via the electromagnetic
interaction and thus provide different
information to strengly interacting
particles. The electromagnetic effects
can be calculated very precisely but
the interaction rates are low and it is
difficult to study rare processes experi-
mentally. An electron accelerator has
to compensate for this by producing
beams of high intensity. ALS pro-
duces intensities of several hundred
microamperes; it is operated at ener-
gies of several hundred MeV with duty
cycles from 1 to 2 %.

There are four experimental areas
around the machine one receiving
particles at one third of the maximum
energy, the other three at maximum
energy. The low energy hall is devoted
to experiments on photonuclear reac-
tions with a beam produced by posi-
tron annihilation. The monochromatic
photon beam flux is from 2 to 5 x 10¢
per second with an energy variable
from 20 to 120 MeV.

A ‘photon hall” is devoted to the
study of photonuclear reactions. It has
a very comprehensive detection sys-
tem, known as the ‘roundabout’, con-
sisting of two spectrometers and a
telescope pivoting round a vertical
axis centred on the target. The photon
beam is produced either by electron
bremsstrahlung (2 cm spot on the
target with a flux at 300 MeV of about
4 x 10° per second with an electron
beam of 100 A at 400 MeV) or by
positron annihilation {1 to 3 cm spot,
10® per second for a positron beam of
0.1 pA at 300 MeV).

An ‘electron hall’ has two large
spectrometers, one each side of the
beam, able to turn on a vertical axis
cenired on the target. Experiments on
elastic scattering are done with very
high resolution and low background
using the spectrometer known as
‘900, with a resolution of 1 to

2 x 10-* (the name comes from the
maximum momentum, 900 MeV/c,
which can measure). It has relatively
low acceptance, but can analyse
heavy particles. The other spectro-
meter, the '600°, has a very high
momentum acceptance. It is used for
the analysis of scattered electrons,
while the '900" recards heavy particles
in coincidence experiments. The whole
system is an impressive installation, .
126 m high and weighing some
1 000 tonnes.

The fourth experimenta! area is for
the study of pion and muon inter-
actions. The pions are produced in a
copper target bombarded by the
electron beam. One channel, in opera-
tion since 1970, accepts pions pro-
duced at an angle of 120° to the left of
the incident electron beam, an angle
which reduces contamination due to
elastic and quasi-elastic scattering of
the electron-positron pairs created in
the target. The electron beam and
target are 5 m helow ground level, and
an 8 m beam-line conveys the pions to
ground level. In this beam-line there is
an appreciable probability of decay of
the pions into muons and neutrinos
The muons are confined in the channel
to yield a low energy muon beam also.
It is possible to select the energy,
energy spread and geometry of the
pion beam. The energy can go as high
as 100 MeV and, from a 300 pA elec-
tron beam, the pion flux at 70 MeV is
10°/s while that of the muons is
10%/s. A second pion channel of
similar design on the other side of the
electron beam has recently been
compieted. The channels can operate
independently.

Collaboration with Serpukhov

Under the terms of an Agreement be-
tween the Soviet State Committee for
the Utilization of Atomic Energy and
the French Atomic Energy Commis-



The SPES Hl spectrometer during assembly

in the experimental area at the Saturne
synchrotron. The two analyzing magnets,
which are here seen open, are instalfed on a
platform supported on an air-cushion and are
able to rotate around a vertical axis.

The two channels of the secondary beams of
pions and muons at the Saclay 600 MeV electron
linear accelerator, ALS. The maximum energy

in these channels is about 100 MeV and

the pion flux at 70 MeV is 10° 5.

{Photos Saclay)

[

sion, signed in 1966, Saclay built the
4.5 m bubble chamber, Mirabelle, and
operates it at Serpukhov with beams
from the 76 GeV accelerator. Since its
commissioning in 1971, Mirabelle has
taken aver 700 000 photos with pro-
ton, kaon, pion and antiproton beams.

An electronic experiment, HERA, is
also being carried out at the Soviet
accelerator by a Saclay-Serpukhov
collaboration. It makes use of a
polarized proton target and is de-
signed to measure the polarization and
rotation parameters in elastic scatter-
ing. The experiment is in fact ane link
in an extensive experimental chain,
stretching from Saturne to the CERN
PS and the Serpukhov accelerator,
which is due to continue with the
CERN SPS,

Development of superconducting
magnets

The Saclay Laboratory has consider-
able experience in the construction of
superconducting magnets. Prominent
among these are a quadrupole dou-
blet, OGA, used in a Saturne beam,
which has functioned satisfactorily for
over 2500 hours and the pulsed
superconducting magnet, ALEC, built
as part of the GESSS colfaboration,
which has given a field of 5 T with a
pulse repetition rate of 0.1 Hz (see
April issue page 121).

Another project, CESAR, also part
of the GESSS programme, has just got
off the ground. It involves the con-
struction of two superconducting d.c.
dipoles to be used on one of the beam-
lines of the North experimental area
of the 400 GeV SPS. These magnets
will have an aperture of 10 cm dia-
meter and a total length of 2.83 m. The
integrated field will be 9.15 Tm and
the field homogeneity (using super-
conducting correction windings) will
be 2 x 10-* The central field will
reach 4.5 T and the stored energy

236



520 kJ. A joint CERN-Saclay working
group has been formed and assembly
and testing of the dipoles will be done
at Saclay.

The first superconducting dipole
will replace a conventional magnet
and will achieve the same bending
power in half the length. The second
will double the bending power.
Energy consumption was another
factor determining the choice of these
superconducting magnets. They will
use about one-sixth of that needed
for equivalent classical magnets.

Reconstruction of Saturne and the
GANIL project

We turn now to the future projects
under study at Saclay. Saturne, built
on the weak focusing principle, no
longer meets the experimenters’ re-
qguirements. When it was commis-
sioned in 1958, it was used essen-
tially for elementary particle physics,
but has been progressively abandoned
as machines of higher energy came
on. On the other hand, nuclear physics
experimenters are attracted by the
beams in the GeV range offered hy
Saturne.

In view of this interest and of the
difficulties encountered in providing
the high quality beams for high
resolution spectroscopy, the decision
was taken lo reconstruct Saturne
completely. A budget of 40 million
French francs has been assigned to
the project, CEA providing 65 % and
IN2P3 35 %.

The main objects are to obtain a
duty cycle of 20 % and an intensity of
10" protons per second (by increasing
the machine’s pulse repetition rate)
with very high beam qualities in emit-
tance and energy spread. The
maximum energy of 3 GeV will not
be altered but it will become a strong
focusing machine with a separated
function magnet lattice. The ring,
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22 m in diameter, will consist of
16 dipoles with a bending radius of
17 m and 24 quadrupales. The dimen-
sions of the vacuum chamber will be
230 x 130 mm holding a pressure of
5 x 10-7 torr which could be brought
to 5 x 10-° torr if is later decided to
accelerate light ions.

The ring will include four straight
sections, one for injection, one for the
r.f. acceleration system (frequency
range 0.8 to 8 MHz)} and two for
beam ejection. Slow ejection will be
used ejecting over periods from 0.2
to 0.6 s. The two ejection channels
will be usable simultaneously.

The machine will provide protons at
energies ranging from 0.5 to 3 GeV
into the experimental areas and will
also accelerate deuterons and alphas
as well as polarized protons and deu-~
terons. The acceleration of light ions
is under discussion.

The shutdown of Saturne for this
rebuilding is planned for the first
quarter of 1977, and the reconstruc-
tion will take a year. The bending
magnets and quadrupoles are already
being manufactured in Yugoslavia,
and the r.f. cavities, vacuum pumps
and injection line are being ordered.

GANIL {Groupe pour un Accélé-
rateur National d’lons Lourds) is a
project for the construction of a
machine which would be the main
nuclear physics installation in France
in the 1980s, CEA and IN2P3 would
participate equally in the financing.

For the last eighteen months or so,
a working group of some twenty
physicists has studied the building of
a machine to provide research possi-
bilities not accessible to the existing
heavy ion accelerators or those under
construction at Darmsladt and Dares-
bury. The accent has been on an
area ranging from ions of neon, whose
energy could reach 100 MeV/nucleon,
to uranium, whose energy could
reach 8 MeV/nucleon. The project
specifies an intensity for neon ions of

102 ions per second with high beam
quality or 10" with lower beam
quality. The intensity decreases pro-
gressively the higher the atomic num-
ber of the nucleus, but for uranium it
is still 10" jons per second,

In considering the choice of ma-
chine, the working group compared
tandems, linear accelerators and cyclo-
trons. The solution finally adopted
was two identical separated-sectot
cyclotrons, each of a diameter of 6 m
and comprising four sectors each of
400 tonnes.

The injection system is a conven-
tional PIG source, giving charge
states of 2 to 8 and a small cyclotron
in which the ions are given a pre-
liminary acceleration before injection
into the first cyclotron of the machine.
Here the ions, not completely strip-
ped, will be accelerated onto a solid
stripper target, which will increase
their charge state. They will then be
injected into the centre of the second
cyclotron and undergo further accele-
ration.

The GANIL working group has
now moved on to work on an actual
model, 1/4 scale, of a magnet and ar
accelerating cavity. Though the pro-—
ject is a national one it is open
to international collaboration. Re-
searchers are in close contact with
physicists from Darmstadt and Dares-
bury. The project is well advanced and
the question of authorization is before
the French government.

DARMSTADT
Preparing for full
energy beam day

The heavy ion linear accelerator,
UNILAC, is nearing completion at
GSI (Gesellschaft fir Schwerionen-
forschung), Darmstadt. The machine
is described in the June 1973 issue.



A schemalic drawing of the layout scheduled for
the high energy experimental area at the
Darmstadt heavy ion linear accelerator,

UNILAC. The variety of experimental zones
reflects the variety of disciplines which will be
involved in research with the heavy fon beams.
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The Widerce section, powered at a
frequency of 27 MHz, is working well
and ions have been fed into the low

“=nergy experimental area at 1.4 MeV
per nucleon. The magnet settings
needed careful tuning to bring the
beam transmission up — initially only
some 50 nA of ions was squeezed
through to the low energy experiment
stations from about 1 pA injected into
the first Wideroe tank. However, in
June the transmission was improved to
near the theoretical values. Argon and
xenon ions have been used on the
targets. Typically, from 1.2 A of Xe®r
fed to the Wideroe, 42 nA of Xe?**
reaches the target. The Alvarez section
is virtually ready apart from some
transients in the r.f. powering system,
operating at 108 MHz, which need
damping out. Finally, the single gap
cavities (also at 108 MHz) are being
progressively installed. Their correct
phasing when they are coupled to-
gether is the major outstanding task.

It is hoped to have ion beams into
the high energy experimental area in
the Autumn and to reach the mystical
goal of accelerating uranium ions be-
fore the end of the year.

A Users Committee has been set
up consisting of 21 members of whom
11 come from outside GSI. A call for
letters of intent for experiments at the
beginning of the year brought about
120 replies. It is expected that when
the experimental programme is in full
swing it will involve about 100 scien-
tists at any one time from many dif-
ferent fields. The total pool of scientists
likely to use the machine is twice this
number.

FERMILAB
Increased scope
for experiments

The last of the beam-lines which
were put on paper in the design of the

experimental areas of the proton
synchrotron at the Fermi National
Accelerator Laboratory was success-
fully tested in June. It is the third
beam-line, P-West, in the Proton
Area which can handle protons up to
an energy of 500 GeV. The P-Waest
line is designed to use a beam with an
intensity of 10" protons focused on
a target spot of 2 mm.

There were initially problems in the
Proton Area because of the ‘halo’
around the beam which was spraying
detectors with particles coming from
interactions with beam-line com-
ponents, etc., rather than from the
target. This situation has been greatly
improved. In the first P-West test
with 10" protons/mm? on the target
the intensity 10 ¢m away was below
102/mm2.

The first three experiments to use
P-West are: A Fermilab/John Hopkins
team will search for heavy particles
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Inside the focusing enclosure of the P-West
beam-line af the Fermilab which has
helped remove the halo around the beam.
P-West is the last of the beam-line

array te come into action and is feeding
three experiments with a high intensity,
high quality beam,

(Photo Fermilab)

which decay inte photons or neutral
pions and will study charged particle-
photon correlations. They have two
spectrometer arms with multiwire pro-
portional chambers, Cherenkov hodo-
scopes and lead glass arrays. A
Cornell/McGill/Northeastern/Lebedev
teamn will study elastic scattering with
extremely high momentum transfer.
They have a forward arm with a
septum magnet and two beam-line
dipoles and a recoil arm with two large
aperture magnets. A Fermilab/North-
eastern/Northern lllinois team will
look at inclusive production of pions,
kaons and antiprotons. They have a
double focusing split guadrupole
spectrometer.

As P-West came into action the
number of experiments taking data at
the machine was 30, with ten experi-
ments at the test stage. 97 experiments
had completed taking data.

Meanwhile the accelerator is
mangeuvring towards higher intensi-
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ties. A major bottleneck en route to
the design goal of 5 x 10" protons per
pulse has been the throughput of the

8 GeV fast cycling booster. On
13 June the accelerator team, now
under P.V. Livdahl, succeeded in
squeezing 2.22 x 10" through the
booster and 2 x 10" from the main
ring cannot be far away.

The Fermilab accelerator was re-
cently generously made available to
CERN to investigate an instability
which it was feared could limit the
SPS intensity. The instability can arise
during the debunching-rebunching
procedure which is necessary to con-
vert the 20 bunch beam from the PS
into the 4000 bunch beam of the
SPS. E.J.N. Wilson and D. Boussard
from CERN worked with the FermilLab
accelerator team simulating the SPS
conditions. They happily returned with
the message 'Don’t worry’. The in-
stability is weaker than predicted and
slow to develop.

FRASCAT]
Future role
under discussion

It was announced on 3 July that an
Agreement has been signed by the
President of CNEN (Comitato Nazio-
nale per I'Energia Nucleare), Prof.
E. Clementel, and the President of
INFN (Istituto Nazionale de Fisica
Nucleare}, Prof. C. Villi, concerning
the transfer to INFN of all activities,
equipment and personnel in its sphere
of activity - which includes nuclear
and high energy physics. This estab-
lishes INFN's independence.

Discussion has centred on the
future of the Frascati Laboratory
where the work is relevant to both the
CNEN's nuclear power programme
and INFN’s research programme. In
sighing the Agreement, the attention
of the Italian government was drawn
to the importance of the work at
Frascati with an appeal for sufficient
financial support to carry it out
efficiently. The Agreement has been
put before the Minister for Industry and
the Minister for Education.

Patient irradiations

Some careless wording in the June
issue failed to acknowledge quite a lot
of work in the medical uses of particles.
In reporting the tests at Los Alamos
{page 193} the references to ‘first
irradiations’ should, of course, have
been qualified by saying each time
that we were refetring to negative
pion beams. Much work with other
particle beams has been done, for
example at the cyclotrons at Harvard
and at the Hammersmith Haspital in
London. The pedantic could also
insist that all X-ray treatments are par-
ticle irradiations. Apologies to all
whose work was thus ignored.
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AUTONOMOUS

“A Crate Controller with an 8080 Micro-

processor

Modular memory extensions

Automatic power-fail re-start

Incorporated Teletype port

Buffered powering

Optional operator’s console

Software support, including:

test routines

higher language overlays

cross assembler for use with a PDP 11
real-time operating system

and many more to come

and BORER
did it

— lower system costs

— front-end pre-processing
simplifies systems and improves
organisation

— more reliability especially
in serial systems

— less redundancy

— more flexibility

4500 SOLOTHURN 2, SWITZERLAND
tel: 065/311131 tefex: 34228



s double first.

s E 0 5 o ) ; Personal detector with an adjustablealarm level. Audible
k: . warning with three levels.

Measures the absorbed dose in soft tissues at a depth of

300 mg/cm?, due to photons of 50 keV or above and electrons

oLn. 1 BALISE 224
Measures the absorbed dose in soft tissues i
s E u 6 at a depth of 300 mg/cm?, due to photons of
10keVorabove and electrons of any energy. A wall-mounted or portable instrument for monitoring
the level of radioactivity. Visible or audible warning.
S E 0 7 7 mg/jem? (skin dose). Remote control for outdoor operation,

Good internal insulation, daily leakage less than 0.5%. Manu-
factured in accordance with French standards — DIN or
British standards on request. CEA-1CA system.

34, AV.ARISTIDE BRIAND - BP 11-94110 ARCUEIL - FRANCE - TEL: 7351610 -+
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Thyratron CX1171B.

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

directions without affecting the
hold off voltage.

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

Can we discuss our 1deas and
your problems with you? Please
contact our hydrogen thyratron
engineers at Chelmsford.

EEVand M-OV know how

98 dvl

THE M-C VALVE CO LTD, Hammersmith, London, England W6 7PE Tel: 01-603 3431. Telex: 234356. Grams: Thermionic London SEC E

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

vour rdeal partner for cables

837

FELTEN & GU

LLEAUME

You certainly know Felten +
Guilleaume as suppliers of high
performance cables, but please do
not hesitate to contact them for
any of your cable probiems, such
as —power cables
—cables for data transmission
-audio and video cables

SWISS
REPRESENTATIVE:

ROSCHI TELECOMMUNICATION AG BERN

3000 Bern 31, Postfach 63 Telefon 031 442711

You see us at our stand 24.411 INELTEC 75 Basle
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New Superconducting Magnet System Demonstrates
1GC Full Systems Capability.

A significant magnet system for nuclear fusion studies
has been produced by Intermagnetics General Corpora-
tion {IGC) under contract to Fusion Energy Corporation.
All system elements and components —the supercon-
ducting material, the magnet coils, the crycstat and
the electronic controls — were designed and manu-
factured completely in-house by IGC. The system con-
tract was taken on a fixed price, guaranteed perfor-
mance basis, manufactured to full specifications and
delivered within the specified seven month delivery
time. It will be used to study self-colliding deuterium
beams, in accordance with the Migma Approach to
Controlled Fusion.*

The coils are manufactured from multifilamentary Nb-Ti
superconductor produced by IGC. At full operating field,
the maximum field-on-windings of each coil is in excess
of 60 kileGauss, and the average current density in the
winding space is approximately 11,000 A/cem?Z To
achieve this rather high current density without evi-
dence of magnetic instability or "training,” the coils
were epoxy encapsulated under vacuum using impreg-
nation techniques refined at Intermagnetics General
Corporation.

At its full operating field, the stored energy of the
system is approximately 500 kiloJoules, and the com-
pressive forces between the two magnet halves, tending
to implode the system Jis approximately 50,000 kilo-
grams. This large compressive force is transmitted
directly from the superconducting coils to the four
room-temperature pins separating the two halves of the
magnet system. By utilizing both the cold vapor of the
boiling helium as well as liquid nitrogen to cool the
mechanical support structure, the total helium boiloff
per dewar /s less than fwo liters per hour at full oper-
ating fieid.

* B, Maglich, Nucl, Instr. Methods 717, 213 {1973); B. Maglich et al.
Nuel, Instr. Methods 720, 309 (1974).

With the combined use of Nb-Ti and Nb;Sn supercon-
ductors, the design techniques employed by IGC in this
system should tend themselves to the construction of
still larger and higher field split magnet systems, per-
haps generating fields in the range of 100 kiloGauss
and higher.

IGC CONDUCTOR SPECIFICATIONS

IGC Multi-
filamentary Nb-Ti
Copper-to-Superconductor Ratio 3.4:1

Type

Critical Current at 6 Tesla 315 Amps
Conductor Diameter 1.05 mm
No. of Nb-Ti Filaments 108
Conductor Length — Total 22,000 meters
Twist Pitch 0.4/cm
MAGNET SPECIFICATIONS

Type Split Pair
Central Field 40 kG
Winding Midplane Separation 152 mm
Room Temperature Midplane

Separation 50 mm
Design Current 120 Amps
Current Density 11,000 A/cm?
Stored Energy 500 kJ

Whatever your requirements in superconducting or
cryomagnetic systems, think first of the leaders in the
field and write or call Paul Swartz, Vice President of
Marketing and Sales, Charles Park, Guildertand, New
IO{I’( 12084, Telephone: (518) 4566-5456, TWX No. (710)
41-8238.

INTERMAGNETIBS =11

CORPORATION

New Karner Road Guilderland, New York 12084



A new success for the SUHNER crimp technique:

SUHNER subminiature coaxial connectors

with crimped inner contacts

Crimp cable entry
Inner contact crimped
Quter contact crimped

o
]
X

Cable preparation
24%

contact
crimping 10%
[ngartig
connector
crimping 6%

Inner
Cutercontact

Conventional cable entry
Quter contact clamped

Normal cable entry
Inner contact soldered

Assembly of
pressure:
sleave 18%

Cable preparation
27%

Inner cantact saldering 36

Completion of
assembly 19

oldering an inner contact of a

subminiature connector requires

highly skilled assembly person-
nel. It is time consuming and usually
involves a high rejection rate.

Thanks to the accuracy of the
SUHNER crimping tools inner con-
tacts of 0.95 mm dia. can now be
reliably crimped to cable inner con-
ductors as small as 0.27 mm dia. A
SUHNER fully crimped connector
consists of onty 3 parts. Anybody can
now assemble subminiature con-
nectors quickly and reliably.

The contactcharacteristics and all the
other electrical and mechanical para-
meters are comparable in evety re-
spect to other assembly methods.

SMC screw-on
i e s St T

SMB snap)-on”

SMS slide-on

SUHNER subminiature fully crimped
connectorsare availablein 3versions:
SMB (snap-on), SMC (screw-on} and
SMS (slide-on). Do you wish to save
time and money? If so, please ask for
our new catalogue on SUHNER sub-
miniature coaxial connectors.

You ¢an now
assemble an SMB, SM€ or
SMS in half the time!

HUBER+SUHNER Ltd
Cables, Rubber Products, Plastics
CH-9100 Herisau /Switzerland
Tel. 071/531515 Telex 77 426

243



CANBERRA ELEKTRONIK

' DC coupled
81 80 Constant Fraction
The intelligent DISCRIMINATOR

Muitichannel Analyzer
with built-in 1 326 D
Microprocessor

s, EISCAIMINATOR 13760,
G 3|

MULTICHANNEL BANALYZER aren
[ Py

it
CANGERRA  ELENTASNIX |
CANBERRA

CANBERRA STOLZ AG The high countrate Constant Fraction with high

ELEKTRONIK CH-8967 Widen- POSITRONIKA bv sensitivity and large dynamic range.
D=6 Frankfurt/M. 70  Mutschellen NL-Eindhoven 4500

GeleitsstraBe 10 Bellikoner StraBe 218 Pisanostraat 34 Designed and manufacturedin Munich
2 0611/624074 e 057/54655 2 040/44 0885 !
Telex 416 037 Telex 054070 Telex 0 51744 Germany.




Sma”est Particles are The disc centrifuge MK Il is a sub-micron

particle size analyser operating in the

a Small Thing for the range of 0.01 micron to 15 microns.

It separates the sample at pre-selected

Disc Centr ifi uge MK III. sizes and gives exact data to produce

absolute particle size against weight
distribution curves. The photosedimento-
meter enables rapid comparative size
distribution curves by continuously
monitoring the progress of particles.

Range of particle size: 0.01 p to 15 .

High accuracy.

Rapid analysis by photosedimentometer.

Stable sedimentation.

Joyce-Loebl Buffered-Line-Start-Technique :
Stable hydrodynamic system, no streaming.
Automatic process, simple operation.

Absolute speed accuracy, better than = 0.005 %
of pre-selected nominal value.

Send for our Application Reports.

TECHNICAL OPERATIONS LTD

West Germany and Switzerland :
D-7417 Piullingen, Rémerstr. 90
Phene (07121) 73021

Telex 0729651

France:

83-85, av. Georges-Clémenceau
F-82000 Nantetre

Phone 2041457, Telex 91241

Etablissements GYROLOK

BOURGEOIS

S.A. capital 1 200 000 F. Flareless
34, rue de Liége . . u
75008 PARIS Tube Fittings

Télex 28 363 Cétaver Paris
AVAILABLE

@ in brass, 316 SS,

Rubans, tresses, cordonnets, tubes, articles indus- steel, monel and
triels spéciaux pour : aluminium

- emplois diélectriques ® in sizes from

- frettages, enrubannages, etc... 1/16" to 1" OD /

3 mmto 12 mm

T . héti . ® for high vacuum
Spécialisés en matiéres synthétiques : pressure — temparature —

- fil de verre {silionne et verranne) cryogenics

- fil polyamide
- silice MATKEMI AG
- Kevlar 4106 Therwil
Erlenstrasse 27
etc...
K I Telex 62 440
QUESTIONNEZ-NOUS
\ Distributor for Switzerland /

- fil polyester rétractable ou non
- fils thermostables {(Nomex, Kermel)
Tel061/734822
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cosynus ¥

camac computerized
system

for nuclear spectrometry

® Highly efficient system for vy spectrometry

CAMAC

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

MONITORING

e Sophisticated software PREX v 10 : automatic peak research,
qualitative and quantitative analysis.

COMPUTER

CASSETTE UNIT

e 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) 6565.22.11 Telex : SAIPEX 25075 F

Schiumberger
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STR/NEOR

groupe Forges de Strasbourg

équipement de bureaux

MEUBLES
ET RAYONNAGES

Strafor SA
3006 Berne, Thunstrasse 73
Téléphone 031 44 73 01

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

Ce qui est bon pour'homme
est excellent pourl'entreprise.

FISCHER electric CONNECTORS,

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

with self-locking.

Plug for cable: to be soldered
type S 101 A0C4

Plug for cable: to be erimped

type S 101 AQO4-1
Socket type D 101 AQQ4
Cap for D 101 ADQ4 type
Socket with cable-clamp

type DK 101 A004 |

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

101.00.316 ¥

W

e (021) 773711

Telex 24 258 fisch ch

10/80

You €00 should make use of our
Know-How in the field of
Light Structures Technology!

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

Contact: Contraves AG, Schaffhauserstr. 580, CH-8052 Ziirich
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Besuchen Sie uns an der INELTEC, Basel — Halle 24 /Stand 326
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When Wilhelm Eduard Weber developed the
laws of forces between charges he was making
history. The German physicist worked with Karl
Gauss in a study of terrestrial magnetism and in
the invention of an electromagnetic telegraph. He
originated the absolute sysitem of electrical units,
based on Gauss’s system. And the fundamental
unit of magnetic flux is named Weber after him.

Today, Wilhelm Weber’s work is being utilized
in a variety of sophisticated applications.

And the future he envisioned continues.

Wi DL T
e history with us.

Magnetic Corporation of America is working
on tomorrow today; providing the resources and
spurring the imagination of talented professionals
a lot like Weber in their enthusiasm.

As a world leader in the field of electromag-
netic technology and superconductivity, we're
prepared to add our capabilities to the evolu-
tionary — maybe revolutionary — applications
you have in mind.

For information on the finest superconducting
materials and magnet systems, send your inquiry
to Dept P-1.

%Magnetic Corporation Of America 179 Bear Hill Road, Waltham, Massachusetts 02154

Worldwide Suppliers of Superconducting Material and Magnetic Systems.

{617) 890-4242 TWX 710-324-0752

Circle No. 72 on Reader Service Card



E. LOTTI S.A.

Réactifs MERCK
Produits chimiques _ _
Produits pharmaceutiques 7 ]

¥ Circuits imprimés

Traitement des eaux

Produits pour piscines .' @ .@rel @

| Av. de Provence 20 - 1007 Lausanne/Suisse
Tel. (021) 256666 - 65 Telex 25640 “ |
PLUS DE o AN I .
5000 PRODUITS Eiiliﬁﬂ!@!lmﬁ!fﬁm !ﬂ!!ﬁlimmii |
EN STOCK

8. RUE BAYLON, 1227 CAROUGE

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

ZURRER

Moteurs avec réducteur de vitesse
Puissances jusqu'a 2 CV
Haute précision

Silencieux

Livraison dans de brefs délais
Demandez notre documen-
tation détaillée sur

4 I'ensemble de notre pro-

| gramme de fabrication.

S

LURRER

Th. Ziirrer+ Cie.

Birmensdorferstrasse 470, 8055 Ziirich (Suisse)
Téléphone (D1) 35 25 55, Télex 54 506
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LEMO -
univerrally recognized
to be the finest connectors
in the world,
guaranteeing
the strongest connections!

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

y

LEMD SAH

Electrotechnigue :
Tel. (021} 711341 Telex 24 883 1110 Morges (Switzerland)




BANCO POUR

- GENERAL AUTOMATION

Le hasard n’a jamais €t¢ permis ¢ un matériel puissant, un logiciel
dans les systémes informatiques efficace, une spécialisation
‘bancaires, qui ont toujours été poussée en téléinformatique.
une affaire de professionnels,
donc particuliecrement

or e une capacit¢ certaine
sérieuse.

d’extension des systémes face
aux besoins croissants

C’est pourquoi les spécialistes des banques.

en communication

de SW.LF.T.*

ontpasse au peigne finles

30 meilleurs constructeurs

en mini-informatique

(et certains

en maxi-informatique)

avant de retenir

les fournisseurs pour leur
réseau bancaire international.

e une puissance de calcul a
méme de traiter les codes
complexes qui protégent
I'argent des banquiers.

e une fiabilité totale, celle que
notre expérience industrielle
nous a donnée.

- S.W.LF.T. est un groupe de
Compte-tenu des milliards specialistes qui fait autorité.

de francs mis

en jeu joumel}empnt, _ Ce n’est donc nullement par
S.V_V.I.F.T. exigeait des garanties hasard si SSW LF.T. a retenu
solides : GENERAL AUTOMATION.
F IS BN B B D DY BT T BN IDE DD B TEE DD I D D I AR AN AN I EEE S 1
I Je suis intéressé par une information détaillée sur vos systemes de : O téléinformatique l
0] automatisme industriel
i Nom [ contrdle de processus |
I o ' - [ saisie de donnés
L1 gestion I
| Adresse : [1 autres I
| Envoyer a : Suisse: 8260 Stein am Rhein, Wagenhauser Stralle 492 I
Allemagne: 51 Aachen-Verlautenheide, Heider-Hof-Weg 23
| France: 24, rue du Sergent Bauchat — 75012 Paris 1

h-—n——————————————--———--J
* Society for Worldwide Interbank Financial Telecommunication S.W LET. & SW.LF.T. Inierface Device sont des marqgues déposées.
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NOW! Wire chamber

LRS multiwire proportional chamber and drift chamber readout systems offer
a simple, complete approach to chamber electronics that eliminates your
worrying about sensitivity, noise, power supplies, cabling, inter-

facing, and testing. The 128-channel Proportional
Chamber Encoder and the 96-channel Drift
Chamber Time Digitizer are compact, easy

to understand, install, and program.
Their high, performance assures fast, accurate,
and reliable data in a wide variety of chamber
applications. Utilizing high density hybrid circuits,
the per-channel cost is low in comparison with other
completely assembled, tested, powered, packaged,
and cabled systems. Since they are modular, the
LRS chamber systems are flexible, expandable, and
simple to service. Electronics pools can stock them,
repair shops can fix them . . . even when you’re
away from your own lab.

The LRS/LD604 Amplifier Discriminator is

fast, compact, and has an input sensitivity de-
signed to operate with virtually any combination of
chamber size, rate, and gas mixture, And, differential
inputs and outputs help eliminate that TV station as
a source of experimental data. Without buffering,

it can drive several hundred feet of low cost

flat ribbon or twisted pair cable.

For further information on all our wire
chamber systems, simply call or write
the LRS Particle Physics Division,
West Nyack, N.Y. or your local
LRS Sales Office or Subsidiary.

3; West Nyack, N.Y. (U.S.A.); (914) 358-7900; TWX: 710-575-2629. LeCROY RESEARCH
Geneva, Switzerland; (022) 34 39 23 - LeCROY RESEARCH SYSTEMS LTD; 74 High

677) 3540 - CANBERRA ELEKTRONIK GMBH; 6000 Frankfurt/Main 70; Geleitstrasse 10,

RING LTD.; 312 Dolomite Drive; Downsview, Ontario, Canada; (416) 661-9722

OFFICES THROUGHOUT THE WORLD



readout in CAMAC!

For Drift Chambers

Model 2770 TIME DIGITIZER

* Accepls outputs from LRS LD 604 hybrid discriminators (or any
ﬁrher MIECL differential output discriminator) via low-cost
at cab
4% 96 channels in #3 CAMAC module provide high density and direct
computer compatibility.
Standard CAMAC packaging means standard crate, standard power
supply distribution.
Each wire provided with one-complete channel which digitizes the
time between the common event trigger and wite pulse.
One 16-bit output word per “hit” wire (8 bits of time data, 7 bits
of address, 1 bit for event separation fiag).
Full-scale time intervals of 0.5 usec and 1.0 usec permit use with
various wire spacing.
8-bit resolution gives up to 0.1 mm spatial resclution.
Continuously updatable — a new “'start’’ interval begins each time -
a wire pulse is received, until a "'stop” (delayed event trigger)
defines the event,
Differential inputs mean compatibility with long transmission lines,
Built-in, 40-deep, first-in/first-out (FIFO) memory accumulates
wire address and corresponding time information for several hits,
several events.
% Built-in event separator provides end-of-event flag within FIFO
contents.
% Fast processing time in conjunction with FIFO memory helps
optimize data-taking rates.

% ok * % #

* %

Model LD604 DISCRIMINATOR for both Proportional and Drift Chambers

* Low threshold of -200 uV assures
operation with all chambers and gas
mixtures and causes triggering low enough
on input risetime to eliminate signal shape

as a source of time dispersion, chambers. * ﬁfgﬂﬁa;% h‘f;gé%?éﬁ ;Jack gﬁpérmﬂs 4
* Differential inputs help minimize noise and * Excellent threshold stability of < 2uV/°C spaces. .

allow optimum connections to chamber
wire and ground, even when some distance
from chamber.

LeCroy Research Systems
CORPORATION

Innovators in
Instrumentation

¥ Low time slewing permits optimum
spatial resolution for drift chambers and
very narrow coincidence gate and
lower accidental rate for proportional

assures refiable operation over typically
varying experimental conditions.

For Multiwire Prnpnrlmnalchamhe

Model 2720 MWPC ENCODER

¥ Accepts outputs from LRS hybrid MWPC discriminators {or any 5
other M'ECL differential output discriminator) via low-cost A
flat cable

+ 128 channels in #2 CAMAC moedule means that a standard cra
and power supply inexpensively and effortiessly solve the .
problems of power supply distribution and mounting. g

% Each channel acts as a receiver, delay, iatch, and event buﬂsr for
signals from one MWPC wire.

+# Output consists of 2 fully encoded wire addresses raad out a's
16-bit word. £ -

* Full CAMAC compatibility provides an easy solution to ee?ﬂ'put&r
interfacing.

% Two optional hybrid circuit front ends permit inclusion oramism
of monostable delay. e

+ Differential inputs eliminate crosstalk and commcn dc oﬁsa&s? then
receiving signals from long transmission cables.

¥ Built-in, 40-deep, first-in/first-out {(FIFO) memory accumulates
wire addresses from several hits, several events, ; ®

% Fast output provisions, permit usage of MWPC's in mgger dectskms.

¥ Fast processing time and FIFO memory, in addition o ﬁmwsroj;
for DMA transfers, perrmt high data-taking rates. ; e

¥ Fast transfer inhibit permits latching wire signals without sm
then either clearing or encoding on the basis of your"f;si fﬂﬁm =
before transfer to the memory.

* Differential ECL-compatible ou?iuts pa[mi
operation with twisted p&frm‘a 2
transmission lines. A




Disponibles avec
brides aux
dimensions ISO

Les pompes
NRC/Varian vous
offrent le litre/sec
le moins cher pour
~sa qualite.

Pour plus de détails sur notre large
gamme de pompes a diffusion et
d'accessoires, entrez en contact
avec:

Varian AG
Steinhauserstrasse
6300 Zug

Varian S.p.A.
Via Fratelli Varian

>~ j| 1-10040 Leini (Torino)

@

varian



