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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 craffsmanship 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.

[UMAEM BRI

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

CHARACTERISTICS

® High Melting Point

® Exfra Strength

® Resisfance fo wear

® Excellent Electrical and
Heat Conductivity

® Consistant Quality

® High Tensile Strength
and Resistivity

® Goldplated or Unplated

® \/arious Straightness
Grades

@ Competitive Pricing

® Sizes down fo 3 micron

® Speciality and Custom
Orders Welcome
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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

VACUUMSCHMELZE GMBH

Griiner Weg 37, D-6450 Hanau 1- Telefon: (06181) 362-1 - Telefax: (06181) 362 645 -Telex: 4 184 863
VACUUMSCHMELZE Rhenaniastr. 9/17, D-1000 Berlin 20 - Tel.: (030) 3320051 - Telefax: (030) 3320051 App.04-Tx.: 182 815
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icron Premiu
ant

Bicron plastic scintillators rep-
resent the world's leading
technology for size, quality,
and scintillation

performance.

Bicron's total scintillation
capability provides guaran-
teed detector performance
as well as integrated plastic/
inorganic scintillator designs.

Bicron fabricates liquid scin-
tillator cell designs ranging
from simple standards to rug-
gedized, exotic geometries.

The organic technology

scientists count on.

Why? Because the Bicron organic products group
offers more plastic and liquid formulations than any
supplier in the world. .

Because we are Bicron, scientists know that delivered
performance will meet our guarantees.

Further, they rely on us for the continuing effort to
advance the technology and to support new applica-
tions. Some of the results of that effort have been:

¢ The longest single cast piece of plastic scintillator
ever delivered.

¢ lon chamber-type response plastic scintillator for
dosimetry applications.

¢ Ruggedized cells for liquid scintillation experiments.
¢ L ong decay constant plastics.
¢ Higher efficiencies for plastic neutron detectors.

e Wave-shifted organic scintillators and wave-shifting
light guides.

Further advancements in organic scintillation tech-
nology will come from Bicron’s unique understanding of
nuclear applications and our commitment to deliver
unmatched detector performance.

Countonit!

Bicron Corporation
12345 Kinsman Road « Newbury, Ohio 44065
(216) 564-2251

Bicron Corporation European Office
P.O. Box 271+ 2410 AG Bodegraven - The Netherlands
311726/14243
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The Post-Doc who nursed jt vleft. He said it would have
12-bit resolution...

e Documentatlon'? |
We'll need twice

as many crates. How do we
| | ) interface it?
B ~ Where are |
, ?
What standard the spares?
s this in? | d |
| ThePooldoesnt . =)+
_support it. L il 7

He said it would
- be “easy”

What happened to
$20 a channel?

LeCROY WON'T LEAVE YOU
lN THE DARKII COMMERCIAL detector readout

systems, triggering systems, high voltage, fiber optic communications,
waveform recording and components with these advantages:

@ Guaranteed specifications and prices [§ e The next time you need precision, speed
; - —4 and density in research-grade electronics
® - )
Warranty and after salgs §erv10e call LeCroy and don't get left in the DARK!

® High performance, precision and speed

: s X . LeCroy electronics for the physics
without sacrificing high density ;
packaging research community for over 20 years . . .

@ Standard systems including CAMAC,
FASTBUS, GPIB, and NIM roy

@ Rigid environmental testing SR L1 A 700 South Main Street

@ Worldwide design assistance and tech- |. - cosor ! Spring Valley, NY 10977, USA
nical support h - e Sales: (914) 578-6013

Technical Information: (914) 578-6015

e Expandable and upgradable 1 Twx: 710-577-2832
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Decobecq

INGENIERIE, ETUDES ET ASSISTANCE TECHNIQUE

BUREAU D'ETUDES

La division bureau d'études de
DECOBECQ compte aujourd’hui
200 collaborateurs répartis
en équipes complémentaires
d’'analyse, decalcul, demé-
thode etde dessin, capables
d’intervenir sur toute la
France en conception et
réalisation.
Beton armé - Charpente - Electricité - Tuyau-
terie - Chauffage - Mécanique - Pneuma-
tique - Electronique.
Chaudronnerie - Aéronautique - Ferroviaire -
Spatial.
Manutention - Machine spéciale - Robotique

INGENIERIE INDUSTRIELLE

La division ingénierie
¥ de DECOBECQ compte
aujourd’hui 150 collabora-
teurs répartis en spécialisa-
tions et capables d’intervenir
sur toute la France en con-
ception, définition et réalisation
d’ensembles ou de sous-ensembles dans tous les
secteurs d’activité.
Etudes techniques - Consultation et choix des
entreprises - Maitrise d’ceuvres - Surveillance et
coordination des travaux.
Construction - Adaptation - Rénovation - Agran-
dissement de locaux.
Organisation de circuits de production - Implan-
tation de postes de travail et de machines.

ASSISTANCE TECHNIQUE

La division assistance technique de

DECOBECQ compte aujourd’hui

250 collaborateurs répartis

. par discipline et capables

. d'intervenir sur toute la

' France en prestation de

/ services dans tous les sec-
teurs d’activité industrielle.

Intervention chez le client d’ingénieurs, dessina-
teurs, techniciens, cadres d’atelier.

Mission toute discipline, tout niveau, toute durée.

INFORMATIQUE GRAPHIQUE

La division informatique graphique
de DECOBECQ compte aujourd’hui
80 collaborateurs, formés et spé-
_ cialisés, capablesd'inter-
venir sur toute la France
enconsulting,formation,
travauxet développement
pour tous les secteurs

d’activité industrielle.

Systémes : Computervision - Bull - Calma -
NEYET

Travaux en service bureau - Location d’écran -
Formation d’opérateurs.

Analyse programmation - Mise en place de cahier
des charges - Développement.

15, rue Jean Allemane 42100 St-Etienne
Téléphone 77574856  Télex 300038

%
EMEL
in

CONSTRUCTIONS ELECTRONIQUES
ET MECANIQUES DU LEMAN — C.E.M.E.L.

201, rue Léone-de-Joinville
01 170 GEX, France
Tél. (50) 415007 Télex 309030 F

@ Réalisation de tout matériel mécanique
et électronique.

® Usinage tous métaux, spécialiste
prototypes.

® Travaux a facon de petites et
moyennes séries.

Exécution soignée suivant votre planning.

21 ans d’expérience avec le CERN et
divers centres de recherche mondiaux.

Durchflusswachter fiir Kiihl- und
Schmiermittelkreislaufe

%"-2" = Q1-500 I/m,

ab NW 65 mit Gewinde- oder
Schweisstubus. Schaltpunkt reproduzierbar
einstellbar, Signallampchen, Skala.

Schaltleistung 500 V/10 A Ws
—125V/0,5 A=.
Messbereich 1:5

Contréleur de déhit pour liquides
réfrigérants et lubrifiants

3%"-2"=Q1-500 I/m,

dés DN 65 a visser ou a souder.
Déclenchement réglable, lampe de
signalisation, échelle.

Interrupteur 500 V/10 A CA-125 V/
0,5 A=.
Etendue de mesure1:5

Informations, prospectus:

l'.ﬂ TECHNOKONTROLL AG

\" 8049 Zirich, Imbisbuhlstr.144 Telefon 0156 56 33

CERN Courier, March 1986




FLOWMETERS

Calibrated and non-
calibrated instruments for
liquids and gas

type 1100
Available from our stock
in Zurich

HeranS lenses, mirrors,

Quartz glass 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
CH-8057 Zirich

1/858B

mesurer - régler

The Direct Link
from the Macintosh™
to VMEbus crates

Available from:

ergoz
PD/PID-régulateurs

pour Thermocouples + Pt 100 Prix avantageux Crozet

Caractéristique de réglage + cycle ajustable 01170 Gex, France
Etendues de mesure entre — 99,9°C et 1599°C

Précision + 0,5% de I'échelle, + 1 digit (50)41.00.89
Modeles FQV (Digit) FGV (Diff.) FBV (sans indication)
Dimensions 48 x 96 x 153 mm

Roth+Co. AG .
Regel- und Steuergerate The system was developed by CERN, Geneva, Switzerland.
CH-9244 Niederuzwil CERN accepts no responsibility for the quality, design or

Tel. 073-516868 performance of these equipment.
Telex 883120
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Around the Laboratories

CERN
Antiprotons 1985

Although the new Fermilab Teva-
tron took the world collision energy
record, 1985 was still a vintage
year for CERN antiprotons.

The scene was set last March

/hen the ambitious attempt to
ramp protons and antiprotons up
and down between 100 and
450 GeV in the SPS was imme-
diately successful, providing the
first glimpse of physics at collision
energies of 900 GeV. In June came
a short special run for the UA4
elastic scattering experiment. The
main 1985 run got underway at
the beginning of September, and
when the 315 GeV beams were
finally dumped on 23 December,
the accumulated luminosity (a
measure of the number of proton-
antiproton collisions achieved) had
reached a record figure of 655
inverse nanobarns, surpassing
even the total number of collisions

'om all previous runs (0.2 inverse
.1anobarns in 1981, 28 in 1982,
153 in 1983 and 395 in 1984).
Another great success last year
was the smooth parallel running
of the SPS Collider and the LEAR
Low Energy Antiproton Ring.

The main 1985 Collider run pro-
gressed in grand style with up to
70 nb™! being recorded in a single
week, while the superb Antiproton
Accumulator scaled new heights
of reliability, running at one stage
for 999 hours (42 days) without
the slightest mishap, notching up
on the way a new stacking record
of 4.2 x 10"" antiprotons. Later
in the run, electrostatic separators
ensured that the Collider’s three
circulating bunches of protons and
of antiprotons collided only where
needed, thus reducing beam insta-

CERN Courier, March 1986
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Results from the UA 1 experiment at the
CERN proton-antiproton Collider show that
the production of clusters or ‘jets " of
hadrons increases significantly over the
energy range 200-900 GeV.

bilities. Tests were also carried
out using one bunch of antiprotons
against six bunches of circulating
protons. All this bodes well for
next year, when the new ACOL
Antiproton Collector will hopefully
boost CERN’s antiproton intensity
tenfold.

Plenty of particles

In March last year, packets of 450
GeV antiprotons orbiting in the
seven-kilometre SPS ring at CERN
smashed into 450 GeV packets

of protons travelling in the other
direction. This set up a world re-
cord collision energy, surpassed
seven months later when 800 GeV
particles collided in the new Fermi-
lab Tevatron ring (see December
1985 issue, page 419).




Scanning the 450 + 450 GeV
collisions at CERN were the big
UA1 experiment led by Carlo Rub-
bia and the UAb streamer chamber
team (Bonn/Brussels/Cam-
bridge/CERN/Stockholm). UA5’s
results pointed to a new descrip-
tion of the number of produced
particles (multiplicity), covering a
much wider range than at lower
energies (see October 1985 issue,
page 335). UA1's results from this
new energy range also point to
new behaviour, and together the
results have significant implications
for the higher energy studies soon
to get underway at Fermilab’s Te-
vatron Collider.

UA1 finds that the fraction of
‘hard’ scatterings producing a
cluster or ‘jet” of hadrons (strongly
interacting particles) increases sig-
nificantly, tripling over the collision
energy range (200-900 GeV) cov-
ered in the March 1985 run, and
accounting for almost 20 per cent
of the activity as the energy ap-
proaches 1 TeV.

The big experiments now setting
up at the Tevatron can look for-
ward to plenty of particles!

Bouncing photons

As well as sticking tightly together
through the strong nuclear force,
the quark constituents of nucleons
are electrically charged and behave
electromagnetically.

One of the textbook examples
of modern electromagnetism is
the Compton Effect where photons
bounce off individual electrons
whose recoil shifts the photon
wavelength. However a similar
effect should be seen when pho-
tons bounce off any other charged
particles carrying half a unit of spin,
like quarks.

2

Compton scattering off a quark, showing
the emerging photon (gamma) and the
recoiling jet of particles from the struck
quark.

An Athens / CERN / College de
France / Ecole Polytechnique /
Imperial College London / Orsay
/ Saclay / Southampton / Stras-
bourg / Warsaw group (NA14
experiment) using the high intensity
photon beam in the North Exper-
imental Area of the CERN 450 GeV
SPS synchrotron has looked at the
(prompt) photons which emerge
with large transverse momenta
directly from a target.

The average energy of the inci-
dent photons is about 90 GeV,
corresponding to a wavelength
108 smaller than the X-rays used
in the original measurements of

the Compton Effect over sixty
years ago. Making allowance for
background processes which pro-
vide spurious prompt photons, the
NA 14 team has isolated the signal
due to photons which bounce off
the quarks within the target nu-
cleons.

Such events are rare — one in
ten million. The structure of the
emerging particles clearly shows
an isolated photon and a recoiling
‘jet” of hadrons from the struck
quark. This is the first time that
Compton scattering on quarks has
been observed and measured.

The scattering can be calculated
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using the nucleon quark structure
measured in other experiments.
Like the classic Klein-Nishina for-
mula for Compton scattering, it
depends on the fourth power of
the electric charge of the target
particle.

While standard quark theory
proposes fractional electric
charges, there was still room for

nodels with quarks carrying inte-
ger electric charge. The CERN ex-
periment strongly favours the frac-
tional charges.

Another effect studied with this
high energy photon beam is the
prompt photoproduction of gluons,
seen through the production of
neutral pions (identified through
their decay into photon pairs). This
effect, called QCD Compton scat-
tering (QCD — quantum chromo-
dynamics — is the theory describ-
ing quark interactions), is the in-
verse of the process, discovered
in the late 1970s, where quarks
radiate electromagnetic energy
(photons) when sharply struck.

The observed effect agrees with

“eoretical predictions, including

Jdelicate correction terms, providing

an accurate check of QCD theory.

Low energy
US antiprotons

Now that Fermilab has demon-
strated that the ability to handle
high energy antimatter is not
restricted to Europe, thoughts are
turning also to the construction in
the US of a low energy source of
antiproton beams. The LEAR Low
Energy Antiproton Ring at CERN,
which began operation in 1983,
continues to be a great success,
attracting hundreds of users, many
of them new, to CERN. The avai-
lability of the new ACOL Antipro-

CERN Courier, March 1986

ton Collector next year should con-
siderably increase LEAR’s poten-
tial.

Last October, a workshop was
held at the University of Wiscon-
sin, Madison, to look at the possi-
bility of a dedicated low energy
antimatter source in the US. The
Madison workshop attracted about
60 participants from the US and
Europe. There were extensive dis-
cussions of the present LEAR pro-
gramme and the physics goals of
low energy antiproton interactions
as well as the properties of anti-
protons, including the intriguing
possibility of measuring the pull
of gravity on these particles (do
they fall down or up ?).

Carl Dover of Brookhaven gave
an extensive summary of what

.

theory expects to happen in low
energy proton-antiproton collisions.
At the end of the meeting Fred
Mills (Fermilab) summarized the
new techniques which could be
used to collect more low energy
antiparticles.

With antiprotons already on tap
for the Tevatron, Fermilab is one
possible site for the new US anti-
proton source. These ideas will
be aired at another workshop, to
be held at Fermilab in April.

From David Cline

The LEAR Low Energy Antiproton Ring at
CERN - a great success. Ideas are being
put forward for a low energy antimatter
source in the US.

(Photo CERN 437.4.85)




METROLAB

Instruments SA

— The METROLAB PT 2020, Precision NMR
Teslameter, is based on the well known

PRECISION NMR
TESLAMETER PT 2020

and widely used CERN design of BORER

and FREMONT. It is a rugged, transpor-
table instrument:

— Fied Range: 0.045 to 13,8 Tesla

— Display: 8. high visibility LED

— Absolute accuracy: better than 10 ppm
— Resolution: 0.1 p Tesla or 1Hz

— Interface: IEEE 488 and RS 232C

— This system is also available (with
interfaces) in a NIM format (reference 3020).

IN THE USA: GMW ASSOCIATES
1060 Lakeview Redwood City

U.S.A. - CA. 94062

Tel: (415) 368-4884
Tix: 176 196 TTC PLA

6, CHEMIN DU CLOS CH-1212 GENEVA/LANCY (SWITZERLAND) TEL: (41 22) 94 11 21 TLX: 422008 MTL CH

Simple, fast and accurate
spectrum <> network analysis from 100 Hz to 180 MHz
with just one instrument

The SNA-1is unmatched for
flexibility and yet is extremely
accurate and easy to operate.
Its easy to read, compact dis-
play gives the user all the info
he needs.

Spectrum analysis for inves-
tigating signals of all kinds and
finding spurious signals. Meas-
ures distortion and modulation
products. The SNA-1 spectrum
analyser has three knobs for
setting the centre frequency,
span and reference frequency.
Vector network analysis,
SNA-1 measures phase, group
delay and attenuation.

Extremely easy to operate,
analog settings viathree knobs;
digital settings via normal key-
pad or softkeys. The bandwidth
and sweep time are linked to
the frequency span; storage of
complete front panel setups.
IEC/IEEE interface means that

external computercanbeused [~ — — — — T T T ~- >3
to control the SNA-1 and proc- | Information coupon
ess its results. | 1 would like: x
High accuracy, provided by I (0 The SNA-1 colour brochure &
synthesiser, auto cal facility and | 0 A visit from a sales engineer w
normaliser. Bandwidths from N

3 Hz. Level from — 130 dB. Dis- | AME .o
play 1 dB to 100 dB. Company

User friendly display/result S e
processing, flat screen with :

calibrated internal graticule, | TOW/GIY o
max.res. 0.01dB, 0.1°,0.1 ns : Tel. ...

and 0.1 Hz. Two digital trace-

-memories, line cursors, toler- | }{S\Icﬁvrvlg)e/!ngoltermann

ance masks, on-screen par- | pogtfach 254
ameterdisplay, outputs for video I CH-3000 Bern 25
printer and graphics plotter. Tel. (031) 42.66.44

4

Telex 32112wagoch
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FERMILAB
New beams

Last summer, the world’s highest
energy electron/photon beam was
commissioned at Fermilab. This
beam in the Proton East area is
capable of producing electrons of
2nergies in excess of 650 GeV. It
is called “Wideband’ because it
collects electrons over a large
momentum range, resulting in a
high intensity. The first experi-
ments with this beam use the high
energy electrons to create the high-
est energy photon beam in the
world. Because of its unique de-
sign, the beam can also operate
as a high intensity pion beam, a
primary proton beam, or a neutron
beam.

In the past, Fermilab’s efforts
to study high energy photoproduc-
tion have been constrained by hav-
ing two alternative photon beams
sharing the same primary proton
beam. For the Tevatron, a new
eam splitting station has been
installed in the Proton Area so that
the new Wideband Beam and the
existing Tagged Photon Beam can
now run at the same time.

To make the new beam, a pri-
mary proton beam is focused onto
a beryllium target. Magnets just
downstream of the target sweep
charged secondaries and remaining
protons into a dump while forward
photons (and neutral hadrons)
emerge through a small hole. A
thin piece of lead converts the
photons into electron-positron
pairs. The electrons are captured
by a 1200-foot charged particle
beam transport consisting of 14
quadrupoles and 8 dipoles. Posi-
trons, neutral hadrons, and uncon-
verted photons are absorbed in a
dump about halfway down the
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beam. Just before the experimental
hall the electron beam is passed
through a lead radiator to produce
photons and the electrons are then
swept away by magnets.

This classic approach of going
from photons to electrons to pho-
tons is necessary to separate the
photons from the unwanted neu-
trons which would otherwise ob-
scure the photon interactions.
However each stage costs energy
and intensity, so it is necessary to
collect the electrons over the wid-
est possible range of angles and
momenta.

One unique feature of this wide-
band beam is that it is bent
through very small angles (3 milli-
radians), just large enough for re-
moval of the neutral beam. The
dipoles are arranged in an achro-
matic double dog-leg so that the
beam returns to the line of the
original protons. These features
give the beam its large momentum
acceptance and permit, with suit-
able rearrangement of compo-
nents, the creation of neutral ha-
dron beams. A series of angle-
varying magnets upstream of the

production target allows the pri-
mary beam to be targeted so as
to produce high intensity charged
beams. The beam transport can
operate at momenta up to

800 GeV as presently installed and
can go up to 1000 GeV with slight
rearrangements of elements.

The beam was operated in the
electron/photon mode last summer
at momenta ranging from 650 GeV
down to 15 GeV (for calibration
purposes). The beam behaved as
expected with pion contamination
of only a few percent. The neutral
hadron background appears to be
less than 10 at all energies and
will therefore not interfere with
experiments.

The first experiment scheduled
to use this beam is a study of the
photoproduction of charm and
bottom quarks, expected to begin
next winter. It is a collaboration
of Colorado, Fermilab, lllinois, Fras-
cati (INFN), Milan (INFN), Northwes-
tern and Notre Dame.

View of the Wideband Experimental Hall
at Fermilab with components of the E687
photoproduction experiment, dominated
by the electromagnetic calorimeter built by
Frascati.
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Muon beam

Leptons — weakly interacting
particles — have long been a fa-
vourite probe for studying nucleon
structure. At Fermilab early empha-
sis was placed on neutrino beams.
The muon beam was obtained by
wedirecting the secondaries from
.ne neutrino target without at-
tempting to refine the resulting
muons. This non-dedicated muon
beam presented several problems,
among them being relatively low
beam intensity and a large halo of
particles outside the central beam.

Planning for experiments at the
Tevatron showed that a dedicated
muon beam would be needed. In
particular Experiment 665, a study
of muon scattering with hadron
detection (a collaboration of Ar-
gonne, California — San Diego,
Cracow, Fermilab, Freiburg, Har-
vard, lllinois — Chicago Circle, Ma-
ryland, MIT, Munich, Washington,
and Wuppertal) would require high
intensity (more than three million
“quons per spill second) at the
highest possible energy with low
halo and limited spatial and mom-
entum spread.

The final design uses 26 sepa-
rate enclosures over a total beam-
line length of 2.5 km, making it
the longest beamline at Fermilab
and one of the longest in the
world.

In the first 800 metres the pri-
mary protons are directed toward
the target hall using, among other
elements, a string of six supercon-
ducting Doubler dipole magnets.
After the production target the
resulting pion and kaon secondar-
ies are steered into a 1.2 km decay
channel which mainly consists of
alternately focusing and defocusing
large gap quadrupoles positioned
every 60 metres. The net effect is
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a strong-focusing muon channel.

After filtering out the remaining
hadrons with 11 metres of beryl-
lium, the last 500 metres of beam-
line is used to purge the unwanted
halo muons. To this end 34 m of
magnetized thick-walled pipe ("mu-
pipe’) and 15 m of large diameter
toroid will ultimately be employed.

Conventional construction began
in 1984 and installation of the my-
riad components was started by
Fermilab Research Division person-
nel last March. As a result of their
diligence the entire beamline, ex-
cept for part of the halo purging
toroid system, was installed by
July 1985. Less than a month later
this mammoth investment of time,
effort and money came to fruition
as an intense beam of well fo-

The New Muon Laboratory at Fermilab with
Wilson Hall (the Laboratory’s main building)
in the distance.

cussed muons entered the New
Muon Laboratory.

During the subsequent three
weeks of the fixed target run the
beam was used to bring up various
detectors in the E665 spectro-
meter which in turn were used to
measure the performance of the
beam. The agreement between
measurement and prediction is
excellent. The distribution of the
halo is not quite what was ex-
pected, but a more careful align-
ment of the magnetic elements
and tunable toroids should remedy
this. '

While the muon beam was being
prepared, the E665 team was busy
installing the components of the
open geometry spectrometer. The
main thrust of the experiment, par-
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ticulary in the first data run, will
be a detailed investigation of muo-
produced hadrons out to masses
of 1200 GeV?2. Also of great inter-
est will be the study of nucleon
quark structure in a kinematical
domain of interest to theorists. At
the other end of the kinematical
spectrum concentrated effort is
going into the development of an
efficient trigger to study nuclear
shadowing.

A test run with partial instrumen-
tation was highly successful and
paved the way for the data run
later this year. The experiment
uses the old Chicago Cyclotron
Magnet, now superconducting,
but the upstream superconducting
vertex magnet (from the European
Muon Collaboration at CERN)
awaited its refrigeration plant.

Bubbling away

Although extinct at CERN,
bubble chambers continue

to make useful contributions
to physics. In a CERN/Fermi-
lab collaboration, the small
(20 cm diameter) LEBC lex-
an bubble chamber which
was used at CERN from 1979
to 1984 recently completed
a fruitful period of data taking
during the initial run of the
new Fermilab Tevatron using
the full power of the primary
800 GeV proton beams. Phy-
sicists from East and West
Europe, India and the US last
year amassed 1.3 million
triggers on film and tape. The
experiment also used a recon-
figured Fermilab Multiparticle
Spectrometer.

A

The spectrometer of the E665 experiment
using the Tevatron muon beam which enters
from the bottom right. The first major
component is superconducting vertex
magnet from the European Muon
Collaboration experiment at CERN, with
further back the superconducting
spectrometer magnet using steel from the
old Chicago Cyclotron.

Small bubble chamber for a big machine

— group photograph of the team which
used the LEBC bubble chamber from CERN
in the initial run of the Fermilab Tevatron.
Holding the 20-cm chamber are Joy
Perington (right) and Phyllis Hale of the
Fermilab Users’ Office.

(Photos Fermilab) v
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KEK
First positrons

The 2.5 GeV linac at the Japanese
KEK Laboratory is now producing
positrons as well as electrons.
This is the culmination of plans
which began more than ten years
ago for a powerful injector to serve
the needs of both the TRISTAN
electron-positron storage ring and
the Photon Factory (the latter for
synchrotron radiation experiments).

As well as being part of the par-
ticle diet for TRISTAN, positrons
are of considerable benefit to a
synchrotron radiation facility such
as the Photon Factory. Although
individual positrons produce the
same synchrotron radiation as
electrons at the same energy in
the same magnetic field, positron
beams do not trap positive ions
or positively charged particles as
do electron beams. Such trapping
can be a pernicious problem be-
cause of the scattering and focus-
‘ng effects of the trapped particles.
For example, at the Photon Facto-
ry, bremsstrahlung measurements
carried out by the Light Source
group under the direction of Kazuo
Huke have shown a clear corre-
lation with abrupt decreases in
lifetime due to trapping in the elec-
tron beam.

(Similar problems have led the
Orsay group to use positrons rou-
tinely when operating the DCI ring
for synchrotron radiation experi-
ments. At Stanford these effects
have been observed during single
electron beam operation of the
SPEAR electron-positron ring, and
the synchrotron radiation group
would like to use positrons during
these runs. However much of
synchrotron radiation operation
on SPEAR uses a new Nuclear
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Physics Injector (NPI gun) installed
at the 80 per cent point of the
Stanford linac. The NPI gun pro-
vides high current, low energy
electron beams for nuclear physics
at Stanford and also makes it
possible for synchrotron radiation
studies using SPEAR during the
summer months when power costs
make full linac operation prohibi-
tive. The gun provides only elec-
trons at present.)

The KEK electron linac was built
under the direction of Jiro Tanaka.
It produced its first accelerated
beams in February 1982 and one
month later the linac reached its
design goal of 50 mA 2.5 GeV
electrons. Injection of electrons at
2.5 GeV into the 6 GeV TRISTAN
Accumulator Ring was achieved
in November 1983 (see March
1984 issue, page b1).

Construction of the positron
generator began in April 1982. It
consists of an upstream 200 MeV
high intensity electron linac, an
electron-positron conversion target
and a 250 MeV positron linac. The
250 MeV positron beam is trans-
ported to the 250 MeV point of

Japanese KEK Laboratory Photon Factory
staff in the storage ring control room watch
the first scope traces indicating successful
storage of positrons on 20 December. From
left to right in the front row are Director
Junichi Chikawa, Motohiro Kihara, Jiro
Tanaka, Tatsuya Yamakawa and Toshiuki
Mitsuhashi. Kazuo Huke is spreading the
good news on the telephone.

(Photo Herman Winick)

the 2.5 GeV linac, and the first
positron beam was successfully
accelerated to 250 MeV in July.

In the initial operation a primary
1.6 A electron beam at 200 MeV
was used to produce a 3 mA,
250 MeV positron beam. Success-
ful injection and storage of a low
current positron beam in the TRIS-
TAN Accumulator Ring was
achieved in October, so that Japa-
nese hopes are still high for first
colliding beams in TRISTAN later
this year.

The first injection of positrons
into the Photon Factory ring took
place on 20 December. A current
of 5.5 mA was accumulated, about
what was expected in this initial
test. Improvements over the next
few months (such as an increase
of injection repetition rate from
the 2 Hz used in the first test to
the full 50 Hz capability of the linac)
should result in a much higher ac-
cumulation rate. This will allow the
use of stored positron beams of
100 to 200 mA so that direct com-
parisons can be made with the
intense electron beams routinely
used in the Photon Factory.
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Mass distribution of a short-lived neutral
kaon plus a charged kaon and a pion
showing a clear eta-c peak around 3 GeV.
The results come from the analysis of
photon-photon interactions recorded by
the PLUTO group at DESY’s PETRA
electron-positron collider back in
1980-81.
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DESY
The charm
of two photons

As well as their basic fare of elec-
tron-positron collisions, high ener-
gy electron-positron colliders also
provide the luxury of photon-pho-
ton interactions.

In these reactions, the approach-
ing electron and positron each emit
a (virtual) photon, and it is then
these two photons, rather than
the electron and positron, which
interact. The PLUTO detector, re-
moved from the PETRA electron-
positron collider ring at the German
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DESY Laboratory four years ago,
made some pioneer contributions
to this branch of physics.

This ‘light-light” scattering has
different selection rules to electron-
positron annihilation and enables
other particle states to be seen.

Two photon production of the
eta-c has now been seen in data
taken back in 1980-81 by the PLU-
TO team at a beam energy of
17.34 GeV. The eta-c is composed
of a charmed quark bound to its
antiquark partner, with the quark
spins antiparallel, rather than paral-
lel as in the famous J/psi formed
in electron-positron annihilation
and is lighter. After initial evidence
from the Crystal Ball and Mark Il
detectors at Stanford’'s SPEAR

electron-positron ring, the eta-c
was pinned down at SPEAR by
the Mark Il detector studying the
radiative decays of J/psis (see
April 1984 issue, page 99).

Other mesons were found earlier
in photon-photon collisions, start-
ing at the SPEAR (Stanford) and
DORIS (DESY) rings with the eta-
prime, followed by the f, the A2,
the f prime, the normal eta and the
delta (980). Also the neutral pion
was recently observed in photon-
photon collisions by the Crystal
Ball Group working at the DORIS
ring. The possibility of such a
measurement had been pointed
out as early as 1960 by Francis
Low.

PLUTO'’s seven eta-c events
were found after a painstaking
analysis of four-track events.

RUTHERFORD
APPLETON
International ISIS

The ISIS spallation neutron source
recently inaugurated by UK Prime
Minister Margaret Thatcher (see
December 1985 issue, page 435)
has officially become an inter-
national research centre.

On 10 December a Memorandum
of Understanding was signed by
George Walden, junior Minister at
the UK Department of Education
and Science, Hubert Curien, French
Research and Development
Minister, and Luigi Granelli, Italian
Minister for Co-ordination of Scien-
tific and Technological Research.

Under the Memorandum, three
bodies will be established: a Coun-
cil, with members from the UK,
France and Italy and observers
from other countries, whose main
task over the next year will be to
make arrangements for ISIS to be
jointly funded by European coun-
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Gamma ray detectors with a neutron
detector array used in the study of exotic
nuclei at the Daresbury Nuclear Structure
Facility. The neutron detectors are behind
a lead shield to the left.

(Photo Daresbury)

tries and operated for the benefit
of European scientists; a Project
Group of UK, French and ltalian
experts which will prepare costed
plans for additional technical devel-
opments to maintain the inter-
national standing of ISIS; and an
international Science Advisory
Committee with members from
several countries to provide a fo-
rum for wider consultation and
discussion on developments at
ISIS.

DARESBURY
Gamma rays
and nuclear structure

At the Daresbury Laboratory (UK)
Nuclear Structure Facility (NSF),
the 20 MV tandem Van de Graaff
accelerator has had three years of
full operation. During this time it
has produced a range of high qual-
ity heavy ion beams for gamma
ray studies including high spin
states, superdeformations and
exotic nuclei. The development of
sophisticated detectors has played
an important role in the research;
spectrometers to analyse slow
recoil nuclei, apparatus to record
multiple neutron events, and a
complex array of gamma ray detec-
tors known as TESSA (Total Ener-
gy Suppression Shield Array) are
just some examples.

There has been a rewarding
study of nuclei with high angular
momentum. Since the early days
of nuclear physics the liquid drop
model, refined to include shell ef-
fects arising from individual nu-
cleons, has been used to predict
how the nucleus behaves as its
angular momentum increases; for
example how its shape changes
until fission through internal stress.
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At high enough spin, a nucleus
with an initially prolate (rugby ball)
shape should change to an oblate
(discus) shape, and at even higher
spin to a superdeformed prolate
with a major-to-minor axis ratio of
2:1. Seeing these long sought-for
phase changes was one of the
early successes of the NSF.

One piece of evidence was the
onset of irregularities in the usually
regular spacing of energy levels
of the rotating deformed prolate
nucleus erbium 158 which occurred
at high spin on excitation by a cal-
cium 48 beam. This indicated a
prolate to oblate shape change —
quantum mechanically, an oblate
nucleus cannot rotate macroscopi-
cally about its symmetry axis and
any such angular momentum must
come from the internal motion of
its individual nucleons, which re-
sults in an irregular distribution of

energy levels. A second clue was
the transition in the spherical nu-
cleus dysprosium 152 from irreg-
ularly spaced levels at low spin to
a band structure at very high angu-
lar momentum. The moment of
inertia of the nucleus at this high
excitation, and later its rate of de-
excitation, were deduced from
gamma ray emission experiments
and confirmed that the nucleus
had indeed changed from a spher-
ical to a superdeformed shape.
Work is still underway to examine
in detail how the initially hot rotat-
ing nucleus formed in a heavy ion
collision cools and slows by emit-
ting gamma rays.

Another example of work based
on gamma rays emitted in hea-
vy ion collisions is the study of
sub-barrier fusion. When two hea-
vy nuclei approach they initially
feel a strong electrostatic repulsion
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Energy correlations between gamma rays
from a rapidly rotating nucleus, as observed
at the Daresbury Nuclear Structure Facility.
The diagonal ridges indicate a
superdeformed shape.

E(Yz)[MeV]

E(Y,)[MeV]

due to the positively charged pro-
tons in each nucleus. If the incident
beam energy is below this barrier,
fusion takes place by quantum
mechanical tunnelling. From the
height and shape of the barrier the
probability of fusion can be easily
calculated. However recent results
indicate that this is underestimated
by at least an order of magnitude.
NSF studies of the gamma rays
emitted by the fused system
showed that this enhanced effect
was linked to a very large imparted
angular momentum. The reason

is that during their close approach
the two nuclei excite each other
and even transfer particles prior

to actually fusing, thereby altering
the barrier between them.
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The study of nuclei far from sta-
bility has also been rewarding.
Much of our present understanding
of nuclear structure is based on
nuclei close to stability. The most
stringent tests of this under-
standing come from comparisons
of predicted and experimentally
determined structures of nuclei
which are either very deficient or
very rich in neutrons. Such tests
are difficult, requiring versatile hea-
vy ion beams and sensitive detec-
tors. They have been carried out
at CERN for many years using the
ISOLDE isotope separator to study
the beta decay of exotic nuclei and
the structure of their daughter
products. Work at the NSF has
concentrated mainly on so-called

in-beam studies, in which the struc-
ture of the parent nucleus is exam-
ined. This means observating gam-
ma ray emission from a nucleus
within a very short time (1015 s)
of its formation. The gamma rays
of interest must then be distin-
guished from the background of
gamma rays resulting from other,
more prolific reactions. This work,
which involves the use of an array
of neutron detectors, has resulted
in the discovery in very neutron-
deficient strontium nuclei of the
most deformed nuclear ground
states known. Similarly, another
region of deformation was found
in neutron-deficient light rare-earth
nuclei. These regions of deforma-
tion were predicted by some the-
ories and not by others.

These examples give a flavour
of the gamma ray work in progress
at the NSF. The experiments are
part of a wide-ranging nuclear
structure programme which also
covers nuclear collisions, moments
of short-lived radioactive nuclei,
laser studies and nuclear breakup
phenomena.

BERKELEY
Around the Bevalac

The high energy heavy ions from
the Superhilac linac/Bevatron
synchrotron combination, the Beval-
ac, at Berkeley have for many
years been feeding a programme
for both biomedicine and nuclear
science. The two subjects are not
easy bedfellows. The Biomedical
Facility has been treating some
fifteen patients a day and each
requires a half-hour beam set-up
to give a few minutes of radiation.
Since it is difficult to switch be-
tween the heavy ion species in the
old synchrotron, the biomed requi-
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rements obviously eat into the time
available for the nuclear science
research in a way which does not
allow efficient running.

For the past two years there has
been work to modify the Beva-
tron’s local 20 MeV proton injector
to allow injection of ions up to sil-
icon. This has come to fruition and
it is now possible to switch readily
between ions from the Superhilac
and ions from the injector. The
injector uses a PIG ion source yield-
ing some 100 microamps of silicon
ions into a radiofrequency quadru-
pole, RFQ, which takes the ions
to 200 keV per nucleon. Both on
RFQs and ion sources there have
been advances at Berkeley in
recent years.

It was the successful completion
of the RFQ in August 1983 which
launched the injector modifications.
Since then another RFQ has been
completed which is the main con-
tribution to the Berkeley/CERN/
Darmstadt collaboration to achieve
oxygen 16 ions in the CERN accel-
erator (see December 1985 issue,
page 427).
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The interest in more intense
beams of ions led to work on
metal vapour vacuum arcs (from
which the new sources have gar-
nered the name MEVVA) as the
source of the plasma from which
the beams are drawn. These arcs
can establish a current of a few
hundred amps and the discharge
kicks out material from the cathode
which plumes away to the anode.
Beams of the cathode material
(many metals from lithium to uran-
ium have been tried) are then
pulled through a hole in the anode
by high extraction voltages. Emerg-
ing beams of as much as 1 A of
uranium ions of good quality have
been obtained. This compares with
tens of milliamps with previous
sources and there is more devel-
opment which can be done to
improve the MEVVA sources. It
is intended to use these sources
on the Superhilac, aiming initially
for at least a fivefold increase in
beam intensities.

The Bevalac heavy ion pro-
gramme will also benefit from the
implementation of ‘radioactive

beams’. At multi-GeV energies,
short-lived ions emerging from
targets can retain properties of the
primary beam and for many ra-
dioactive ions high energy beams
of some 104 particles can survive.
Such beams can help in radiother-
apy since their penetration depth
can be pin pointed when they de-
cay. Beams of carbon 11 and neon
19 have already been used. They
are also a prolific source of ‘exotic’
isotopes (some 24 new isotopes
were identified from only a few
hours running). They have made
possible the study of helium iso-
topes up to helium 8 which is giv-
ing new information in nuclear radii
studies.

For the longer range future there
are still hopes that a heavy ion
collider could be constructed at
Berkeley. Having abandoned the
more ambitious plans of yester-
year, efforts are now concentrating
on a ‘mini-collider’ ring, which
could just be squeezed into an
existing experimental hall, for 4
GeV on 4 GeV ion collisions.

A topical meeting on quark-gluon plasma
held recently at the Variable Energy
Cyclotron Centre of the Bhabha Atomic
Research Centre, Calcutta, sparked a healthy
interest among researchers from all parts

of India.

(Photo M. D. Trived|)
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FRANCE AT CERN

11-14 MARCH 1986

The exhibition is organized under the auspices of the Scientific and Technical Mission of the MINISTERE DE LA RECHERCHE ET DE LA

TECHNOLOGIE
1, rue Descartes, F-75231 PARIS CEDEX 05

in cooperation with the

INSTITUT NATIONAL DE PHYSIQUE NUCLEAIRE ET DE PHYSIQUE DE PARTICULES (IN2P3)

20, rue Barbier-du-Mets, F-75640 PARIS CEDEX 13

the

INSTITUT DE RECHERCHE FONDAMENTALE DU COMMISSARIAT A L"ENERGIE ATOMIQUE

Centre d’Etudes Nucléaires de Saclay, F-91191 GIF-SUR-YVETTE

the

COMITE FRANCAIS DES MANIFESTATIONS ECONOMIQUES A L’ETRANGER
10, avenue d’Iéna, F-75783 PARIS CEDEX 16, Tel.: 45 05 30 00, Telex: 615 080 F

the

CENTRE FRANCAIS DU COMMERCE EXTERIEUR

10, avenue d’Iéna, F-75783 PARIS CEDEX 16, Tel.: 4505 30 00, Telex: 611 934 F

and the

POSTE D’EXPANSION ECONOMIQUE PRES L’AMBASSADE DE FRANCE A BERNE
Sulgeneckstrasse 37, CH-3007 BERNE, Tel.: 25 33 64, Telex: 32707 COMAT CH

A.E. A.

[Electronics and Automation Workshops
— a Thomson Telecom. subsidiary]

29, avenue Carnot — P.O. Box 22
F-91302 MASSY
Tel. 6920 84 71/Telex 691 511

Managing Director: Samuel ZOBERMAN
Exports-Business Manager: S. ZOBERMAN

ALSTHOM

Avenue des Trois-Chénes
F-90018 BELFORT Cédex
Tel. (84) 5527 02/Telex 360 965

Managing Director: M. DESGEORGES
Exports-Business Manager: M. SABRIE

BULL SEMS

36-38, rue de la Princesse
F-75430 LOUVECIENNES
Tel. 39 18 92 50/Telex 695272

Managing Director: Georges GRUNBERG

CABELTEL/FILOTEX

(Electric wiring and cables)

140-146, rue Eugéne-Delacroix
F-91210 DRAVEIL
Tel. 69 42 40 90/Telex 691 666

Managing Director: Bernard DA
Exports-Business Manager: Philippe PETITCOLIN

CGEE ALSTHOM

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

Managing Director: M. BOISSEAU
Exports-Business Manager: M. PERROUD

Stabilized voltage supply systems. D.c.—d.c. converters.

Superconductors, a.c./d.c. applications; conventional magnets

(accelerators, detectors).

Bull Model SPS 9, 32 bit minicomputer for specialized scientific and

technical purposes.

Wirings and cables for the nuclear industry, cable wiring, coaxial cables.

Automated equipment, networks and hardware
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CHAMBER OF COMMERCE
AND INDUSTRY FOR THE AIN

Interdepartmental Centre for Industrial Coordination
(CICY)

Centre d’Aumard

Avenue du Jura .

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

Exports: M. PIHET

C.ML.E.E.

(Cables, assembly, electronics, electromechanics)

ZA les deux B

Beligneux

F-01120 MONTLUEL

Tel. 78 06 15 71/Telex 380 157 (poste G 56)

Exports-Managing Director: M. AVRILLON

COMTRAD

13, chemin du Levant
F-01210 FERNEY-VOLTAIRE
Tel. 50 40 72 00/Telex none

GERAL

ZI route de Lyon
F-01300 BELLEY
Tel. 79 81 29 18/Telex 309 177

GERTY

13, chemin du Levant
F-01210 FERNEY-VOLTAIRE
Tel. 50 42 95 59/Telex 385 878

SECAD

Le Balmay
F-01430 MAILLAT
Tel. 74 75 73 75/Telex 375 806

Exports-Business Manager: M. DELAGNEAU

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

Head of Foreign Trade Dept. : Rémy LIEUPOZ

METRIX

Chemin de la Croix-Rouge — P.O. Box 30
F-74010 ANNECY Cédex
Tel. 50 52 81 02/Telex 385 131

Managing Director: Istvan SZOBOSZLAI
Exports-Business Manager: Paul DUCHOUD

SAREE

(Sté Annecéenne de Réalisation d’Ensembles Electroniques)

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

Managing Director : Jean-Bernard DEPEE

S.E. T.

(Sulzer Electro Technique)

Avenue des Colombiéres
F-74490 SAINT-JEOIRE
Tel. 50 39 83 92/Telex 385 690

Managing Director: Jean SCHMIDT
Exports-Business Manager: Denis AUPIAIS

presents the following local societies :

LV equipment and electronic production units.

R & D work on processes and prototypes; manufacture of optical,
opto-electronic and mechanical devices.

Electronics and electrical constructions. Complete R & D work for
electronic systems and cubicles for automation equipment.

R & D work in mechanics, automated systems and special machines.
Electronic board assembly. Automated testing of electronic boards.
Fabrication of special coil-windings.

Automation systems for industry. Micro informatics. Robotics.

Regroupment of following societies :

Portable numeric analog multimeter, numeric equipment for tables and
graphs, d.c.

Moutual positioning and soldering of surface-mounted components,
wiring-up and soldering of components on printed circuits. Electronic and
electromechanical wiring-up of wires and individual strands.

Semi-conductor apparatus and fitting, masking and light-exposure
machines; spot inspection systems, sorting machines; laser marking.
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STAUBLI (SA des ETS)

183, rue des Usines
F-74210 FAVERGES
Tel. 5027 47 07/Telex 385 380

Managing Director: M. d¢ GERMOND
Exports-Business Manager: M. DESTAGNOL

TECHCI

(Technologie Circuits Imprimés)

ZI de la Forét
F-73240 SAINT-GENIX s/Guiers
Tel. 76 31 71 55/Telex 980 531

Managing Director: Marc AUBRY

RCI

(Rapide Circuits Imprimés)

54, avenue de Bellevue
F-91210 DRAVEIL
Tel. 69 42 25 68/Telex 692 632

Business Manager: M. AUBRY

CHAMBER OF COMMERCE AND
INDUSTRY FOR SAINT-ETIENNE
MONTBRISON
36, rue de la Résistance

F-42021 SAINT-ETIENNE Cédex
Tel. 77 3274 41/Telex 330 683

Manager of External Relations : Jacques BERLIER
Adviser on Technological Affairs: Jean-Claude GARNIER

AUTOMATISMES )
TRAITEMENTS NUMERIQUES

Rue des Carriéres
F-42270 SAINT-PRIEST-EN-JAREZ
Tel. 77 93 31 92/Telex none

Managing Director: Louis BOYER
Exports-Business Manager: Louis BOYER

BERNARD ET BONNEFOND

BP 19 - Terrenoire
F-42011 SAINT-ETIENNE
Tel. 77 25 84 22/Telex 300 944

Exports-Business Manager : Philippe BERNARD

CELDUC

Rue Ampére
F-42290 SORBIERS
Tel. 77 53 39 55/Telex 330 872

Managing Director: Michel GUICHARD
Exports-Business Manager: Gaston de SCHRYVER

ENERTEC SCHLUMBERGER

5, rue Daguerre
F-42030 SAINT-ETIENNE Cédex
Tel. 77 25 22 64/Telex 300 796

Managing Director: M. J. BRAULT

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

Managing Director: M. FLICHY

Quick release unions for compressed air and liquid gases,
remote-controlled unions, test intakes.

Professional printed circuits double-sided multilayer metallized apertures.

Printed circuits.

Regroupment of following societies :

Numeric sequence, micro computer.

Variable voltage transformers.

Reed switches, transformers, electronic components.

Logical analyzer, 250 MHz oscilloscopes, 100 MHz oscilloscopes with
memory.

Electric wiring and cables, instrumentation cables, electric telephone cords
and extension cords; extensions of the “blindastic” type.
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RAMSES

ZI de la Fléchette
F-42800 DARGOIRE
Tel. 77 75 15 59/Telex 307 471

Manager: M. RIVOIRE
Exports-Business Manager: M. AUFFRANC

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

Managing Director: Jacques Jean CAUBET
Exports-Business Manager: Bernard MARLATTE

CIT-ALCATEL
(Division VIDE et MECANIQUE)

33, rue Emeriau
F-75725 PARIS Cédex 15
Tel. 4571 10 10/Telex 270 431

Managing Director: M. G. PEBEREAU
Exports-Business Manager: Jean CAROZZI

CORECI

(Industrial Inspection, Control and Regulation)

2/4, rue Desparmet
F-69008 LYON
Tel. 78 74 59 06/Telex 300 314

Managing Director: Dominique HANNEBELLE
Exports-Business Manager : Patrice VERDIER

C.S.E.E.

(Signalling and Electrical Engineering)

17, place Etienne-Pernet
F-75738 PARIS Cédex 15
Tel. 45 33 74 44/Telex 203 926

Managing Director: Henri HENRIC

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

Managing Director: Guy PAILLET

ELECTRONIQUE 2000

8, rue René-Camphin
F-38600 FONTAINE
Tel. 67 26 43 27/Telex none

Managing Director and
Exports-Business Manager: M. BERDANOS

ENERTEC-SCHLUMBERGER

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

Managing Director: Guy BEZILLE
Exports-Business Manager : Thierry CHRISTMANN

Flexible workshop simulation software. Microprocessor-governed marking
machines.

Projection screen, semi-automatic slide projector, applied electronics.

Soft and hard connectors for computers, junction boxes, winding facing,
screens for electronic equipment caps.

Vacuum pumps, turbomolecular pumps, manometers, helium leak
detectors.

Demonstration kits for HUMICOR, regulation panels of the MINICOR
and TEN types, NUD and HUMICOR indication panels.

Graphics terminals, free-standing work stations for CAE (Computer Aided
Eng.) and CAD (Computer Aided Design); system and applied software.
SG 2000 series UNIGRAPH graphics accessories.

VMEbus format electronic boards, interfaces, central units, memory
banks.

Storm detection apparatus, information transmission line protection
modules, masks obtained by phototracing for the manufacture of printed
circuits.

Passivated implanted silicon detectors, NIM and CAMAC electronics,
hyperpure germanium detectors.
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EURORAD

14, rue Le-Notre
MITTELHAUSBERGEN
F-67200 STRASBOURG

Tel. 88 56 15 63/Telex 880 400

Managing Director: C. MERLO

GIXI

(Computer Sciences Engineering)
Peri-Informatics Hardware Dept.

ZI Sud - 6, rue du Dr. A.-Schweitzer
F-91420 MORANGIS
Tel. 64 48 28 29/Telex 600 339

Managing Director: J. Pierre MEINADIER

IN - INFORMATIQUE

P.O. Box N° 63
F-78373 PLAISIR Cédex
Tel. 30 55 81 81/Telex 699 302

Managing Director : Jacques MAILLET
Exports-Business Manager: Guy DAUTREVAUX

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 Courtabeeuf — P.O. Box 246
F-91944 LES ULIS Cédex

Tel. 69 28 34 81/Telex 600 585

Managing Director: M. NICOLAIDIS
Exports-Business Manager: M. TRIQUENAUX

MATRA-ELECTRONIQUE

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

Managing Director: Emile DURAND

MERLIN GERIN

15, rue André-Theuriet
F-74000 ANNECY
Tel. 5023 57 90/Telex 385 243

Agency Director: R. BARRIER

MICROPROSS

Microinformatics Research Laboratory

Parc d’activités des Prés

5, rue Denis-Papin

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

Managing Director: Vincent TELLIER
Exports-Business Manager: Angus THIRLWELL

OPTECTRON

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

F-91946 LES ULIS

Tel. 69 28 15 20/Telex 692 197

Managing Director: Bernard CHIRON

O.S. L.

(Scientific and Laboratory Tooling)

Zone industrielle Secteur bleu N° 83
F-06510 CARROS INDUSTRIES
Tel. 9329 11 09/Telex 470 284

Managing Director: André OLIVIER
Exports-Business Manager: Udo BLAKENEGEL

Semiconductor radiation detectors, pocket radioactivity alarms, individual
dosemeters.

Modular range of terminals, machines and stations, colour graphics, basic
graphics software.

Computer applications in management : office management systems,
teleprocessing, computer applications in instrumentation.

Servo systems, valve control devices, pneumatic parts for use in
automation, programmable automated devices for industrial use.

CFAO EUCLID software. Series 50 colour graphics work stations. Use of
EUCLID software in monitoring progress on LEP.

On-board electronic equipment, cables for printed circuits, complex cables

and wiring. Thick layer hybrid circuits.

Inverters: demonstration of an ALPES 1000.

ROM 5000 : universal programmable memory programmer; GANG
programmer.

Plastic optical fibres, cables, fluorescent fibres, detectors, passive devices.

Modular mechanics.
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PYRO-CONTROLE

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

Managing Director: M. JACOBZONE
Exports-Business Manager: Mlle CINQUIN

QUARTEX
(High Temperature Application)

19, rue Poliveau
F-75005 PARIS
Tel. 43 31 95 15/Telex 206 679

Managing Director: Michel PEQUIGNOT
Exports-Business Manager: JM. EPHRAIM

RIBER

(Division instruments)

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

Managing Director: Michel CULLERON

R.T.C

La Radiotechnique Compelec

130, avenue Ledru-Rollin
F-75540 PARIS Cédex 11
Tel. 43 38 80 00/Telex 680 495

Managing Director: M. BOUYER

SECMAI

20, rue Paul-Vaillant-Couturier
F-94140 ALFORTVILLE
Tel. 4375 49 22/Telex 231 415

Managing Director: Frangois ORTH
Exports-Business Manager: F. ORTH

SINTRA

26, rue Malakoff
F-92600 ASNIERES
Tel. 47 90 65 72/Telex 610 718

Managing Director: JR. MARTIN
Exports-Business Manager: Mlle KELLAFI

SOURIAU

9-13, rue Galliéni
F-92103 BOULOGNE-BILLANCOURT
Tel. 46 09 92 00/Telex 250 918

Managing Director: Marcel LEROY
Exports-Business Manager: Bertrand MATHIEU

TELMAT

21, route d’Issenheim

P.O. Box 12

F-68360 SOULTZ

Tel. 89 76 51 10/Telex 881 358

Managing Director: M. DUDKIEWICZ

THOMSON-CSF

(Division Tubes électroniques)

38, rue Vauthier — P.O. Box 305
F-92102 BOULOGNE-BILLANCOURT Cédex
Tel. 46 04 81 75/Telex 200 772

Director : Jacques CAUMARTIN
Exports-Business Manager : Gérard DUVOCELLE

THOMSON SEMI-CONDUCTEURS

43, avenue de ’Europe
F-78140 VELIZY
Tel. 39 46 97 19/Telex 204 780

Managing Director: Carlo ZANNI
Exports-Business Manager : Carlo ZANNI

Standard platinum sonde detectors, standard sheath thermocouples with
couplings for chemical and petrochemical processes.

Machined alumina parts, alumina/metal brazing,
‘high pressure’ alumina connectors.

UHYV components and systems, surface analysis system, molecular jet
epitaxy system.

Photomultipliers, streak camera, very wide-band CRTs, image intensifiers
(for CRTs).

Layout, location and routing software for use with portable printed circuits
on VAX 11, MICROVAX II.

DLX: hardware and software range, monoprocessor systems.

Specialized electric connectors for use in irradiated environments,
tempered connectors and filters, optical fibre transmission systems.

Mini-computer (SM 90) and data display equipment (CUBI 7).
Products: SM 90 ¢ CUBI 7: real-times 3-D image synthesis system.

Professional electronic tubes and devices, klystrons for particle
accelerators, photographic tubes, luminous image intensifiers,
hyperfrequency windows.

Predisseminated networks, filters, interfaces, microsystems, shielding
components, power transistors, thyristors.
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SEMICONDUCTOR DETECTORS FOR
NUCLEAR PHYSICS

ENERTEC
Schlumberger

NUCLEAR INSTRUMENTATION DEPARTMENT

DIRECTION DES VENTES

1, CHEMIN DE LA ROSERAIE
67383 LINGOLSHEIM CEDEX - FRANCE 12, PLACE DES ETATS-UNIS - B.P. 620
Tél. 88.78.57.10 - Telex: 890.177 F ) 92542 MONTROUGE CEDEX
Tél. 33-1-47.46.66.11 - Télex 631.779 F ENERMON

MG-1

PROCESSING POWER
- 32 Bit
- Virtual memory
. = Floating-point co-processor
- 1 Mb to 8 Mb physical memory
- 10 to 120 Mb Winchester disk
- 800 Kb floppy disk unit
- 17" Graphics Display 1024 x 800
- Ethernet (IEEE 802.3)
- IBM-PC Bus expansion

SOFTWARE

- Unix 4.2 BSD

- Display Manager Window
- C, Fortran 77, Pascal

- Prolog, Lisp, GKS

- VT 100 émulator

- Ethernet (TCP/IP)

CAD packages, 2D, 3D
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We’ve set the
standard for over 20 years

priups]  Electronic
components
and materials

Camera Tubes _
— CCD Imaging Devices
—High-resolution Image
Intensifiers
— IR Thermal Imaging
© Devices

With Philips you
therefore get single - stop
shopping for all your
imaging needs. For more
information contact:

Philips Industries,
Electronic Components
and Materials Division,
Eindhoven,
The Netherlands
Telex: 36000/nljeveo

PHILIPS




expressed and telling than prin-

ted lines of figures. With its
W+W series, KONTON ELEC-
TRONIC offers an up-to-date

and versatile range of recor-

ding instruments. We shall be 7

g|ad to ShOW you hOW yOUr fl- ’////////////////////////1//1/z//1//11/;
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Impress with your figures k .
The information content of
graphs is often more forcefully

W+W 500 Signal Processor

e 2 to 8 channels
® automatic time-delay compensation - ]
e extremely high precision and automa- }'
tic calibration .
@ alphanumeric print-out of parameters
and measurement data
o |[EEE 488 or RS 232 interface

Kontron Electronic AG Kontron Electronic SA
E u KON l RON Electronics Electronics
o — Bernerstrasse Siid 169 10, ch. des Croisettes
HLV ELECTRONIC ., HEEE
Telefon 01/4354111 Téléphone 021/331535

" HOTE et HOTESSE TU,

De multiples débouchés:
Tourisme, Hotellerie, Salons,

Relations publiques,

POWER SUPPLIES: Transports, etc. ,
W currentupto 10000 A. ® Aide au vosg\\i\\'“:s
m voltageup to 150 KV. placement @@“@@\?
m precisionupto 10 p.p.m. ? lnltlatlo.n d es“*s;‘gte\‘ew
l'informatique e :

.  aaando
* Stages pratiques 0
FIBER OPTIC LINKS: durant la scolarité

ADS PUBLICITE

® analogue signals ; T(aanert entre nos
W digital signals 23 ecoles et stages
internationaux en cours

TUNON
ECOLE INTERNATIONALE
TUNON ENSEIGNEMENT PRIVE

————— F————ﬁ————-*—“——_————-x
Bon d’information Veuillez me faire parvenir:
[ votre documentation compléte [ me communiquer

par téléphone les dates des conférences d’informations

o c E M et des opérations portes ouvertes. Q
. A . (8]
A - - m SPA. Nom: Prénom:

Rue, No Age:
Via Il Agosto 1980, 11 - 40016 S. Giorgio di Piano (BO) - ITALIA NPA, localité: Notgl:
Tel. (051) 897172/892022 r.a. - Telex 510893 1. 23 ECOLES DANS LE MONDE: PaRIS - BORDEAUX - CAEN - LILLE - LYON - MARSEILLE

MONTPELLIER - NANCY - NANTES - REIMS - STRASBOURG - TOULOUSE - TOURS : ARNHEM - BARCELONE

BRUXELLES - FRANCFORT - GENEVE - LA HAYE - LONDRES - MADRID - MONACO - ORLANDO
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Physics monitor

What makes proton-proton and
proton-antiproton scattering so different ?
The marked diffractive dip seen in
proton-proton elastic scattering at the
Intersecting Storage Rings (ISR) becomes

a gentle ‘shoulder’ in the proton-antiproton
case. This shoulder also lifts dramatically
at the higher energies (UA4) of the CERN
proton-antiproton Collider.

Diffraction attraction

Elastic scattering — when colliding
particles "bounce’ off each other
like billiard balls — has always had
a special interest for high energy
physicists. While its simplicity
makes for deep analogies with
classical ideas like diffraction, its

dbtle details also test our under-
standing of the intricate inner me-
chanisms which drive particle inter-
actions.

With a new stock of elastic scat-
tering data now available thanks
to experiments at the CERN proton-
antiproton Collider, and with
studies at higher energies imminent
or planned, some seventy physi-
cists gathered in the magnificent
chateau at Blois, France, for a
"Workshop on Elastic and Dif-
fractive Scattering at the Collider
and Beyond'.

In addition to the new data and
the prospects for the future, the
remarkable ‘posthumous’ results
from the now-closed CERN Inter-

rcting Storage Rings (ISR) still
provide valuable benchmarks.

The most important experimental
message at the meeting-was that
‘asymptopia’ is still very far away.
More than a decade ago the initial
results from the ISR upset any
naive idea that particle behaviour
in this newly-accessible energy
range would settle down to a con-
stant (asymptotic) level. Instead,
reaction rates were seen to be
growing with collision energy.

Experiments at the CERN proton-
antiproton Collider have probed
elastic scattering at still higher
energies and show that the total
reaction rate continues to grow
(see October 1984 issue, page
336). The Collider has also given
new insights into multiparticle pro-
duction, where a new description
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of the number of produced parti-
cles is now required (see October
1985 issue, page 335).

High energy elastic scattering is
understood by the exchange of a
‘"Pomeron’ between the colliding
particles (Soviet physicist Y. Pom-
eranchuk developed important the-
orems on high energy scattering).
Many years after its appearance
on the physics scene, the Pomeron
remains very much a mystery. In
his summary talk at Blois, A. Don-
nachie emphasized the continual
challenge to understand it.

Is the Pomeron made up of
gluons, the carriers of inter-quark
forces? Does it have any quark
constituents? Does it interact with
gluons? Why does a Pomeron-
photon analogy work so well?

As well as playing a key role in
true elastic scattering, where the
colliding particles do not change
their form, the Pomeron is also
responsible for "diffractive’ reac-
tions where the incident particle
flies off forwards, leaving in its
wake a cluster of produced parti-
cles. New experiments will be able
to study such clusters up to
masses of 200 GeV (see July/Au-
gust 1985 issue, page 237), thus
providing important new Pomeron
clues.

Toward the end of its career the
ISR came up with another surprise
— proton-proton and proton-anti-
proton behaviour are remarkably
different. The marked diffractive
‘dip’ seen in proton elastic scat-
tering becomes a gentle “shoulder’
in the proton-antiproton case. This
shoulder also rises dramatically at
the energies of the CERN Collider
(see December 1985 issue, page
433). Speakers at Blois stressed
the need to understand the differ-
ent proton-antiproton behaviour.

One candidate is exchange of
three gluons, each coupled to a
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different valence quark. Another
idea is the so-called ‘odderon’,
which unlike the Pomeron couples
differently to particles and antipar-
ticles.

With plans for further studies at
higher energies, both imminent
and still on the drawing board,
there is great promise for the fu-
ture. The rich ISR results and the
first fruits of the Collider studies
have shown that mundane diffrac-
tion is full of rich structure and
unexpected behaviour. Although
asymptopia may still be very far
away, the way there is not through
a desert but through a flourishing
region of exciting physics.

The successful Blois meeting —
thanks to the tireless efforts of
B. Nicolescu and J. Tran Thanh
Van — seems likely to become a
regular event.

From Elliot Leader

Higgs for the masses

The unified theory of electromag-
netism and the weak nuclear force,
crowned with the discovery at
CERN in 1983 of the W and Z bos-
ons which carry the weak nuclear
force, is one of the great triumphs
of modern physics.

But the picture is not yet com-
plete. An essential but still elusive
ingredient is the so-called "Higgs
boson’ (after Edinburgh theorist
Peter Higgs), responsible for the
vital symmetry breaking in the
theory. This gives the carriers of
the weak force mass, while the
photon, the carrier of electromag-
netism, is massless.

For some, the theory of Higgs
particles is shrouded in mystery.
With several experiments embark-
ing on fresh Higgs searches, Ri-
chard Dalitz and Louis Lyons at

Oxford organized last November

a series of talks cleverly entitled

"Higgs for the masses’, to cover
both the theory and experimental
status of the particles.

Douglas Ross introduced the
subject, pointing out that the uni-
fied electroweak theory with mas-
sive Ws and Zs is not well-be-
haved (renormalizable), but this is
remedied if the masses of the
weak carriers arise through a Higgs
mechanism. This also patches up
other deficiencies (unitarity). Of
course it may be that Nature is
perverse and does not require a
theory which is well behaved!

Another oddity is that unless it
is very light (less than 1077 eV),

_the Higgs should make the Uni-

verse curved, contributing more

to the Cosmological Constant than
the known limit permits. Since
most theories need to have their
parameters finely tuned to produce
a suitably small value of the Cos-
mological Constant, this is not
considered too much of a problem.

Lower limits (spontaneous sym-
metry breaking) and higher limits
(unitarity) open up a wide range
of masses for the Higgs to man-
oeuvre — between 7 and
1000 GeV (1 TeV).

If there is only a single, electri-
cally neutral Higgs, its coupling to
each particle is proportional to that
particle’s mass, so that it would
prefer to decay into the heaviest
possible pair of particles. Other
Higgs constraints follow from the
apparent success of the standard
electroweak picture.

Turning to Grand Unified Theo-
ries (GUT) which attempt to extend
the electroweak sector to include
the strong nuclear force, couplings
to very heavy GUT particles would
take Higgs masses over the 1 TeV
limit. GUT followers have to look
for clever mechanisms to rectify this.
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At the Oxford meeting, Sudhir
Chadha showed that models with-
out Higgs quickly became compli-
cated, underlining the attractive-
ness of the Higgs approach.

Louis Lyons turned to the exper-
imental situation. He pointed out
that in electron-positron collisions
it is easier to look for electrically
charged Higgs particles, unfortu-

ate when the neutral Higgs is the
most basic requirement.

Neglecting the puzzie of the Cos-
mological Constant, low energy
nuclear, atomic and macroscopic
physics now set a lower limit of
about 10 MeV for the neutral Higgs
mass. Further limits come from
particle decays. Higgs of up to
10 GeV mass, for example, could
be produced in upsilon decays.
The CUSB group at Cornell have
scanned almost half a million upsi-
lons, but the production rate is
predicted to be so low anyway
that even more events are required
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before this possibility can be ruled
out.

Electrically charged Higgs should
be heavier than the tau lepton
(1784 MeV), otherwise a Higgs
mode would dominate tau decays.
Similarly if the mass of the top
quark is confirmed from the initial
indications around 40 GeV, and if
no unusual decays are seen, an
additional mass range can be ex-
cluded.

Direct searches for charged
Higgs have been carried out at the
PETRA (DESY, Hamburg) and PEP
(Stanford) electron-positron collid-
ers, but Higgs pair production un-
der these conditions would be
difficult to spot explicitly. Studies
of states that might be character-
istic of Higgs pairs show that most
of the mass range up to 13 GeV
can be excluded.

From time to time, new ‘bumps’
and effects are tentatively put for-
ward as candidate Higgs, but so

far none are convincing. Rather
than closing on a pessimistic note,
the meeting concluded that the
search for the neutral Higgs has
yet to attain the region where the
particle is to be expected. Pros-
pects for future searches were
covered by Roger Cashmore.

The Higgs could be hiding in
some mass range that is
either out of reach or makes its
detection very difficult. This makes
the chance of experimentalists
proving that the Higgs does not
exist and that their theoretical col-
leagues have been persuing the
wrong option look remote. How-
ever new experiments will probe
an interesting mass region, giving
hope that the Higgs could be di-
scovered in the not too distant
future.

From Louis Lyons

Portugal has become CERN's fourteenth
Member State. Heavy rain failed to dampen
the enthusiasm of CERN’s Portuguese com-
munity as their national flag was raised on
the site for the first time on 24 January.

(Photo CERN 312.1.86)
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Scientific Staff Position

Semiconductor Detector Development

Brookhaven National Laboratory

An opportunity exists for a scientist with
postgraduate training in physics or engineer-
ing to join a group developing silicon radiation
detectors and readout systems for high en-
ergy physics and synchrotron radiation appli-
cations. The work will involve hands-on fabri-
cation of various detector devices, the
development of detector readout methods
and the testing of devices in experimental sit-
uations. The position is in the Instrumenta-
tion Division of Brookhaven National Labora-
tory, and will offer direct collaboration with
experimenters in the Laboratory’s Physics De-
partment, National Synchrotron Light Source
Department, and High Energy Facilities orga-
nization.

1D 1) | BROOKHAVEN
NATIONAL LABORATORY

(' ‘I l\ASSOClATED UNIVERSITIES INC

Candidates must be experienced in mi-
croelectronic circuitry processing and design
for both analog and digital devices, and must
have the personal skills necessary to inter-
face between experimental applications and
design and process capabilities of semicon-
ductor-production. This position affords an
excellent opportunity for a scientist who
seeks professional growth in the field of
semiconductor detector development within
an interdisciplinary environment.

Apply by sending resume that includes publi-
cations list and the names of three refer-
ences to: H.W. Kraner, Instrumentation Divi-
sion, Building 535B, Brookhaven National
Laboratory, Associated Universities, Inc., Up-
ton, L.I.,, New York 11973.Equal Opportunity
Employer m/f.

ORGANISATION EUROPEENNE
POUR LA RECHERCHE NUCLEAIRE

EUROPEAN ORGANIZATION
FOR NUCLEAR RESEARCH

FOR SALE

o)

160 LEAD GLASS BLOCKS (SFb)
15 x 15 x 3b cm3

each viewed by a 5°° XP2050 photomulti-
plier tube glued on the back face. The
blocks are assembled by sets of 20 (2 x
10) in light-tight iron frames.

Send offers to:

Mme Mireille PROST
UA2 experiment
CERN — 1211 Geneva 23
Switzerland
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Supplier for the Construction
Industry

i
"

Concrete Drills - Wallsaws
Floorsaws - Diamond Tools

LONGYEAR DEUTSCHLAND GMBH

GRAFFTRING 1 PHONE (5141) 81071
P.O.BOX 460 TELEX 9 25133
D-3100 CELLE TELEFAX (5141) 81615
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A plea for unity

by Leon Lederman

Last November saw the 30th
anniversary of the discovery
of the antiproton using the
Bevatron at the University of
California’s Lawrence Ber-
keley Laboratory (then called
the Radiation Laboratory).
Fermilab Director Leon Led-
erman was in sparkling form
at the banquet, where in his
inimitable way he made an
impassioned plea for scien-
tific unity in these difficult
times.

Today we have the 30th anniver-
sary of the antiproton. Whereas
everything that could be said about
antiprotons is on the daytime
schedule, | would like to comment
on the institution in which antipro-
tons were discovered. Growing
up scientifically in the East, in New
York, you can’t imagine how large
this Institution looked to us ama-
teurs in a field whose pace and
whose style had been invented
ere.

We felt very much like the fa-
mous New Yorker cartoon: looking
west one saw 6th Avenue, 7th
Avenue, 8th then Los Angeles!
Berkeley's Radiation Laboratory
was the cauldron which cooked
and disseminated so many of our
results, practitioners and so many
of our traditions. It is historically
fascinating that here is now housed
the unborn infant we call SSC or
the Superconducting Super Collider
for short. Today the care and nur-
turing of this is your greatest re-
sponsibility and you are doing very
well.

Let me turn to the status of high
energy physics, with my shaky
credentials as a practitioner, for
thirty years of more or less robust
activity not only in experimental

CERN Courier, March 1986

30 years ago last November, the antiproton
was discovered at the Berkeley Bevatron
using this apparatus — modest by the
standards of today. To mark the event,
antiproton personalities past and present
met at Berkeley for a two day jamboree.

(Photo LBL)

physics but also in the rough and
tumble suburbs of science policy.

The good news is that our sub-
ject vibrates with vitality. Anyone
who reviews the period 1950-
1985 must feel the enormous
achievement of the synthesis we
call the Standard Model and which
lan Hinchliffe elegantly reviewed
for us this afternoon. This is the
notion that the world is made of
quarks and leptons.

This achievement out of a splen-
did collaboration between experi-
ment and theory suggests the po-
tential for progress. Theorists, in
crafting the SM have suggested
where to look. At this stage, I'm
reluctant to admit that Theory is
ahead — you have only to open
your Physical Review and theory
papers spill all over the floor. As

you sweep them up you notice the
familiar titles — technicolour, hy-
percolour, supersymmetry, com-
positeness, ... these speculative
SM extensions create challenges
we can rise to but there are more
and more practitioners of a new
cult — Superstrings — abstract
theory that is so far out that we
are tempted to call for help.

There is today a pause in the
progress of experimental physics.
Since the spectacular discovery of
the W and Z and the similarly
spectacular materialization of
quarks in the CERN Collider’s jets,
the most pressing information is
the refusal of the proton to decay
and the continuing incorporation
of astrophysical data into an evolv-
ing Standard Model of Cosmology.
This has led to a rejoining of two
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subjects that were born together
at the dawn of science. | see, in-
creasingly, our theorists talking
and thinking in terms of tempera-
ture instead of energy and talking
of accelerators as time machines.

There is more good news. The
US HEP community — and indeed
the world community — has now
three new facilities which can
break new ground — enable us to
look where no one has ever
looked, measure well where one
could only see dimly. | refer to the
Linear Collider nearing completion
at Stanford, to the proton-antipro-
ton collider nearing completion at
Fermilab and to the Fermilab 800-
1000 GeV fixed target programme
which is beginning to hit its stride.

These will be joined by sister
projects at CERN (LEP), in Japan
(TRISTAN), in Germany (HERA)
and in the Soviet Union (UNK) by
1990 or so. Together these will
constitute a powerful arsenal to
deepen the foundations of the SM
and search for clues to the simpler,
more symmetrical and deeper the-
ory which must be there.

| certainly agree with lan Hinch-
liffe, and in fact the entire HEP
community, that this powerful ar-
senal will not be enough to resolve
what might be called the agreed
objectives of Particle Physics and
Cosmology: a unified theory which
can account for the creation and
evolution of the physical universe
from time zero. To do this, we
need the SSC.

| am committed to the concept
of the SSC and so | talk about it
a lot, and this means trying to ex-
plain the scientific needs to collea-
gues in other fields. Selling SSC
(and HEP to the paying public) is
a necessary and backbreaking ac-
tivity. Time and again | found my-
self trudging down a long airport
corridor, weighed down with two
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suitcases of SSC transparencies
and my toothbrush.

So what is the bad news?

The bad news is that science is
in deep trouble. The average age
of science and math faculties has
risen alarmingly in recent years,
obviously bad in subjects where
creativity peaks early. The percen-
tage of science and math graduate
students that are US-born is
decreasing — Americans are shun-
ning graduate study in science and
math. The very best small science
professors survive by dint of sev-
eral separate contracts with fund-
ing agencies to support their re-
search. Equipment in university
labs is archaic and federal support
for science has not kept pace with
the urgent needs for forefront re-
search.

Studies show a projected shortage
of qualified candidates for univer-
sity openings in 1990. This is al-
ready felt in condensed matter
physics where faculty openings

Leon Lederman — our subject vibrates with
vitality.

go unfilled. If there are no teachers
there will be no students.

Now for the small science/big
science debate. We in HEP have
indeed been somewhat sheltered
but we share the precipitous de-
cline — starting in 1968 — of the
support of science. In spite of fairly
dramatic improvements in 1982-
83-84, we are still not back to the
fraction of GNP enjoyed in the late
60s. Big Science is that group of
university-based scientists who
gave up their campus labs and
pooled their claims for support so
that their science can advance.
This involves an increasing number
of disciplines: Nuclear, Oceanogra-
phy, Materials Science, Space
Science, etc. Small scientists col-
lectively spend many hundreds of
millions too — there is good
science there with the disadvan-
tage of not having a vociferous,
aggressive and organized commu-
nity.

But we all share the base of the
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university. Big laboratories are
managed by universities for univer-
sities. As such we are all in the
same boat and | can’t see one
subject, because of its visibility,
succeeding in a climate in which
colleagues, sharing courses, shar-
ing heritage, and sharing an intrin-
sic unity will decline.

—~._ When the implications of a na-
.onal deficit are superimposed on
this bad situation it poses a terrible
threat not only to our own vision
of the SSC but to all science in

universities.

The selling of the SSC, which
must be pursued on all fronts for
its scientific importance, must not
be viewed as rivalry with the rest
of science. Traditionally, each
science made its own case but
there are some precedents for
coherent action. Sciences are inter-
dependent — key ideas and key
technologies have come to HEP
from other branches of physics
and they in turn depend on HEP-
type equipment. But the common
reliance on our university base for
“-aining and research underlines
my point. If ever there was a time
to pull together — this is it.

My tentative proposal for the
physical sciences is a yearly incre-
ment of a few thousand million
dollars in federal support of basic
research over the next five or so
years.

| believe the US public expects
scientific leadership to be essential
to achieve our goals in such areas
as energy, medical care, the envi-
ronment and a better life for an
increasing number of people.

Scientific vigour is essential for
economic strength. We cannot
hope to generate the advanced
technologies needed to stay indus-
trially competitive if science, uni-
versity science, is less than abso-
lutely excellent.
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People and things

On people

New members of the prestigious
Pontifical Academy of Sciences
include Carlo Rubbia of CERN,
spectrocopist Kai Siegbahn of Upp-
sala and cosmologist Stephen
Hawking of Cambridge, UK. This
body draws its origin from the
Academy of the Lincei, founded

in 1603, and is composed of sev-
enty members nominated by the
Pope. Its purpose is to promote
the progress of mathematical, phy-
sical and natural sciences.

Rutherford Appleton Laboratory
Director Geoff Manning has been
awarded Britain’s CBE in the
Queen’s traditional New Year's
Honours List.

David Nygren of Berkeley was one
of the six US scientists to receive
a 1985 US Ernest Orlando
Lawrence Memorial Award for
outstanding contributions in the
field of atomic energy.

René Turlay of Saclay has suc-
ceeded Gtinter Wolf of DESY as
Chairman of the LEP Experiments
Committee at CERN.

Bruno Zumino of Berkeley was the
speaker at the traditional Shulamit
Goldhaber Memorial Lecture at Tel
Aviv University in January. His
subject — Gravity and Supersym-
metry.

Meetings

The second Conference on the
Intersections between Particle and
Nuclear Physics will be held from
26-31 May at Lake Louise, Ca-
nada. Further information from
Lorraine King, TRIUMF, 4004 Wes-
brook Mall, Vancouver BC, Canada
V6T 2A3.

Change in directorship for the HASYLAB
synchrotron radiation centre at the German
DESY Laboratory in Hamburg — Gerhard
Materlik (left) takes over from Christof Kunz
(right).

(Photo DESY)
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An international workshop on Con-
straint Theory and Relativistic Me-
chanics will be held in the Physics
Department of the University of
Florence from 28-30 May. Those
interested should contact

L. Lusanna, Sezione IN FN di Firen-
ze, Largo E. Fermi 2 (Arcetri),
50125 Florence, Italy.

A NATO Advanced Research
Workshop on Super Field Theories
will be held from 25 July to 6 Au-

gust at Simon Fraser University,
Vancouver, Canada. Attendance
is limited. Further information  from

Twenty years ago

For entertainment as well as

interest, this new regular
feature dips into the CERN
COURIER archives, recalling

the  milestones and preoccu-
pations of twenty years ago.

CERN started 1966 with a
budget of 149.7 million Swiss
francs plus 21.7 million for
the start of a supplementary
programme — the construc-
tion of the Intersecting Stor-
age Rings. Another 4 million
kept the proposal to build a
300 GeV accelerator alive.
Bernard Gregory took over
from Viki Weisskopf as Direc-
tor General. In February, the
PS protested at the advent
of the ISR by blowing up its
main magnet power supply
putting itself out of action
for three months. Before this
happened, the first experi-
ment at CERN to use wire
spark chambers had taken
its first data on the hot topic
of CP violating neutral kaon
decay... still hot today!
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H. C. Lee, Theoretical Physics,
Chalk River Nuclear Laboratories,
Ontario, Canada KOJ 1JO.

1986 CERN Schools

The 1986 CERN School of Physics
will be held from 8-21 June at
Sandhamn, an island east of Stock-
holm, and organized in collabora-
tion with the University of Stock-
holm. The traditional and highly
successful CERN School of Physics:
aims to cover aspects of high ener-
gy physics, especially theory, for
young  experimentalists, giving a
current survey rather than a train-
ing course. Participants  should
have at least one vyear's research
experience. After an introductory
course on field theory, topics cov-
ered will include quark and gluon
dynamics, tests of gauge theories,
physics at LEP and a review of
proton-antiproton collider work.
Further information from the Organ-
izing Secretary, Miss D. A. Caton,
CERN, 1211 Geneva 23, Switzer-
land.

The 1986 CERN School of Com-
puting, organized this year in col-
laboration with  NIKHEF-H,  Amster-
dam, and Nijmegen, will be held
from 31 August to 13 September
at Renesse, Netherlands. As in

previous years, the School is in-
tended for postgraduate students
or research workers in physics or
computing, and the programme
will cover a wide range of topics.
Further information from the Organ-
izing  Secretary, Ingrid  Barnett,
CERN, 1211 Geneva 23, Switzer-
land. These computing schools

have been held biennially since
their inception in 1970, but it is
intended to hold them annually
from this year.

Advising
the CERN Courier

At the beginning of 1981, a
CERN  Courier Advisory Panel
was set up to widen the con-
tact between the journal's
editors and the high energy
physics community, and to
help maintain a good balance
of information. The Panel has
done an excellent job in carry-
ing out these aims.

Under the Chairmanship of
Maurice Jacob, the initial
members  were physicist Ugo

A maidi and machine spe-

cialist Kurt Hibner of CERN,

and visiting physicist Egil Lil-

lestOl from Bergen.

In 1983, the Chairmanship —
passed from Jacob to Jac-

ques Prentki, another eminent
CERN theoretician, and Ugo
Amaldi's place was taken by

Jim Allaby. US visitor James
Cronin joined the Panel for a

while.  The following year
Kurt Hubner was succeeded
by Herbert Lengeler.

Last year saw a break with
tradition  with the appoint-
ment of Robert Klapisch of
the CERN Directorate as Panel
Chairman, the first time the
job has gone outside CERNS
Theory Division.  After five
years of sterling service, Egil
LillestOl was succeeded by
another  Scandinavian visitor,
Hans BOggild of Copen-
hagen's Niels Bohr Institute.
CERN theorist André Martin
took over from Jim Allaby.

The Editors have greatly
appreciated the Panel's
knowledge, ideas and con-
structive  criticism, which
have been a constant source
of stimulation. The Panel
members (listed on the mast-
head on page VIII) are there
to help communication be-
tween the high energy phy-
sics community and the Edi-
tors, and we look forward
to a continued fruitful colla-
boration.

G. F.
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Some heated
arguments for using
the thermal specialists

If you have a thermal design problem, or are looking for ways
of optimising your existing heat exchange equipment, here are
arguments for using Alfa-Laval, the Thermal Specialists.

The Plate Heat Exchanger

Originally developed by us in the
thirties, the plate heat exchanger is
without doubt one of the most efficient
methods of transferring thermal energy
from one medium to another.

The Plate Heat Exchanger achieves
heat transfer co-efficients of up to 5000
kcal/m* h°C at economic pressure drops.
The high thermal efficiency gives a higher surface-to-volume
ratio than the cumbersome shell and tube exchanger. The
plates can be arranged in varying ways, materials and sizes to
match your process specifications, the unit itself remaining
compact and cost-saving.

To obtain further information about our thermal capabilities, or
to discuss your own thermal design requirements, contact

y v 4
%M*ALFA-LAVAL

INDUSTRIEGESELLSCHAFT 'AG
SOCIETE INDUSTRIELLE SA
Oberfeldstrasse 20 8302 Kloten
Telefon 01/814 0212 Telex 825 502

SCINTILLATORS

light outplft,"excellent transmission and fast speed are the
maitfeatures of our plastic scintillators, we manufacture all sizes
to customers specifications. Rods, sheets, blocks and light guides
with;PBshed or coated surfaces will be manufactured within close
to7 arates.
Lithlut#g1ass-scintillators are available in special shapes and sizes
from powders for HPLC and flow cells, discs for neutron measure-
ments' etc. various types from low background to very high effic-
lencjfare available.

ZINSSER
ANALYTIC (UK) Ltd.
unit D9, Depot Road, Maidenhead, Berks, SL6 1BG,
united Kingdom, Telephone 0628 24570

Do vour Homework
ANDYOU'LLGO

X EE

Did you know that we're the foremost producer of superconducting wire in the
world? That our quality standards are every bit as tough as yours? And, that we've
pioneered a number of sgnificant breakthroughs? We have. And, that's why we think;
The more you know, the more likely you'll go to Oxford. , '

OXFORD

Oxford Superconducting Technology

600 Milik Street, Carteret, New Jersey 07008, Telephone (201) 541-1300
Twx (710) 998-0492, Telex 844 142, Fax (201) 541-7769
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Physics 85 in Paris

— -
' { ABORATOIRE -
POUR LA pHYSIQUE DE
‘ : |
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The latest in the regular ser-
ies of physics exhibitions in
Paris organized by the French
Physical Society was a great
success, demonstrating to a
large number of visitors the
close interplay between pro-
gress in physics and ad-
vances in technology. The
exhibition featured for the
first time a CERN stand
(above) where the emphasis
was entirely in the new tech-
nologies developed for the
LEP electron-positron collider,
now under construction at
CERN. A five-cell supercon-
ducting cavity is in the fore-
ground. Below, CERN theo-
retician Maurice Jacob (left),
last year’s President of the
French Physical Society, wel-
comes French Minister for
Research and Technology
Hubert Curien to the official
inauguration of the exhibition.
In his speech the Minister
underlined his country’s sup-
port for CERN.

—
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Creatiwve Electronic Systems SO CcCES

The first VME family especially designed for high energy physics:
CAMAC interfaces :

This pair of sodules allow control of CAMAC based acquisition modules
by VME based processors,

CBD 8210 # drives a full CAMAC branch from a single slot VME board
¥ aulticrate addressing facility
¥ front-panel interrupts with feedback indication

DMC 8211 # DMA coprocessor for the CBD B210
¥ supports all common CAMAC DMA transfer aodes

Multicrate interconnection system :

This pair of sodules feature a vertical bus design which provides transpa-
rent and high-speed access for any CPU to any board within the systea.Multi
crate CPU clusters with satrix structure may be realised with cospletely
transparent VME software.

VBE B213  # controls up to 15 WME crates
.’ # > 3 Mbytes transfer rates on 15 seters
VBR 8212 ¥ aultisaster operation
* gulticrate addressing facility
# completely transparent memory-sapped transfers

Display, Monitor, and Diagnostic tools

These units provide on-line display and diagnostic facilities altogether
with cosputer controlled monitor operation ( as a CAMAC dataway display ).

VEDIS 8002 # complete VME display and monitor functions
¥ three different display modes
VMDIS BOO3 # same as VMDIS BOO2 but with selective trigger facilities
Single Board Computers :

CES offers two families, one based on MC 4B0OO CPUs, one on DEC J11 CPUs,

SBC 8220  * MC 48000 CPU,64 Kb dual-port RAM

# 2 RS232C ports,private RAM/EPROM banks { LEP HAMAC2)
§BC 8221  # DEC J11 CPU,up to 512 Kb dual-port RAM
# up to 128 KB EPROMS, 2 RS232C ports,LTC {preliminary}

At CES, tomorrow’'s systems are available NOW

For sore information contact us, or your local CES representative:

Creative Electronic Systems A

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

Tel: (022) 92 57 43 Telex: 421320 CES-CH ‘:n“"“ HH:"“II": svs"“s
Belgiua: Canberra Positronika  Tel: (541321411 Netherlands:  Canberra Positronika  Tel:!040)414355
North America: Bytech Eng. Vancouver Tel:{404)9804131 Japan: Tayo Corp. Tels (0312790771
France: INEL Tel: (3)9563190 North Germany: PCP : Tel: (040)B02046
South Germany: Silena Tel: (04601554021 England: Nuclear Enterprises Tel: (07335212128
Italy: Silena Tel: {02) 7490565
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DESIGN PHYS. INST. UNIV. HEIDELBERG

— DATA ACQUISITION MODULES BASED ON HIGHSPEED
FLASH-ADC CHIPS (5010, 5200, TDC 1029)
100MHz, 6 Bit, NON LINEAR

- DESIGNED FOR MULTICHANNEL PURPOSES (> 1000)
EASY HANDLING. CALIBR. FACILITIES LOW PRICE

— PRIVATE ECL-BUS (SCANBUS]
— ZEROSUPPRESSION (FASTSCAN]

BIo D 0 i ¢ [I———

S—

5 GROUPS OF MODULES:
Agencies
United States, Canada e DATA ACQUISITION : FADC

LECROY RESEARCH Systems Corporation/USA o CONTROLLER = SCARNER & HITCETECTOR
Phone: 914 425 2000 - Telex: 710 577 2832 IRk T OO s
Great Britain, Japan, ltaly e PROCESSING . uP, MEMORY

Messrs. Smith 4+ Jones, Newbury/GB
Phone: 0533 703 526

Switzerland

Messrs. ANTARES AG, Nussbaumen/CH
Phone: 056 823783 - Telex: 58703
Netherland, Belgium

Messrs. UNITRONICS, Nieuwegien/NL
Phone: 3402 38559

DR. B. STRUCK
Messrs. Gunnar Peterson AB, Stockholm-Forsta/S . .

Phone: 08 939280 - Telex: 17944 2000 TANGSTEDT/ HAMBURG GERMANY
HAUPTSTR. 95 - TELEFON 04109/99 66 /67
POSTFACH 1147 - TELEX 2180715 TEGS
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