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EXCEPTIONAL TRIGGER PERFORMANCE...
LeCROY ECLine

L3 Montecarlo simulated event.

ECLine is the most appropriate solution to the demanding trigger needs of today’s physics
experiments because IT OFFERS:

MODULARITY. A trigger setup can easily be reconfigured and
extended to prevent system obsolescence. The trigger system
can evolve together with the experiment and/or with the experi-
mental needs. Currently more than 20 ECLine modules are
available, each offering a different logic function.

PROGRAMMABILITY. CAMAC programmability provides com-
puter control capability of the trigger setup including testing and
recording of trigger conditions, as well as the capability of simu-
lating physical events in order to investigate the behavior of the
electronics.

ECLine leaves no room for logic errors, faulty modules, or omis-
sions in bookkeeping.

FLEXIBILITY. The logic functions available range from simple
AND/ORs to much more sophisticated functions such as sum,
multiplication or comparison of digital words or fast Analog to
Digital Conversion.

A wide variety of triggers can therefore be implemented ranging
fom simple AND/OR logic, executable in a few tens of nano-
seconds, to energy-based triggers or triggers based on recogni-
tion and correlation of tracks, executable in a few microseconds to
a few a tens of microseconds.

RELIABILITY. ECLine is used in all major laboratories worldwide.
It is fully documented and supported by LeCroy service centers
near major laboratories.

LeCroy

Geneva, Switzerland, (022) 82 33 55; 700 S. Main St., Spring Val-
ley, NY 10977, (914) 578-6038; Heidelberg, West Germany,
(06221) 49162; Les Ulis, France, (1) 6907-3897; Rome, ltaly,
(06) 320-0646; Botley, Oxford, England, (0865) 72 72 75.
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Cover photograph: Halley’s comet rising above the horizon, as seen at
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were together in Garching, near Munich, in March for their second joint
Symposium on Cosmology, Astronomy and Fundamental Physics, see
page 29. CCD imaging techniques are also used in particle physics, see
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High Technology
needs
Superconductors

- in fusion research
- in medical diagnosis
- in radioastronomy

Dr. Karl-Jiirgen Best, Vacuumschmelze

The biggest radiotelescope is located at
Effelsberg, Eifel, W. Germany. One of its
highly sensitive receivers is a MASER — a

quantum mechanical amplifier. For its

operation a strong and homogeneous
magnetic field is necessary. It is provided by
superconducting coils.

High-energy magnetic fields produced by
superconductors VACRYFLUX® also help
achieve top results in other disciplines, i.e.

in fusion research or in nuclear spin
tomography, which enables high resolution
diagnosis without X-ray examination.

® Registered trademark of VACUUMSCHMELZE GMBH
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Griiner Weg 37, D-6450 Hanau 1- Telefon: (06181) 362-1- Telefax: (06181) 362 645 - Telex: 4 184 863
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LEP experiments take shape

Excavation of the 27 kilometre
tunnel and vast underground cav-
erns for CERN’s new LEP electron-
positron collider is forging ahead,
and equipment for the machine is
arriving on the site in increasing
quantities ready to attack the huge
task of installation (see April issue,
page 1).

At about the same time that LEP
construction work began at CERN
in 1983, physicists from some
hundred research centres through-
out the world began gearing up
for the detailed design, construc-
tion and testing of the millions of
components for the four big detec-
tors — ALEPH, DELPHI, L3 and
OPAL — which will study LEP's
electron-positron collisions.

(For a detailed description of
these four experiments, see
July/August 1984 issue, page 227
(DELPHI), September 1984 issue,
page 269 (ALEPH), November
1984 issue, page 375 (OPAL), and
March 1985 issue, page 47 for
L3.)

-Three years later, preparations
for these four mammoth experi-
ments are well advanced. The ma-
jor aim is to be ready to intercept
LEP’s first colliding beams towards
the end of 1988, which means
that some less essential detection
subsystems are being left for later.

These projects require inter-
national collaboration on a scale
unprecedented in a field of science
already renowned for its ability to
bring together scientists from dif-
ferent countries. Progress was
highlighted at a recent meeting of

The experiments for the LEP
electron-positron collider being built at

CERN involve together physicists from some

hundred research institutes all over the
world. Here a consignment of equipment
for the L3 experiment arrives at CERN from
the Soviet Union.

(Photo CERN 226.2.86)
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the LEP Experiments Committee,
which carefully monitors the pro-
gress of these projects.

One impressive aspect of the
work is the development of inge-
nious tooling, often using sophis-
ticated techniques, to facilitate
construction and assembly of the
detector components.

For L3, spokesman Sam Ting
described how assembly of the
huge 7000-ton magnet to surround
the detector continues to make
satisfactory progress with comple-
tion of coil segments at CERN
keeping step with the supply of
steel from the Soviet Union. Pro-
duction lines are being set up for
the high precision drift chamber
system to pinpoint muons inside
the magnet.

The first modules of the hadron
calorimeter, using uranium supplied
by the Soviet Union, are at the
Swiss Federal Institute for Reactor
Research, EIR.

A Ting video showed French
numerically-controlled machines

at work in Shanghai cutting and
polishing the BGO crystals for the
L3 electromagnetic calorimeter
before sending them to CERN for
acceptance tests.

After apologizing for having no
video to show, ALEPH spokesman
Jack Steinberger stressed the diffi-
culties of fashioning an electro-
magnetic calorimeter with its acre
and a half (6000 square metres)
of wire planes containing
750 000 wires and millions of con-
nections.

Meanwhile other parts of the
detector are coming together
smoothly. Winding of the super-
conducting magnet will soon get
underway at Saclay in France,
while sectors of the big Time Pro-
jection Chamber to track particles
inside the solenoid should soon
make their appearance at CERN.
Also starting is the huge task of
installing the thousands of stream-
er tubes of the hadron calorimeter
inside the magnet return yoke.

DELPHI spokesman Ugo Amaldi



related how the iron for the yoke
of the magnet barrel is making the
long journey from Leningrad to
CERN by boat, barge and road

through Rotterdam and Strasbourg.

Winding of the superconducting
solenoid should soon start at the
Rutherford Appleton Laboratory
in the UK.

Useful results are coming in from

DELPHI's prototype Ring Imaging
Cherenkov (RICH), enabling the
final design to be firmed up. Spe-
cial tooling has been developed
for the slotted High Density Projec-
tion Chamber of DELPHI's electro-
magnetic calorimeter.

The OPAL experiment prefers
to use conventional technology
throughout, but this does not de-

e

tract from the difficulties of con-
structing a huge detector by a
widely scattered collaboration to
a strict timescale.

Spokesman Aldo Michelini des-
cribed how all components for the
magnet should be ready later this
year, and how the ‘clean room’ is
being got ready at CERN for as-
sembly of the central detector jet
chamber. It is hoped to operate
this part of the detector for about
a year prior to LEP’s first particles.

Construction work for other
parts of the detector is well ad-
vanced, while simultaneously pro-
totype tests continue for the inner
portions of the detector and for
the electromagnetic presampler to
be fitted between the solenoid and
the surrounding lead glass of the
electromagnetic calorimeter.

‘The 21st century seems to have
arrived’, remarked one observer
at the meeting.

Ingenious tooling has been developed to
facilitate the construction of the often
complex modules for the different LEP
experiments. Here is the machine which
glues lead wire into ribbons for the High
Density Projection Chamber of the DELPHI
electromagnetic calorimeter. These ribbons
are bent into ‘accordions’ by another
machine, built by Pietro Negri in Milan.

(Photo CERN 11.1.86)
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Images through semiconductors

Improved image processing
techniques are constantly
being developed for television
and for scanners using X-rays
or other radiation for indus-
trial or medical applications,
etc. As Erik Heijne of CERN
explains here, particle physics
too has its own special requi-
rements for image process-
ing. The increasing use of
semiconductor techniques

for handling measurements
down to the level of a few
microns provides another
example of the close interplay
between scientific research
and technological develop-
ment.

While the techniques used in par-
ticle (or nuclear) physics for han-
dling three-dimensional images are
similar to those used in other
fields, the objectives are often very
different. Conventional imagers
view a ‘lively’ scene, continuous
over space and time. The particle
physicist creates his own scene,
often within the detectors them-
selves. The images in this (most
of the time empty) scene do not
evolve, as in a lively motion pic-
ture, but the ‘events’ occur like
fireworks, without correlation.

The imaging apparatus must be
capable of recording these events,
created by shooting a single parti-
cle on a fixed target or by colliding
two particles head-on. Many thou-
sands or even several millions of
events per second may occur,

however the physicist might be
interested only in a certain type —
perhaps one in ten thousand or
even rarer. Within the short time
before the next collision (at most
10 microseconds or so) it must
be decided if the recorded event
is possibly interesting. If not, all
information from the detectors can
be discarded. But if the event is
of the right type, the images from
the detectors must be stored in a

Production and decay of very short-lived
(charm) particles as recorded by an
experiment at CERN using a block of
emulsion. Two charm particles are produced
at the primary collision point (left) and
subsequently decay at the points marked
A and B. Despite travelling at almost the
speed of light, they manage to travel only
a fraction of a millimetre before decaying.
Special detectors are needed to pick up
such fine details.

50p
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more definitive format.

The images in particle physics
contain sparse information, al-
though a large area has to be cov-
ered due to the random distribution
of particles in space. The data can
be compacted, neglecting all empty
space. A similar situation is found
in robotics or in navigation prob-
lems, but the speed requirements
are less stringent.

Most particle detectors provide
a one- or two-dimensional pro-
jected image of the event, often
with additional information such
as energy loss (wavelength, or
‘colour’) or momentum (measured
from the curvature of the track in
a magnetic field). With this infor-
mation the experimenter can recon-
struct the event in space and time.

A great step was made in parti-
cle detection with the development
of the multiwire proportional cham-
ber towards the end of the 1960s.
In such a wire chamber, the pas-
sage of a charged particle ionizes
the gas and under the influence of
a strong electric field the liberated
electrons drift towards a plane of
many parallel anode wires. These
electrons initiate an avalanche to-
wards a particular wire, giving a
lever on the particle position.

Gas-filled detectors fitted with
segmented electrodes have be-
come more sophisticated, and
even in large volumes, particle
positions can be measured down
to a hundred or so microns. Special
small detectors can even get down
to about twenty microns.

Gas-filled, wire-strung detectors
are ideal for picking up the final
products of a particle interaction
once the emerging tracks have
become well separated. However
they are not suited to give an
image of the region around the
interaction point, where a system
of wires with millimetre spacing

4

is too coarse to record subtle
details.

In the initial particle interaction,
highly unstable secondary particles
can be formed. Those carrying
rare quarks like ‘charm’ and ‘beau-
ty’ live for only about 107'3 s. Even
travelling at nearly the speed of
light, such particles do not travel
more than a fraction of a millimetre
before decaying.

Full three-dimensional images of
such particle interactions and de-
cays can be obtained in blocks of
nuclear emulsion, which have to
be developed after exposure and
scanned under a microscope (see
June 1983 isue, page 184). Other
techniques have also been ex-
plored and used profitably. Those
using semiconductor imaging de-
vices are only beginning to make
their impact and promise much for
the future.

Semiconductor detectors

As it passes through matter, a
charged particle loses energy by
ionization. In a thin layer of silicon
this energy loss is about 300 keV
per mm, the exact figure depending
on the particle energy as well as
on the silicon thickness. The nice
feature of a semiconductor material
is that free electrons and holes are
generated, in silicon on average
one pair for every 3.62 eV of ener-
gy lost. And these electrons and
holes can be collected at the elec-
trodes in an appropriate device
within 10 to 20 nanoseconds, thus
creating a fast electric signal.

The amount of charge in this
signal is small compared to the
signals obtained in wire chambers
or in conventional imaging. It is
only about 80 electron-hole pairs
per micron of silicon, and low
noise amplifiers are required to

~ detect the passage of a particle

through a typical detector thick-
ness of 0.3 mm. The lower the
capacitance of the detecting ele-
ment, the lower is the noise. Thin-
ner silicon layers can be used if
the detection elements are small
‘pixels’ (e.g. 40 x 40 microns) and
if the capacitance is kept small by
using an on-chip amplifier as in a
‘Charge Coupled Device’ (CCD).

(A CCD is essentially a row of
adjacent capacitors with separated
top electrodes (gates) which can
be alternatingly biased, so that
storage from one capacitor flows
to the next, and so on, as in a dy-
namic analog shift register.)

For “solid state’ optical imaging
nearly all efforts have concentrated
on CCD and cameras are now on
the market which incorporate such
devices. For “particle imaging’, a
team from Rutherford (UK) pio-
neered the application of a com-
mercially available CCD device as
part of a study of charm production
at CERN (Amsterdam / Bristol /
CERN / Cracow / Munich / Ruther-
ford / Santander / Valencia group,
first results in next month’s issue).
Because of the small signal of only
a few hundred electrons, it is nec-
essary to cool the CCD detector
to —140 C to reduce electronic
noise. For optical imaging this is
not needed as the signal can be
increased simply by looking a bit
longer at the scene.

The CCDs are sophisticated de-
vices, requiring skilful operation.
Also, available types are small and
fairly slow because all information
has to be shifted through a single
output amplifier and are not opti-
mized for particle imaging. Never-
theless, impressive results have
been obtained already and a double
layer CCD detector is now under
construction for an experiment at
the new Stanford collider.
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A simpler approach was adopted
originally at CERN to show the via-
bility of silicon position sensitive
detectors for particle physics.
These devices, dubbed silicon mi-
crostrip detectors, consist of many
parallel diodes, made using silicon
planar technology. Each diode is
connected to an external amplifier
and the availability of cheap, min-
iaturized low-noise amplifiers is
essential.

The first microstrip detectors
produced in 1980 had 100 strips
of 200 micron pitch. Presently,
various devices are available, with
up to 1000 strips of 50 or 20 mi-
cron pitch. The chip size ranges
from 10 x 10 mm to 50 x 65 mm.
They have been developed in co-
operation with commercial manu-
facturers, leading to rapid world-
wide assimilation of this type of
detector. The research effort by
J. Kemmer at the Technical Univer-
sity of Munich, together with the
particle physicists of the Max
Planck Institute there, has played
a vital role in this work.

In microstrip detectors with ca-
pacitative charge division particle
positions could be determined to
within a few microns. In principle
these detectors can be pro-
grammed by hardwiring or by mi-
croprocessors to provide levels of
inbuilt information selection. How-
ever the initial approach has been
more one of brute force, connect-
ing up nearly all imaging elements.
But an effort is being mounted to
produce the necessary integrated
circuits and multiplexing so as to
dramatically reduce the number of
analog/digital converter channels
required.

Solutions using addressable stor-
age capacitors as well as a parallel-
serial ‘pipeline’ signal processing
CCD are being evaluated. Tech-
niques like on-chip image process-

CERN Courier, May 1986

ing and contrast enhancement are
still too slow for particle physics
needs.

A third type of detector, the so-
called silicon drift chamber, has
been conceived with the aim of
reducing the number of electronics
channels. Where in a CCD the
charge packets generated by the
particles are shifted by phased
external clocking towards the on-
chip amplifier, in the drift chamber
this is accomplished by a lateral
drift field, created as a ‘potential
gutter’ towards the electrode. The
position of the particle is then de-
rived from the drift time of the
charge packet.

Various presentations during the
recent symposium in Munich on
‘New developments in semicon-
ductor detectors’ showed the im-
portance of collaboration with
commercial manufacturers on the
one hand and microelectronics
research institutes on the other.
With this specialist help it may be

possible to conceive true two-
dimensional ‘pixel’ detectors with
‘region of interest’ readout. It ap-
pears that the requirements for
particle physics have a significant
overlap with other imaging appli-
cations, such as X-ray astronomy
or robotics.

There is still a long way to go
before modern signal processing
based on customized microelec-
tronics circuits will be fully inte-
grated into particle physics. But
thanks to the ingenuity of experi-
menters and a fruitful collaboration
with electron device scientists and
with silicon specialists, important
progress is being made.

A silicon microstrip detector containing
1000 strips on a central ceramic base
surrounded by the characteristic fanout of
the readout electronics.

(Photo X530.1.86)




FRANCE AT CERN, 11-14 MARCH 1986

More firms participated in the 1986 “France at CERN” Exhibition than in the previous exhibition in 1983. This year
55 firms, including three Chambers of Commerce and Industry, took part in the exhibition which comprised 34 stands
covering an area of 310 m2.

The choice of firms was approved by the official with responsibility for CERN at the Scientific and Technical Mission of
the Ministry of Research and Technology, thereby ensuring that the exhibits corresponded to CERN’s immediate needs

View of the Exhibition

and 1in particular to those of LEP.

— Stabilized power supplies, DC/DC

converters,

- superconductofs, DCand AC appli-
cations, classical magnets (accelera-

tors, detectors),

— wires and cables for the nuclear
industry, hook-up wires, coaxial

cables,
— optical fibres,

— minicomputers for scientific and

technical purposes,

— research and development in optics,
and mechanics,
prototype and series manufacture,

optoelectronics

— research and development in
mechanics, automatisms, special
machines,

— assembly of electronic boards,
manufacture of special wiring, auto-
matic testing of electronic boards,

— electronic and electrical assem-
blies,

— microprocessor instrumentation,
robotics, programmers,

— low-voltage equipment,

— measuring and monitoring machi-
nes, equipment,

— quick-release couplings for com-
pressed air and liquid gases,

— laser markers,

— printed circuits,

— technology of transfer and welding
of surface-mounted components,

— flexible workshep simulation soft-
ware,

— electrical power supplies,

— graphic terminals, .

— vacuum pumps, turbomolecular
pumps, servo-motors, valve actua-
tors,

— modular mechanics,

— machined  aluminium
nents.

compo-

In parallel, some fifteen scientific and technical presentations were made by firms represented in the exhibition.

PARTICIPANTS

AE.A.

29, avenue Carnot — P. O. Box 22
F-91302 MASSY

Tel. 69 20 84 71/Telex 691 511

ALSTHOM

Avenue des Trois-Chénes
F-90018 BELFORT Cédex

Tel. (84) 5527 02/Telex 360 965

BULL SEMS

36-38, rue de la Princesse
F-75430 LOUVECIENNES
Tel. 39 18 92 50/Telex 695 272

CABELTEL/FILOTEX
140-146, rue Eugéne-Delacroix
F-91210 DRAVEIL

Tel. 69 42 40 90/Telex 691 666

CGEE ALSTHOM

BP N° 1227 — 26, rue Arago
F-69607 VILLEURBANNE Cédex
Tel. 78 53 02 86/Telex 370 418

6

CHAMBER OF COMMERCE
AND INDUSTRY FOR THE AIN
Centre d’Aumard

Avenue du Jura

F-01210 FERNEY-VOLTAIRE
Tel. 50 40 66 97/Telex none

C.M.E.E.

ZA les deux B

Beligneux

F-01120 MONTLUEL

Tel. 7806 1571/Telex 380157
(poste G 56)

COMTRAD

13, chemin du Levant

F-01210 FERNEY-VOLTAIRE
Tel. 50 40 72 00/Telex none

GERAL

Z1 route de Lyon

F-01300 BELLEY

Tel. 79 81 29 18/Telex 309 177

GERTY

13, chemin du Levant

F-01210 FERNEY-VOLTAIRE
Tel. 5042 95 59/Telex 385878

SECAD

Le Balmay

F-01430 MAILLAT

Tel. 74 75 73 75/Telex 375 806

CHAMBER OF COMMERCE
AND INDUSTRY FOR ANNECY
AND HAUTE-SAVOIE

2, rue du Lac — P.O. Box 72
F-74011 ANNECY

Tel. 50 51 55 56/Telex 385 201

METRIX

Chemin de la Croix-Rouge
P.O. Box 30

F-74010 ANNECY Cédex
Tel. 50 52 81 02/Telex 385 131
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France at CERN

The official opening ceremony
of the ‘France at CERN’ exhi-
bition at CERN on 11 March
gave French atomic energy
High Commissioner Jean Teil-
lac the opportunity to high-
light the importance of rela-
tions between France and
CERN. France is in a special
position as one of CERN's
two host states, with French
researchers contributing sig-
nificantly to an important and
fruitful international collabo-
ration which has made an
impact far beyond Europe.

The enthusiasm of French
researchers in high energy
physics and the contribution
to the LEP project by French
industry, in the shape of con-
tracts for equipment, were
singled out by Teillac who
stressed the importance of
industry’s role in the increas-
ingly competitive world mar-
ket for technological devel-
opment.

On the question of finance,
he stated that France firmly
believes in the importance
of fundamental research since
it brings technological inno-
vation and helps to promote
healthy relations between
researchers and industry.

The ‘France at CERN’ exhi-
bition was organized by the
French Ministry for Research
and Technology and brought
together representatives from
some 50 firms during the
week.

These member state indus-
trial exhibitions are now well
established at CERN. This,
for example, was France’s
second exhibition. In June it
is the turn of the Netherlands,
while Great Britain will exhibit
at the end of September,
then Sweden in March1987;
the newest member state,
Portugal, will exhibit in May
1987, followed by Germany
at the end of September,
with other countries provi-
sionally booked even further
ahead.
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Flanked by CERN Research Director Robert
Klapisch (right) and Ambassador

Yves Pagniez of the French permanent
mission in Geneva, French atomic energy
High Commissioner Jean Teillac admires a
product of French industry at the recent
‘France at CERN’ exhibition. Below, a corner
of the exhibition.

(Photo CERN 243.3.86)



SAREE

ZAE des Glaisins

F-74000 ANNECY-LE-VIEUX
Tel. 50 66 10 46/Telex 385 201

S.E.T.

Avenue des Colombiéres
F-74490 SAINT-JEOIRE

Tel. 50 39 83 92/Telex 385 690

STAUBLI (SA des ETS)

183, rue des Usines

F-74210 FAVERGES

Tel. 50 27 47 07/Telex 385 380

TECHCI

Z1 de la Forét

F-73240 SAINT-GENIX
s/Guiers

Tel. 76 31 71 55/Telex 980 531

RCI

54, avenue de Bellevue
F-91210 DRAVEIL

Tel. 69 42 25 68/Telex 692 632

CHAMBER OF COMMERCE
AND INDUSTRY

FOR SAINT-ETIENNE
MONTBRISON

36, rue de la Résistance

F-42021 SAINT-ETIENNE Cédex
Tel. 77 32 74 41/Telex 330 683

AUTOMATISMES
TRAITEMENTS
NUMERIQUES

Rue des Carriéres

F-42270 SAINT-PRIEST-EN-
JAREZ

Tel. 77 93 31 92/Telex none

BERNARD ET BONNEFOND
BP 19 - Terrenoire

F-42011 SAINT-ETIENNE

Tel. 77 25 84 22/Telex 300 944

CELDUC

Rue Ampére

F-42290 SORBIERS

Tel. 77 53 39 55/Telex 330 872

ENERTEC SCHLUMBERGER
5, rue Daguerre

F-42030 SAINT-ETIENNE
Cédex

Tel. 77 25 22 64/Telex 300 796

MANUFACTURES REUNIES
et sa FILIALE TRACO

Place Germain-Morel

P.O. Box 196

F-42408 SAINT-CHAMOND
Cédex

Tel. 77 22 06 10/Telex 330 332

RAMSES

ZI de la Fléchette

F-42800 DARGOIRE

Tel. 77 75 15 59/Telex 307 471

SOCOMEL

RN 82 — Ratarieux

F-42480 LA FOUILLOUSE
Tel. 77 74 08 64/Telex none

TECHNIQUES SURFACES
ZI sud

F-42166 ]
ANDREZIEUX-BOUTHEON
Tel. 77 36 56 27/Telex 900 762

CIT-ALCATEL

33, rue Emeriau

F-75725 PARIS Cédex 15
Tel. 4571 10 10/Telex 270 431

CORECI

2/4, rue Desparmet

F-69008 LYON

Tel. 78 74 59 06/Telex 300 314

C.S.E.E.

17, place Etienne-Pernet
F-75738 PARIS Cédex 15

Tel. 45 33 74 44/Telex 203 926

DATA SUD-SYSTEMES

22, rue de Claret — P. O. Box 1067
Immeuble Edouard VII

F-34007 MONTPELLIER

Tel. 67 27 32 55/Telex 490 425

ELECTRONIQUE 2000

8, rue René-Camphin
F-38600 FONTAINE

Tel. 67 26 43 27/Telexe none

ENERTEC-SCHLUMBERGER
1, chemin de la Roseraie
F-67383 LINGOLSHEIM Cédex
Tel. 88 78 57 10/Telex 890 177

EURORAD

14, rue Le-Notre
MITTELHAUSBERGEN
F-67200 STRASBOURG

Tel. 88 56 15 63/Telex 880 400

GIXI

Z1 sud — 6, rue du Dr, A. Schweitzer
F-91420 MORANGIS

Tel. 64 48 28 29/Telex 600 339

IN - INFORMATIQUE

P.O. Box N° 63

F-78373 PLAISIR Cédex

Tel. 30 55 81 81/Telex 699 302

JOUCOMATIC

32, avenue Albert-1¢*

P.O. Box 312

F-92506 RUEIL-MALMAISON
Tel. 47 49 03 60/Telex 203 661

MATRA-DATAVISION

Rue de la Terre-de-Feu

ZA de Courtabceuf — P. O. Box 246
F-91944 LES ULIS Cédex

Tel. 69 28 34 81/Telex 600 585

MATRA-ELECTRONIQUE

Rue Ferdinand-Meunier

F-60610 LA CROIX-SAINT-OUEN
Tel. 44 41 56 66/Telex 140 329

MERLIN GERIN

15, rue André-Theuriet
F-74000 ANNECY

Tel. 50 23 57 90/Telex 385 243

MICROPROSS

Parc d’activités des Prés

5, rue Denis-Papin

F-59650 VILLENEUVE D’ASCQ
Tel. 20 47 90 40/Telex 120Q 611

OPTECTRON

ZA Courtabeeuf — P. O. Box 535
Avenue du Québec

F-91946 LES ULIS

Tel. 69 28 15 20/Telex 692 197

O.S.L.

Zone industrielle Secteur bleu N° 83
F-06510 CARROS INDUSTRIES
Tel. 93 29 11 09/Telex 470 284

PYRO-CONTROLE

244, avenue Franklin-Roosevelt
F-69120 VAULX-EN-VELIN
Tel. 72 37 13 77/Telex 900 126

QUARTEX

19, rue Poliveau

F-75005 PARIS

Tel. 43 31 95 15/Telex 206 679

RIBER

133, boulevard National-Cédex 231
F-92503 RUEIL-MALMAISON
Tel. 47 08 92 50/Telex 203 367

R.T.C.

130, avenue Ledru-Rollin
F-75540 PARIS Cédex 11

Tel. 43 38 80 00/Telex 680 495

SECMAI

20, rue Paul-Vaillant-Couturier
F-94140 ALFORTVILLE

Tel. 43 75 49 22/Telex 231 415

SINTRA

26, rue Malakoff

F-92600 ASNIERES

Tel. 47 90 65 72/Telex 610 718

SOURIAU

9-13, rue Galliéni

F-92103 BOULOGNE-
BILLANCOURT

Tel. 46 09 92 00/Telex 250 918

TELMAT

21, route d’Issenheim

P. O. Box 12

F-68360 SOULTZ

Tel. 89 76 51 10/Telex 881 358

THOMSON-CSF

38, rue Vauthier — P. O. Box 305
F-92102 BOULOGNE-
BILLANCOURT Cédex

Tel. 46 04 81 75/Telex 200 772

THOMSON
SEMI-CONDUCTEURS

43, avenue de I’Europe
F-78140 VELIZY

Tel. 3946 97 19/Telex 204 780
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FLOWMETERS

Calibrated and non-
calibrated instruments for
liquids and gas

type 1100
Available from our stock
in Zurich

HeranS lenses, mrs,

Quartz giass cuvettes, hatches,
' disks, prisms,
rods, tubes

Triple prism in isotopic and homogeneous
SUPRASIL quality, deposited on the moon in
a retro-reflector-system as part of the
Apollo program.

Ask for further information

Oerlikonerstrasse 88
tel. 01/311 40 40
8057 Zurich

MBA. Main Bending Magnet Type A. QF. Quadrupole Focusing.

Our production for SPS/CERN

High vacuum chambers, special section pipes. Cryogenics. Engi-
neering. Constructions in stainless steel, also AISI 316 L N, DIN
1.4429, with low magnetic permeability, sheets and ingots,
Titanium, Hastelloy, Inconel, Copper, BeCu, etc.

Send enquiries.

PRO-CU-RA

(4
‘Z¢ IMPIANTI 8.R.L.
~»'

Via dei Guarneri 14
1 20 141 Milano, ltaly

Phone 02 / 5390.281 / 5692.122
Cable PROCURAMA, MILANO ITALY
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® Gaz techniques
® Gaz purs

® Gaz ultra-purs

® Gaz spéciaux

® Mélanges de gaz

AI(C2H5)3 C3H6 Kr

Ar CH, NH,
AsH, C,Hq NO
BCI, CH, NO,

BFS C4H10 N2
B,H, CHu N0
CF, CHy N0,
CH, C.H,, Ne
(CN), CeHiy O,
co CH. PF,
coCl, CIF,  PH,
cos Cl, SF,
Cco, D, SO,
C,H, GeH, SeH,

H, HBr SiH,Cl,
C,HO  HCI SiH,

C,Hs H, Xe
C3H4 HzS Zn(CZ H5)2
He etc.

I Documentation O ( required
désirée

| Visit(e)/Besuch 1 (erwiinscht

I Name/Nom

I Firma/Ets.

l Tel.

| Adresse

® Technische Gas]

® Technical Gases

® High Purity Gases ® Reine Gase

® Ultra High Purity Gases ® Hochreine Gase
® Special Gases ® Spezialgase

® Gas mixtures ® Gasgemische

‘\fé.('u\}j: éﬁ‘*{( Z Y ON

Equipements pour la mise en ceuvre de gaz. Equipements cryotechniques.
Equipments for manifold installations and low pressure gas handling. Cryogenic equipments.
Gasversorgungsanlagen und Armaturen. Kryotechnische Apparate.

Groupe Gaz spéciaux
Group Special Gases

Gruppe Spezialgase
I
|
|
|
|
X _ Bern 031532222
- Lausanne 0212406 21
| Rimlang 01817 3141
| )
]




RN’ is organized

bition ‘HOLLAND atCE

tgégiciation of ‘heﬁigwi'g::t‘r?::‘mw
i Engine

E|gcgcl):?|90, 29700 AD ZOETERMEER

ol ++31 79531100

The exhi

in co-operation wi_th

scientific
D‘“cgox 258, 7550 AG HENGELO

O o8t 74451234 _
tel. nds Foreign

uspices of the Ngther\a ds o ng
Agency Specialistswﬂlbg a\()a ble e
_t‘_r:ad:xpgsitior{ Presentations will be g
e .

CERN pulletin for details. -

under the &

ELECTRIC POWER AND

POWER-ELECTRONICS

HOLEC HH

HOLEC

Mailing address: P.O. Box 258, 7550 AG HENGELO
Contact (technical): J. Lisser

Telex number: 44059 nl

AC and DC generators and motors

variable speed drives

high precision wide band AC/DC measuring devices
high precision magnet power supplies

magnets and magnetic lenses with normal or
superconductive windings

switchgear ranging from 2 kV DC to 400 kV AC
rotary no-break power supply systems

*

HOLLANDSE SIGNAAL APPARATEN

(Subs of Philips)

Mailing address: P.O. Box 16060, 2500 AB THE HAGUE
Contact (technical): G. Seppenwoolde

Telex number: 31164 nl

Specialists in custom built advanced electronic systems.
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HOLLAND

Some examples

e electronic power converters

e command and control information systems
® data storage systems

® inductive components.

&3 PHILIPS

PHILIPS EXPORT

Mailing address: P.O. Box 218, 5600 MD EINDHOVEN
Contact (technical): R. van Veijfeijken

Telex number: 35000 nl

® test and measuring equipment
® process control systems

® power supply systems

® cryogenics

® electronic components.

SMIT

NYMEGEN sMmIT NIUMEGEN

Mailing address: P.O. Box 9107, 6500 HJ NIJMEGEN
Contact (technical): G. J. Hulsink
Telex number: 48156 nl

® power transformers for electricity supply and for
converters

® inductors for current limiting and for smoothing

® magnets normal as well as superconductive for NMR

for high gradient magnetic separation for testing

superconductors and for beam handling

® special cores and windings for magnetic plasma

confinement experiments.

HEAVY MECHANICAL

COMPONENTS

DAF Special Products B.V.

DAF SPECIAL PRODUCTS

Mailing address: P.O. Box 14, 5600 AA EINDHOVEN
Contact (technical): H. H. van den Broek
Telex number: 51970 nl

DAF special products in an independent project division
of DAF trucks, active in industrial markets concentrating

on aviation and defence land systems. >
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Some technologies

® aerodynamics

® dynamics

® mechanical transmission
e welding

® ergonomics

(DAF S. P. cont’d)

% bv Koninklijke Maatschappij ,de Schelde”

ROYAL SCHELDE

Mailing address: P.O. Box 16, 4380 AA VLISSINGEN
Contact (technical): J. E. Meijers

Telex number: 37815 nl

e components and subsystems for nuclear reactors and
uranium enrichment plants

e heat exchangers: heat exchanger test loops

e special components for large experiments such as
MHD channels, precision bellows and expansion
joints vacuum vessels for Tokamaks

e products for power plants and process industry.

STORK BOILERS

ESTORK BOILERS

Mailing address: P.O. Box 20, 7550 GB HENGELO
Contact (technical): R. Overbeek Bloem
Telex number: 44324 nl

e boilers for special applications

o high pressure piping

e combustion equipment

e de-aerators, heaters condensors

NEDERLANDSE
IJZERCONSTRUCTIEWERKPLAATSEN
Mailing address: P.O. Box 7, 8150 AALEMELERVELD
Contact (technical): P. Koetsier

Telex number: 49658 nl

Specialized in design and production of large steel
structures applied in:

e radar (tower)

® power stations (building)

® laboratories

POLACEL B.V./ = =
POLACEL PROJECTEN B.V. ———
Mailing address: polacel

P.O. Box 296, 7000 AG DOETINCHEM
Tel.: ++31 834033034

Contact (technical): T. J. Sloof

Telex: 45948 pola nl

Production line:

e Cooling towers

Zerocoolers

Closed circuit evaporative coolers

Scrubbers

Biological watertreatment

Ventilators

Filling materials

Special projects stainless steel and glassfibre
reinforced polyester

e Updating, upgrading and revision of existing
equipment.

Products exhibited:

e Filling materials

e Photographs

e Demonstration Computer Aided Coolingtower
Selection

e Sample parts of cooling towers.

STORWK FRIESLAND

STORK FRIESLAND

Mailing address: P.O. Box 13, 8400 AA GORREDIJK
Contact (technical): A. van Zanten

Telex number: 46146 nl

Specialistin design and production of complicated piping
and large vessels made of stainless steel and aluminium
alloys.

SMALL AND PRECISION
MACHINED COMPONENTS

(BAYARDS)
ALUMINIUM CONSTRUCTIES

BAYARDS

Mailing address: P.O. Box 9,
2957 ZG NIEUW-LEKKERLAND
Contact (technical): D. de Kluyver
Telex number: 24206 nl

Specialists in heavy and complicated welded aluminium
constructions.

Machinefabriek

Boessenkool bv

Almelo - Holland

BOESSENKOOL/BRUMMER

Mailing address: Turfkade 13, 7602 PA ALMELO
Contact (technical): J. Flierman

Telex number: 44405 nl

Specialists in design and production of custom made
containers and structures for storage and handling of
components and parts of it.

bix

BRANDT FIUNMECHANISCHE INDUSTRIE
H.J. E. Wenckebachweg 117-1096 AM AMSTERDAM
Tel. ++31 20681281

Telex: 13376 bfi nl

Telefax: ++31 20928354

Services:

e Precision machining: — prototypes
— small series

e Surface grinding

o Cilindrical grinding

® 3 D-milling (computer controlled)

e Approved AQAP-4

Products Exhibited
® Sample parts of precision machining
® Photographs
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Colpitt—

COLPITT v

Mailing address: P.O. Box 162, 2040 AD ZANDVOORT
Contact (tecnical): H. Slagman

Telex number: 41099

Specialised in automatic equipment for radio frequency
and microwave heating.

® RF generators and power amplifiers

e pneumatic and hydraulic welding presses

e automatic HF welding lines.

FDO

FDO — TECHNICAL CONSULTANTS

Mailing address: P.O. Box 379, 1000 AJ AMSTERDAM
Contact (technical): C. B. W. Kerkdijk

Telex number: 16107 nl

Specialism

® energy technology ,
® design and production technology
e technical services.

[EENaTRA

FEENSTRA’S TECHNISCHE INDUSTRIE
DALFSEN

Mailing address: P.O. Box 51, 7720 AB DALFSEN
Contact (technical): K. W. Landman, B. de Vries
Telex number: 42581 nl

® high-tech sheet steel work, components and welded
alloyed steel structures

® special tools and apparatus for windtunnels

® high precision sheet steel components (e.g. for LEP)

STORK PALTRAN

STORK PALTRAN

Mailing address: P.O. Box 50, 8470 AA WOLVEGA
Contact (technical): J. Petter

Telex number: 46449 nl

Manufacturers of custom made sheet metal works and
custom made mechanical equipment.

STORIIKK SERVICES

STORK SERVICES

Mailing address: P.O. Box 2013, 7550 CA HENGELO
Contact (technical): J. Odijk

Telex number: 72282 nl

® gascompressors and —turbines
® subcontractor for all kind of machining operations.

B oo

TNO Institute of Applied Physics TRD carries
out contract R&D

Mailing addres:

TNO Institute of Applied Physics

P.O. Box 155, 2600 AD DELFT

Telex 38091 tpddt nl

Tel.; ++31 15788020

Fields of activity:

® instrumentation: sensors and systems, computer
applications, electronics

® optics: optical systems, instruments and sensors,
laser applications

e heat technology: energy saving, solar energy, heat
storage, building physics

® materials research: technology of glass/ceramics,
analysis of crystaline materials

® acoustics: noise control in and around buildings,
industries, machinery, in traffic and on board ships

GENIUS KLINKENBERG _

Mailing address: P.O. Box 49, 1520 AAWORMERVEER
Contact (technical): J. G. A. Klamer

Telex number: 19162 nl

e equipment for the aerospace industry

e pressure vessels for (petro) chemical industry

® extruders

e high precision steel structures (wave telescope).

metaalgieteri]

Vostermans b.v.

METAALGIETERIJ VOSTERMANS
Mailing address: Jachthavenweg 5, 5928 NT
VENLO-BLERICK

Contact (technical): J. Janssen

Telex number: 58363 nl

e castings of aluminium alloys
e pattern making for the polyester industry
e auxiliary tools and moulds for the packaging industry.

[—J holvrieka
ido

HOLVRIEKA IDO

Mailing address: P.O. Box 44, 7800 AA EMMEN
Contact (technical): A. J. Teunissen

Telex number: 30068 nl

e columns, washing towers
® heat exchangers, condensors
® pressure containers.
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DOSTENDORP

OOSTENDORP APPARATENBOUW
Mailing address: P.O. Box 62, 4000 AB TIEL
Contact (technical): J. E. van den Boom
Telex number: 40165 nl

Specialized in design and production of high-tech
constructions high grade steel alloys.

Some examples: supports for beam handling magnets,
pressure vessels.
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INSTRUMENTATION

ELECTRICAL AND MECHANICAL

DELTA ELEKTRONICA B.V.
Mailing address:

P.O. Box 27, 4300 AA ZIERIKZEE
Tel.: ++31 11103656

Contact (technical): C. J. Koopman
Telex: 55349 delek nl

Production line:

Switched mode power supplies
Switched mode laboratory power supplies
Switched mode triple power supplies
High efficiency linear power supplies
Linear laboratory power supplies
Linear modular power supplies

Linear Eurocard power supplies
Constant current sources

Overvoltage protectors

DC-DC converters

Bus power supply controlers (IEC 625)

Products Exhibited:
e Regulated power supplies.

Enraf-Nonius is a high technology company specialising
in instrumentation for the medical, laboratory and
industrial fields.

Some products:

® single crystal and powder cameras

e recorders and modems

e pyranometers and solar integrators

e printed circuit boards, production and assembly.

BRONKHORST HIGH — TECH B.V.
Mailing address:

P.O. Box 101, 7250 AC VORDEN

Tel.: ++31 57352929 (Contact: T. Bruggeman)
Telex: 49066 hitek nl

Production line:

e Mass flow meters/Controllers for gasses (0.1
mLy/min — 1000 mLy/min

e Mass flow meters/Controllers for liquids (0,05 mLy/h
— 20 Ly/h)

o Industrial mass flow meters for high gas flows

e Pressure transducers/Controllers for gasses and
liquids

e Associated electronic readout systems

Products exhibited
e Samples of above mentioned products.

m a 5 EBM TECHNIEK

Mailing address: P.O. Box 13, 3925 ZG
SCHERPENZEEL

Contact (technical): H. T. van Gemert
Telex number: 79150 nl

The company is specialized in mechanical engineering
and industrial automation.

w ENRAF — NONIUS

Mailing address: P.O. Box 483, 2600 AL DELFT
Contact (technical): A. Vermeij
Telex number: 38083 nl

FIJN MECHANISCH INDUSTRIE ‘BERGEN OP
ZOOMW’

Mailing address: P.O. Box 124,

4600 AC BERGEN OP ZOOM

Contact (technical): W. C. Karman

Telex number: 78310 ni

Specialists in production of precision components and
tools for amongst others the aerospace laboratories.
Some products:

e precision mechanical instruments

® precision assembly works

e custom made sheet metal work

e dies moulds, fixtures and checking tools

Keltorr®

KELTORR

Mailing address: P.O. Box 39,

1720 AA BROEK OP LANGEDIJK

Telephone: ++31 22607174 (Contact: B. A. Rook)
Telex number: 57116 nl

containers for liquid gasses

vacuum superinsulated transfer lines and valves for
liquified gasses

liquid nitrogen conditioning equipment

cryostats for liquid nitrogen and liquid helium

low temperature measuring and control systems

MACHINEFABRIEK MOGEMA ’'T HARDE
Mailing address: P.O. Box 34, 8084 ZG 'T HARDE
Contact (technical): J. J. Pinkster, A. Visser

Telex number: 42945 nl

Specialists in high precision turning, milling, drilling and
boring. Subcontractor for precision metal work.

machinefabriek WIlA b.v.

MACHINEFABRIEK WILA B.V.

Mailing address: P.O. Box 60, 7240 AB LOCHEM
Contact (technical): A. Enderink, C. B. Wansleeben
Telex number: 49326 wila nl

slideways

pressbrake tooling

pressbrake accessories

remachining of bending and cutting tools
spark erosion
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ELECTRONICS AND SOFTWARE

APPLIED CONTROL SYSTEMS B.V.
Mailing address:

P.O. Box 95, 6100 AB ECHT

Tel.: ++31 47543663

Contact (technical): J. G. M. van der Aa

Telex: 36813 acs nl  Telefax: ++31 47545068

Services: Products exhibited:
o CAD schematic drawing ® CAD schematic

® CAD designing of: drawings

Single sided print lay-outs @ Print lay-outs
Double sided print lay-outs e Printed circuit boards
Multi-layer lay-outs

Thick and thin film lay-outs

SMD lay-outs

24 Hour prototypes

Print production

Multilayers

Post processing service

Photo plotting via modem

COMBCONTROL

MICROSYSTEMS DESIGN AND APPLICATIONS

COMPCONTROL

Mailing address: P.O. Box 193, 5600 AD EINDHOVEN
Contact (technical): C. W. Lambrechtse

Telex number: 51603 nl

VME-BUS modules: processor 68000/68010/68020
SASI interface + FDO interface modules

SCSl interface modules with DMA controller

serial interface modules

VME-BUS SYSTEMS

NEDERLAND
HAS — NEDERLAND

Mailing address: P.O. Box 8362, 1005 AJAMSTERDAM
Contact (technical): H. H. in "t Hout
Telex number: 13033 nl

Hoogovens Automation Systems is an independently
operated subsidiary of the Hoogovens Group.
Specialists in robotics and automation based on
experience in the steel industry.

HYMEC B.V.

Mailing address:

n P.O. Box 336, 6130 AH SITTARD
Contact (technical): M. ten Wolde
Tel.: ++31 449013220

Production line:

Thick film hybrid circuit design

Thick film hybrid circuit manufacture
Sub-assemblies for-aerospace applications
Circuits for military applications

Circuits for medical applications

Circuits for telecommunication applications

Products exhibited:
e Samples of above mentioned applications
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iNCaA

INCAA COMPUTERS

Mailing address: P.O. Box211, 7300 AE APELDOORN
Contact (technical): G. Endendijk

Telex number: 49623 nl

A company that is specialized.in the design and
manufacturing of micro computer systems to customer
specification. Standard products.

capro — 68 k CAMAC computer

CAMAC modules

euro-card systems

datacommunication protocol converters

M | PRINT SERVICE

PRINT SERVICE B.V.
Mailing address:

P.O. Box 34 - 6100 AA ECHT
Tel.: +431 47549333

Contact (technical): A. de Haan
Telex: 36864 print ni

Telefax: ++31 47549193

Production line:

e Multilayers (Up to 30 layers)

e P.T.H. Boards (fineline and SMT)

o Flex-Rigid Multilayers (Up to 20 layers and 16
satellites)

Heat sink P.C. Boards

Press-Fit backpanels

B.T., B.S. and MIL approved

CAD and Photoplot service

Products exhibited:
e Samples of above mentioned products.

NON METALLIC COMPONENTS
®

askove
kunststof industrie bv

ASKOVE KUNSTSTOF INDUSTRIE

Mailing address: P.O. Box 10, 5473 ZG HEESWIJK
Contact (technical): L. Gordijn

Telex number: 74679 nl

Specialistin design and production of high-tech products
in plastics.

A wide experience is available in welding, forming,
glueing, machining and laminating of thermo-plastics.

MEKUFA"

MEKUFA

Mailing address: P.O. Box 7, 7680 AAVROOMSHOOP
Contact (technical): G. M. Hertsenberg

Telex number: 36561 nl

Specialist in working-up and processing of high-grade
thermo-setting plastics.

Particularly experienced in production of components for
HV applications made of expoxy-resins which are being
sold under the registered trade name Kufalit.
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mbar

KEDWARDS RANGE OF VACUUM INSTRUMENTS IS MADE TO MEASURE>|

Edwards offers you unequalled choice in vacuum
measurement and control. In depth . . . from dial gauges
to microprocessor based control systems. With each line
offering a family of models to meet your needs precisely.
With unique features derived from today’s and

tomorrow’s technology.

B

PR NER S J

Edwards High Vacuum

Manor Royal Crawley West Sussex rH10 2Lw England
Tel. (0293) 28844 Telex 87123 EDIVAC G

Eawards High Vacuum is a division of The BOC Group plc

LEADING IN VACUUM INSTRUMENTATION

The range includes:

Series 500 Just introduced, these simple, low
cost analogue instruments cover the range 10~7
to 1,000mbar. Continuous reading 230° scale.

EMV251/EPS10 For applications where high
accuracy, true pressure and ruggedness are
important. Range 1 X 1,000mbar.

Series 1000 Microprocessor-based digital
gauges and controllers covering 5 X 1078 to
1,000mbar. Large, clear 13mm display, self-
diagnostics, four independent relays.

Series 2000 Fully programmable controllers
give unrivalled process control capability on any
vacuum system over the range 10~ to
1,000mbar.

EMV 251

EMV251/EPSIO

Series 2000
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Around the Laboratories

ELECTRONICS
New components
for LEP

In 1983 an initiative in France (from
the Atomic Energy Commission,
Saclay and the Institut National de
Physique Nucléaire et de Physique
des Particules — IN2P3) led to the
setting up of a Committee to look,
in collaboration with French indus-
try, at the electronics needs of the
experiments for LEP. The Commit-
tee, known as ‘VLSI for LEP’, was
composed of physicists and engi-
neers involved in the experiments
for the LEP electron-positron col-
lider being built at CERN.

The aim was to stimulate indus-
try to tackle high density integrated
circuits which would be appropriate
for the experiments and which
were either not then available com-
mercially or were prohibitively
priced. It was also hoped that de-
velopments would have wide-
spread applications in other fields.

Five proposals initially emerged
from the Committee and two were
retained for development in colla-
boration between the research
Laboratories and industry. One
was for large surface silicon pho-
todiodes required by the L3 experi-
ment. The other was for an 8 bit,
15 MHz flash analog-digital con-
verter for the DELPHI experiment.

The firm Thomson-EFCIS
showed a strong interest in this
converter study and a development
contract was signed between the
firm and the two research insti-
tutes. A million French francs were
made available for the development
of this flash ADC with the money
coming from the Laboratories and
from Thomson-EFCIS.

A working group composed of
specialists from the two institutes
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and from Thomson was set up
with the aim of evaluating succes-
sive prototypes, determining the
necessary modifications and ensur-
ing the completion of the project.
Successive prototypes were tested
from the beginning of 1984 and
their performance was sufficiently
encouraging for Thomson-EFCIS

to embark on industrial production.
Improved prototypes were pro-
duced last summer and were
passed to the DELPHI team.

When this work started, flash
ADCs with these specifications
were available only with high pow-
er consumption (2 W) and at a unit
price which prevented them from
being used in the large numbers
required in the LEP experiments.

The outcome of the collaboration
has thus been the development of
a quality product at an affordable
price. More than 30 000 have been
ordered for DELPHI and industry
anticipates sales in many other

Circuit developed in collaboration between
Laboratories and industry in France for the
DELPHI experiment being prepared for LEP.
Improved performance and a drastic
reduction in price has been achieved by
comparison with what was previously
available on the market.

areas of digital technology. They
have also been ordered by the
ALEPH experiment.

Further information from Pierre
Borgeaud, CEN-Saclay, 91191 Gif-
sur-Yvette, France.

BROOKHAVEN
Polarized proton
update

The Alternating Gradient Synchro-
tron is one of the world’s few high
energy machines currently provid-
ing beams of spin-aligned (polar-
ized) protons. The AGS operations
crew and physicists and their col-
laborators from Michigan, led by
Alan Krisch, were finally able to
relax on 12 February after sev-

en weeks of polarized proton oper-
ations. During the final three-day
period, the AGS accelerated an
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average of 1.5 x 1010 polarized
protons to 22 GeV with a polariza-
tion of 46 per cent. In order to
reach this energy, the AGS beam
had to negotiate 35 imperfection
resonances and four intrinsic re-
sonances. Three experimental
teams collected data at 13.2 GeV

where the polarization was 65 per

cent, and at 18.5 GeV where the
polarization was 50 per cent. Both
the AGS physicists and the exper-
imental teams are awaiting their
next polarized proton running per-
iod so as to push on to higher en-
ergies and hopefully to unravel
some of the yet unexplained depo-
larization phenomena encountered
during the acceleration cycle.

CERN
More charm

Just before the CERN Intersecting
Storage Rings (ISR) machine was
closed in 1984, it was operated

in a unique mode, and the accumu-
lated data is still providing interest-
ing results.

Instead of carrying separate
beams in its two interlaced rings,
in its final study the ISR carried a
finely tuned beam of antiprotons
in one ring, which collided with a
fine jet of protons (hydrogen gas).

In these proton-antiproton anni-
hilations, the selection rules are
much less restrictive than for elec-
trons and positrons, so that char-
monium (charmed quark bound to
a charmed antiquark) states can
be studied directly which can only
be accessed indirectly at electron-
positron machines.

First results (see October 1984
issue, page 33b) were on so-called
chi states, where the charmonium
quarks, in addition to having al-
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Snowmass

From 23 June to 11 July, the
third major study on future US
machines will take place at
Snowmass, Colorado, organized
by the Division of Particles and
Fields of the American Physical
Society.

The main aim of Snowmass
86 is to study the design and
exploitation of the proposed
Superconducting Supercollider,

now exists, it will provide the
major focus for study. Activities
will be organized into four areas,
accelerator physics (organized
by A. Dragt and the Central De-
sign Group), detector design

(H. Williams and D. Nygren),
physics issues (T. Gottschalk
and G. Kane), and non-acceler-
ator physics (D. Ayres). Lee
Pondrom of Madison, Wiscon-
sin, is overall organizer.

The accelerator and physics
working groups will meet morn-
ings, and the detector and non-
accelerator groups afternoons.
Most physicists will be active
in @ morning and an afternoon
group, thus providing a mechan-
ism for interaction and commu-
nication between the groups.

SSC. Since an official proposal .

- Snowmass 86. Considerable

The first two days will be de-
voted to presentations about
the SSC and related subjects,
and the last two days to sum-
maries of progress during the
study. At the beginning of the
second week the groups will
describe what they have chosen
to focus on, so participants in
other groups will be informed
and can provide input. The gen-
eral emphasis will be on under-
standing even better how to do
physics at high energies and
luminosities, and effort will be
made to stimulate interactions
between accelerator, detector,
and physics issues.

The study will build not only
on the previous two Snowmass
studies and on the very suc-
cessful work of the Central De-
sign Group, but also on a series
of workshops at Oregon, Fermi-
lab, UCLA and Madison de-
signed to provide input to

international participation is ex-
pected. Those interested in at-
tending should write to Joanne
Day, Argonne National Labora-
tory, Building 362, Argonne,
lllinois 60439, USA.

igned spins, rotate around a com-
mon axis and thus carry orbital
angular momentum. (In the famous
J/psi, the quarks have their spins
aligned but have no mutual angular
momentum.) The high tunability

of the circulating antiproton beam
energy enabled the experimental
team (Annecy / CERN / Genoa /
Lyon / Oslo / Rome / Strasbourg

/ Turin) to pinpoint its chi states
to within 1 MeV.

Results from scanning the energy
range midway between the two
chis show signs of a previously
unknown charmonium state at
3525 MeV, probably with the
charmed quarks carrying orbital
angular momentum, but this time
spinning in opposite directions.
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Since 1935, Luma-Metall has been a world leader in the
manufacture of very fine molybdenum, tungsten, and
tungsten/rhenium wire. Our modern equipment, exacting
production standards, and pride in craftsmanship gua-
rantee a superior product of exceptional quality.
Traditionally, our wire has been a component, in a wide
variety of quality light sources. In recent years, new and
exciting applications have been found for our products.
Heated windshields, corona wires in copiers, grids for va-
cuum tubes and use in particle accelerator detector
chambers are but a few of these many new applica-
tions. The unique characteristics of our products make
them ideal for a wide range of applications in the medi-
cal, scientific, and high technology fields.

HUMARM BT

LUMALAMPAN AB . MAILING ADDRESS BOX 701, S-391 27 KALMAR, SWEDEN
TELEPHONE +46 480 284 10 . TELEX 43202 LUMA S . TELEGRAM LUMA, KALMAR
Agents: Germany, ltaly. Distributors: England, France, Japan, USA.
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® Resistance fo wear

® £xcellent Electrical and
Heat Conductivity
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@ Competitive Pricing

® Sizes down to 3 micron

® Speciality and Custom
Orders Welcome

CERN Courier, May 1986




Cross-section of the new Time Expansion
Chamber for the Mark J experiment at the
PETRA electron-positron collider at the
German DESY Laboratory in Hamburg. The
detection gaps are slightly inclined to the
radial direction to avoid left-right ambiguity
in the readout. Below a view of the new
Mark J Time Expansion Chamber, flanked
by wires under tension.

DESY
Picking up the pieces

For the Mark J experiment at the
PETRA electron-positron collider,
a new inner detector has been built
to surround the beam pipe and
pick up the fine details of particle
interactions. In this region very
close to the collision point, highly
unstable particles decay after trav-
ersing only a fraction of a milli-
metre, and can only be properly
identified and measured by their
decay products.

Called the Time Expansion Cham-
ber (TEC), the new detector, built
by an Aachen / CERN / Geneva /
MIT / Siegen / Zeuthen (DDR) /
Zurich (ETH) team, is now being
put through its paces with colliding
beams.

The basic TEC idea proposed
by Heinrich Walenta is a still further
refinement of the powerful multi-
wire chamber technique. One initial
refinement was the development
of the drift chamber in which the
position of a particle along an axis
is determined from the drift time
of ionization products towards a
segmented electrode structure.

The TEC is an effort to reach
the ultimate limit of drift chamber
resolution by setting up a low field
drift region (drift velocity about
b microns/ns) separated from a
small high field detection region;
by shaping the analog pulses from
the anode to cancel the ion tail;
by fast (100 MHz) analog-digital
conversion to sample the pulses
and allow drift time to be deter-
mined by a centre of gravity meth-
od; and by a cool chamber gas to
minimize diffusion effects.

The cross-section of the cham-
ber is divided into twelve seg-
ments, each containing a 4 mm
detection gap, inclined slightly to
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MARK J VERTEX CHAMBER

CROSS SECTION
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the radial direction to eliminate left-
right ambiguity.

Spatial resolution of 35 microns
was obtained in initial tests in an
electron beam. The TEC has also
been proposed as the innermost
module of the big L3 detector now
being built for the LEP electron-
positron collider at CERN, which
means that a lot of eyes are look-
ing at what is happening inside the
Mark J detector.
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TEXAS
Supertex

Despite the decision last year that
the mammoth proposed US Super-
conducting Supercollider (SSC)
should go for the high field magnet
design developed at Berkeley,
Brookhaven and Fermilab (see No-
vember 1985 issue, page 383),

the Texas Accelerator Center has
taken delivery and tested ‘Super-
tex’, its first full scale ‘superferric’
magnet.

This 28 metre-long monster, the
longest superconducting magnet
ever built, was trucked from the
General Dynamics factory in San
Diego to Texas. Another two mag-
nets are still being built. In the face
of last year’s magnet decision,
Texas is still pointing out the po-
tential benefits of its design.

‘Supertex’ on its way to the Texas
Accelerator Center. 28 metres long, it is
the longest superconducting magnet to be
made. The small instrument visible on the
top of the magnet records road shocks.
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People and things

Dirac Medal

At the recent symposium on ‘Per-
spectives in Particle Physics’ at

the International Centre for Theo-
retical Physics, Trieste, ICTP Direc-
tor Abdus Salam presided over
the first award ceremony for the
Institute’s Dirac Medals. Although
expected, Yakov Zeldovich of
Moscow'’s Institute of Space Re-
search was not able to attend to
receive his medal. Edward Witten
of Princeton received his gold me-
dal alone from Antonino Zichichi
on behalf of the Award Committee.

UK Institute of Physics Awards

The Guthrie Prize and Medal of the
UK Institute of Physics this year
goes to Sir Denys Wilkinson of
Sussex for his many contributions
to nuclear physics. The Institute’s
Glazebrook Prize goes to Ruther-
ford Appleton Laboratory director
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Geoff Manning for his contributions
to physics applications at the Lab-
oratory, particularly in high energy
physics, computing and the new
Spallation Neutron Source. The
Rutherford Prize goes to Alan Ast-
bury of Victoria, Canada, former
co-spokesman of the UA 1 experi-
ment at CERN.

Philip Anderson (Princeton) and
Abdus Salam (Imperial College
London and the International
Centre for Theoretical Physics,
Trieste) have been elected Hono-
rary Fellows of the Institute.

Third World Prizes

The 1985 Third World Academy
of Sciences Physics Prize has been
awarded to E. C. G. Sudarshan
from India for his fundamental con-
tributions to the understanding of
the weak nuclear force, in particu-
lar for his work with R. Marshak
on the theory which incorporates
its parity (left/right symmetry)
structure.

A Friends and colleagues recently
congratulated Aleksander Mikhailovich
Baldin, Director of the Laboratory of
High Energies of the Joint Institute for
Nuclear Research, Dubna, USSR, on his
sixtieth birthday.

The Academy’s Mathematics
Prize goes to Liao Shan Tao from
China for his fundamental contri-
butions to the periodic transform-
ations of spheres and the qualita-
tive theory of dynamics.

The President of the Third World
Academy of Sciences is Abdus
Salam.

<« Ed Witten of Princeton (centre) admires
his Dirac Medal awarded by the
International Centre for Theoretical
Physics, Trieste. He is flanked by ICTP
Director Abdus Salam (right) and
Antonino Zichichi, who made the award.
The other medalwinner, Yakov Zeldovich
of Moscow'’s Space Research Institute,
was not able to attend the award
ceremony, although expected.
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Opportunities in

Brookhaven National Laboratory

The Alternating Gradient Synchrotron (AGS) Department
of Brookhaven National Laboratory (BNL) is responsible
for the operation of the 200 MeV Linac, the polarized pro-
ton injector, the 30 GeV AGS, and the Heavy lon transfer
line which will be commissioned soon. Under construction
is a 1 GeV Booster Accelerator which will increase the
AGS proton beam intensity and extend the AGS mass
range to all heavy ion species. Funding is currently being
sought to build a Relativistic Heavy lon Collider.
Brookhaven National Laboratory is also a major partici-
pant in national research and development efforts for the
Superconducting Super Collider. About 450 research and
technical staff are assigned to the High Energy Physics
Facilities organization at BNL.

We invite applications or nominations for the following
staff openings:
Scientist-Engineer/Administrative

This is an opportunity for a PhD-level scientist-engineer
experienced in accelerator physics research and develop-
ment, with managerial experience. The responsibilities
include technical oversight of AGS research and develop-
ment efforts, machine upgrades, and reliability improve-

ments, including a main role in the planning and execu-

will report to the Chairman of the AGS Department.

') n | BROOKHAVEN
NATIONAL LABORATORY

(I " ' ASSOCIATED UNIVERSITIES INC.

tion of associated administrative functions. The position

High Energy Physics Facilities

Ultra High Vacuum Specialist

This is an opportunity for a PhD-level scientist-mechani-
cal engineer with the necessary technical and managerial
skills to head a vacuum group of approximately 20 indi-
viduals. The responsibilities include the research and de-
velopment, construction and operation of the yacuum
systems in an expanding AGS accelerator complex.

Chief Mechanical Engineer/
AGS Booster Project

This is an opportunity for a masters-level mechanical en-
gineer to be responsible for the design, construction and
installation of mechanical components and systems for
the AGS Booster Accelerator. The Chief Mechanical Engi-
neer will supervise a group of about 30 engineers, de-
signers and technicians. Experjence with high vacuum
systems, large magnets and electromechanical devices,
support structures, survey and alignment and radio-fre-
quency cavities is required. Experience with particle ac-
celerators is desirable.

Responses should be sent by June 15, 1986, to: J. Herbert,
AGS Search Committee, Bldg. 911B, Brookhaven National
Laboratory, Associated Universities, Inc., Upton, Long Island,
New York 11973. Equal Opportunity Employer m/f.

RESEARCH SCIENTISTS
EXPERIMENTAL HIGH
ENERGY PHYSICS

Supercomputer Computations
Research Institute
Florida State University

The Supercomputer Computations Research Insti-
tute of the Florida State University is seeking qua-
lified candidates for 2 full time permanent research
positions in experimental high energy physics. Pre-
ference will be given to scientists with strong soft-
ware orientation willing to investigate the use of
vector computers in the analysis of high energy
physics data. Hardware experience is desired. Suc-
cessful candidates will be involved in the ALEPH
(LEP) or DO (Fermilab) collider experiments. Appli-
cants should submit a curriculum vitae, list of publi-
cations and arrange for three letters of recommen-
dation to be sent to

Dr. Joseph Lannutti

Director

Supercomputer Computations
Research Institute

Florida State University
Tallahassee, Florida 32306-4052
U.S.A.

The Florida State University is an Equal Opportuni-
ty, Affirmative Action Employer.

\7 Organisation Europé pour la R Nucléai

‘ European Laboratory for Particle Physics -
Laboratoire Européen pour la Physique des Particules
‘ European Organization for Nuclear R h

The Experimental Physics Division intends to make an appoint-
ment to the position of a

PHYSICIST

in experimental particle physics research. Candidates are
expected to have an excellent record of successful work in this
field, and to have the ability to provide leadership. Preference
will be given to candidates under 38 years of age. The appoint-
ment will be made for a fixed term, and may subsequently
become permanent.

The holder will play an important role in all aspects of the
conception and design of experiments, and of the construction
and operation of detectors, and the development of on-line and
off-line software and the analysis of data.

Please send letters of application, including the names of three
referees, list of publications, a brief curriculum vitae and a
brief description of research interests, to the

Leader of the

Experimental Physics Division,
CERN

1211 Geneva 23, Switzerland
quoting reference EP/RE,
before 10.7.86.
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All in a Month’s work

Roger Anthoine retires

The US Particle Accelerator School
is planning a new expanded school
on accelerator physics and tech-
nology for the summer of 1987.
Further information from Marilyn
Paul, Fermilab MS 125,

PO Box 500, Batavia, Illi-

nois 60510, USA.

In the meantime the American
Physical Society has set up a Topi-
cal Group on Particle Beam Physics
for APS members, following a sug-
gestion from US Particle Acceler-
ator School Director Mel Month.
Further information from Member-
ship Department/Topical Groups,
American Physical Society,

335 East 45th Street, New York,
NY 10017, USA.
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The editor of the first issues of
the CERN COURIER, Roger An-
thoine, retired from CERN at the
end of March after a career in
CERN public relations spanning
27 years. During this time,
hundreds of journalists and broad-
casters came to know CERN and
were able to convey something of
CERN'’s work to many different
audiences. Under his influence,
CERN has also encouraged an
open-doors policy, catering for
groups of inquisitive visitors eager
to find out what the business of
watching particles is all about. In
the early days, several hundred
visitors per month was the norm,
but in recent years the figure has
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swelled to several thousand per
month and shows no sign of slack-
ening off.

Proceedings

The Proceedings of the 1985 Inter-
national Symposium on Lepton
and Photon Interactions at High
Energy, held in Kyoto, are available
price 7000 yen per copy (including
postage and handling) from
ISLEPH85 Secretariat, c/o Yukawa
Hall, Kyoto University, Kyoto 606,
Japan. The Proceedings were
edited by M. Konuma and K. Taka-
hashi.

Roger Anthoine, 27 years after the first
issue of the CERN Courier.

(Photo CERN 362.3.86)
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SCOTTISH UNIVERSITIES SUMMER SCHOOL
IN PHYSICS

The proceedings of the schools provide pedagogical introductions to
advanced topics at a level appropriate to research staff and students in
high energy physics.All volumes are produced in hardcover editions at
reasonable prices and are obtainable directly from SUSSP. Copies pur-
chased through bookshops will be more expensive.

SUPERSTRINGS AND SUPERGRAVITY

1985 school. 550 pages. Editors: Davies & Sutherland. Price
25 pounds.

This school was conceived of as a topical survey of supersymmetry and
supergravity but developed into an excellent introduction to all facets of
superstring theory. The lecture notes provide the first comprehensive
presentation of this exciting new subject. Also included are excellent
reviews of conventional quantum gravity approaches and cosmology.
Contributors : Duff, Ellis, Ferrara, Grisaru, Isham, van Nieuwenhuizen,
Schwarz and West.

FUNDAMENTAL FORCES

1984 school. 540 pages. Editors: Frame & Peach. Price 20 pounds.

The school was primarily concerned with standard, and non-standard,
models of the electro-weak theory, together with a critical assessment
of the experimental evidence from the CERN collider (Darriulat, Jarls-
kog, Walsh, Dowell, Perl, Cashmore, Ledermann). In addition there
were excellent reviews of Lattice QCD (Schierholz), Supersymmetry
(Llewellyn-Smith) and Composite Models (Harari).

STATISTICAL & PARTICLE PHYSICS

1983 school. 500 pages. Editors: Bowler & McKane. Price
20 pounds.

The school was concerned with recent developments in statistical and
particle physics which exploit and extend the analogy between statis-
tical fluctuations in thermal systems and quantised field theories of
elementary particles. Topics included: The onset of chaos (Feigen-
baum); First order transitions (Gunton); Monte Carlo methods
(Swendsen); Topological excitations (Goddard); Interface problems
(Zia); Random systems (Moore); String theory (Green); Monte Carlo
calculations (Rebbi).

GAUGE THEORIES

1980 school. 640 pages. Editors: Bowler & Sutherland. Price
15 pounds.

Topics included : Broken gauge theories (Appelquist) ; Neutrino physics
(Barish) ; GUTS (Ellis) ; High energy interactions (Giacomelli) ; High ener-
gies (Glashow) ; Confinement ('t Hooft) ; QCD (Ross); Surface theories
(Wallace) ; ete— experiments (Wiik).

QUARK MODELS

1976 school. 500 pages. Editors: Barbour & Davies. Price
10 pounds.

Seminal articles on strings (Nielsen), Supersymmetry (Zumino), Con-
finement in lattice gauge theories (Susskind), and Quark models (Close,
Pati, Dalitz, Sutherland, Yankielowicz).

SUSSP Publications (CC)
Department of Physics
University of Edinburgh
EDINBURGH EH9 3JZ. UK.

FELLOWS IN
ACCELERATOR
TECHNOLOGY

Brookhaven National Laboratory

Applications are invited from individuals with a PhD degree
and/or major training in the physical sciences or engineering
who wish to launch careers in accelerator design and develop-
ment.

Successful candidates will be appointed Fellows in Accelerator
Technology in the High Energy Facilities organization of
Brookhaven National Laboratory (BNL) for a period of one yéar,
renewable for a second year. Fellows are expected to select
their investigations from among the general objectives of the
accelerator physics program at BNL.

The High Energy Facilities organization is responsible for the
operation of a 200 MeV proton linac, and the 30 GeV Alternat-
ing Gradient Synchrotron (AGS) which provide proton, polar-
ized proton and heavy ion beams. New initiatives are underway
in: the acceleration of heavy ions in the AGS; the construction
of a 1 GeV booster synchrotron for protons and heavy ions; a
proposal to build a relativistic heavy ion collider (RHIC); a study
of a high intensity upgrade of the AGS (AGS Il); and, an exten-
sive research and development effort directed towards the Su-
perconducting Super Collider (SSC).

Scientists and engineers of any nationality are eligible to apply.
Salaries are competitive, and Fellows are eligible for compre-
hensive employee benefits and relocation allowances. Candi-
dates should send a detailed resume to: J. Herbert, AGS
Department, Bldg. 911B, Brookhaven National Laboratory,
Associated Universities, Inc., Upton, Long Island, New York,
11973. Equal Opportunity Employer m/f.

THE PENNSYLVANIA
STATE UNIVERSITY

Experimental
High Energy Physics

The Department of Physics is seeking candidates for a
tenure-track position of Assistant or Associate Professor
in Experimental High Energy Physics starting in the 1986-
87 academic year.

Candidates should have a Ph.D. in Physics, an established
record of research accomplishments and expect to work
initially in conjunction with other faculty and staff in the
research effort at Penn State.

Research projects which are presently in their early sta-
ges include Fermilab experiment E-706, a study of direct
photon production utilizing a spectrometer with liquid
argon colorimetry located in the Meson Laboratory, and
Fermilab experiment E-760, a study of charmonium sta-
tes utilizing a hydrogen gas jet target inside the antiproton
accumulator storage ring.
A desire and aptitude for teaching of undergraduate and
‘graduate students is essential.
Send applications, including a curriculum vitae and names
of at least four references, to

Professor Gerald A. Smith

Head

Department of Physics

Box B
by July 15, 1986, or until a suitable pool of applicants is
identified.

An affirmative action/equal opportunity employer.
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The two frontiers of physics

D. Sciama of Oxford and Trieste — hoping
that large-scale dynamics is getting
understood.

In March at Garching, near Munich,
physicists from different walks of
life together took another hard
look at the two major frontiers of
physics — the very large and the
infinitesimally small.

Organized jointly by CERN and
the European Southern Observato-
ry (ESO), the Garching ‘Symposium
on Cosmology, Astronomy and
Fundamental Physics’ was the
second in a series launched at
CERN in November 1983.

The goal of particle physics is
to track down the smallest com-
ponents of matter and to under-
stand how they interact.
Astrophysicists and cosmologists
worry about the large scale struc-
ture of the universe and try to puz-
zle out why it is the way it is.

These two frontiers of physics
are finding common ground, espe-
cially in the attempts to understand
the formation of the universe in
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the convulsions of an initial ‘Big
Bang’.

The 1983 Symposium came in
the wake of the unification of the
weak and electromagnetic forces,
and with other interesting new
ideas — cosmological inflation,
grand unification, etc. — held out
fresh hope that the barriers around
the biggest physics problem of all
— the origin of the Universe —
might be crumbling.

Two years down the line, some
of that euphoria has evaporated,
but fresh results have come in to
keep a healthy interest alive.
Garching summarizer D. Sciama of
Oxford and Trieste was able to
point to a shortlist of new obser-
vations and theoretical ideas which
have made their mark on current
thinking. ‘Perhaps large scale dy-
namics are beginning to be under-
stood’, he claimed.

Cosmic background radiation

The faint glimmer of the 2.73 K
cosmic background radiation dis-
covered by Penzias and Wilson in
1964 is the last thermal vestige
of the fiery incandescence from
the Big Bang, and any structure in
this radiation provides important
clues.

G. Efstathiou of Cambridge des-
cribed numerical simulations to
find out what large-scale structure
of matter would result from differ-
ent sets of initial conditions. The
cosmic background radiation does
not show small fluctuations, ruling
out certain possibilities for the
moment. However continued pre-
cision measurements of this radi-
ation could yet provide important
clues to the early Universe.

F. Melchiorri of Rome reviewed
the evidence for the dipole distri-
bution of the cosmic background

radiation and took a hard look at
the limits for higher multipole dis-
tributions. The ‘black body’ nature
of this radiation has now been
confirmed over a wide range of
wavelengths.

Satellite experiments

One important new aspect of
the meeting was the inclusion of
results from satellite-borne exper-
iments, which free astrophysics
measurements from the straitjacket
of the earth’s atmosphere.

M. Rowan-Robinson from Lon-
don’s Queen Mary College had
results from observation of infra-
red emitting galaxies by the IRAS
(Infra Red Astronomy) satellite, a
very successful US / UK / Nether-
lands project. This reveals, as Scia-
ma put it in his summary, ‘20 per
cent more such galaxies in the
North than the South’. This ties in
with the dipole effect seen in the
background radiation, showing
that we appear to be pulled
through space by some distant
concentration of matter at the rate
of about 500 kilometres per sec-
ond.

Theorist D. Schramm of Chicago
looked towards confirmation of
such new measurements, quoting
Eddington, father-figure of modern
cosmology: ‘do not believe astro-
physical observations until con-
firmed by theory!".

Neutrinos

Two major particle physics con-
tributions came in the neutrino
sector, covered by K. Winter of
CERN. One concerned the mass
of the electron-type neutrino, still
a controversial question, where a
limit of 18 eV from a Zurich experi-
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The idea of ‘inflation” was put forward by
cosmologists to link the initial Big Bang
with our present relatively smooth Universe.
But even initial inflation ideas had problems,
as depicted by A. D. Linde of Moscow.

ment on the beta decay of tritium
at the Swiss Institute for Nuclear
Research directly contradicts the

slightly higher values obtained in

a long-running Moscow study.

The other neutrino headline was
from the experiments at the CERN
proton-antiproton Collider. By look-
ing at the formation and decays
of the W and Z carriers of the
weak nuclear force they find that
there is only enough room for a
maximum of about six types of
neutrino. ‘This adds credibility to
the idea of the Big Bang’, com-
mented Sciama, noting how this
figure is converging towards the
one implied by the abundance of
light elements.

The puzzle of the missing solar
neutrinos continues to intrigue
physicists, and exciting new ideas
have recently been put forward
(see April issue, page 2).

Dark matter

Astrophysical measurements
and current cosmological thinking
both imply that the Universe con-
tains a lot of mysterious ‘dark mat-
ter’, which may make up about
90 per cent of its mass but which
interacts only feebly with the rest.

One of the main driving forces
behind the dark matter idea is the
notion that the Universe may be

‘closed’” — containing enough mat-
ter for its present expansion to be
halted ultimately by gravity.

The particle physics implications
of this dark matter were covered
by J. Primack of Santa Cruz. The
list of candidate particles includes
neutrinos (both known and un-
known), axions, supersymmetric
particles, and other weakly inter-
acting massive particles (WIMPS).

For the astrophysicists, Martin
Rees of Cambridge declared him-
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self to be a ‘baryon chauvinist’,
saying that there were too many
dark matter candidates and main-
taining that astrophysical remnants
(black holes) and small faint stars
(brown dwarves) could do the
trick. ‘

Rees was of the view that a con-

vincing determination of the degree

of closure of the Universe is re-
quired before delving too deeply
into dark matter, but on the other
hand advocates of a closed (‘flat’)
Universe should not be dis-
couraged.

S. Shandarin of Moscow, a disci-
ple of Zeldovich, covered attempts
to pin down the large-scale distri-
bution of light and dark matter,
using percolation analysis ideas
borrowed from solid state physics.
It is no longer clear that the distri-
bution of observable galaxies coin-
cides with the overall distribution
of matter, but there is growing
conviction in a ‘biassed’ picture in

which visible galaxies tend to pop-
ulate regions where invisible matter
concentrates.

Inflation

A big problem once facing Big
Bang cosmologists was to explain
how their Universe turned out to
be so flat and (almost) homoge-
neous. To get over these, and
other hurdles, the so-called ‘infla-
tion” scenario was put forward to
modulate the Big Bang picture,
with additional phases of super-
cooling, reheating, etc. Inflation
says that the Universe has to be
very close to closure, providing a
strong motivation for dark matter.

K. Enqvist of Helsinki covered
the latest ideas in inflation technol-
ogy. While inflation was once a
relatively straightforward idea,
session chairman T. Kibble said
that life has become more compli-
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cated. Sciama described inflation
as ‘baroque’, but still full of possi-
bilities.

' Pulling strings

Theorists offer two kinds of
‘string” mechanisms, very different
but both of considerable appeal
to cosmologists, gaining high rat-
ings by Sciama.

Of the new particle physics ideas
on the market, superstrings (see
June 1985 issue, page 185) is by
far the best seller. M. Green of
London’s Queen Mary College gave
the motivation behind abandoning
a conventional space-time of
points and introducing an under-
lying geometry of strings in a
10-dimensional space-time.

This may help resolve the funda-
mental difficulties of reconciling
quantum effects and gravity, with
the enormous energies (the so-
called ‘Planck Mass’ — 10'® GeV)
required to reveal quantum gravi-
tational effects.

When the extra superstring di-
mensions ‘curl up’, all sorts of tan-
talizing goodies drop out, including
candidate symmetries for grand
unification, suggestions of Einstein-
ian relativity, etc., said Green.

The ‘unwanted’ dimensions
could also provide a home for the
dark matter which interacts so
feebly with the rest of the Uni-
verse, he suggested.

A very different kind of string
was pulled by N. Turok of Lon-
don’s Imperial College. While
Green’s superstrings inhabit an
invisible inner quantum space, Tu-
rok’s strings arise through the
(Higgs) mechanisms of spon-
taneously broken gauge theories
and weigh in at about a thousand
tons per fermi (107'3 cm)!

A ‘spaghetti’ of such strings
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could have been cooked around
the time of the Big Bang, and Tu-
rok showed how this could have
developed, with loops creating
centres of energy and possibly
seeding galaxies. Turok compared
the calculated evolution of his
string spaghetti to the observed
distribution of (Abell) clusters of
many bright galaxies.

Quark nuggets

When the quark soup of the ear-
ly Universe cooled down suffi-
ciently for hadronic matter to crys-
tallize, other kinds of superdense
matter could also have been
formed. One new idea mentioned
by Schramm and by Sciama is that
of ‘quark nuggets’. According to
Schramm, quark nuggets are one
dark matter candidate and could
also seed galaxies.

Laboratory aspects of super-
dense matter were covered by
K. Kajantie of Helsinki. With heavy
ion collisions at high energy sched-
uled at CERN later this year, it is
important, he said, to know how
to recognize new dense matter
formed in such °Little Bangs'.

Particle physics

Carlo Rubbia of CERN spoke on
the status and prospects of particle
physics. In bygone days, said Rub-
bia, one built an accelerator, did
an experiment and found out new
things. With the implications of
the Planck mass, he was ‘con-
cerned’ about direct access to new
physics, and foresaw new types
of attack using non-accelerator
experiments. However this did not
detract from the ‘essential’ task
of building new machines.

Rubbia demonstrated how the

correlation of particles into jets
using modern detection techniques
(calorimetry) has simplified the
study of particle constituents to a
level where we can see the energy
dependence of the underlying
quark dynamics.

He also displayed new data from
the 1985 run at the CERN proton-
antiproton Collider, where he could
still point to candidate events with
‘missing energy’ carried away by
invisible particles, not easy to ex-
plain.

Simon van der Meer of CERN
painted his picture of the future of
high energy machines. Convention-
al ideas are reaching their limit, he
claimed, and showed how machine
physicists are looking towards
exotic new forms of linear acceler-
ator to continue their tradition of
opening up higher energy horizons.

In a memorable presentation on
the final day, S. Chandrasekhar of

Planck Mass

Quantum gravity effects are
very feeble, and extreme
energies would be required
to make them show up. This
is the so-called ‘Planck Mass’
of 10'° GeV — ten thousand
million million times the ener-
gy of the Fermilab Tevatron.
In the recent article by Guido
Altarelli (April issue, page 6)
a factor of a thousand million
unfortunately fell somewhere
by the wayside. But the es-
sential point remains — the
Planck Mass is way beyond
anything imaginable on earth.
Even using optimistic accel-
erating fields, it would need
a machine several light-years
long!
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