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Fermilab Accelerator Conference

Roy Billinge of CERN giving the opening
talk at the Conference to celebrate the
remarkable achievements in accelerator
physics at CERN which have made colliding
high energy proton-antiproton beams
possible.

The 12th International Conference
on High Energy Accelerators was
held at Fermilab from 11-16 August.
There was celebration of the great
recent achievements in accelerator
physics (the bringing into operation
of the superconducting ring at Fermi-
lab and the spectacular performance
of the antiproton project at CERN),
there was delight and relief that, at
last, the technology of superconduc-
tivity in both magnets and r.f. sys-
tems is mastered, and there was ex-
citement at the birth of a great new
project for a 20 TeV machine in the
USA.

The achievements

With a fine sense of timing, on 15
August during the Conference, work
on the Tevatron took the peak ener-
gy of the machine to 700 GeV. It was
a courageous decision at Fermilab a

CERN Courier, October 1983

year ago to hold an ‘end of 400 GeV
era’ party and to put all their machine
eggs into the superconducting bas-
ket. That courage has paid off and
Helen Edwards was able to report
that, after ten years of development,
superconducting accelerators are
mastered. It is an impressive feat to
have almost a thousand supercon-
ducting magnets in operation togeth-
er with their extensive ‘plumber’s
nightmare’ of a cryogenic system.

Crucial steps along the way have
been the development of appro-
priate cable (usually referred to as
Rutherford/Fermilab cable) ; analysis
and implementation of the quench
protection and recovery system; the
mastery of the huge cryogenics sys-
tem ; the introduction of ‘smart bolts’
to solve the problem of field tilting
due to coil movement ; and the instal-
lation of a comprehensive beam
monitoring system and field correc-
tion system allowing refined ma-
chine control at all energies. In addi-
tion, as is common with all big pro-
jects, there has been the task of
organizing magnet production, test-
ing and installation on a large
scale.

The work of the coming months
will be concerned with improving re-
liability of all the systems (about
50 % overall operational availability
was achieved in July), pushing to
higher peak energy and, particularly,
improving beam intensity. Paradoxi-
cally the intensity limitation when
700 GeV was achieved came from
the conventional ring which has not
had much nursing while attention has
been focused on the superconduct-
ing ring. More will need to be done on
the refrigeration system — the heat
load is higher than anticipated and
the central helium liquefier has to be
keptin action as well as the 24 satel-
lite refrigerators when the accelera-
tor is operated.

Resonant extraction was achieved

for the first time on 7 August. An
enormous amount of work is under
way to prepare the experimental
areas for higher energy beams (as
was reported in our September is-
sue) and experiments are scheduled
to restart in the Meson Area in Octo-
ber. Components of the Collider
Detector Facility are also coming to-
gether and colliding proton-antipro-
ton beams at 1000 GeV no longer
seem a dream.

Roy Billinge gave the talk on the
antiproton successes at CERN which
we have reported regularly in our
pages. The exceptionally reliable
operation of all elements of the com-
plex system paved the way to the W
and Z discoveries. The Antiproton
Accumulator {AA) has been in action
for over 5000 hours in a year and has
provided particles in runs as long as
33 days without losing a single
stack. Antiproton accumulation
rates have reached 8 x 10° per hour
and up to 1.2 x10'! are collected on
a good day. About a third of these
make it to the SPS for collider phy-
sics at 270 GeV giving luminosities
up to 1.6 x 102°, about a sixth of the

-design aim.

To yield more physics there is a
proposal to increase the collider en-
ergy to 310 GeV, which will increase
the W and Z production cross-sec-
tions, and maybe to install some sto-
chastic cooling in the SPS. It is hoped
to improve the antiproton collection
rate at the AA and tests with pulsed
targets and a lithium lens (on loan
from Fermilab) should start soon.
The efficiency of antiproton transfer
between the machines will also have
attention, for example by attempting
to know and control better the mag-
netic fields in the extraction region of
the PS. More ambitiously, an addi-
tional ring (the Antiproton Collector,
AC) is being designed to achieve pre-
cooling before injection into the AA
(as in the Fermilab collider scheme).

299



On 13 September,
-President Mitterrand of
France and President
Aubert of Switzerland
came to CERN -for the
official LEP groundbreaking
ceremony. A full report will
feature in our next issue.

CERN clearly has a head start to
cream off good physics in this new
energy region.

Projects under way or planned

Herwig Schopper reported the
start of civil engineering work for the
LEP project at CERN and the physics
interestis obvious from the fact that,
even in Phase | of operation with
electrons and positrons colliding at
up to 60 GeV per beam, the experi-
ments could see 10000 Z bosons
per day. The higher energy develop-
ments (LEP is optimized for
100 GeV) depend up on mastery of
superconducting r.f. cavities and it
was very encouraging to hear H. Piel
and H. Lengeler reporting progress.
Their essential new message is that
though there are still some problems
their sources are all understood.
Cavity behaviour no longer defies in-
terpretation and it has been demon-
strated that superconducting cavi-
ties can be operated in storage ring
conditions causing no more head-
aches than standard copper cavi-
ties.

Some major contributions to this
achievement have been — the selec-
tion of spherical or elliptical cavity
shapes to relieve the multipactoring
problem; powerful programs to
compute higher order modes; and
temperature mapping of cavities to
reveal trouble spots which can then
be fairly easily treated. There are
now convincing superconducting
cavity results from Argonne, CERN,
Cornell, DESY, KEK and Wuppertal.

Herwig Schopper concluded his
LEP talk with some indications of lat-
er possibilities using the LEP tunnel
for protons, referring to a CERN re-
port by Steve Myers and Wolfgang
Schnell. The simplest and fastest
scheme could use niobium-titanium
superconducting magnets to give
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5 TeV proton-antiproton collisions
(the injectors are, of course, already
in action). The most ambitious (and
lengthier) variant could have nio-
bium-tin magnets and two proton
rings giving high luminosity at ener-
gies approaching 10 TeV. Electron-
proton collisions of 100 GeV on 5 to
10 TeV are an obvious additional at-
traction given the existence of LEP.

Project approval has now been
given for the Stanford Linear Collider
with $ 32 million allocated for the
first year; total cost is estimated at
$ 112 million. Construction time
could be as low as three years given
an appropriate rate of funding so
that, as Burt Richter said, the SLC
could start flooding the world with W
and Z physics by the end of 1986.
Two experiments have been ap-
proved — a major refit of the Mark Il
and a new detector. It is also recog-
nized that the project is an adventure
in accelerator physics which could
have difficulties mastering techno-
logical problems but may pave the
way to the only ‘fiscally feasible’
method of colliding electron-posi-
tron beams at energies beyond
LEP.

The SLC is ‘a pair of beam transfer
systems’ following the terrain in two
large arcs at the end of the linear
accelerator. They will receive elec-
trons and positrons at 50 GeV per
beam specially formed into intense
short bunches. The linac is presently
capable of 34 GeV and the upgrade
is continuing in conjuction with klys-
tron development to achieve 50 MW
tubes of high efficieney. Two damp-
ing rings, to reduce bunch emittance
prior to acceleration in the linac, are
built and under test. By the end of
this year it is hoped to have intense
electron bunches one third of the
way down the linac for positron pro-
duction.

The HERA project at DESY for col-
liding 820 GeV protons with 30 GeV

Helen Edwards reporting on the success
of the Energy Doubler project at Fermilab
where a superconducting magnet ring was
brought into operation for the first time.

electrons was reported by Gus Voss.
It is hoped to have authorization for
construction by the end of this year
and to start work on the tunnel at the
beginning of 1984. The HERA team
are amongst the most relieved at the
success at Fermilab since they will
use superconducting magnets in
their proton ring. Two types are un-
der study, one similar to Fermilab
(1 m prototypes have all performed
well with fields over 56 T) and one
similar to Brookhaven (a first magnet
has been ordered from industry to be
ready in November). It is intended to
build and test a dozen of each type so
as to choose at the end of 1984.
Other preparations, such as the
building of a new 9 GeV electron
synchrotron (called DESY |Il), are
planned.

K.P. Myznikov covered construc-
tion of the 3 TeV UNK project at Ser-
pukhov. The present 70 GeV proton
ring is being upgraded to take the
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Scope trace from the Fermilab control room
on 15 August when protons were taken

to a new world record energy of 700 GeV
in the Energy Doubler superconducting ring.

intensity to 5 x 103, Superconduct-
ing magnets are being developed in
collaboration with Saclay and 5T
prototypes have performed well. A
magnet factory has been set up. Civil
engineering has started with the
sinking of two 25 m access shafts
and tunnelling of the ring will begin
soon. Itis hoped to have the conven-
tional 400 GeV ring in action by
1988 and the 3 TeV superconduct-
ing ring two years later.

Phase | of the TRISTAN project for
30 GeV electron-positron colliding
beams was approved in 1981 and
T. Nishikawa reported that construc-
tion is on schedule for completion
early in 1986. The 6 GeV accumula-
tion ring is complete and the main
emphasis is now on main ring (3 km
circumference) magnet production.
Superconducting r.f. cavity proto-
types are being tested to enable
peak energy to be moved beyond
30 GeV. Two experiments (VENUS
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and TOPAZ) have been approved
and two others are under dis-
cussion.

Our colleagues in China have had
to step back, for fiscal reasons, from
their initial ambitious 50 GeV proton
synchrotron project and are now
concentrating on a 3 GeV electron-
positron ring (BEPC - Beijing Electron
Positron Collider) optimized for J/psi
physics. It is being built at the Insti-
tute of High Energy Physics and is
scheduled for completion in 1987.

Since we have moved to lower
energy ranges it is worth adding a
few words on USA plans for nuclear
physics facilities. The Nuclear Phy-
sics Advisory Committee has given
first priority to an electron machine.
The front runner for such a machine
is now NEAL — National Electron
Accelerator Laboratory — proposed
for a site in Virginia by the Southern
Universities Research Association
and described by B. Norum. It is a

4.2 GeV (2.1 GeV recirculated) elec-
tron linac with a pulse stretcher ring,
estimated to cost $ 115 million over
five years. The next priority is for a
heavy ion machine and Mark Barton
covered preliminary ideas to use the
CBA tunnel at Brookhaven with a
missing magnet lattice using CBA
superconducting magnets to yield
relativistic heavy ions to study
quark-gluon plasmas. There are the
advantages at Brookhaven of a good
tandem injector (which would need
to be followed by a booster cyclo-
tron) and of the completed CBA tun-
nel. Even without the booster, accel-
eration of ions up to sulphur should
be possible. These two priorities
somewhat take the emphasis off the
LAMPF Il project {see October 1982
issue, page 324), described by
H. Thiessen. ‘Kaon factory’ ideas
may now concentrate at the TRIUMF
Laboratory.

The Future

Thoughts on the accelerators of
the next century came from Burt
Richter, Bob Jameson, A. Skrinsky
(for linear machines), Andy Sessler
{new acceleration concepts) and Bob
Wilson (hadron colliders). We wiill
concentrate on the last two.

New acceleration concepts were
covered in some detail in our report
of the Oxford Conference (see De-
cember issue, 1982) but it was good
to learn that many of the ideas which
were little more than ideas a year ago
are now beginning to get modest
theoretical and experimental atten-
tion. An experiment on the wake-
field concept (Gus Voss/Tom
Weiland) is being prepared at DESY.
The two beam ideas of Andy Sess-
ler/Don Prosnitz are being pursued at
Berkeley ; experiments on a free elec-
tron laser are being prepared. The
inverse free electron laser is under
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One of the many visions of the SCC
(Superconducting Super Collider, or
‘Desertron’). In the one-metre-diameter
tunnel, the two magnet rings are
symmetrically placed below, and above
{with the smiling face} is a robot able to
tour the ring for remote manipulations.

theoretical investigation at Brook-
haven (Claudio Pellegrini). The plas-
ma beat-wave concept (most fasci-
nating of all because of its dramati-
cally high accelerating field gra-
dients) is receiving attention, for ex-
ample, at UCLA, Los Alamos, NRC
Ottawa and the Rutherford Laborato-
ry. Proposals for modest significant
experiments are beginning to
emerge (for example from R. Ruth at
CERN).

It was entirely appropriate that
Bob Wilson spoke on very large ha-
dron colliders for it was his initiative
that stirred the ferment which has led
to the 20 TeV machine ideas in the
USA (now usually referred to as the
SSC — Superconducting Super
Collider — or Desertron, in recogni-
tion of the vast area which will be
necessary for its construction). Fol-
lowing the recommendations of the
Woods Hole subpanel of the High
Energy Physics Advisory Panel,
HEPAP, the SSC becomes number
one priority in the USA programme.
Bill Wallenmayer announced that the
Department of Energy has asked
HEPAP to form a subpanel to advise
on the content of the research and
development programme for the
new project. This subpanel has been
set up under the Chairmanship of Pief
Panofsky and held its first meeting
7-9 September.

The Fermilab auditorium was
packed for the technical discussions
on the SSC during the Conference,
chaired by Boyce McDaniel with in-

Our report would not be com-
plete without mention of the
excellent organization, under
Russ Huson, of the Confer-
ence and of the social pro-
gramme, where events were
selected with very good taste
and superbly arranged.

)
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troductory remarks by Maury Tigner,
who both had leading roles in the
20 TeV Hadron Collider Workshop
held in Cornell 28 March-2 April. The
base considerations are that both
collider technology and supercon-
ducting technology are now mature
enough to launch a 20 TeV proposal.
The research and development
phase has to emerge with a project
which is not only technically feasible
{a task which could be confronted
immediately} but which optimizes
machine design to give the cheapest
version capable of producing the re-
quired physics.

The choice of magnet will be,
perhaps, the major design decision.
Preliminary ideas were presented by
Gordon Danby, Russ Huson, Dick
Lundy, Bob Palmer and Clive Taylor.
There was also a session on mag-
nets at Argonne following the Con-
ference. The balance seems to lie
between high field (for example with
an 8T niobium-tin magnet) and
‘small’ radius (say 12 km) compared
to low field (2.5 T superferric mag-
net) and large radius (say 37 km),
with many intermediate options.
Magnet development time, operat-
ing costs and civil engineering costs
should all enter into the equation.

Development time could be im-
portant because there is some un-
ease about the health of the USA
high energy physics community after
a long period without new machines

to open new areas of physics; the
SSC is likely, even optimistically, to
be ten years away. Operating cost
obviously dictates the budget of the
Laboratory over the full working life
of the machine. Civil engineering
costs go up with low field and down
with high field and it was suggested
that magnet plus civil engineering
costs are a constant. If that were true
there would be a tendency towards
the largest possible ring which would
allow easy upgrade in subsequent
decades. However the suggestion of
constant cost has not been clearly
demonstrated and, also, tripling the
rest of the machine components
such as cryogenic plumbing, vacuum
system, quench protection systems,
cabling etc. in selecting the largest
ring is not negligible. A fascinating,
high speed study is in front of our
American colleagues.

Bob Wilson’s talk was more phi-
losophical than technical and he
drew on experience in the building of
the Fermilab machine to give some
pointers for proceeding on the SSC.
He maintained that the existence of
the Berkeley design for a 200 GeV
machine greatly speeded the Fermi-
lab project since it was a constant
reference source. The message is to
evolve an SSC design rapidly and
polish it later. The site selection,
which finally settled on Batavia, was
a tough process, and the SSC site
selection should be confronted early
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— it also obviously influences the
final design. (Every State with a
handy desert is obviously in the run-
ning and, for exampie, Texas —
based on A and M University — are
already oiling the selection mechan-
ism. Alternatively there are obvious
advantages in expanding an existing
Laboratory, such as Fermilab where
general infrastructure and a 1 TeV
injector already exist.) The cost re-
ductions in the Fermilab design were
a positive influence on Washington
and Bob Wilson called for an early
indication from Congress as to what
would be an acceptable ‘ball-park’
for the machine cost. This also
would have a dominant influence on
machine design choices.

So work to launch the Desertron is
under way. It is designed to pene-
trate the physics desert that some
theoreticians predict but no exper-
imentalist believes. A collision ener-
gy of 40 TeV will surely find some
oases and maybe even enter Higgs-
ville. The Conference had this antici-
pation in the air and for accelerator
physics, as well as for high energy
physics, 1983 must rank amongst
the greatest.

(Report by Brian Southworth.)

Delegates at the Brighton Conference
cooperatively posed outside for the camera.

(Photo Rutherford Appleton Laboratory)
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Brighton Conference

(Further report)

Two years ago, at the 1981 Inter-
national Conference on High Energy
Physics in Lisbon, Carlo Rubbia had
arrived with startling news — the
first high energy proton-antiproton
collisions had been observed in the
CERN SPS collider. This year, at the
International Europhysics Confer-
ence in Brighton (UK), he was able to
recount how experiments at the
CERN collider had discovered the W
and Z° bosons which mediate the
weak force.

The spectacular progress made
during this relatively short time un-
derlines the imagination and fore-
sight of those who proposed the pro-
ject and pushed it through, and pays
tribute to the skill and ingenuity of the
machine specialists and physicists
who implemented it and brought it to
fruition.

Although the W and Z news was
not entirely fresh, Brighton was the
first major international particle

physics conference to hear a full re-
port from the UA1 and UA2 experi-
ments {see pages 306-7). Hidden in
a few hours of conventionally dry
scientific presentations was the cul-
mination of some twenty-five years
of painstaking theoretical and exper-
imental physics which changes our
picture of the world around us. The
electroweak unification will go down
as one of the major scientific achiev-
ements of the century. (The Novem-
ber issue of the CERN Courier will
review the development of the elec-
troweak theory and the history of the
CERN antiproton project.)

Without belittling the many other
important physics results an-

nounced, Brighton was very much a
showcase for the CERN collider, and
the arrangement of the sessions had
been carefully stage-managed. The
plenary talks were prefaced by re-
ports from the big UA1 and UA2
experiments on how they tracked
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down their W and Z events, and the
concluding experimental speaker
was Carlo Rubbia, who summarized
the physics findings so far at the
collider.

Major physics meetings these
days have a lot of ground to cover,
and the Brighton plenary talks fol-
lowed three days of busy parallel
sessions, where conflicts of interest
were inevitable. Speakers, as well as
participants, had to thread their way
between halls. Very helpful were the
teletext screens which displayed up-
to-the-minute status of the various
parallel sessions.

Jet physics

Looking back just one year, ‘jet’
physics had become respectable at
the 1982 Paris meeting with the first
results from the CERN collider on the
production of clusters of hadrons at
wide angles to the direction of the
incoming beams. New data from
wide angle calorimeters at the CERN
intersecting Storage Rings had also
played a valuable role in this resur-
gence of confidence.

Jets have now firmed up even
more, reported P.Séding in his
Brighton summary talk on quark and
gluon fragmentation. R. Sosnowski
in his summary of "hard’ hadron col-
lisions emphasized that the ob-
served jets come from the scattering
of components hidden deep inside
the colliding particles.

There was a lot of jet material pre-
sented at Brighton. In total, nearly a
day of parallel sessions were needed
to cover results from the ISR (M. Al-
brow), the CERN collider (K. Sumo-
rok from UA1 and J. Schacher from
UAZ2), the PETRA electron-positron
ring at DESY (various speakers}, the
PEP electron-positron ring at SLAC
{G. Hanson), and from lepton-hadron
interactions (G. Jancso).
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As well as the discoveries of the W and Z
particles, the jet results from the UA1 and
UA2 experiments at the CERN SPS collider
provided another Brighton highlight. This
‘lego plot’ shows two high transverse
energy jets as recorded in the UA2 detector,
together taking 250 GeV of transverse
energy from a 540 GeV proton-antiproton
collision.

-

-

There is now more evidence for
baryon production in jets. D. Pan-
doulas indicated that protons and
antiprotons prefer to emerge togeth-
erin the same jet, and there are signs
too of hyperon production.

Comparison of jet behaviour in
electron-positron and proton-anti-
proton collisions suggests some
kind of universal behaviour. ‘There
are striking similarities,” declared
H. Kowalski in his mini-rapporteur
talk. However closer inspection hints
at systematic differences between
jets coming from gluons and those
coming from quarks,.remarked S6d-
ing. Gluon jets could be fatter and
contain different particles, particular-
ly baryons.

The important role played by
gluons in the collider jets gives a han-
dle on the gluon structure function
{gluon content of nucleons), and the
results tie in with the measurements
of the WA neutrino experiment at

CERN, suitably scaled to take ac-
count of the difference in kinema-
tics.

While the CERN collider jet behav-
iour is dominated by events with two
more-or-less back-to-back clusters
of hadrons, there are signs of addi-
tional jets. The analysis is not yet
complete.

When they crash together, the
quarks and gluons hidden deep in-
side nucleons cannot emerge as free
particles. Instead, they ‘fragment’
into clusters of hadrons. Jet analysis
is closely bound up with questions
of quark/gluon fragmentation into
hadrons.

Experiments at PETRA (and PEP)
study jet production rates to obtain a
value for the underlying quark/gluon
coupling constant. The results are
very dependent on the way the frag-
mentation of the quarks and gluons
is handled. There is some evidence
that the 'string” model of fragmenta-

CERN Courier, October 1983



More jets from the CERN collider. Top,
particle tracks as reconstructed in the
central detector of the UA 1 experiment.
Bottom, adding hits in the outer calorimeters
and leaving out the lower energy tracks
leaves three clear sprays of particles
emerging from the proton-antiproton
collision.

tion might be good under certain
conditions, but there is certainly
room for a better description of the
fragmentation process.

Several detectors at PETRA and at
PEP have managed to infer what hap-
pens when different heavy quarks
are formed, giving heavy, highly un-
stable particles. There appears to be
a systematic difference between the
way charm and beauty quarks frag-
ment. This could be due to the differ-
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ence in the masses, the beauty quark
being much heavier.

Grand unification and proton decay

About ten years ago, Pati and
Salam and Georgi and Glashow
made the first tentative steps to-
wards ‘grand unification’ — theories
which try to merge the quark/gluon
force with the now very successful

electroweak unification. Since then,
these theories have been refined and
extended. At Brighton, S.Ferrara
described the grand unification work
currently under way.

A general prediction of these
grand unified theories is a slightly
unstable proton. The simplest pos-
sible grand unified theory predicts a
proton lifetime of about 1029%2
years, with pion plus electron as the
preferred decay mode. Although ex-
periments have been searching for
some time, the main effort, using
sophisticated large detectors, is now
getting under way. The experimental
situation was summarized at Brigh-
ton by E. Fiorini.

Proton decay had been spotlighted
in previous meetings by three events
recorded in the underground detec-
tor in the Kolar Gold Fields, India. Fio-
rini reported that this team has seen
no more candidate decays in further
exposures of its 140 ton detector.

The 150 ton tracking calorimeter
under Mont Blanc has one candidate
event which could be due to a proton
producing a muon and a kaon. This
corresponds to a proton lifetime
more than 103" years. The absence
of other decays gives limits on the
respective ‘partial’ lifetimes.

The other big proton decay search
to present results was the gigantic
Irvine / Michigan / Brookhaven (IMB)
detector, the first to use the Cheren-
kov technique in a tracking calori-
meter. Containing 7000 tons of
water, this is well suited to catch rare
decays.

L. Sulak presented the IMB data
analysed so far, preferring to take a
pessimistic view of neutrino back-
ground, which could account for the
recorded signals. Certainly the elec-
tron plus pion decay predicted by the
‘minimal” theory is not seen. Fiorini
gave limits on partial lifetimes for
decays producing kaons.

(Turn to page 308) p
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‘Heavy light

The UK daily press proclaimed that
the Brighton Conference was an-
nouncing the discovery of ‘heavy
light’. The discovery in fact had
been announced before, but it was
still a good way to describe the
elegant picture which now unifies
the weak and electromagnetic
forces. Just as the photon, the
ultimate quantum of light, is the
carrier of electromagnetism, so
the newly discovered W and Z
particles carry the weak force. But
while the photon is massless, the
W and Z particles are very heavy.
At about 80 and 90 times the
mass of the proton respectively,
they are the heaviest particles dis-
covered so far.

But for the specialists attending
the Conference, the momentous
discoveries of the big UA 1 and
UAZ2 experiments studying
540 GeV proton-antiproton colli-
sions in the CERN SPS ring were
already common knowledge. The
finding of the charged W, respon-
sible for the ‘charged current” of
the weak interaction seen in nu-
clear beta decay, had been an-
nounced back in January, using
data from the 1982 CERN collider
run.

The detection of the Z°, the car-
rier of the electrically neutral com-
ponent — the ‘neutral current’” —
of the weak force, had been for-
mally announced at CERN on
1 June, ten years after the phe-
nomenon of the neutral current
had been discovered in photo-
graphs taken in the Gargamelle
bubble chamber at CERN.

But the 1983 SPS proton-anti-
proton collider run did not termi-
nate at CERN until 3 July (see Sep-
tember issue, page 247), and phy-
sicists were eager to hear the la-
test results.

At Brighton, Karsten Eggert took
the plenary session platform first
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to describe how UA 1 tracked
down its Z particles. Of 153 in-
verse nanobarns of accumulated
proton-antiproton collisions sup-
plied by the SPS machine in the
latest three-month run, UA 1 had
intercepted 80 per cent, itself a
remarkable achievement in view
of the complexity of the detector.

To speed the hunt for the Zs,
four 168E microprocessors scan-
ned the on-line data and selected
a special sample kept on a dedi-
cated magnetic tape.

The Z is detected at UA1 by its
decay into lepton (electron or
muon) pairs. Applying successive
selection criteria to the electron
pair sample, 225 events boil down
to four Z candidates. These events
cluster around 95 GeV, with noth-
ing else in sight over an extremely
wide effective mass range. The
outer muon detector had two initial
examples of muon pairs corre-
sponding to Z production. The
momentum resolution for muons
is not as good as that of electrons,
so the Z mass is less reliable.

With four electron events being
seen compared with two muon
events, some Brighton delegates
brought up the question of elec-
tron-muon universality, but were
reassured because of the relative
inefficiency of the UA 1 detector
in snaring naturally elusive muons.

Jacques Colas then took over
to cover the UA1 W search. The
statistics now available represent
an eightfold improvement over the
evidence from the 1982 run, when
the first Ws were found. The W
signature is a high transverse ener-
gy lone electron produced back to
back with missing energy indicative
of a neutrino. 52 well-defined such
events have been seen in UAT,

‘The CERN collider has apparently fulfilled
its potential for “‘planned’’ discoveries’, said
Carlo Rubbia at the Brighton Conference.

Chairing the concluding sessions at the
Brighton Conference, Abdus Salam, one

of the authors of the electroweak theory,
paid tribute to the CERN antiproton project
which has now confirmed this imaginative
unification of the weak and electromagnetic
forces.
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The decay of a Z° particle into an

electron-positron pair (e1, e2), plus a photon

taking some 20 GeV of transverse energy,
as seen in the UA2 detector. The rate at
which Z°s are expected to produce lepton
pairs accompanied by such an energetic
photon is very small. However both UA1
and UAZ2 see signs of energetic photons

in the small samples of Z° decays collected

so far.

ﬁ>r-_~2

10 GeV

now 91.9 GeV.
In his concluding talk, Carlo Rub-
bia brought together the UA 1 and

‘UAZ2 findings and displayed the

impressive agreement with the
electroweak theory. The CERN
SPS collider has made all its ‘plan-
ned’ discoveries, he declared.
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and a slightly reduced sample for
rapid analysis gives a W mass of
80.9 GeV. UA1 also sees W ev-
ents producing single muons plus
missing energy.

In those cases where the ‘elec-
tron” has been identified as an
electron or a positron, the ob-
served behaviour is still the maxi-
mal left-right asymmetry seen in
low energy beta decay.

Gilles Sauvage was the UA2
spokesman. Like UA 1, this detec-
tor has also achieved commend-
able 80 per cent data-taking effi-
ciencies under difficult conditions.
Using the lone lepton plus missing
energy signature, 35 W events
have been accumulated, giving a
W mass of 81 GeV and good evi-
dence for complete left-right asym-
metry.

In the hunt for the Z, fate had
been unkind to UA2. What now
looks to be a Z candidate event
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was picked up back in the 1982
run, before the W particle had been
spotted! This event was in fact
reported at the Rome workshop
earlier this year, but at that time
the Z was still about 100 inverse
nanobarns away, and people were
reluctant to contemplate it. Z par-
ticles seemed to elude the UA2
detector almost until the end of
the 1983 run, when several came
with a rush, one coming in the last
hours! Applying all the desired
selection criteria, UA2 has four Z
events, three decaying into elec-
tron-positron pairs and one which
produces a pair and a photon.
Loosening the selection criteria
slightly, four more Z candidates
turn up, including the one dating
back to November 1982. Although
they failed the initial selection,
these additional candidates are
believed to be Zs. For the four
preferred events, the Z mass is

For photons, read

bosons

The other major particle phy-
sics meeting this summer
was the International Sympo-
sium on Lepton and Photon
Interactions, held at Cornell
University, Ithaca, New York,
from 4-9 August. The physics
content of the Brighton and
Cornell meetings were very
similar, the main difference
being that Brighton included
parallel sessions. Summing
up the Cornell symposium,
Chris Llewellyn-Smith warned
that although the W and Z
bosons had been discovered
and had their expected pro-
perties, particle physics was
far from being a closed book.
He warned people not to take
Lord Kelvin's famous ‘advice’
— 'there is nothing new to
be discovered in physics
now : all that remains is more
and more precise measure-
ment!” The standard elec-
troweak theory still does not
explain enough, declared
Llewellyn-Smith. There are
too many parameters for
comfort. However with the
discovery of the W and Z
bosons of the electroweak
theory, he advised updating
the name of the meeting to
the ‘International Symposium
on Lepton and Boson Inter-
actions.’
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» (From page 305)

Other proton decay searches using
the Cherenkov technique are under
way in the US (Harvard / Purdue /
Wisconsin collaboration in the Silver

King Mine, Utah) and in Japan
(Kamioka mine). Data could soon be
contributed by the 1000 ton detec-
tor in the Fréjus tunnel.

While there is not much new to
report yet on the proton decay front,
Fiorini conceded that at least there is
reasonable agreement among the
experiments on the observed level of
neutrino background.

To pin down the proton lifetime,
more data from existing and new
detectors is eagerly awaited. But it
appears that the minimal grand uni-
fied theory already can be ruled out.
While this may be a superficial dis-
appointment, the final form of the
theory could turn out to be much rich-
er. Observation of decays with
kaons makes some people whisper
about supersymmetry.

Another prediction of grand uni-
fied theories is the phenomenon of
neutron-antineutron oscillations. No
evidence has been seen, although
the required degree of sensitivity
might not yet have been reached.

Grand unified theories also imply
the existence of magnetic mono-
poles — free magnetic charges.
P. Musset described the progress to
date, but there is an embarrassing
gap between theoretical prediction
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and experiment. At last year’s Paris
meeting, an idea of proton decay
catalysed by magnetic monopoles
had been enthusiastically received,
but just as for the monopoles them-
selves, no evidence has yet been
seen.

Neutrino physics

Many experiments are also looking
for subtle effects in the neutrino sec-
tor. At Brighton, I. Lubimov reported
on a refinement of the ITEP (Mos-
cow) study of the beta decay of tri-
tium. Several years ago, this gave an
indication that the mass of the elec-
tron neutrino was not zero. The ex-
periment has been improved, using a
pointlike source, magnetic spec-
trometer and electrostatic scanning.
Background has been reduced by a
factor of twenty, and the electron
neutrino is assigned a mass of at
least 20 eV. Cosmologists please
take note.

In the past few years there has
been a flurry of interest in the possi-
bility of neutrino oscillations — tran-
sitions between conventionally dis-
tinct neutrino states. Thishasledtoa
series of experiments at CERN and
Fermilab in which signals from mu-
tually displaced neutrino detectors
are compared. Summarizing the
measurements, V. Khovansky re-
ported that no firm evidence for neu-

Experimental physicists have to turn their
hands to many skills. Here, divers check the
installation of the underwater detectors in
the Irvine/Michigan/Brookhaven search for
proton decay. Further results from this
experiment are eagerly awaited.

trino oscillations has been seen, al-
though the limits have been pushed
back to allow less room to ma-
noeuvre. More negative results came
from the continuing searches for
heavy neutrinos and for double beta
decay — weak nuclear transfor-
mations which emit no neutrinos.

Structure functions, weak decays

At last year’'s conference in Paris,
structure function rapporteur F. Ei-
sele had been able to report increas-
ing agreement between results from
different experiments. But the Euro-
pean Muon Collaboration experiment
using the CERN high energy muon
beam had discovered that the nu-
cleon structures measured in heavy
and light targets looked different.

More evidence was soon found in
some ancient data unearthed at
SLAC (see September issue, page
261). In the Brighton parallel ses-
sions, there was a queue of experi-
ments describing their own hunt for
the ‘EMC effect’, largely without suc-
cess. Mini-rapporteur K. Rith pointed
out the range of different mechan-
isms which could contribute under
various conditions, and warned
against trying to combine data from
different targets and beams. What-
ever the explanation of the EMC ef-
fect, it certainly has implications for
nuclear physics and for experiments
using heavy nuclear targets.

Apart from the EMC effect, the
study of structure functions is be-
coming an increasingly accurate
branch of science. Different
measurements of quark and gluon
distributions appear to converge,
and determinations of theory para-
meters look comfortable.

One of the big new results an-
nounced at Brighton was the mea-
surement of the lifetime of the B
{beauty) meson by two experiments
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at the PEP ring at SLAC — MAC (re-
ported by G. Chadwick), and Mark I
(reported by G. Hanson). The num-
ber is arrived at by looking at the tiny
offset between the electron-positron
collision point and the direction of
emerging lone electrons or muons
(see page 312).

The result, still with large errors,
comes out at somewhere between
10 and 20 x 107'3 seconds. This
contrasts with charm particle life-
times — between 2 and 8 x 1073
seconds, depending on particle
type.

In a model of three quark-lepton
‘families’ (a total of six quarks and
three types of lepton), this suggests
that beauty particle decays are
somehow suppressed. Putting in the
observed B lifetime gives an indica-
tion of the mass of the so far unseen
‘top” quark.

In her entertaining talk on weak
decays, C. Jarlskog intimated that
top mesons might lurk around
40 GeV, but the errors are large, and
obviously this prediction is meaning-
less if there are still heavier quarks
and more leptons around.

Many Brighton delegates were
convinced that the CERN collider ex-
periments had information up their
sleeves on the production of the top
flavour. Despite much speculation,
UA1andUA2 spokesmenrefused to
be drawn. The code-word was ‘top
secret’.

Elsewhere in the weak decay sec-
tor, C. Jarlskog pointed to new re-
sults which limit'the possible contri-
bution of right-handed charged weak
currents (see September issue, page
260). She paid tribute to the CERN
hyperon beam experiments which
have tidied up a lot of semi-leptonic

John Charap, chairman of the (highly
efficient) Brighton Conference Organizing
Committee.

(Photo Rutherford Appleton Laboratory)
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decays. Measurements of the tau
meson lifetime underline the idea of
lepton universality (all leptons be-
have similarly). However a new prob-
lem is a sighting of the F meson
(carrying charm and strangeness) by
the CLEO group at Cornell's CESR
ring. The mass is about 50 MeV

below where the F conventionally

sits.

With so much effort going into the
measurement of the proton lifetime
(more than 103! years), C. Jarlskog
thought' it a ‘pity’, that the free neu-
tron, which lives only for about fif-
teen minutes, has yet to have its life-
time accurately measured.

New particles

The hunt for ‘glueballs’ — particles
containing only gluons and no quarks
— is attracting a lot of interest. The
‘Brookhaven experiment which ear-

lier saw a candidate glueball signal
now has more evidence from a com-
bination of final state particles which
is ‘forbidden’ by conventional selec-
tion rules.

Other candidate glueball states are
now seen in a variety of experiments.
In an entertaining talk, F. Close de-
scribed the rich spectroscopy ex-
pected from excited states of bound
quarks, from glueballs, and from *hy-
brid” states containing both quarks
and gluons. (Editors of learned jour-
nals had forced Close to abandon
more lurid labels for these hetero-
geneous states.) Something is radi-
cally wrong, commented Close,
when experiments see little sign of all
these theoretically possible levels.
He advocated continued exploration
of the J/psi region, despite the at-
tractions of more glamorous phys-
ics.

Underlining this recommendation
was the report by K. Einsweiler of a
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new state seen in radiative decays of
J/psis by the Mark Il detector at the
SPEARring. An enhancementis seen
at2.2 GeVinatwo kaon spectrum. It
is not seen in two pion states.

Higher up the energy ladder, upsi-
lon spectroscopy looks very busy,
with contributions from CUSB and
CLEO at Cornell and from Argus and
the Crystal Ball at DESY's DORIS Il
ring. In his review of hadron spec-
troscopy, K. Gottfried underlined the
interest of the upsilon spectrum for
theorists trying to understand inter-
quark forces.

More potential glueball material is
a new result from the Axial Field
Spectrometer working at the
doomed CERN Intersecting Storage
Rings. The spectrum of centrally pro-
duced pion pairs shows an interest-
ing structure which does not appear
to change with collision energy.

Also still on the list of unexplained
effects is that seen by the Aachen
group in a beam dump experiment at
the Swiss SIN machine. This could be
due to light, penetrating particles.

G. Matthiae covered ‘soft’ ha-
dronic interactions. Now that the
boundary between what is hard and
what is soft is becoming less dis-
tinct, this area is of growing interest.
Proton-antiproton elastic scattering
has now been studied over a wide
range of energies and the mo-
mentum transfer distribution shows
an intriguing behaviour, with second-
ary maxima which change in shape
and position as the collision energy is
increased. Already some of the mod-
els on the market can be eliminated.
It was too early for Matthiae to an-
nounce new results from the UA4
study of elastic and total cross-sec-
tions at the SPS collider based on
data collected this year.

The increase in transverse energy
with the number of secondary parti-
cles produced in the collider is inter-
esting, and a small effect has been
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seen at the ISR which could be the
onset of this behaviour at lower ener-

gies. This could be due to hadronic
phase transitions producing quark-
gluon plasma (‘quagma’).

The study of photon-photon colli-
sions (two-photon physics) is now
well established and merited half a
day of parallel sessions. In his sum-
mary, J. Dainton had a wealth of re-
sults to present, covering many dif-
ferent final states. The 2.1 GeV en-
hancement in the four-pion spectrum
reported earlier from the TASSO ex-
periment at PETRA is not seen in
Mark Il at PEP. The photon structure
function has now been measured
over a very wide kinematic range.

Theory

There was plenty of interest for
theorists in the Brighton parallel ses-
sions, but less theory was carried

A Brighton plenary session

(Photo Rutherford Appleton Laboratory}

through into the plenary sessions
than at the Paris meeting last year.
The increasing efforts to apply parti-
cle physics ideas to cosmology were
confined to the parallels and did not
get a general airing at Brighton. In the
plenaries, A. Jaffe described the
latest attempts to break out of the
straitjacket of perturbation theory
without using a computer, and
T. Walsh dealt with some of the
technicalities of quark and gluon
calculations.

Both illuminating and entertaining
was |. Halliday's coverage of gauge
theory on a lattice. This ‘admission
of defeat’ by theorists battling with
non-convergent series expansions
gives some interesting results but
quickly runs out of computer power.
The problem is to recover the real
world from calculations on an artifi-
cial lattice, by letting the lattice spac-
ing approach zero. From the results
achieved so far, Halliday believed
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that the optimal lattice conditions to
allow good calculations are not far
away, provided the right computer
power can be found!

Another half day parallel session
was devoted to innovative instru-
mentation, later summarized by
B. Hyams. Speaking directly after the
UA1 and UA2 presentations of the
W and Z discoveries, Hyams ob-
served that the impressive achieve-
ments of the big collider experiments
demonstrate what can be done when
state-of-the-art instrumentation is
built into an experiment from the
start.

Physics data handling is a growing
concern, but Hyams was able to
point to a pipelined processor being
developed by a Massachusetts /
Columbia / Fermilab group which
promises some very high data taking
rates. With theorists now also look-
ing at computer designs for their lat-
tice gauge theory calculations, more
developments could yet occur on the
data handling front!

There was no summary talk of the
Conference as a whole — thanks to
the accomplishments of the CERN
SPS collider, there was no need.
Carlo Rubbia underlined these
achievements — jet physics as well
as the W and Z discoveries, and
M. Veltman rounded off the meeting
with an entertaining talk on vector
(photon-like) bosons, past present
and future.

The Brighton International Euro-
physics Conference was sponsored
by the European Physical Society
and the UK Science and Engineering
Research Council.

(Report by Gordon Fraser.)
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Around the Laboratories

Topless at PETRA. Results of the scan for
the top quark at the new high energies
available from the PETRA electron-positron
ring at DESY. The R value gives the rate

of hadron production relative to muon pairs
at collision energies up to 43.19 GeV. After
the summer shutdown, the scan continued
up to 45 GeV.
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DESY
Topless at 43 GeV

At the end of July the PETRA storage
ring reached the highest energy ever
achieved in electron-positron colli-
sions — 43.19 GeV. The latest run-
ning period was devoted to a scan
for the top quark in small steps of
30 MeV, requested by the four colla-
borations now working at PETRA:
CELLO, JADE, MARK-J and TASSO.

In August there was a shutdown
for the installation of 20 additional
r.f. cavities, the final step in the ener-
gy upgrading programme of PETRA.
The maximum energy which can be
reached with the 112 installed cavi-
ties is about 45 GeV, and the scan
for the top quark continues.

Nearly 10 per cent of the circum-
ference of the PETRA ring — about all
the space available — is occupied by

cavities. This seriously limits the
beam current of the machine. In the
opinion of DESY specialists, further
increase of the energy could only be
achieved by installing superconduct-
ing cavities. Such cavities provide at
present about three times higher ac-
celerating field than conventional
ones. The stability limit for beam cur-
rent would then be increased due to
the reduced length covered with cav-
ities or, alternatively, a higher energy
could be reached. A major step in
this direction will be the test of a
superconducting 18-cell cavity de-
signed for PETRA which will be in-
stalled this winter.

No signs of the top quark were
found up to 43.19 GeV at PETRA.
However it is still interesting to pre-
sent the data from which this conclu-
sion was drawn. The most impres-
sive plot is the R-value — the level of
hadron production relative to muon

pairs. (It is presented in a combined
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plo:c for all PETRA experiments.) The
peak expected for a ground-state to-
ponium of small width and for quark
charge 2/3 would reach a maximum
R-value near to 13, with a width of
about 70 MeV due to machine ener-
gy resolution. Such a peak seems to
be excluded by the present data.

The scan up to 38 GeV was com-
pleted at the end of last year’'s run
and the portion of higher energy (just
under 40 to 43.19 GeV) was carried
out in the 1983 run which finished
on 31 July. As'is well known, the
mean level of R should increase from
11/3 to about 15/3 if a toponium
resonance (for quark charge 2/3)
was missed at lower energies. There
is no sign for such a step.

There are other checks for the ab-
sence of the production of a vector
meson in the data collected at PE-
TRA. The jet-like distribution of the
tracks of the observed multihadronic
events should change drastically at
such aresonance: part of the events
should turn flat or even three-jet-like,
due to the three-gluon decay of the
produced meson. No such effect
was seen. Even if the resonance is
broad and therefore not seen in the
R-plot, there are enough arguments
to show that there is no top reso-
nance up to 43 GeV.

Also other searches for new parti-
cles at PETRA had negative results,
as was recently reported by Sakue
Yamada at the Cornell Lepton/Pho-
ton Symposium. There were investi-
gations with different techniques de-
monstrating an absence of ‘techni-
pions’ or charged Higgs candidates
at least up to 16 GeV. A search for
sequential heavy leptons also had a
negative result. So far no supersym-
metric particles have been seen and
there are no signs for an excited lep-
ton. ’

There was also a negative resultin
a search for Dirac-type magnetic
monopoles, which involved looking
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for holes in plastic sheets placed in-
side the PETRA vacuum pipe.
These negative results have im-
portant implications for several theo-
ries and models. It is the highest
energy region ever covered in this
kind of systematic search for new
particles. The integrated luminosity
amounts to about 300 inverse pico-
barns for the four PETRA groups.

STANFORD
B meson lifetime

As announced at the Brighton Con-
ference (see September issue,
page 249, and this issue, page 309),
the MAC and Mark Il detectors at the
SLAC's PEP electron-positron stor-
age ring have made the first
measurements of the lifetime of par-
ticles containing the heavy b-quark.

The MAC detector, seen here being installed
at the PEP electron-positron collider at
SLAC. At this stage, the central section and
endcaps were still separated, and the huge
rafts of surrounding muon detectors had

yet to be added. Measurements on
electron-positron annihilation into jets
accompanied by electrons or muons have
given a first measurement of the B-meson
lifetime.

The results show that this quark,
usually labelled ‘beauty’, appears to
decay into a lighter quark in about a
millionth of a millionth of a second.

Using the standard model of six
quarks grouped into three families,
this lifetime gives a handle on how
the three quark families mix. The re-
sult gives a lower limit for the mass
of the sixth (‘top’) quark, so far un-
seen.

The two results use data from ev-
ents in which an electron-positron
annihilation produces two streams
of particles, or jets, which leave the
collision point in opposite directions.
The particles in these jets are made
of various combinations of the five
known quarks, including the heavy
b-quark.

In the measured events, the b-
quark inside one of the particles de-
cays into a lighter quark together
with a lepton {muon or electron) and
an unobserved neutrino. The particle
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The 70 cm-diameter secondary vertex
chamber of the Mark Il detector surrounds
the vacuum pipe of the PEP ring at SLAC,
inside the concentric layers of the detector’s
conventional drift chamber. The inner high
resolution drift chamber gives a resolution
of 100 microns, which pays dividends in

the measurement of the B-meson lifetime.

containing the new quark continues
on while the lepton is thrown out of
the mainstream of the jet.

Following back the path of the lep-
ton shows that it was produced a
small fraction of a millimetre away
from the collision point. This offset
depends on the distance travelled by
the heavy particle before it decayed,
and hence on the lifetime of the
original particle. The particle is most
likely a B-meson, containing a b-
quark and one of the lighter quarks.
Strictly speaking, it is the lifetime of
these composites, rather than of the
b-quark, which is measured.

The experiments must first sepa-
rate the decays of b-quark particles
from other decays and then measure
the very small decay distance. Since
the b-quark is relatively heavy, its
decay leptonis thrown out at a larger
angle than that coming from a lighter
quark. As a result, events in which
the lepton has large transverse and
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total momentum provide a clean
sample of B-meson decays.

The tracks of the charged particles
in the event are measured at several
places along their length in a drift
chamber. The lepton track can then
be followed back toward the interac-
tion point to look for the small off-
sets. The measurement errors pro-
duce offsets which are generally
larger than the flight path prior to the
decay. Thus there is usually no sa-
tisfying separation of the recon-
structed track from the collision
point for an individual event. A plot
of hundreds of such events, how-
ever, gives a statistically clear re-
sult.

There are some differences be-
tween the two experiments. The
MAC detector, for example, is de-
signed for lepton detection over a
very large solid angle. This produced
a large data sample of nearly three
hundred events. Mark Il, on the other

hand, has the benefit of anew secon-
dary vertex chamber for track recon-
struction, giving good spatial resolu-
tion close to the collision point.

The two experiments extracted
their decay events from a wealth of
data (about 100 inverse picobarns)
collected during this year’s high lumi-
nosity running at PEP. Including sta-
tistical and systematic errors, the
lifetimesare 1.8 + 0.6 + 0.4x 10?5
from MAC, and 1.20 + 0.45
(-0.36) = 0.30 x10'?s from
Mark H.

The weak interaction sees mix-
tures of quarks. This is described by
the Kobayashi-Maskawa matrix,
whose elements measure the mixing
among the three quark generations.

Only four of the nine elements of
this matrix are independent num-
bers. Although these are undeter-
mined by the theory, they may be
used with assumed quark masses to
predict a variety of experimental
numbers. Using known parameters,
the mass of the t-quark can be calcu-
lated in terms of the B-meson life-
time. If the t-quark is found and its
mass determined, then all these
ideas can be tested. A discrepancy
might be the first evidence for new
physics.

SLAC Linear
Collider approved

The SLAC Linear Collider,
SLC, was included in an ap-
probation bill recently signed
by US President Reagan. The
new machine is scheduled
for completion at the end of
1986. Electron and positron
beams, accelerated in the
Stanford linac, will be taken
in two opposite arcs towards
the collision area. This will
provide a ready supply of Z°
particles (see page 300).
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CERN
LEAR arrives

The CERN antiproton project, alrea-
dy with a fine list of achievements to
its credit, now has new muscles to
flex. The LEAR Low Energy Antipro-
ton Ring in the South Hall of the PS is
now catering for a large array of
experiments, providing antiproton
beams of an intensity and quality
never before achieved. These stu-
dies could turn out to be no less fruit-
ful than their high energy counter-
parts at the SPS.

LEAR is the last major phase of
CERN's antiproton project as initially
planned. Whereas experiments at
the SPS and the ISR involve acceler-
ating the antiprotons supplied by the
Antiproton Accumulator, antipro-
tons for low energy experiments are
instead decelerated, first in the PS
proton synchrotron and subse-
quently in LEAR, down to very low
momenta.

During the excitement of the latest
high energy proton-antiproton run,
LEAR quietly supplied low energy
proton test beams to the experi-
ments being prepared downstream.
Towards the end of July, LEAR re-
ceived its first scheduled supply of
low energy antiprotons. Initial per-
formance was encouraging, and in a
few hectic days, the experts readied
the machine for action.

The LEAR ‘ring’ looks in fact more
like a square, with four long straight
sections and magnets at each cor-
ner. lts 78 m perimeter is one-eighth
that of the neighbouring PS ring. It
exploits ultra slow (stochastic) ex-
traction, a new technique developed
at CERN, in which carefully controlled
r.f. noise is used to drive particles
smoothly towards the extraction re-
sonance in order to avoid spill irreg-
ularities due to ripple. Preliminary
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tests at the PS several years ago
promised well, but in initial LEAR
operation 308 MeV/c antiprotons
were nudged out of the ring at the
rate of 300 000 per second for fif-
teen minutes — just one antiproton
in the stored beam left the ring in
every three revolutions!

Judged by the number of experi-
ments lined up in its experimental
hall, LEAR is already a great success.
it has attracted more than 250 phy-
sicists, from some 50 institutes in
CERN Member States and the USA,
Canada, lIsrael, Poland and the
USSR.

In sharp contrast to the nucleon-
nucleon case, where the low energy
interaction has been charted in de-
tail, nucleon-antinucleon data is rela-
tively thin on the ground. Compari-
son of nucleon-nucleon and nucleon-
antinucleon (and nucleus-nucleon

and nucleus-antinucleon) data will
provide important new insights into

hadronic {(and nuclear) forces, while
investigation of the annihilation me-
chanism could considerably exiend
our knowledge of quark behaviour.
Certainly LEAR should help clear up
the spectroscopy of low energy nu-
cleon-antinucleon resonances or
bound states, where controversy
has raged for years.

Each of the initial 49 pulses given
to the LEAR experiments contained
almost as many low energy antipro-
tons as the total number given to low
energy antiproton physics experi-
ments in the 28 years since the par-
ticle was discovered. At this rate, the
eagerly awaited physics results
should not be far away.

The crowded experimental hall at CERN's
LEAR Low Energy Antiproton Ring. Judging
by the number of physicists it has attracted
— over 250 from 50 institutes — LEAR is
a major success. First physics results are
eagerly awaited.

(Photo CERN 1.5.83)
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The new-look West Experimental Area at
CERN now receiving beams at maximum
energy (450 GeV) from the SPS proton
synchrotron.

(Photo CERN 181.7.83)

Fixed objectives

After the excitement of the proton-
antiproton collider run {see Septem-
ber issue, page 247), the SPS Super
Proton Synchrotron returned on
14 July to the job it had been built for
— delivering high energy beams of
protons to fixed targets.

However this time it was doing it
with a difference. The particles from
the SPS serve two distinct exper-
imental areas, one to the west of the
site, and the other to the north. For
five years after it came into opera-
tionin 1976, the main hall in the
West Experimental Area used 40-
200 GeV secondary beams derived
from protons extracted from an in-
termediate SPS flat top at 250 GeV.
Maximum machine energy (usually
400 GeV) was limited to the better
shielded North Experimental Area
and the West Area neutrino beam.
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While the SPS was operating as a
collider, the primary West Area tar-
get was placed underground, thus
enabling the main West Area to pro-
fit from the full energy of the ma-
chine. Old beamlines, clad in 50 000
tons of concrete and 5 000 tons of
iron shielding, were dismantled, and
over 2km of new beamlines in-
stalled, containing over 280 mag-
nets and quadrupoles.

While this was going on, additional
r.f. equipment was installed in the
SPS itself to boost its normal peak
operating energy from 400 to
450 GeV. However initial 1983 fixed
target operations concentrated a
firm consolidation of 400 GeV run-
ning before stepping up to
450 GeV.

One major objective for the re-
vamped West Area is to provide ex-
tensive test facilities for the experi-
ments to be built for CERN's big new
LEP electron-positron ring. In this

way, the components of the com-
plex detectors can be assembled and
taken through their paces while the
machine itself is still under construc-
tion.

Thus the West Area now provides
simultaneous beams for physics and
for testing apparatus. The incoming
proton beam hits a primary target,
and is split into two main compo-
nents, one of which delivers high
energy pions and electrons to the
large Omega detector, now resited.

The other secondary beam is
further divided into three by septum
magnets. Two of these branch
beams hit secondary targets to pro-
vide two tertiary electron/hadron
test beams. The third secondary
branch beam can either be used for
physics (H3 beam), or to provide a
third tertiary test beam.

The first recipient of the H3 beam
is the big WA 75 experiment (Bari /
Brussels / CERN / Dublin / Japan /
London / Rome / Turin) looking for
signs of beauty particles. The inter-
actions in a thick emulsion target are
pinpointed with the help of silicon
microstrip detectors sandwiching
the emuision target, plus down-
stream wire chambers. The experi-
ment is interested in decays produc-
ing muons. Other particles are re-
moved by a thick metallic absorber,
and the muons are measured in a
large  superconducting  magnet
moved in from the North Area. The
emulson will be scanned using the
newly developed automatic tech-
nique (see June issue, page 184).

Another beauty search using so-
phisticated emulsion techniques,
this time concentrating on the charm
signature, is being carried out by a
CERN / Genoa / Milan / Moscow /
Paris / Rome / Santander / Valencia
team using the Omega detector.

Other experiments lined up for the
big Omega detector cover photopro-
duction {long a speciality at Omega),
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the study of direct photons and a
search for exotic phenomena ('glue-
balls’).

ARGONNE
IPNS reaches
500 million pulses

As briefly reported last month
(page 268), the Rapid Cycling Syn-
chrotron (RCS) of Argonne’s Intense
Pulsed Neutron Source (IPNS)
reached 500 million pulses in May,
delivering a total of 10?" protons in
only 43 weeks of operation. The
RCS accepts 50 MeV negative hy-
drogen ions from the old ZGS linac,
strips and accelerates them to 450-
500 MeV, and directs the extracted
beam to a uranium target producing
spallation neutrons.

The machine started operation in
1977 as the proton source for the
prototype pulsed neutron source
ZING-P’, then operated from 1981
until the present for the IPNS. It is
now delivering up to 2.5 x10"? pro-
tons per pulse {12 microamp aver-
age) at 450 MeV in 100 ns-wide
pulses at 30 Hz. Acceleration losses
are low (12-17 % difference between
beam injected and on target) and
availability exceeds 90%. The pre-
sent high current results from contin-
uous improvements in hardware,
beam control, and most significantly,
installation of a new, high current
negative hydrogen ion source.

The IPNS is the world’s most in-
tense pulsed spallation neutron
source and is used in condensed
matter research. 25 % of the acceler-
ator time is devoted to fast-neutron
{about 1 MeV) radiation damage stu-
dies at the Effects Facility and 75 %
to the slow neutron (less than 1 eV)
Neutron Scattering Facility. High en-
ergy and medical test beams run pa-
rasitically.
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IPNS has operated as a national
user facility since November 1981,
with experiment time allocated by a
Scientific Program Committee. As
the current leader in this new gener-
ation of neutron sources for low en-
ergy neutron research, it has at-
tracted worldwide attention. To
date, 307 proposals have been pro-
cessed, but only half could be ac-
cepted due to budget-imposed limi-
tations on  operation (about
26 weeks per year).

Instrumentation at the thirteen
slow neutron beams and five irradia-
tion facilities provides capabilities
that significantly extend the range of
low energy neutron studies beyond
that provided by research reactors
{until now the mainstay of this re-
search). Each capitalizes on either
the pulsed feature of source opera-
tion or the fact that the moderated
neutron spectrum is especially rich in
‘gpithermal’ (less than 0.1 eV) neu-
trons. Future prospects are especial-
ly exciting since there is scope within
accelerator and neutron source tech-
nology for at least two orders of
magnitude improvement in intensity.
Projects to provide higher intensity
are well under way elsewhere; at
the Rutherford Laboratory, for exam-
ple, the SNS is expected to come on
line next year, ultimately delivering
about thirty times the present IPNS
intensity.

The two techniques for producing
holograms in big bubble chambers. Above,
in the 'two-beam’ method, the laser beam
is split into a low power reference beam
which passes directly to the photographic
emulsion, and a higher intensity component
which goes into the bubble chamber and

is reflected back. Below, in the ‘in-line’
method, the laser beam diverges through

a specially designed lens. A small fraction
of the light goes directly to the chamber’s
fisheye window to form the reference beam.
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Big holograms

Short-lived charmed particles and
the tau leptonlive so briefly that even
at very high energies they travel only
a few millimetres before decaying.
To identify such transient particles
and measure their lifetimes requires
track detectors with high enough re-
solution to identify clearly the decay
point.

A number of groups have devel-
oped small high-resolution bubble
chambers for use as vertex detec-
tors in association with larger elec-
tronic detectors. These groups have
found that holography is quite useful
in helping to improve resolution.
These smali chambers have been
successfully used in hadron experi-
ments (see November 1982 issue,
page 362), but are too small to catch
neutrinos.

Recently some groups have been
trying to develop high resolution
techniques for the large bubble
chambers, BEBC at CERN and the
15 foot chamber at Fermilab. At pre-
sent the resolution of these cham-
bers is limited to about 500 microns
by the conventional optics used to
photograph the bubble tracks. High-
er resolution with conventional op-
tics means giving up depth of field,
thereby reducing the usable volume
of the chamber. One possible solu-
tion is to use holography in conjunc-
tion with conventional optics. Holo-
graphy holds the promise of a con-
siderable improvement in resolution
throughout a large depth of field.
This is only achieved at the expense
of more complicated recording and
measuring, where the playback
scheme has an additional third di-
mension.

The conventional pictures would
be scanned and measured in the
usual way and selected interesting
events examined with the high reso-
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In-line holography tests in BEBC used
100-micron glass beads glued to 20-micron
wires to simulate particle tracks. Top, the
original target, bottom, the hologram.
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lution provided by the holographic
pictures. With this in mind two
groups have been developing two
different techniques for recording
tracks in large chambers holographi-
cally.

A hologram is produced by the
interference of coherent light from a
‘reference beam’ with coherent light
scattered by an object. The two
schemes for using holography in the
large bubble chambers differ essen-
tially in the method used to get the
reference beam to the film.

The first method uses a modest
intensity laser beam which is split
into a low power reference beam,
passing directly to the photographic
emulsion, and a higher intensity part,
which traverses the fisheye window,
goes through the liquid, is reflected
from the ‘Scotchlite’ surface back to
the same optic port. The returning
light wave is disturbed by the bub-
bles and forms an interference pat-
tern with the reference beam. Apply-
ing this technique, cosmic ray tracks
were photographed last summer in
BEBC by a CERN / Institut Saint-Louis
group. More recently, a CERN / Ru-
therford collaboration has demon-
strated that 40 micron wires can be
reconstructed from holograms in a
realistic model of BEBC. This prom-
ises well for high resolution hologra-
phy.

The other method needs a more
powerful laser beam, which enters
BEBC through a smail window on the
bottom of the chamber. This beam
diverges through a specially de-
signed lens. A small fraction of the
light goes directly to a fisheye win-
dow to form the reference beam,
while the rest illuminates the bubble
chamber tracks. The intensity at
larger angles increases to compen-
sate for the decrease of the light
scattered by the bubbles under these
conditions. The scattered light inter-
feres with the reference beam to
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form a hologram. This idea was de-
veloped at Columbia University and
perfected with help from Hawaii,
Rutgers-Stevens and CERN.

A 10 Joule Ruby laser with a pulse
duration of some 20 ns was installed
underneath BEBC in order to test this
second scheme. With the chamber
still empty, 100-micron glass beads
glued onto 20-micron wires, to simu-
fate particle tracks, were photo-
graphed with excellent contrast.

This scheme was then tried in a
cold-test, parasitically with a physics
run, this spring. High contrast holo-
grams were obtained of bubble
chamber tracks produced by cosmic
rays traversing the neon/hydrogen
filled chamber. Due to the random
timing of cosmic rays, tracks of va-
rious diameters were photographed.
Small tracks were seen with bubble
diameters of some 120 microns. Po-
tential visibility problems due to local
heating or liquid turbulence, or mag-
netic field were not observed. How-
ever at the present laser power level,
there was some laser-induced para-
sitic boiling which obscured the view
of the conventional photographs ta-
ken several milliseconds after the la-
ser fired. This boiling can be sup-
pressed by a reduction in laser pow-
er by lengthening its pulse duration
and using a higher sensitivity holo-
graphic film. It is intended to install
such a system in the 15 foot cham-
ber at Fermilab for Tevatron neutrino
exposures.

Magnetic monopole
meeting

The attendance of more than a
hundred physicists at an ‘Interdisci-
plinary Meeting on Magnetic Mono-
poles’ demonstrated the interest of
European physicists in this branch of
research. The meeting, held in

Blas Cabrera — in the continuing hunt for
magnetic monopoles.

{Photo Stanford)

Orsay, followed the Wingspread
Colloquium (see January issue, page
11).

F. R. Klinkhammer of the Leiden
Observatory felt that the main ques-
tion facing theoreticians was not so
much the existence of monopoles,
but rather how many were left. Con-
trary to limits from astrophysics (the
mass of the universe, the existence
of galactic magnetic fields), conven-
tional Big Bang cosmology predicts a
monopole abundance. Theoreticians
are at present doing a great deal of
work on the ‘inflationary model’: at
the phase transition when grand uni-
fication symmetry breaks down, the
magnetic monopoles are thrown far
away from our universe during its
formation. If this is correct, it would
beimpossible to detect a single mon-
opole. (See the article by John Ellis
and Dimitri Nanopoulos on Particle
Physics and Cosmology, July/Au-
gust issue, page 217).
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The catalysis of proton decay is
still not clear. M. Virassoro of Rome
concluded that it is hard to imagine a
mechanism to eliminate this Ruba-
kof-Callan effect. J. Stone, Michi-
gan, presented the first measure-
ments from the IMB experiment on
the lifetime of the proton (see also
page 305). The product of the mag-
netic monopole flux and the magnet-
ic monopole / proton interaction
cross-section is lower than 7 x 10™°
per second per steradian (there is a
lower limit obtained indirectly in
astrophysics by the observation of
neutron stars of 5 x 10 per second
and per steradian). There would then
be the choice between a very low
flux or the non-decay of the proton!
However all these resuits must be
treated with caution for they involve
theoretical and experimental work
which is still being developed.

It now seems increasingly difficult
to believe in B. Cabrera’s single
event but the experimental physi-
cists are not losing heart. They are
preparing new detectors sensitive to
slow monopoles (between 10° and
103 of the speed of light), and cov-
ering ever larger areas. The next
stage to be reached is ‘Parker’s limit’
{the galactic magnetic field must not
be destroyed by excessive mono-
pole density). The size and cost of
such experiments will be comparable
to those on the lifetime of the pro-
ton.

Large superconducting projects
are already planned in the US: 1 m?
for B. Cabrera’s screen target,
3500 cm? for the IMB project and
2800 cm? for the Chicago-Michigan
project. Others are being compieted
in Britain (Imperial College) and
France {CEA). The idea of a 100 m?
superconducting detector is no lon-
ger a pipe-dream, but will the nec-
essary finance be forthcoming?

Great progress has been made in
calculating the interaction between
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monopoles and matter. P. Musset of
CERN is convinced that it is now time
to set up a major European project
for a scintillation detector covering
several thousand square metres. It
could be installed at the Gran Sasso
laboratory in ltaly.

S. Drell and co-workers recently
calculated the Zeeman energy of the
excitation of atoms by the magnetic
field of a monopole. The level shift is
great enough to produce a signal in a
gas detector: the excitation energy
of rare gases can easily be transfer-
red to low-ionization-potential mole-
cules. Loh and Ritson, Utah, are
building a 800 m? gas detector, in
which the gas is a helium-methane
mixture. G. Charpak, CERN, des-
cribed a project for a drift chamber
containing helium with 2% TEA (a
low-ionization-potential molecule).
To some extent it is the detector part
of a large Cherenkov image count-
er.

A. de Rujula, CERN, presented pre-
liminary calculations on the magne-
to-acoustic and thermo-acoustic ef-
fects produced by monopoles pass-
ing through matter. These effects are
very weak, and it is so far hard to
imagine a detector which is sensitive
enough. It might be necessary to
seek inspiration from superconduct-
ing gravitational wave detectors.

Under the chairmanship of J. Perez
y Jorba, the meeting demonstrated
the current interest in magnetic mon-
opole research and could help launch
a major European project.

(We thank Pierre Petroff for sup-
plying us with this information.)

Dalai Lama
at CERN

On 30 August, CERN turned aside
from its usual day-to-day preoccu-
pations when Director-General
Herwig Schopper played host to
the Dalai Lama of Tibet and his
entourage during the holy man’s
1983 visit to Europe.

In welcoming his visitor, Profes-
sor Schopper stressed the role of
particle physics in helping to under-
stand man'’s place in the cosmos,
and how the Dalai Lama’s interest
would further the interrelation of
science, philosophy and religion.

The Dalai Lama visited the UA 1
experiment (rolled back into its
‘garage’ during the present fixed
target operations at CERN) and the
large installations for the neutrino
experiments in the West Area of
the SPS machine.

After lunch, there was an intrigu-
ing exchange of views with CERN
theorists, who described how
science has continually modified
our view of the world around us.
The Dalai Lama said that in the
quest for true reasoning, philoso-
phers were obliged to take account
of the latest scientific findings. He
was particularly interested in the
current status of belief in the indiv-
isibility of particles. He was as-
sured that while current theories
are based on a series of ‘indivisi-
ble’ quarks and leptons, this has
been tested down to about a thou-
sandth of the dimensions of the
clearly composite proton. More
structure could yet appear when
smaller dimensions can be probed.

Theorists also described the
modern view of the {non-invariant)
vacuum as something necessarily
lacking symmetry and which itself
mirrors all the laws of physics. In
reply, the Dalai Lama stressed the
difference between a ‘vacuum’,
such as had been described by the
particle theorists, and a more fun-
damental "void’, which might have
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to be viewed differently.

The exiled Tibetan leader dis-
played impressive intellect and
insight, and was able to provide
a serene counterpoint to the con-
ventional scientific dogma with
which he was presented. His gen-
eral comment was ‘| am happy
and impressed by this amazing
work of scientific research by a
common effort of people across
national boundaries’.

Under the guidance of Carlo Rubbia, the
Dalai Lama explored the computer graphics
capabilities of the UA 1 experiment.

{Photo CERN 264.8.83)
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On 30 August, Director-General Herwig
Schopper welcomed to CERN His Holiness
the 14th Dalai Lama of Tibet.

{Photo CERN 203.8.83)
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People and things

Bruno Pontecorvo

On people

Viktor Weisskopf, emeritus pro-
fessor at Massachusetts Institute
of Technology, has been awarded
the J. Robert Oppenheimer Prize
from the Center for Theoretical
Studies at the University of Miami.
The award was presented by Paul
Dirac.

Bruno Pontecorvo celebrated his
70th birthday on 22 August. He
started his research career on the
properties of neutrons in Enrico
Fermi’s famous Rome group. In
the Joliot-Curie Laboratory in Paris
he investigated nuclear isomerism,
the most interesting result being
the production of beta-stable iso-
mers by X-ray irradiation. Later
came the idea of electron-muon
universality and he carried out ex-
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Felix Bloch, the first Direc-
tor-General of CERN
(1954-55), died on 10 Sep-
tember. A tribute will ap-
pear in our next issue.

periments to measure the muon’s
properties. He then turned his at-
tention to neutrinos, and made
major contributions to the devel-
opment of techniques for detecting
these elusive particles. Especially
relevant to today’s physics are his
ideas on neutrino oscillations.

He is presently Academician of
the USSR Academy of Sciences,
Foreign Member of Academia dei
Lincei, Head of Department at Dub-
na and Professor of Elementary
Particle Physics at Moscow.

Theoretician Jon Magne Leinaas
from the University of Oslo has
been awarded the particle physics
prize of computer manufacturer
Norsk Data. He has made contri-
butions to the understanding of
geometrical and topological as-
pects of gauge theories. In colla-
boration with John Bell at CERN
he has shown that the acceleration
of electrons affects the electrons
in a similar way to a strong gravi-
tational field, and leads to a heating
of the particles.

At the KEK Laboratory in Japan,
work for the new TRISTAN collider
has been brought together under
the project leader, S. Ozaki. Former
TRISTAN coordinator K. Kikuchi
has become general research coor-
dinator at KEK.

Philip 1. Dee

Earlier this year, Philip I. Dee died
at the age of 79, removing another
of the links with the great days of
nuclear physics at the Cavendish
Laboratory, Cambridge, under
Rutherford. After experiments

with cloud chambers, Dee turned
his attention in 1936 to the busi-
ness of particle acceleration. From

Valerian Shevchenko, Vice-Director for
Research of the Institute of Theoretical and
Experimental Physics in Moscow, celebrated
his sixtieth birthday on 27 June.

1945 to his retirement in 1972 he
held the Chair of Natural Philosophy
at Glasgow, where he played a
major role in reshaping the Depart-
ment of Physics.

Asian physics

The First Asia Pacific Physics Con-
ference, held at the National Uni-
versity of Singapore in June,
brought together about 300 spe-
cialists from many branches of
physics, including the high energy
and nuclear sectors. It has been
decided to hold the second such
meeting in Bangalore, India, in
1986. It is hoped that these con-
ferences will become a permanent
feature of the physics calendar.
The co-chairmen of the second
conference are A. Arima of Tokyo
and K.K. Phua and P.P. Ong of the
National University of Singapore.
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In June, another milestone in the
construction of the Spallation Neutron
Source (SNS) at the Rutherford Appleton
Laboratory was passed when 70 MeV
negative hydrogen ions from the injector
linac were taken through the beamline from
the linac to the ring. Next year should see
the start of the SNS experimental
programme.

(Photo Rutherford)

First beam for FMIT

The preliminary work at Los Ala-
mos for a Fusion Materials Irradia-
tion Test (FMIT) facility passed an
important milestone at the end of
May. A beam of deuterons was
successfully accelerated through

a radiofrequency quadrupole (RFQ)
section to reach an energy of

2 MeV.

Work will now concentrate on
achieving 100 mA current and a
drift tube linac section will be ad-
ded to push the energy to 5 MeV.
The facility is scheduled to be built
at Hanford Laboratory using
35 MeV deuterons to produce neu-
trons of the right energy to study
materials for use in fusion reactors.

It is hoped that this work will
become an international collabora-
tion. Also in readiness for FMIT,
Los Alamos has developed power
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amplifiers to operate in the 80 MHz
range. Successful tests in May
reached 600 kW per amplifier.

Keeping track of experiments

The latest edition of ‘Current Ex-
periments in Particle Physics’ by
the Particle Data Group at Berkeley
includes the now conventional
microfiche, which now contains
summaries of 479 approved parti-
cle physics experiments. These
consist of studies at Brookhaven,
CERN, Cornell, DESY, Fermilab,
Institute for Nuclear Studies at
Tokyo, KEK, LAMPF, Serpukhov,
SIN, SLAC and TRIUMF, together
with proton decay searches at
passive sites. Cornell, LAMPF, SIN,
TRIUMF and proton decay experi-
ments appear in the listings for
the first time.

Another innovation is the first

edition of a supplement, entitled
‘Major Detectors in Elementary
Particle Physics’. This loose-leaf
{one experiment per sheet) compi-
lation covers 40 current experi-
ments or detectors in use at Brook-
haven, CERN, Cornell, DESY, Fer-
milab, Novosibirsk (VEPP) and
SLAC, together with the passive
proton decay searches. The list is
not exhaustive, but provides never-
theless a quick and handy refer-
ence for the detectors which pro-
vide the bulk of the world’s particle
physics data.

While stocks last, copies of both
the ‘Current Experiments’ listing
and the ‘Major Detectors’ supple-
ment can be obtained from the
Particle Data Group, Lawrence Ber-
keley Laboratory, Berkeley, Califor-
nia 94720, USA (for requests from
America, Australia and the Far
East) or CERN Scientific Information
Service, 1211 Geneva 23,
Switzerland (all other areas).

UAT pays the price

After being first across the finish
line for several years, the UA1
team only managed second place
in this year’s traditional relay race
around the CERN site. But no won-
der. The race was run while the
SPS collider was operating. Some
people were on shift, others were
scanning the data for more Ws
and Zs, still more had to attend a
major committee meeting. Due to
the demands of physics, training
had been sadly neglected. To cap
it all, the same day saw a CERN
press conference to announce the
discovery of the Z°. The 3.9 km
race was won this year instead by
the ‘Polar Stars’ team led by polar-
ized target specialist Tapio Niini-
koski, slicing twenty seconds off
their 1982 time.
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FRANCE AT CERN

11-14 OCTOBER 1983

The exhibition is organized under the auspices of the Scientific and Technical Mission of the
MINISTERE DE L' INDUSTRIE ET DE LA RECHERCHE
101, rue de Grenelle, 756700 PARIS

in cooperation with the

COMITE FRANCAIS DES MANIFESTATIONS ECONOMIQUES A L'ETRANGER
10, avenue d’'léna, 75783 PARIS CEDEX 16, Tél.: 505 30 00, Télex: 611 934 F
the

CENTRE FRANCAIS DU COMMERCE EXTERIEUR

10, avenue d’léna, 75783 PARIS CEDEX 16, Tél.: 505 30 00, Télex: 611 934 F
and the

POSTE D'EXPANSION ECONOMIQUE PRES L'AMBASSADE DE FRANCE A BERNE
Sulgeneckstrasse 37, 3007 BERNE, Tél.: 25 33 64, Télex: 32707 COMAT CH

ADRET-ELECTRONIQUE
B.P. N° 33

78192 TRAPPES

Tél. 051.29.72/Tx. 697.821

ALSTHOM-ATLANTIQUE
38, avenue Kléber

75795 PARIS Cédex 16
Tél. 505.20.00/Tx. 611.938

NEYRTEC

4, avenue du Général de Gaulle
38800 PONT-DE-CLAIX

Tél. (76) 98.81.98/Tx. 320.547

ATELIERS DE LA CHAINETTE
17. avenue Aristide Briand
79200 PARTHENAY

Tél. (49) 64.48.22/Tx. 790.322

BERTIN-SESO

B.P. 3

78373 PLAISIR Cédex

Tél. 056.25.00/Tx. 696.23 1

CALORSTAT INDUSTRIES
B.P. 41

Zone industrielle de la Gaudrée
91410 DOURDAN

Tél. (6) 459.67.67/Tx. 690.159

VHF and UHF synthesizers generators; LF and VLF
synthesizers generators; frequency standard; voltage
and direct-current standards.

Superconductors, magnets, vacuum chambers,
vacuum chambers and vessels, titanium equipment.

Crushing.

Overhead travelling cranes, jib cranes, heavy lifting
equipment.

High-precision UV optical components; laser optics,;
positioning assembly for optical fibres.

Hydroformed metal bellows with welded and elec-
trodeposited diaphragms,; assemblies comprising
metal bellows, vacuum chamber assemblies.
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CHAMBRE DE COMMERCE Comprising the following local firms:
ET D'INDUSTRIE DE L'AIN

Centre d'Aumard
01210 FERNEY-VOLTAIRE
Tél. (50) 40.66.97

BROCHIER ESPACE Samples of ultra-light, reflective laminated materials
01120 MONTLUEL for scientific uses (displayed on panels).

Tél. (7) 806.23.77/Tx. 310.741

CERMIP Laser boring and ultrasonic grinding units for machin-
13, rue de I'Industrie ing micro-holes (minimum dia. 5p).

01150 LAGNIEU

Tél. (74) 35.79.00/Tx. 340.846

CIAT Air-conditioning plants and heat pumps, (displayed
30, rue du Rhéne panels).

01350 CULOZ

Tél. (79) 81.11.11, (50) 23.58.19/Tx. 980.437

CONTROL DATA Electronic sub-assemblies, computer assisted design
Chemin de la Planche Brilée (photographs).

01210 FERNEY-VOLTAIRE
Tél. (50) 40.85.34/Tx. 385.020

MATRAIR System for handling welding flux without cracking

01560 SAINT-TRIVIER-DE-COURTES (displayed on panels).
Tél. (74) 30.79.14

NOVOPLASTIC Rigid extruded PVC pipes, medium-voitage cables.
23, rue de I'industrie

ARLOD

01205 BELLEGARDE

Tél. (50) 48.24.15/Tx. 385.036

CHAMBRE DE COMMERCE ET Comprising the following local firms:
D'INDUSTRIE DE SAINT-ETIENNE
MONTBRISSON

36, rue de la Résistance
42021 SAINT-ETIENNE Cédex
Tél. (77) 32.74.41/Tx. 330.683

CELDUC Reed switches and static relays; power transformers.
Rue Ampére

42290 SORBIERS

Tél. (77) 53 3955/Tx. 330.872
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COMEFOR

Boulevard Sagnat N
42230 ROCHE-LA-MOLIERE
Tél. (77) 90.05.55/Tx. 330.828

ETS MAGAND
La Tour-en-Jarez
42580 L'ETRAT
Tél. (77) 74.00.95/Tx. 300.006

MARTIN BRUNEL
130, rue des Alliés
42100 SAINT-ETIENNE
Tél. (77).32.31.08

MICRO-P. INDUSTRIE
32, rue d'Arcole,

42000 SAINT-ETIENNE
Tél. (77) 33.06.01

SOCOMEL

RN 82 — RATARIEUX
42480 LA FOUILLOUSE
Tél. (77) 74.08.64

TARDY

«Le Canal» B.P. 9

42320 GRAND-CROIX

Tél. (77) 73.24.03/Tx. 330.269

TECHNIQUES SURFACES

Zone industrielle SUD

42166 ANDREZIEUX-BOUTHEON
Tél. (77) 36.56.27/Tx. 900.762

TECHMACHINE

Zone industrielle Sud

42166 ANDREZIEUX-BOUTHON Cédex

Tel (77) 36.56.27/Tx. 900.762

(filiale d'HYDROMECANIQUE ET FROTTEMENT)

JAC

Avenue du Pilat |

42100 SAINT-ETIENNE/TERRENOIRE
Tél. (77) 25.68.44/Tx. 300.043

CABLERIE DE SAINT-ETIENNE

ET PHOCEENNE

B.P. 38

Rue des Janetiéres

42161 ANDREZIEUX-BOUTHON
Tél. (77) 565.10.40/Tx. 900.709

Design and manufacture of tools, manufacture of high-
pressure jacks, one-off or mass-produced mechanical
components.

Precision machinery.

Machining and inspection assemblies,; manufacture
and development of special machines and prototypes;
press tools.

Very high-pressure valves and fittings from 1000 to
10 000 bars.

Microcomputer development systems.
EUROPE format printed-circuit boards, terminals, print-
ers, industrial applications.

Electrical equipment (displayed on panels).
Chargers and dischargers for the French Air Force and
Army; special machines for heating strip steel.

Mechanical construction (displayed on panels).
Presses for injecting plastic material; hydraulic cutting
machines.

Mechanical components (photographs).

Sight glasses for hydraulic pumps; milling cutters,
drills and punching machines; dies for electronics and
metallurgy; a few electrical components (electrodes).

Design and manufacture of test benches, simula-
tors and special machines; industrial application of
equipment developed by the HEF Centre.

Trailers of all types handling loads of up to 80 tonnes,
trolleys.

Electric cables.

CEFILAC JOINTS FARGERE
90, rue de la Roche du Geai
42029 SAINT-ETIENNE Cédex
Tél. (77) 25.22.77/Tx. 330.697

Seals, collars, flanges (displayed on panels).
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CGEE ALSTHOM

13, rue Antonin Raynaud

92309 LEVALLOIS-PERRET Cédex
Tél. 7568.13.13/Tx. 620.454

COTRAITANCE AQUITAINE
74, avenue Gambetta

33700 MERIGNAC

Tél. (56) 45.07.76

CRISMATEC

18, boucle d’Alsace

La Défense 3-Cédex N° 29
92097 PARIS LA DEFENSE
Tél. 768.28.66/Tx. 610.500

CRISTEC INDUSTRIES

27, avenue des Barattes
74000 ANNECY

Tél. (50) 66.04.18/Tx. 385.201

DATA SUD-SYSTEMES

22, rue de Claret

B.P. 1067

34007 MONTPELLIER Cédex
Tél. (67) 27.32.65/Tx. 490.425

ENERTEC-SCHLUMBERGER
12, place des Etats-Unis
92542 MONTROUGE Cédex
Tél. 657.11.23/Tx. 201.248

ERT (Etudes et réalisations techniques)
Le Plan du Bois

06 120 LA GAUDE

Tél. (93) 24.81.24/Tx. 460 000 public

(N° 04200121)

GBG (Gauban-Boissonnet-Gourhant)
30, rue Eugéne Caron

92400 COURBEVOIE

Tél. 334.30.80/Tx. 610.952

GOULD INSTRUMENTS
57, rue Saint-Sauveur
91160 BALLAINVILLIERS
Tél. 934.10.67/Tx. 600.824

Electrical and electronic equipment, instrumentation,
control and data-processing equipment, radiation-
protection equipment.

Precision engineering: mechanical welding; sheet-
metal work, metalwork; boiler making, aluminium and
cast-iron smelting.

Monocrystals (bars, polished sections, plates, epi-
taxial films).

Materials for scintillation detectors,; magnetic bubble
memories.

Electronic battery testers, automatic battery charg-
ers, computerized control and drive via external volt-
ages calibrated for computer control of the chargers.

Range of printed-circuit boards to the VME BUS
standard; image processing and acquisition systems;
local industrial transmission systems using optical
fibres.

Potientiometric recorders, measuring transductors,
digital indicators, thermal printers, static protection
relays.

Electronics, electromechanical equipment

Photographes of various items of equipment designed
for the nuclear industry.
Precision mechanics,; Machining assemblies.

Electrostatic recorders of the ES 1000 type, various
digital and analog input modules,; monitors with V.
1000 screens.
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MICRO-CONTROLE

Z! de Saint-Guenault

B.P. 144

91005 EVRY Cédex

Tél. (6) 077.82.83/Tx. 691.1056

MICRO SYSTEMES ET

PROCESSUS INDUSTRIELS
5, rue Audiffred

21350 VITTEAUX

Tél. (80) 49.63.30

Ets NEU

258, avenue Napoléon Bonaparte
92506 RUEIL-MALMAISON
Tél. 732.92.70/Tx. 203.158

osL

Zone industrielle

06510 CARROS

Tél. (93) 29.11.09/Tx. 470.284

PONT-A-MOUSSON

91, avenue de la Libération
54000 NANCY
Tél. (8) 396.81.21/Tx. 850.003

QUARTZ ET SILICE

18, avenue d’Alsace

Cédex 27-92096 PARIS-LA-DEFENSE

Tél. 762.46.00/Tx. 611.570

RACAL-DANA INSTRUMENTS
18, avenue Dutartre

78150 LE CHESNAY

Tél. (3) 955.88.88/Tx. 697.215

RADIALL

101, rue Philibert Hoffmann
93116 ROSNY-SOUS-BOIS
Tél. 854.80.40/Tx. 220.673

Motorized micro-translation systems in vacuum
(traversing, rotation, mirror supports, etc.), tables and
optical benches, components.

8 and 16 bit mini-computers specially designed for
industrial applications : automation, control, data trans-
mission, optimization of manufacturing process.

Aerodynamics, energy management; thermo-
dynamics.

Crates and modules, CUBIC, CAMAC, NIM, CIM.

Cast-iron tunnel lining segments for underground
works; ductile cast-iron piping for fire-fighting water,
sewage systems and hot-water distribution systems.

Silica glass radiation detectors, silica glass products;
optical silica glass.

GIGA microwave generators.
Supply modules and CEIS DC/DC converters; CEIS
analog data-acquisition systems.

Coaxial connectors; Industrial banana plugs and sock-
ets; very-high-frequency components, optical-fibre
connectors; passive electronic components.
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RADIO TECHNIQUE COMPELEC
130, avenue Ledru Rollin

75540 PARIS Cédex 11

Tél. 355.44.99/Tx. 680.495

SAUNIER DUVAL

250, route de I'"Empereur

92508 RUEIL-MALMAISON Cédex
Tél. 732.92.55/Tx. 203.274

SEFELEC

2 ter, rue Gaston Soufflay

94507 CHAMPIGNY-S/MARNE Cédex

Tél. 706.14.80/Tx. 220.429

SEMI-CAN

La Garetiére

CIDEX 323 B

38640 CLAIX

Tél. (7b) 98.65.81/Tx. 320.245

SERAPID FRANCE

Z1, route de Dieppe

- 76660 LONDINIERES

Tél. (35) 93.82.82/Tx. 770.672

SOCEA-BALENCY (SOBEA)

280, avenue Napoléon Bonaparte
B.P. 320

92506 RUEIL-MALMAISON Cédex
Tél. 749.03.30/Tx. 203.978

TELEMECANIQUE

33, avenue de Chatou

92500 RUEIL-MALMAISON
Tél. 732.92.30/Tx. 203.312

THOMSON-CSF

23, rue de Courcelles

B.P. 96.08

75362 PARIS

Tél. 563.12.12/Tx. 203.780

VERELEC

91, avenue de Villeneuve-St-Georges
94600 CHOISY-LE-RO!

Tél. 890.92.17

Slit cameras; photomultipliers ; cavities, image-inten-
sifying tubes; hybrid circuits; keyboards,; ACE-ECL
microelectronics.

Electrification, automation, instrumentation.
Control and electrical switchboards, technical assist-
ance.

Programmable instrumentation systems automatic
cable testers, capacitance meters, inductance meters.

Aluminium and stainless steel components and ac-
cessories; standard and special components for va-
cuum and ultra-high vacuum systems.

Horizontal traversing devices,; samples of chains and
casings.

Public and private building construction, piping, civil-
engineering works, environmental protection, general
contracting.

Heavy lifting equipment, lifting equipment; bar code
readers; programmed logic (robots).

Microelectronics and particle accelerators.
Klystrons for particle accelerators (continuous-wave
or long-pulse operation).

Components for vacuum and very high vacuum
systems, alumina machining, glass to metal welding
for very high-vacuum systems.
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Weak Interactions of
Leptons and Quarks

E. D. COMMINS
and P. H. BUCKSBAUM

A lucid account of weak interaction and its relationship with
the other fundamental interactions of nature which examines
both early models and the most recent developments. The
authors’ straightforward style and emphasis on experimental
results will be welcomed by all students of the subject
052123092 6 Hard covers £37.50/$69.50
0521273706 Paperback £16.50/$27.95

Rydberg States of Atoms

and Molecules

Edited by R. F. STEBBINGS
and F. B. DUNNING

A stimulating overview of recent work with contributions from
A Daigarno, R. J. Damburg, V. V. Kolosov, D. Kleppner,

M. G. Littman, M. L. Zimmerman, C. Fabre S. Haroche,

P. M. Koch, T. F. Gallagher, A P. Hickman R. E Olson,

J. Pascale, F. Gounand, J. Berlande, F. B. Dunning,

R. F. Stebbings, R. S. Freund M.R. Flannery, and J F. Delpech.

052124823 X £40.00 net/$79.50

The Birth of Particle Physics

Edited by L. M. BROWN
and L. HODDESON

This collection of papers drawn from the 1980 Internationg|
Symposium on the History of Particle Physics held at Batavia,
lllinois focuses primarily on the development of cosmic-ray
physics and quantum theory in the 1930s and 1940s, before
the advent of particle accelerators.

0 521240050 About £40.00 net/About $79.50

Forthcoming (November)

Proceedings of the Ninth
International Conference on
General Relativity

and Gravitation

Edited by ERNST SCHMUTZER

Contributors: H. K. Wheeler, E. Schmutzer, K Kramer,

H. Stephani, I. Robinson, R. A d'Inverno, J. E. Marsden,

J. Ehlers, R. S. Ward, H. J. Seafert, R. Sunyaey,

Ya. B. Zel'dovich, R. D. Reasenberg, . |. Shapiro, G. W. Gibbons,
P. van Nieuwenhuizen, S. Ferrara, A Trautman, D. R. Brill,

P. S. Jang, V. B. Braginsky, K S. Thorne, L. P. Grishchuk,

R. W. P. Drever, G. M. Ford, J. Hough, |. M. Kerr, A J. Muniey,

J. R. Pugh, N. A Robertson, H. Ward, H. Melcher, and

L. Pyenson.

052124669 5 £35.00 net/$69.50

New in paperback

Special Relativity

The Foundation of Macroscopic Physics
W. G. DIXON

Probably the deepest and most carefui analysis of the
foundations of general relativity yet published, this much-
praised volume is a valuable supplement to introductory
books on special relativity. The level is that of a second or
third year undergraduate course.

0521272416 Paperback £9.95 net/$19.95

e PHYSICS FROM CAMBRIDGE™™

An Informal Introduction to
Gauge Field Theories

IAN J. R. AITCHISON

Assuming a basic knowledge of quantum field theory and
Feynman graphs, Dr Aitchison presents a coherent, self-
contained and yet elementary account of the theocretical
principles and physical ideas underlying gauge field theories.

0521245400 £12.50 net/$22.50

The Very Early Universe

Edited by G. W. GIBBONS,
S. W. HAWKING and S. SIKLOS

This important collection of papers is drawn from a workshop
meeting held in Cambridge in mid-1982. Quantum theoretical
ideas are examined and the contributors attempt to derive
such initial conditions of our universe as thermal equilibrium,
isotrophy, and the baryon to entropy ratio.

0521253497 £25.00 net/$49.50

Quarks, Gluons and Lattices
MICHAEL CREUTZ

An enterprising treatment of the lattice approach to gauge
field theory which ranges from the lattice definition of a path
integral to Monte Carlo simulation methods: The author
assumes a basic background in relativistic quantum
mechanics and some knowledge of gauge theories, and his
text is designed to serve as the basis for a graduate-level
course.

052124405 6
Forthcoming (November)

£17.50 net/$34.50

The Quest for Quarks
BRIAN McCUSKER

Professor McCusker's brief, non-technical account of
elementary particles is designed both for physics students
and the general reader. He examines the basic questions that
continue to puzzle scientists: are quarks the fundamental
building blocks of nature? what are they like? how many kinds
exist? and can they exist in a free state?

0521248507 About £7.95 net/About $15.95

Forthcoming (November)

New in paperback

An Introduction to Gauge
Theories and the
‘New Physics’

ELLIOT LEADER
and ENRICO PREDAZZ|

‘This book provides essential reading for anyone intending to
work in theoretical or experimental particle physics, and is a
very useful source of reference to workers already in the
field. Contemporary Physics

052129937 3 Paperback £15.00 net/$27.50

CAMBRIDGE UNIVERSITY PRESS
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National Synchrotron Light Source

Brookhaven National Lahoratory

We seek candidates for the following openings:
ACCELERATOR SCIENTIST, with a broad back-

ground in experimental particle accelerator physics, and
the development of related hardware and diagnostic in-
strumentation. Responsibilities will be directed to the
further development of the high intensity electron storage
rings (700 MeV, 2.5 GeV) for the generation of synchrotron
radiation. Specifically, the objective will be to study beam
intensity and source brightness limiting effects and their
cures. The level of the appointment will be determined by
the qualifications and experience of the successful candi-
date. Candidates with a strong record of accomplishments
in the field of accelerator science are invited to apply to:
Dr. A. van Steenbergen, National Synchrotron Light Source
Department, Building 725B.

POSTDOCTORAL RESEARCH ASSOCIATE,
to participate in experimental and theoretical work on the
generation of XUV coherent radiation by relativistic elec-
tron beams, and on the development of Free Electron
Lasers. Candidates should submit curriculum vitae and
publications list together with the names of three refer-
ences to: Dr. Claudio Pellegrini, National Synchrotron
Light Source Department, Building 725B.

l) l] I Brookhaven National Lahoratory
QD QU D Associated Universities Inc.
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ELECTRICAL ENGINEER, preferably with MSEE or
equivalent degree, with a broad background in_analog
circuit engineering, feedback systems and controls, high
frequency low-level rf circuitry and BV pulsed systems.
Responsibilities will be dikected to further development of
the high intensity electron storage rings (700MeV, 2.5 GeV)
for the generation of synchrotron radiation, and specifi-
cally, involve narrow and broad band electron beam
coupled feedback systems for the suppression of beam
longitudinal and transverse instabilities. The level of the
appointment will be determined by the qualifications and
experience of the successful candidate. Candidates with a
solid record of accomplishments in network analysis, feed-
back theory and signal treatment are invited to apply to:
Ms. Susan Foster, Personnel, Building 185.

Brookhaven National Laboratory is a multiprogram Labor-
atory managed by Associated Universities, Inc. under
contract with the U.S. Department of Energy. We are
located on a 5,000 acre site on eastern Long lIsland,
approximately 60 miles from New York City, in a region
known for its excellent recreational opportunities.

Apply to the above named individuals at:
Brookhaven National Laboratory
Associated Universities, Inc.

Upton, New York 11973

An Equal Opportunity Employer m/f

PEARSON

Very High Voltage &
Very High Current

Pulse
Transformers

Pearson Electronics specializes in
the design of very high voltage (to
1,000,000 volts) and very high cur-
rent (to 1,000,000 amperes) pulse
transformers. Typical applications are
for units supplying power to high
power microwave tubes, particle ac-
celerator injection systems, pulsed
x-ray tubes, high power lasers and
plasma physics.

Other Pearson pulse-modulator components include preci-
sion current transformers and coaxial capacitive voltage di-
viders. The current transformers for high voltage use feature
double shielding and high voltage stand-off capabilities.
Units for use with high currents are rated up to 1,000,000
amperes or more. The voltage dividers are rated up to

500 kV.

Inquiries regarding specific requirements for these
components are welcomed.

PEARSON ELECTRONICS,INC.

1860 Embarcadero Road, Palo Alto, Calif. 94303, U.S.A.
Telephone (415) 494-6444 Telex 171-412
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FIORI
(CERN F6801)

ECL-IN/TTL-OUT MODULE
(TPS-1-300)
ECL-INPUT-MODULE

FASTBUS-MONITOR (CPS-I-300)
(CERN F6801) , ECL-RAM-MODULE
FASTBUS-DISPLAY FDM ‘ (CPS-R-300)

(CERN DD5212) ' : TTL-RAM-MODULE
' (TPS-R-300)

KLUGE CARD
(CERN DD5196)

KLUGE CARD
(CERN DD5262)

U TN —

FASTBUS CRATE

FOR LAB.-APPLICATION
+5V/60A; —5.2V/60A;
-2V/30A; +/-15V/4A

For additional information
please contact:

Suisse: : o :
ANTARES AG; Postfach; : y ] !

CH 5415 Nussbaumen;

056-823783;Telex58703 QI |=~ : 1 b DR.B.STRUCK

ENTWICKLUNG
HERSTELLUNG
VERTRIEB
BERATUNG
CAMAC
INTERFACES
DIGITALTECHNIK
ANALOGTECHNIK

;
:

2 TANGSTEDT / HAMBURG ~ GERMANY
DORFSTR. 163 - TEL.0 41 09/62 52/62 00
TELEX 2180 715
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So you want the quality to match your requirements? No
problem. We keep strictly to the quality classes of the
November 1982 draft of DIN 41612, a new classification
which we, incidentally, played a large role in preparing.
Standards to be met are now technically sound, estab-
lished with actual applications in mind. The age of confu-
sion is now past: quality class allocation is now solely
determined by defined criteria, whereby the number of
mating cycles required and exposure to corrosion predo-
minate. :

What standards do YOU specify? Quality class 3 connec-
tors (50 mating cycles) are a new addition to the HARTING
range. Of course we can also supply you with male and
female connectors in quality classes 2 and 1 (400 and 500
mating cycles respectively) as well as ones for military
applications governed by VG 95 324. And because we are
always engaged in developing our products further we can
now provide you with Types B and C wrap-postand solder-
pin connectorsin polyester. This materialis highly resistant
to corrosive solvents and brief exposure to high tempera-
tures. Its combustibility class is UL 94-VO.

Rest assured, whenever you choose HARTING products
you've decided on quality.

®

HARTING ELEKTRONIK GmbH
Postfach1140 - D-4992 Espelkamp

HMT'"G West Germany

= (05772) 471
X 972310-11 he d

HARTING - experienced electronic
component specialists.

Subsidiary companies:

Belgium: N. V. HARTING ELEKTRONIK 8.A., Industriezone Doornveld, Schapenbaan,
B-1730 Relegem, Phone 02 -465.42 .40, Telex 64573. France: HARTING ELEKTRONIK
S.AR.L., BP 24, F-94121 Fontenay-sous-Bois Cedex, Phone 8 77- 06 26, Telex 212 583.
Great Britain: HARTING ELEKTRONIK LTD., Airport Estate, GB-Biggin Hill/Kent, TN 16 3
BW, Phone (095 94) 71411, Telex 95 168. italy: HARTING ELEKTRONIK S.PA., Via Como,
2,1-20096 Pioltelio (Milano), Phone 02 - 9240 366. Sweden: HARTING ELEKTRONIKAB,
Box 1173, $-16312 Spanga, Phone (08) 7 507 440, Telex 15090. Switzertand: HARTING
ELEKTRONIK AG, CH-8603 Schwerzenbach, Phone 01- 8255151, Telex 54 340.

Foreign representations:

Austria: Burisch Ges. m.b. H. & Co. KG, PO.B. 24, A-1210 Wien. Brazil: ER COMERCIOE
INDUSTRIA LTDA, PO.B. 2456, 30.000 Belo Horizonte MG. Denmark: Knud Wexee A/S,
P B. 35, DK-2840 Holte. Finland: SKS Suomalainen Kone Oy, PO.B. 74, SF-00521
Helsinki 52. Japan: Yamaichi Electronics Co. Ltd., 3-chome Shibaura, Minato-ku, Tokyo
108. The Netherlands: Jobarco B.V., Postbus 183, NL-2700 AD Zoetermeer. Norway:
Henaco A/S, PO.B. 126, Kaldbakken, Osio 9. Spain: Elion S.A., Apartadoc Postat 7097,
E-Barcelona 14. South Africa: Bowthorpe-Hetlermann-Deutsch (Pty) Ltd., 80 Mimetes
Road, Denver Ext. 9, Johannesburg. Bulgaria, CSSR, Jugoslavia, Poland, Rumania,
Hungaria: Gebhard Balluff GmbH & Co., PO.B., A-2346 Maria Enzersdorf-Siidstadt/NO.

For quality assurance it is necessary to
collect a large amount of test

data and evaluate it by

computer.




" Lelel
vmgrovwsamente pud spFigionarsi un mcendlo con i rischi che ne
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N una nuova linea di cavi:
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The PHA1 1K analyser has been
specially designed and manufactured
by Europe'’s leading nucleonic
specialists — Nuclear Enterprises
Limited and Numelec S.A.

Designed for general spectroscopy
work, its built-in raster scanned display
is exceptionally stable and can drive
external large screen monitors.

Scintillation detectors can be directly
connected because preamplifier,
amplifier and high voltage supply are
built-in. An ADC with adjustable
conversion gain completes the pulse
processing system, and offers excellent
linearity backed by auto-incrementing
memory. ; o

PHAT with
Scintillation
Detector and
Digital Recorder

Nuclear Enterprises Limited
Bath Road, Beenham, Berkshire, England RG7 5PR
Telephone: Woothampton (073 521) 2121 Telex: 848475

Sighthill, Edinburgh, Scotland EH11 4BY Telephone: 031-443 4060 Telex: 72333

SEIGHT AhALTSER B PR
anprenc e

ROl integration, group addition/
subtraction and other simple data
manipulations, plus stand-alone data
logging can all be accomplished.

If you want hard copies of data, we
can supply all the peripheral
equipment you need. Indeed, the
PHA1 can also be connected to a host
processor.

For adaptability and easy servicing,
the PHA1 is packaged in a Eurocard
format.

Compare the specification:

* Incorporates H.V. supply, preamplifier and
amplifier for direct connection of scintillation
detectors

¢ Chaining facility formultiple operations

® Activity Profile Mode for Activity/time studies
¢ Composite video output for driving remote
large screen television monitors and video

keypad entry
* Clear visual indication of
spectral data and operating

printers ® Simplified operation using

parameters

THORN EMI

L_ A THORN EMI company

® Modular hardware system
* Serial interface for spectral data output and input
® Real time, live time and count limit controlled

- acquisition

* Integration over selected region of interest

¢ Dead time indication

® Good differential and integral linearity

® 256, 512, 1024 channel groups

¢ Data manipulation between groups

* Peripheral range includes video printer, serial
printer, digital cassette recorder and host
microprinter for spectral data analysis

® Small and compact

For comprehensive details, use the
coupon and we’ll send you a Free
copy of our PHA1 brochure.

Name

Company
Address

Nuclear
Enterprises



' UNE TECHNOLOGIE
US EXIGEANTS

iy

RACAL-DANA dispose d'une large

‘g , gamme d'appareils de mesure, pré-
L. sente dans tous les domaines de lin-
dustrie.

Son commutateur de voies pro-
grammable permet de réaliser des
systémes évolutifs de mesure en BUS-
. IEEE, pour l'acquisition et le traifement
de signaux allant du continu aux hyper-
fréquences.

Les chaines de mesure ainsi réa-
lisées, faisant appel aux technologies
les plus avancées en instrumentation,
peuvent assister dans les meilleures
conditions les réalisations technologi-
ques les plus ambitieuses.

RACAL-DANA
la maitrise du signal

18, avenue Dutartre - Parly I
78150 LE CHESNAY
Tél. : (3) 955.88.88 - Telex : 697215 F

THE SECRET'S IN THE DETAILS

Stable instrument and laboratory trolleys
2 different models: Senior and Junior
4 adjustable supporting surfaces
Holder for drawings up to A2 size
Pull-out writing and supporting surface

Drawers for small items

Large lockable rubber-tyred castors

PRICES :
Senior Fr. 595~ (without ICHA) Junior Fr. 450~ (without ICHA)

Made in Sweden

Surface Width  Length  Remarks Features
No. 1 500 250 Max. load 150 kg

Adjustable for height
from 150 ta 250 mm

No. 2 500 600 Angle adjustable Total supporting

between ~5 and +45¢ surface 1 m?

Net weight 25 kg

No. 3 500 320
No. 4 500 560 For heavy equipment All supporting surfaces
Writing and suitable for 19" units
supporting surface 400 300 Angle adjustable

up to 45°
Drawers 400 300 60 mm deep Holder for drawings

up to A2 size

Oltronix Labor AG
Grillenweg 4, CH - 2504 Biel
Tel. (032) 4244 45

Telex 349 417

@LTRONI

AGENCE RACAL DANA
RHONE-ALPES/ CENTRE
35, rue du Tonkin 69100 VILLEURBANNE
Tél. : (7) 889.77.77
M. BIJONNEAU Représentant exclusif pour l[e CERN

336

our Model 800 proves It!

® 256 channels, microprocessor based

® Amplifier and high voltage for Nal(Tl}

® RS-232C serial port with external control
® Multiple ROI’s and integrator

® Built-in live timer

For information write or call

® INC.

761 Emory Valley Road @ Oak Ridge, TN 37830-2561
{615) 482-4041/TLX 557-482
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LARGE

CALORIMETERS?

XP2008
and XP2012
contributeinUATand UA 2

pp CERN experiments with

A completerange of modern PMTs for industry and physics Stabi I ity .

ags = a
cathode number stability pulse |resolution Llnearlty

PMT of linearity 137Cs

(m¢m) type |stages 16h{t%)3PA 1-(();/:)pA (mA) ) BBQity
208 | Consistency

XP2008 | 32 |superAj 10
XP2012 ] 32| bialkali| 10

1 1

1 1
XP2202 | 44 | bialkali { 10 1 1 200 74 -
XP2212| 44 | bialkali | 12 1 1 250 7,5 RGSO'UtIO“
XP2030 | 70| bialkali{ 10VB 0,5 0,8 40%) 7.2
XP2050 | 110 | bialkali | 10VB 1 1 40%) 75 Economy
*) with a specially tailored bleeder
Matching the BBQ emission meet the most critical parameter Philips Industries,

spectrum (BBQity), these PMTs for system resolution: GAIN STABILITY.  Electronic Components
and Materials Division,

We’ve set the standard for over 20 years ctindhoven, The Netherlands

priips|  Electronic '
% Components pH l I-I ps

and Materials
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-1

JEMA
=D

rue doct De Meersman, 37, B1070 Bruxelles Luwa SA

n Luwa pour poussiére fine
o type FP: papier fibre de
DDIV | verre. «

Our 21 sets of

regulated power supplies
work on a 24 hours basis
to supply most of the parts
of the cyclotron of
Louvain-la-neuve.

100W to 500kW:;to +1.107°
some since 1975.

tel. (02) 52045 76
telex 22 674 b

Luwa

Filtres + Equipement de Protection
Kanalstrasse 5, 8152 Glattbrugg, Téléphone 01/8101010

Following a Europe-wide limited tender action
the Electron Tube Division
of Thomson-CSF
has been selected by the European Atomic Energy Community
EURATOM
to carry out the development of
a gyrotron oscillator
for use in controlled thermonuclear fusion installations.

The main performance goals of this development are :

Frequency : 100 GHz
Peak output power : 200 kW
Pulse duration : 100 ms

/

\ THOMSON
® COMPONENTS

5194

THOMSON-CSF Division Tubes Electroniques / 38 rue Vauthier / BP 305 / 92102 Boulogne-Billancourt cedex / France /
Tel. . (33.1) 604.81.75
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UP TO 5 x 10*

GAIN IN VERY HIGH
MAGNETIC FIELDS
NEW FINE MESH TYPE
10 STAGE PMT

The new R2063 fine
mesh tube performs very
well in high magnetic
fields to about 10K gauss.
This unique tube is the
first high quality detector
for High Energy Physics
to overcome the gain
killing effect of magnetic
environments.

UP TO 75 GAIN

IN HIGH
MAGNETIC FIELDS
NEW MESH TYPE,
FLAT 2 STAGE PMT

The R2061 mesh type
tube provides enough
gain (about 75) to pre-
serve your signal while
operating in magnetic
fields of up to 10K gauss.
The compact flat geom-
etry with 3" diameter
permits stacking large
numbers of detectors
with good volumetric
efficiency.

HIR
 HIGH ENERGY PHYSICS

HIGH COUNT RATES
IN MAGNETIC
ENVIRONMENTS
MESH DYNODE PMT

The R1652 combines
superior performance in
magnetic fields, good
gain and high count rate
linearity. This 3 inch
diameter, head on tube
with 9-stage mesh-
dynodes uses a new
proximity focus design
for operation in magnetic
fields up to a few
hundred gauss.

CALL OR WRITE FOR DATA SHEETS

HAMAMATSU

HAMAMATSU CORPORATION « 420 SOUTH AVENUE + MIDDLESEX, NEW JERSEY 08846 + PHONE:(201) 469-6640
International Offices in Major Countries of Europe and Asia.

SUPERIOR PULSE
LINEARITY
HYBRID MESH/BOX
AND GRID PMT

The R1911-01 uses box
and grid dynodes at the
front end for high energy
resolution and new mesh
type dynodes in the final
stages for excellent pulse
linearity. Pulse linearity
of less than 2% deviation
at 50 mA 1500V is
significantly better than
PMT’s with standard
dynodes. This 3" tube

is ideal for physics and
medical diagnostic
applications because of
its reduced length.

s T

o

Hamamatsu Photonics K.K., 1126 Ichino-cho, Hamamatsu, Japan, 0534/34-3311 « Hamamatsu TV Europa GmbH, Postfach 1140, D-8031 Seefeld 1, W. Germany, 08152/7705
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Partout ou I'ceil
ne pelLJJt %cé(()je(lar...
Endoscopes

flexibles
a fibres de verre

pour linspection directe de corps creux
non accessibles aux yeux. g 3-14 m,
longueurs utiles 0,5-12 m. Eclairage

de I'objet par lumiére halogéne intégrée.
Alimentation par pile et secteur.

For optical
Deliverable in the following ranges: interior inspections...
0+32kV, 0:65 kV, 0+131 kV

Auto-Polarity boroscopesl

Auto-Ranging (one range = 10%) -
Measuring current 10 pA f b

Accuracy 1.104 absolut ’ erscopes.
Temperature Coefficient 10 ppm/k
Remote Control: IEC-Bus (IEEE 488)
with potential separation

Interface funktions: SH 1, AH2, T 6,
L 4 und DT 1.

Ask for data sheet

Happinger Str.71 Ask for details. ! ‘
8200R h
HEINZINGE I | ™) TECHNOKONTROLL AG

. Tel.08031/6 41 41
Regel-und MeBtechnik  Telex:0525777

A 8049 Zirich, Imbisbiihlstr.144 Telefon 0156 56 33

The DV-24 grabs onto
an interface direct

The mostimportant task forany  * connect additional data test
data service techniciantrouble-  sets without problems.
shooting and analyzing faultsis  Your universal tool for working
checking functions at the on teleprocessing equipment.
V.24/V.28 Interface. The DV-24 is small, light in
Now the economical, battery weight and handy to use.
operated DV-24 Interface >
Tester is available. Even semi- ]
skilled technicians can easily | Information Coupon
perform error diagnoses. | Pl iod int .
A DV-24 permits you to: ease send detaﬂec_i information

. . N about handy testers:
* monitor the interface circuits | 'tor v.24/V.28 Interfaces
while actually carrying traffic; [ for X.20/21, X.26/27 Interfaces
* watch LED’s showing the I

signals on the 14 most impor- | Name

tant control, indication, and tim- | Firm

ing-circuits; |

* manually simulate interface | Address 9

signals; I City o

* monitor individual circuits by - Q
- el. No. w

pulse memory having pos. and I

neg. trigger facilities; |

* set-up and disconnect data ]

circuits manually;. i \gg\?eg)e/!g‘ Goltermann
* separate each of the 25inter- | Postfach 254

face circuits (except for ground | CH-3000 Bern 25

conductors) by a switch; Tel. (031) 42.66.44
| Telex32112 wago ch

340 CERN Courier, October 1983



Telemecanique

At CERN, Telemecanique, the internatio-
nal specialist in automation components
and systems will be showing:

® Control units for
HOISTING,
MECHANICAL HANDLING
and VENTILATION,

® Homogeneous ranges of electronic
variable speed drives for a.c. and d.c.
motors designed for specific and high
performance applications.

Telemecanique

43-45, avenue Franklin-Roosevelt
92500 RUEIL-MALMAISON - FRANCE

~
7,
57@
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DECHNOLOGY

Components and

Engineering
Wg@?@ * Monopulse Comparators
oD@ * Pressurization Systems
el © Microwave Absorbers

! e Coax and Waveguide
TNiednd ¢ Waveguide Switches
¢ Open Wire Switches
¢ Coax Breakaways
* Coaxial Switches
¢ Phase Shifters
¢ Stub Tuners
* DC Breaks
¢ Combiners
* RF Loads

Contact Dielectric for all your
RF needs from mW to MW.

DIELECTRIC COMMUNICATIONS

A UNIT OF GENERAL StIGNAL
Tower Hill Road ¢ Raymond, Maine 04071
Tel.: (207) 655-4555 « 800-341-9678
TWX: 710-229-6890




des tubes . aux- bes
photomultiplicateurs  de pulssance

du photon unique jusqu’a | jusqu 'a 600 kW CW) pour £00
plusieurs ampeéres pour:

Accelerateurs de pamcuies ;
YL 1530 tétrode 40 kW (CW) :
YK 1300 kiystron 500 MHz/GGO kW (CW)

Fusson thermo»nuclea:re controiee
oz 220 tétrode 1,5 MW {pulsé) -
.V 108 SK kiystron
2 1300 MHz/325 kW (1,6 5.)

CONSULTEZ-NOUS AUSSI
pour:

ayons cathodiques
s Geiger-Miiller.

Electronique industrielle
XP 2013 B - PM 2963.
Médecine nucléaire

PM 2102 « PM 2412 : F-um—&u-u---u———‘h—---ss—z-
- PM 2422 hexagonal. 1 Je désire recevoir
Physigue des hautes énergies i [ ia visite d’un ingénieur conseil .
XP 2008 - XP 2012 1 O votre catalogue
PM 2982 - XP 2232, P M
]| Fonction
] Société
l Adresse.
I s Ville
i Tel. :
.-—-----—---_--------_ L]

Afin que vous puissiez innover

Ré. 852 La Chesnay Associés Comnuinications

130, AVENUE LEDRU-ROLLIN - 75540 PARIS CEDEX 11 - TEL (1) 355.44.99 - TELEX : 680.495 F
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CAMAC 750 - 1000W
SWITCHING POWER SUPPLY

Now you can remove your
500W power supply

And plug in 750 - 1000W of swntchmg regulated power
with reduced heat dissipation

SPECIFICATIONS:

DC Outputs Power Requirements

+6V (+5.2V) 65A 220 VAC +10%
-6V (-5.2V) 65A  at 50Hz

+24V 10A

-24V 10A

* Adjustable 6V and 24V Outputs

* Stabilized and Meter Monitored

* PARD 50 mVpp

* Hold Time: 10 ms with Power
Failure Signal

* AT1 Outputs Protected Against
Short-circuit by Means of
Trip-off Circuit

* Thermal Switch for Overheating
Protection

* Now in Final Stage of
CERN Compliance Tests

SEN ELECTRONICS S.A.

Avenue Ernest-Pictet 31; Tel. {022) 44 29 40 —Tix 23 359¢ch— CH-1211 GENEVE 13 ELECTRONIQUE
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BOURNS DIGITAL PUSHBUTTON POTENTIOMETER
A SIMPLE, FAST AND ACCURATE DESIGN

Just push the PLUS or MINUS buttons for the precise setting you want. It’s that
simple. The Model 3680 Series let you set and reset with absolute accuracy.
Immediate data entry and information readout on large easy-to-read digital displays.
Available with transparent panel seal assembly H-385.

The Model 3680 Series consists of from one to five decades.

Bourns (Schweiz) AG, 6340 Baar

Laser tailored, built-in cermet elements provide a wide choice of standard resis- Tel. 042 / 33 33 33 Telex 868 722

tance values from 10 ohms to 1 Megohm (% 3%). Power rating 2 W at 25°C.

mounting hardware. Accuracy: 0,5%; Repeatability: 0,1%.

Convenient snap-in mounting reduces installation time and eliminates the need for BOURNS@

POLIVAR S.p.A.

Via Naro, 72 P.O. Box 111
00040-POMEZIA (Roma)
Telefono 06/9121061 Telex 611227 PLV |

Product line

Cast acrylic sheets, bars, blocks, scintillators,
light guides

2.
. 3. Transient recorder: Recording and storage of transient inputs.
4.

Measurement display, storage — simultaneous

Digital Scope Multimeter M 2050

World first!

Demonstration at CERN
Tel. (037) 24 77 57

Functions
1. Multimeter: Digital readout and waveform display.
Oscilloscope: Digital storage oscilloscope.

Overall concept: All functions in a single instrument;
compact, handy, battery operation.

METRAWATT

Felsenrainstrasse | - CH-8052 Ziirich - Tel. 01-3023535
1700 Fribourg - Tel. 037-2477 57
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FASTBUS

for Data Acquisition

Data acquisition in FASTBUS using LeCroy's 1800 Series modules and our
system integration approach offers new advantages through frontier technology.
. Sophisticated multiple master architecture permits computer networking, distributed
intelligence, multi-tiered decision making, and system monitoring. It uses a 32-bit
wide data field provadmg operations easily 20 times faster than CAMAC.

The 1870 Series 96 Channel TDC's employ high speed SOS shift register
IC’s and the 1880 Series ADC’s use QMUX, a special integrated circuit. These
custom components result in easy to understand e!ectromcs exceﬂent imeanty,
high interchannel isolation, and more.

Our expanding line of FASTBUS modules features unprecedented channel
multiplicity, self-test and -calibration, convenient trigger processor connections,
and rapid conversion and readout.

~_For more information on the expanding frontiers
data acquisition with FASTBUS contact ycur nearest
‘ LeCroy Sales Dfﬂce

FASTBUS 1880 Series

Event ADC’s

® 96 Channels, 12 and 15-bit
operation

¢ Negative or positive inputs

e Simultaneous readout and
conversion

e Fast clear <500 nsec

¢ Automated testing

FASTBUS 1870 Series

Multihit TDC’s

¢ 96 Channel Pipeline TDC

e Programmable resolution to 2 nsec/count

j ¢ Fast clear <10 nsec
¢ Pulse width encoding
r y e Trigger Processor connection

700 S. Main St., Spring Valley, N.Y. 10977, (914) 425-2000; Livermore, California, (415) 449-5994;
Geneva, Switzerland, (022) 82 33 55; Heidelberg, West Germany, (06221) 28192; Les Ulis, France, (6) 907.38.97;
Rome, ltaly, (396) 320-0646; Botley, Oxford, England, (0865) 72 72 75. Representatives throughout the world.




B-Range

New range of LEMO miniaturi-
zed connectors with single
key or twin polarisations keys.
Solder or crimped contacts.
This new range of connectors
has from 2 to 80 contacts
suitable for screened or un-
screened cables between 1,5
and 25mm overalldiameter.

The keying system prevents Many keying variations increase Normalized crimping tools to Alternative crimp contacts for quick
mismating. versatility and prevent cross- MIL-M 22520 may be used. assembly: a major advantage.
mating.

‘B LEmMO=;/

Electrotechnique - CH-1110 Morges-Suisse

SI VOUS ETES UN UTILISATEUR D'INDICA -
TEURS DE TABLEAU, VOS CHANCES SONT EX-
CELLENTES DE TROUVER, DANS LE PROGRAM-
ME CHAUVIN ARNOUX, L'INSTRUMENT QU'IL

VOUS FAUT. ENTRE LE GALVANOMETRE CLAS-
SIQUE ET L'INDICATEUR 20'000 POINTS
AVEC CIRCUIT LSI, L'E-
VENTAIL EST COMPLET.

DE PLUS, LA SERIE
DIGILINE AVEC SON
AFFICHAGE ELEC-
TRONIQUE EN CO-
LONNE LUMINEU-

SE VOUS PERMET DE
COMBINER LES AVAN-
TAGES DE LA MESURE
STATIQUE AVEC CEUX
DE LA LECTURE ANA-
LOGIQUE.

QUELQUE SOIT ’
L'APPAREIL DE pas a pas hybrides 1,8°0u.3,6°

eUrs pas a pas a aiman
X Ou quatre phases, avec

VOTRE CHOIX: S'IL uatre phases, avec ou sans comma

VIENT DE CHAUVIN TABLEAU o L )
wecixisnir CHAUNIN ARNOUX
REZ SATISFAIT.

DIGILINE (haut, adroite): indicateur électronique
200 points a colonne lumineuse linéaire; résolu-

tion 0,5%, précision 1% utilisation pour indi-
cation simultanée de deux mesures différentes
ou pour une mesure et une voie de détection avec

deux seuils réglables; encastrement 36%144 mm.

NUTA LSl (bas, a gauche): indicateur digital

Société anonyme 20'000 ou 2'000 points avec affichage LEDde 11 Crouzet SA g
mm de hauteur; précision 0,03 %* 2 unités (mo-
Gtle de base 20000 points), encastrement 46x Buckhauserstrasse 24
96 (Nuta LSI 96) ou 72x 144 (Nuta LSI 144). 8048 Zurich el /524120
Indicateurs de tableau classiques: un éventail il :
extrémement vaste d'instruments analogues per- o X 3 , : :

Rue de 'Hopital 12 — 2501 Bienne met de répondre & un grand nombre de besoins §§

. ) en matiére de modéles, d'applications et d'en-
Tél. 032 223223 Telex 34222 preci ch combrements.
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3921

MEEtIﬁ p OUT‘ LSI-11 CRATE CONTROLLER
g y Houses an LSI-11/2, LSI-11/23, or SBC-11/21 DEC

; ; : processor for stand-alone or auxiliary controller
GAMAG nEEdS applications

- Features -

Combined crate controller and processor

Full LSI-11 bus compatibility

22-bit addressing capability

Full software support

Four 1/0-mapped registers for all CAMAC operations
Expandable via front panel LSI-11 bus

Stand-alone or auxiliary controller

Real-time clock

3 New Crate
Controllers

asay
GPLE CRATE
CORYROLLER

3988
GPIB CRATE CONTROLLER

Provides for CAMAC 1/0 in a GPIB-controlled system
- Features -

Complete CAMAC/GPIB interface
Full GPIB (IEEE-488) capability
Single data transfers

Q-scan and Q-stop block data transfers
GPIB service request capability
Switch-selectable talk/listen address
Main or auxiliary crate controller
Auxiliary controller support

. BBEERE

¥
»
¥
+
*
: ¥
*
]
b
i
28
e
I
:
5
v
$
x
]
»
*

3989
RS-232 CRATE CONTROLLER
Allows a CAMAC crate to be driven from a computer

serial port, modem, CRT terminal, or other RS-232-
compatible device

-
linlhE?ﬂ‘ HKinaticSystomy ’

- Features -

e Computer independent
e Strap-selectable for RS-422
e Userselectable Baud rate and data format
e Main or auxiliary crate controller
e Auxiliary controller support
e Data link control signals
e Multidrop signalling compatibility
: e Q-scan and Q-stop block data transfers
Contact us . . e PROM-based software
for more iNformation ¢ Manual crate controller capability
US.A. Pacific Northwest Office Western Region Office Europe (Service) Europe (Marketing)
11 Maryknolt Drive P.O. Box 4221 4234 Fairlands Drive 3 Chemin de Tavernay Gewerbestrasse 13
Lockport, IL 680441 Fremont, CA 94539 Pleasanton, CA 94566 1218 Geneva, Switzerland CH-4528 Zuchwil, Switzerland
Phone: (815) 838 0005 Phone: (416) 490 8544 Phone: (415) 829 9020 Phone: (022) 98 44 45 Phone: (065) 25 29 25
TWX: 910 638 2831 TWX: 910 389 6898 Telex: 28 96 22 Telex: 34 94 95
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A Rapidly Growing Line of
Fast Pulse Instrumentation
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Model 2229: Octal ECLine TDC
» 8 Channels

¢ Resolution to 50 psec/11-bits
¢ Fast clear to 500 usec

Model 2365: Octal Logic Matrix

* 16 inputs, 8 outputs, 100 MHz

e Each output represents any AND/OR
combination of inputs or
complements

* CAMAC programmable and readable

¢ Battery backup/continuous memory

Model 2372: 64 K Memory Lookup
¢ 12-in/16-out to 16-inf12-out

* 80 nsec maximum delay time

* Pipeline and dc logic modes

* Battery backup/continuous memory

Model 2374: Data Stack Module

e 2 Ports—simultaneous read/write

 Self-sequencing, sequential read
mode

¢ Trigger Processing New

Model 4302: Triple Port Fast Memory

* 16 K x 16-bit words

¢ 100 nsec write time New
via front panel ECL port

Model 4415: 16 Ch Discriminator

* 50 MHz, 30 mV min. threshold

¢ Channel masking

* Veto and test inputs

Model 4416B: 16 Ch Discriminator
® 150 MHz, 15 mV min. threshold
¢ Channel masking W

e Veto and test inputs ~ N€
Model 4417B: 16 Ch Shaper

s 150 MHz, 30 mV min. threshold
¢ OR output

e Veto and test inputs ~ NeW
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The new generation of high energy physics experiments, involving extremely.
high counting rates and/or large detector arrays, requires a ‘‘total system’’

approach to instrumentation. LeCroy’s new CAMAC Series of ultra-fast, high-

density programmable instrumentation modules provides the solution to this

requirement by allowing the experimenter to achieve full computer control of

the data acquisition system within a single instrumentation standard.

Model 4418: 16 Ch Programmable
Delay

* 3 Delay ranges: 16, 32, 128 nsec
¢ 4-bit CAMAC programming

* Fan-out of 3 per channel

¢ 100 MHz and 30 MHz max.

* Power off memory

Model 4431: 8 Ch Prescaler
¢ 4-bit, 140 MHz maximum
e CAMAC and manual operation
e OR output
* Test, inhibit, channel masking
Model 4433: 16/32 Ch Latching Scaler
e 32 or 16 bits, 30 MHz
e Sequential or ew
addressed readout

e Auxiliary bus for external memory
Model 4434: 32 Ch Latching Scaler
e 24 bits, 20 MHz

New

e Sequential or
addressed readout

e Auxiliary bus for external memory

Model 4448: 48 Ch Coincidence

Register

* 48 Inputs

e Analog sum outputs

e Fast clear

Model 4504: 4 Ch Flash ADC

* 100 MHz, 4 bits plus overflow

* Front panel fast data outputs

» Externalistrobe or free running

Rue Cardinal-Journet 27, 1217 Meyrin 1-Geneva, Switzerland, 82 33 55. Offices: USA,
(914) 425-2000; Heidelberg, W. Germany, (06221) 28192; Les Ulis, France, (6) 907.38.97;

Botley, Oxford, England, (0865) 72 72 75.

Representatives throughout the world.

Model 4508: Programmable Logic Unit
* 2 x 8 inputs/8 outputs
* Provides any logic/arithmetic function
* 65 MHz, constant delay
* Input pattern readable
Model 4516: 16 Ch Logic Unit
* 16 x 3 input AND/OR logic
¢ OR output, veto input
* CAMAC programming, 150 MHz
IL\JAodeI 4532: 32 Ch Majority Logic

nit
* 100 MHz, overlap or latching
e External or internal gate
e Analog and cluster option
Model 4564: 16 to 64-Fold Logic Unit
* 64 Inputs/16 outputs
*4 x 16,2 x 32,1 x 64 OR outputs
¢ Several AND combinations
* 140 MHz, constant delay
Model 4616: ECL/NIM/ECL Converter
¢ 16 Channel NIM module, 150 MHz
e Bi-directional: ECL to NIM/NIMto ECL
e Fan-out of three on NIM outputs

For details call or write your nearest
LeCroy Sales Office.

LeCroy |
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Creative Electromic Svystems Sa
Do you need the smartest ACC processor?
faster than a bit— slice processor?
running any PDP-11 standard software?
- -then consider the new front-end processor from CES.

Super ACC 2180 Family

§ CPY card providing:

- 14/32-bit, 200ns-cycle DEC J-11 - Auxiliary Crate Lontroller logic
- b4k 18-bit dual-port aeamory - mixed EPROM/static RAM configuration
- RS 232C interface - interval timer

I front- panel @ bus provides for extension cards eg.
- COprocessors - memory extensions
- crate controllers

¥ extensive use of CHOS technology for low-power requirements

The ACC 2180 is a single board CAMAC aodule built around Digital Equipment’s latest 16/732-bit microprocessor,
the J-11. This microprocesser is the most advanced in the FDP range; it's principal features are :

- POP 11/70 perforaance

- multiplexed data and address buses with a 32-bit internal data path
- on-chip memory sanzgment to address up to 4 Hbyltes sesory

full PDP-11 ipstruction set

- 44 flpating-point instructions,standard feature

extended instruction set,standard feature

The semory bank is a full dual-port memory, i.e. it can be accessed independantly fros CAMAC or fros the
CPU.The structure is such that the &4 K-14Bit memory can be tailored to user’s requiresent by mixing EPROMS
and RAMs. The CAMAC addresses are memory mapped to ensure software compatibility with existing systeas and
tor maxisus throughput. The msemory, CAMAC, peripherals and other resources are controlled by 2 PAL-based
legic to ensure the fastest response time. This solution alsc renders the systes extremely easy to "tune’.

This processor is particularly suited to applications where formerly a hast processor was required,such
as floating-point data manipulation, or where previously only bit-slice processors have been fast
enough.

The microprocessor bus 1s accessible on the unit’s front-panel in 822-bus form, providing easy connection of
additional cards, such as peripheral controllers, mesory extension cards, attached processors, ete.

The most important feature is that any PDP software can be executed in the ACC 2180 so long as it can be
loaded into the ACC 21B0°s mesory. The memory size and its flexibility in EPROM/RAM partitions renders
the system extremely versatile. The unit can be used either as a runtime systes without needing any
additional system device, such as under MRRT-11 or RSY-11S, or as a development systea with system
devices attached to the B-bus ocutput, under RT-11, RSX-1iM, REX-1iP+, etc. Application programs may be
written in any DEC-supported language including the latest real-time concurrent aicro-power PASCAL.

At CES, tomorrow’s systems are available NOW

For more inforsation contact us, or your local CES representative:

70,route du Pont-Butin Case Postale 122 1213 Petit-lancy | Switzerland

Tel: {022} 92 537 45 Telex: 421320 CES-CH ““[MW[ Hm“m““: svsnms
Belgiua: Canberra Positronika  Tel:(34)321411 Netherlands: Canberra Positronika  Tel:{040) 414335
North America: Klotz Eng. Vancouver  Tel:{504) 4547401 Japan: Toyo Corp. Tel: {031 2790771
France: AE+B Tel: (76)905540 North Germany: PCP ‘ Tel: (0401802044

South Bermany: Silena Tel: {040) 554021



Well-founded informations give
you a personal lead in any
project management. Take for
example

arhon fiher
construction elements

for specific use in experimental
physics, for panels, pipes,
shaped parts and combination
products.

Please request detailed infor-
mation. Mr H. Mauch will be glad
to advise you personally.

We offer a range that is based
on 25 years’ experience and
know how through successful
collaboration with field specia-
lists.

Stesalit AG
Kunststoffwerk

We provide easily built-in CH-4249 Zullwil/SO
safety in Know-how. Telefon 061/80 06 01, Telex 63182 B

RESOLVEZ VOS PROBLEMES DE NEUTRONS
GET YOUR NEUTRON PROBLEMS SOLVED OUT

AVEC counter *He ‘
WITH compteur a He

reliable
robuste

autonomy : 30 hours with 12 V Ni-Cd accumulator
autonomie : 30 heures sur accumulateur Cd-Ni 12 V

M m ICI'ODFOCBSSOI’

mlcroprocesseur

Systéme CEA Débit d'éguivalent de dose
automatic reading CEA System Equivalent dose rate
automatique

107" 10° m-rem/h

Equivalent de dose 0 — 10° m-rem

Equivalent dose
I light
¢ 2(6,5 kg) Tc_am.ps de cumul 0—10h

Iéger Timing

Réalisations Publicitaires industrielles

nardeu x Agence Commerciale : Z.A. de Courtabceuf - Av. d‘islande EVOLIC 4 -91940 LES ULIS
Commercial Branch : Tél. (6) 928.59.46 - Télex : 691 259 F
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