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New micro Pascal: 
It's smaller and smarter and 
more calculating than ever. 

ALCATEL VACUUM TECHNOLOGY has 
Incorporated a high level of multigauge, 
multifunctional pressure control technology 
and electronic measuring capability into a 
compact frame. Micro PASCAL'S 21 mm 
length and 1.4 kgs hold the microprocessor 
intelligence and vacuum technology 
knowhow you need to measure accurately -
from atmosphere to ultrahigh vacuum. Micro 
PASCAL meets the requirements of a large 
array of demanding industrial applications. It 
is modular, menu-driven, -and easy-to-activate 
because of its touch panel display. 
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It is a modern gauge that fits into your 
environment and make life easier for 

* your workers, by providing constant 
data logging and uninterrupted 
information streams on an LCD display 
screen. Furthermore, its solid 
construction resists occupational wear 

pF and tear ; reduces operating costs. 
Dedicated to vacuum technology systems 

everywhere, in laboratories, productions 
centers and control-processing areas, Micro 
PASCAL is a great mind and a lot of muscle to 
have working for you. 

Alcatel Vacuum Technology... a partner seeking perfection* 

A L C A T E L 

France : ALCATEL CIT Vacuum Technology Division - Tel: (33) 50.65.77.77- Fax : (33) .50.65.77.89 
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T H E V E N E T C L E R J O U N I E 

TRANSITION JUNCTIONS hM 
FOR CRYOGENIC, VACUUM, NUCLEAR AND SPACE APPLICATIONS 

The New 
All Metal Gate Valves 

• reliable 
• compact 
• available from 16 to 200 mm 

The new CETEC All Metal Gate Valves, 
based on a new sealing principle, are 
fully bakable up to 300°C in their open 
and closed valve position. 

Ask for your Vacuum valve cataloge 
with 
• Right angle valves, 
• Gate valves, 
• Butterfly valves, and 
• Fast closing valves 

Technologie CH-9468 SAX 
Tel. 085-7.50.70 Fax. 085-7.50.86 
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THEY HAVE THE 
SAME MECHANICAL 
CHARACTERISTICS 
AS THE ALUMINUM 
TUBE A N D C A N ALSO 
BE FABRICATED 
T O A N Y MATERIAL 
SPECIFICATIONS 

TOTALLY RELIABLE BIMETALIC 

TRANSITION JUNCTIONS 

FOR TUBULAR ASSEMBLIES 

UP TO 0 600 MM (24") 

10"9 a t m . c m 3 . S" 

10 M Pa 

0 t o 573 K 

UNDER RADIATION 

* COMMISSARIAT A L'ENERGIE ATOMIQUE 

C A L L O R W R I T E F O R D O C U M E N T A T I O N 

THEVENET CLERJOUNIE - DEPARTEMENT JONCTIONS TC 
CONTACT: M. A R M A N D PI NET, CONSULTING ENGINEER 
22, AVENUE FRANKLIN-ROOSEVELT • 69S17 VAULX-EN-VELIN 
CEDEX FRANCE • TELEPHONE: (7) 849.54.64 • TELEX380544F 
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DSP Loughborough 
Sound 
Images 

MDC40S: TIM40™ Modules 
TMS320C40 Parallel DSP 
(32 bit floating point pDSP) 

• 40 ns (first version 50 ns) 
• 64 kW local Memory, (256 kW max.) 
• 32 kW global Memory, (128 kW max.; 
• 6 DMA channels, 20 MBytes/s 

DPC/C40: PC-Board wi th 
• Up to two MDC40S 
• 32 kW Ows + 128 kW 1ws Memory 

expandable to a max. of 128 kW + 512 kW 
• 4 kW 1ws DPRAM (max. 8 kW) 
• JTAG IEEE 1149.1 interface 
• 2 channel 16 bit analog I/O optional 
• Comprehensive Software Support 

msp_ 
I MSP FRIEDLI & C O . 
I B INDENHAUSSTR. 46 
I CH - 3098 K O E N I Z 

P H O N E +41 (0)31 972 31 52 
FAX +41 (0)31 971 46 43 

MASS SPECTROMETER PRODUCTS 
BERN SWITZERLAND 
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ORGANISATION EUROPEENNE 
POUR LA RECHERCHE NUCLEAIRE 

EUROPEAN ORGANIZATION 
FOR NUCLEAR RESEARCH 

MOVING? 

Please remember to let us know 
in good time. All notices of 
change of address must be 
accompanied by old and new 
addresses. (Include label from 
magazine wrapper.) 

Any enquir ies regarding subscr ipt ions 
should be addressed t o : 

Monika WILSON 
CERN COURIER/CERN 
1211 Geneva 23 Switzer land 

proFit, a powerful tool for analysis and 
graphical presentation of scientific and 

technical data on the Macintosh 

10 3 

professional graphical environment 
camera ready, high quality drawings 
highly interactive curve fitting 
built-in set of standard functions 
powerful definition syntax for custom functions 
versatile possibilities for data processing 
full support of system 7 
background operation 
reasonable price 

_ QuantumSoft _ 
Postfach 6613 • CH-8023 Zurich 
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WA UKESHA-Kreiskolben-Pumpen 

fur hohe Hygieneanforderungen 
und schonende Forderung von Lebensmittel-
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stucken, Nusskernen etc.). 
Bevorzugter Einsatz in Molkereien, Obst-, 
Gemuse-, Fleischverarbeitung, Biotechnik, 
Kosmetik, Pharmazeutik und der Herstel-
lung von Getranken, Suss- und Backwaren. 

GeneraIvertretung in der Schweiz 

Fachberatung Service Ersatzteilhaltung 

Missionsstrasse 22, CH-4003 Basel 
Tel. 061/2 61 98 00, Fax 061/2 61 25 47 
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"Burn in" with wider nlateaus 
/ 

6.0 kV 

earner Mode Detectors. 

teed to have a failure rate under 3%, 
initial burn in with prescribed turn-on 

edure. 
lateaus can be specified by buyer, up to 

1,200 V in 75% Isobutane, 25% A. 
Data is available on behavior with non
flammable gas. 

Hodotec tor 
4390 Fiesta Lane, Houston, TX 77004 U S A 
Phone (713)747-0601; FAX (713)747-0510 
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all stainless steel 
OPEN DEWARS 

0,5 - 1 - 2 - 3 - 6 1 

for experiments , s torage, t ransportat ion 

double wall stainless steel * permanent high 
vacuum insulation * optional cork or s.s. lids 
* temperature range 20 to 520 K * 

European distributor: Dr. Ing. N. Eber & Co., 
CH-8103 Unterengstr ingen, Switzerland 
Tel: (01) 750 55 72 - Fax: (01) 750 55 81 

ENVEX POLYIMIDE 
Excellent Radiation Resistance 

Continuous use from Cryogenic • Superior strength and 
to 288°C dimensional stability 
Low cost with short lead times Call or write for a free brochure. 
Available in stock shapes 
and finished parts ENVEX® is a registered trademark for Rogers Polyimides. 

$ ROGERS 
Rogers Corporation, Composite Materials Division 

One Technology Drive, Rogers, CT 06263,203-774-9605, FAX: 203-774-1973 
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Towards LHC experiments 

From 5-8 March, Evian-les-Bains on the 
shores of Lake Geneva was the scene of a 
major meeting on the experiments for CERN's 
planned LHC proton collider in the 27-kilome
tre LEP tunnel. 

As plans for the LHC proton collider 
to be built in CERN's 27-kilometre 
LEP tunnel take shape, interest wid
ens to bring in the experiments ex
ploiting the big machine. The first 
public presentations of 'expressions 
of interest' for LHC experiments fea
tured from 5-8 March at 
Evian-les-Bains on the shore of Lake 
Geneva, some 50 kilometres from 
CERN, at the special Towards the 
LHC Experimental Programme' 
meeting. (A report from the meeting 
will be included in our next issue.) 

This event followed soon after 
CERN Council's unanimous Decem
ber 1991 vote that the LHC machine, 
to be installed in the existing 27-kilo
metre LEP tunnel, is 'the right ma
chine for the advance of the subject 
and for the future of CERN'. With de
tailed information on costs, feasibility 
and prospective delivery schedules 
to be drawn up before the end of next 
year, and now with plans for experi
ments under discussion, the prepara
tions for LHC move into higher gear. 
The Evian meeting was a public forum 
for a full range of expressions of inter
est in LHC experiments, setting the 
stage for the submission of Letters of 
Intent later this year and cementing 
the proto-collaboration arrangements. 

So that all interested physicists can 
eventually access LHC, another im
portant aim of the Evian meeting was 
to acquaint the potential physics 
community with the full range of pro
posals and ideas. As well as plans 
for experiments, participants at the 
meeting also heard the latest news on 
LHC machine studies, and the think
ing on preparations for experimental 
areas and LHC physics potential. 

CERN is very aware of the chal
lenges of the LHC for its detectors -
handling collision rates more than a 
thousand times those of existing 
colliders and having to withstand in
tense radiation levels. In 1990, a spe

cial Detector Research and Develop
ment Committee was set up along 
the lines of traditional Experiments 
Committees, but this time with the 
objective of stimulating and fostering 
the new technology needed to reap 
the LHC physics rewards (November 
1991, page 2). This scheme was de
liberately set up before global detec
tor designs emerged, so that the final 
configurations would benefit from this 
new technology. 

As well as its main objective of pro
ton-proton collisions, LHC also opens 
up possibilities for ion-ion collisions, 
for fixed target studies and eventually 
for electron-proton collisions as well. 
Most of these areas were covered at 
Evian. 

LHC beams can in principle collide 
at eight points. Four of these coincide 
with the four big experiments at the 
LEP electron-positron collider. Of the 
remaining four points, one, deep un
der the Jura mountains, will have to 
be used for an LHC 'beam cleaning' 
system to ensure high performance 
by reducing troublesome beam halo. 

Another will be reserved for the beam 
dump where the LHC protons will be 
absorbed once the circulating beams 
are no longer required. This leaves 
room for two big new LHC collider 
detectors, plus the potential of the 
existing LEP experimental areas, us
ing either adapted LEP experiments 
or new apparatus mounted in push-
pull to alternate with LEP running. 

At Evian, four major detectors for 
studying proton-proton collisions 
were being tabled, three of which are 
new, and one a development from an 
existing LEP experiment. 

The ASCOT (Apparatus with 
Superconducting Toroids) general 
purpose detector is proposed by a 
team from CERN, the UK (Edinburgh 
and Rutherford Appleton Laboratory), 
Germany (Wuppertal and Munich 
MPI and University), France (Saclay) 
and Russia (Moscow, Dubna and 
Protvino). It is based on a 24 metre-
long superconducting toroid 
instrumented with drift tubes for pre
cision muon detection. 

Inside the magnet, the emphasis is 
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F I N L A N D 
AT 

C E R N 

Industrial exhibition at the main building 

31 March - 3 April 1992 

ORGANISER 

THE FINNISH FOREIGN 
TRADE ASSOCIATION 
P.O.Box 908 
SF-00101 HELSINKI 
Tel +358 0 695 91 
Fax +358 0 694 0028 

LIST OF PARTICIPANTS 

ORNTECH \VO INTERNATIONAL LTD k I o I n I e 

Helsinki University of Technology 
The Institute of Particle Physics 

RAUMA-REPOLA 
OFFSHORE 

O outokumpu copper 
mm SUPERCONDUCTORS 

O outokumpu copper 
P O R I 

D R A W N P R O D U C T S D I V I S I O N 

CJEFT 
RESEARCH INSTITUTE 

FOR HIGH ENERGY PHYSICS 
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Prince K. Malhotra of Bombay's Tata 
Insti tute of Fundamental Research 
died whi le at tending the Evian meet
ing. A tr ibute wi l l appear in the May 
issue. 

Around the 
Laboratories 

on electrons, with a lead/liquid argon 
electromagnetic calorimeter, and 
tracking through interleaved layers of 
scintillators and transition radiation 
detectors, with semiconductor pads 
close to the beam pipe. A 1.5T su
perconducting solenoid in front of the 
electromagnetic calorimeter distin
guishes electrons and positrons. 
Hadron calorimetry uses iron and liq
uid argon. 

The EAGLE (Experiment for Accu
rate Gamma, Lepton and Energy 
measurements) collaboration pro
poses a comprehensive detector to 
cover a wide range of physics, and 
already involves physicists from 14 
CERN Member States, plus Canada, 
Russia, Australia, Brazil and Israel. 

EAGLE foresees a powerful inner 
electron detector inside a 2T central 
superconducting solenoid. The de
sign features high quality electromag
netic sampling calorimetry combined 
with fine-grained electron and photon 
preshower detection, a high precision 
vertex detector for lower collision 
rates, hadron calorimetry, and a con
ventional toroid muon spectrometer. 

Many different detector technolo
gies are under study, and a final 
choice of the specification for the 
various EAGLE components will be 
made when R and D work is com
plete. 

The Compact Muon Solenoid 
(CMS) LHC detector is designed to 
be compatible with the highest LHC 
collision rates, and is built around a 
15 m-long superconducting solenoid 
providing a 4T field. The strong field 
gives relatively compact muon meas
urement. R and D work for the muon 
detectors is looking at resistive plate 
chambers and parallel plate cham
bers for timing information and hon
eycomb strip chambers and wall-less 
drift chambers for spatial information. 

The central tracker will use small 
cells, based on silicon (or gallium 

arsenide) strip detectors and 
microstrip gas chambers, to ensure 
good pattern recognition under the 
stringent LHC conditions. Also inside 
the coil is a high resolution electro
magnetic calorimeter and a hadron 
calorimeter. 

CMS involves a team from 12 
CERN Member States, plus 
Byelorussia, Bulgaria, Estonia, Geor
gia, Hungary, Russia and the US. A 
wide range of ongoing R and D work 
examines the possible detector tech
nologies before deciding on final so
lutions. 

The L3 experiment at LEP was 
originally designed for use at both 
LEP and LHC, with a large experi
mental hall and magnet. Upgrade for 
LHC would involve improving the 
muon resolution, adding a fine-grain 
hadron calorimeter, increasing the 
magnetic field, and being able to lift 
the detector 120 centimetres from the 
LEP position to the LHC beams 
above. For the work, 39 institutes 
from the L3 LEP line-up have been 
joined by 20 more, mainly from China 
and the former Soviet bloc. 

Supplementing the main proton-pro
ton LHC programme are a range of 
other experiments, including fixed 
target studies. Expressions of inter
est received so far include ideas for 
two neutrino experiments and three 
studies concentrating on CP-violation 
in B-particle decays, one using a 
gas-jet target, one using extracted 
beams and one a colliding-beam 
setup. 

Although not the spearhead of LHC 
physics, ion-ion collisions will still 
play a major role, continuing a CERN 
tradition in this field (page 8). For ion 
collisions, three teams are interested 
- one using CMS, another using the 
(suitably modified) Delphi experiment 
at LEP, and a third using a new dedi
cated detector. 

CERN 
LEP in the Alps 

With CERN's 27-kilometre LEP elec
tron-positron collider shut down for 
the winter, LEP specialists met in 
Chamonix in the French Alps from 
19-25 January to review the ma
chine's 1991 performance (January/ 
February, page 6) and to look at 
ways of improving it. 

Nine specialist areas were covered 
- operations, instrumentation, ma
chine optics, the 'pretzl' scheme to 
increase the number of colliding 
bunches, energy calibration and po
larization, beam-beam interactions, 
optics for the LEP2 energy upgrade, 
and radiofrequency to power LEP2. 

Operational experience had shown 
the machine's limitations. While the 
total number of collisions in 1991 was 
twice that of the previous year, actual 
beam intensity had not changed sig
nificantly. Experience had also 
shown the need for better measure
ments of machine optics parameters. 
A long list of problems await further 
investigation, and the machine physi
cists warn that experiments may 
have to learn to live with higher back
grounds if beam intensities are to be 
improved. 

In the instrumentation sector, the 
specially developed streak camera 
had shown its worth in investigating 
little understood beam behaviour, 
and will be better exploited with a di
rect link to the control room. 

From the start, LEP has continually 
tried different tuning schemes to find 
an optimal working point, with 'split' 
horizontal and vertical tunes being 
popular. Additional options are to 
change the phase of the transverse 
(betatron) oscillations. Each choice 
has advantages and disadvantages, 
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but after careful consideration it was 
decided to go this year for an optimal 
90-degree phase option, which was 
carefully explored in last year's ma
chine development sessions. As well 
as reducing beam size and increas
ing collision rates, this choice should 
also benefit initial trials of the 'pretzl' 
scheme to increase LEP perfor
mance by handling more bunches 
per beam. As a foretaste of thing to 
come, LEP will try for eight bunches 
per beam sometime this year, in
stead of the normal four. 

The main limitations to increased 
beam intensity are known to come 
from transverse mode coupling insta
bilities for a single beam, com
pounded with beam-beam interac
tions once two beams are in the ring. 

Polarization studies last year (No
vember 1991, page 12) were encour
aging, with 20 per cent spin align
ments on the cards. As well as the 
spin oriented beams, this work also 
gives a precision handle on the LEP 
beam energy, which has to be known 
as accurately as possible for physics. 
However improvements over a few 
parts per thousand might have to 
take into account tidal effects due to 
the moon's gravity! 

In an effort to better understand 
troublesome beam-beam effects, 
some old octupole magnets left over 
from the Intersecting (proton) Stor
age Rings, closed in 1984, are being 
installed. 

The LEP200 energy upgrade is a 
major push to boost the beam energy 
above the threshold to produce W 
particle pairs. Although the supercon
ducting radiofrequency cavities are 
not arriving as quickly as expected, 
confidence is still high that industrial 
production will meet the planned 
1994 deadline. 

At the Chamonix meeting, special
ists from the Japanese KEK Labora
tory, where the TRISTAN collider has 

CERN's LEP electron-positron collider is the 
scene of major activity to boost the beam en
ergy from around 45 GeV towards 90 GeV to 
ensure mass-production of pairs of W particles 
in 1994. One major task is to install the neces
sary additional radiofrequency power. Here a 
new klystron gallery at Point 8 is being linked 
with the main LEP tunnel. 

(Photo CERN) 

used superconducting radio-
frequency since 1988, reported that 
accelerating power in the machine 
was frequently not as good as in 
bench tests. 

To attain the W-pair threshold thus 
needs adequate radiofrequency 
volts, together with enough klystrons 
to ensure sufficient beam power. 
The initial LEP superconducting cavi-

This compressor for the 6KW cryoplant at LEP 
Point 2 is already running. 

(Photo CERN 15.12.91) 

ties, installed at Point 2, have been in 
regular use since October. 

Meanwhile a major effort is continu
ing for everything LEP2 needs - cryo-
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Kmax and MacVEE - The Perfect Combination 

(bergoz) 

CROZET 
. 01170 GEX, 

FRANCE 
TEL: 50 41 00 89 
FAX: 50 41 01 99 

fit \Us*"ilJ.\ 
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P.O BOX 6102 
MISSISSIPPI STATE 

_ i l i 
..: 

ww\\ 
- - - J y J S , 39762 USA 

\ \ x- TEL: (6OT)^24-0982 
FAX: 0 

The direct link f rom Macintosh II to CAMAC 
and VMEbus with full support in the Kmax environment. 

Probably the best 
current transducer 
you can buy... 

DANFYSIK 

Features of the ULTRASTAB® Current Transducer: 

• Max. current ranges 600 or 2000 Amps 
• Programable from 40 to 2000 Amps 
• Low feed back noise - down to 2 
• Low output noise ~ down to 0.1 ppm 
• Low temperature coefficient - down to 0.1 ppm/°C 
• High linearity - up to 2 ppm 
• Wide frequency bandwidth - DC to 500 kHz 

DANFYSIK A / S ~ D K - 4 0 4 0 J y i l i n g e 
Denmark 
T e l . : + 4 5 4 6 7 8 8 1 5 0 
F a x : + 4 5 4 0 7 3 1 5 5 1 
Telex: 43136 
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genie plant, power supplies, civil en
gineering for new klystron galleries, 
additional cooling and ventilation, 
new (low-beta) magnets to squeeze 
the beams, vacuum, etc. 

In some areas the work for LEP2 
even surpasses what was needed for 
the initial machine configuration. 
LEP2's radiofrequency power re
quirements involve half as much 
work again as LEP1! 

1992 LEP goals include introducing 
eight-bunch 'pretzl' running, and do
ing polarization studies during phys
ics runs, while also aiming for an
other doubling of the recorded 
physics score. Other achievements 
cannot be ruled out, but no guaran
tees can be given. 

The LEP Chamonix meeting was 
organized by Steve Myers, with each 
specialist stream having a Chairman 
and a Scientific Secretary (in fact the 
relevant LEP Engineer-in-Charge). A 
major effort ensured that session 
documentation was ready in ad
vance. As well as LEP personnel, 
the meeting included invited special
ists from KEK (Japan), DESY (Ham
burg), and Cornell (US). 

Putting four LEP 
experiments together 

Since they started taking data in Au
gust 1989, the four big LEP experi
ments - Aleph, Delphi, L3 and Opal -
have been providing precision infor
mation about the Z particle, the elec
trically neutral carrier of the weak nu
clear force and at 91 GeV the 
heaviest elementary particle known. 

While the results reported by the 
four experiments have consistently 
been in step, they have almost al
ways been presented separately by 

Pulling together data on the Z resonance from 
the four experiments at CERN's LEP electron-
positron collider gives interesting consistency 
checks on the Standard Model, and in particu
lar limits the mass of the long-awaited sixth 
('top') quark (vertical axis). The implications of 
the mass of the Z and the inter-quark coupling 
strength (alphas), together with their remain
ing uncertainties, are plotted here against (a) 

the width of the Z resonance, (b) the Z width 
for decays into leptons, (c) the ratio of 
hadronic to leptonic widths, and (d) the ratio of 
weak interactions couplings, assuming a Higgs 
mass of 300 GeV (but with a possible variation 
between 50 and 1000 GeV). A top quark mass 
below 90 GeV has already been ruled out in 
searches at Fermilab's proton-antiproton 
collider. 

240 

200 

O 

T z (GeV) (MeV) 

> 200 
a> 
O 

b=3 M Higgs 
" 50 -1000 (GeV) 

resutt o) --

SM predictions 

• A M 2 

LTD M H i g g s 

50- 1000 (GeV) 

0.004 0.006 0.008 0.010 

each experiment. Even at CERN, ob
servers wanting a pan-LEP view 
have had to wait for summary talks at 
major international meetings. (Last 
year's major international conference 
in Geneva included several - Sep
tember 1991, page 1.) 

The four experiments continue to 
amass data and examine the Z and 
its decays in finer detail, but now an 
effort has been launched to combine 
their results. The move concentrates 
so far on pooling published data. 

The results provide as yet unprec
edented precision insights and wrap 
up even tighter the Standard Model -
the current picture of particle physics 
with the electroweak unification of 
electromagnetism and weak interac
tions married with the (quantum 
chromodynamics) field theory of in
ter-quark forces. 

Each LEP experiment measures in 
detail the shape of the Z resonance, 
charts its decays, and measures the 
delicate forward-backward asymme-
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Schematic of the new scheme being planned 
to provide experiments at CERN with beams of 
heavier ions, in traditional CERN style, all the 
'proton' machines are interlinked, and the 
scheme could ultimately go on to feed an even 
bigger link, the LHC collider in the 27-kilometre 
LEP tunnel. 

ECR ION SOURCE 
( P b 2 5 3 0 + , 1 0 0 > i A ) 

C-FOIL 
STRIPPER 

2.5keV/u 250keV/u 

TO EXPERIMENTS-
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try due to interference between elec-
tromagnetism and weak interactions. 
The pan-LEP analysis collaboration 
took the 650,000 Z decays from the 
1989 and 1990 data-taking periods 
(the combined score of the four ex
periments now exceeds two million). 
Systematic differences between the 
four experiments are small. 

The combined results give better 
values for some Standard Model pa
rameters and improved consistency 
checks, while showing graphically 
that the Model has room for only 
three types of particle families and 
three types of neutrinos. 

The Z can decay in a number of dif
ferent ways, including a pair of neutri
nos. These particles cannot be ob
served directly, and normally can 
only be inferred by mismatches in the 
energy deposited by visible particles. 
However decays giving just neutrinos 
leave no trace at all, so this possibil
ity only shows up when the total ob
servable Z reaction rate is compared 
with the width of the Z resonance. 

The width of a resonance is a 
measure of how easily it can decay -
the more decay possibilities there 
are, the faster it can disintegrate. By 
measuring the total Z width and the 
separate widths due to decays into 
hadrons (strongly interacting parti
cles) and visible leptons (weakly in
teracting particles), the experiments 
arrive at a remaining Invisible' width 
due to the decays into neutrinos. 

For the four experiments combined, 
the ratio of the invisible to leptonic 
width of the Z comes out to exactly 
three (assuming that the neutrinos 
are light). Alone, the fact that this 
number is an integer is dramatic con
firmation of the underlying theory, 
while its value confirms the three-
family picture. 

However LEP does not measure 
everything. The Standard Model in
formation pool has to be supple

mented with measurements from 
neutrino experiments and with infor
mation on the W, the electrically 
charged companion of the Z, from 
proton-antiproton collider studies. 

Taking all this data together gives 
consistency checks on those few cor
ners of the Standard Model which 
have yet to be found - the Higgs par
ticle at the origin of mass, and the 
sixth ('top') quark. While the sensitiv
ity to the Higgs particle is small, the 
top quark does make its presence 
felt. Top looks unlikely to weigh more 
than 200 GeV, while searches at 
Fermilab's proton-antiproton collider 
have already ruled out energies be
low about 90 GeV. The top door is 
closing fast. 

Heavier ions 

Work by a major international col
laboration is progressing well for a 
new heavy ion system, capable of 
providing experiments at CERN with 
a wide range of heavy ions, extend
ing up to the heaviest elements in the 
Periodic Table. First beams (of lead 
ions) should be available in 1994. 

High energy ions have long fea
tured on CERN's menu of charged 
particle beams - the Intersecting 
Storage Rings regularly used beams 
of deuterons and alpha particles. As 
well as continuing the studies using 
the SPS synchrotron, a long term aim 
is also to provide ion beams for the 
LHC collider to be built in the 27-kilo
metre LEP tunnel. 

In a collaboration with heavy ion 
specialist Laboratories Berkeley and 
GSI Darmstadt, work got underway 
at CERN in the early 1980s to extend 
the range of ions. As a result ion 
physics at CERN took a new direc
tion in 1986 with the availability in the 
SPS 'proton' synchrotron of beams of 
oxygen nuclei, with sulphur making a 
debut in 1987. 

One of the main objectives in this 
area of physics is the search for new 
states of matter, when quarks and 
gluons break loose from their con
ventional confinement inside nucle-
ons to form a quark-gluon plasma. 

While these experiments have 
given some interesting physics, ex
ploring the way nuclear matter be
haves and interacts, it is clear that 
production of the long-awaited quark-
gluon plasma demands the higher 
energy densities provided by much 
heavier ions slamming into targets. 
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Interior of the interdigital-H tank for a high 
charge state injector at the GSI heavy ion 
Laboratory, Darmstadt, showing the special 
arrangement of staggered electrodes inside 
the radiofrequency tank. A similar device will 
be supplied by GSI for CERN's future pro
gramme using a full range of heavy ions. 

(Photo A. Zschau) 

As well as a special ion source, the 
ion scheme developed at CERN in 
the 1980s involved some upgrading 
of the proton machines, particularly 
the 'old' linac, fed by a 
radiofrequency quadrupole (RFQ). 
With this linac already pushed to its 
limits with 33% higher internal fields, 
handling heavier ions requires a 
completely new linac, together with 
substantial upgrading of the down
stream machines and beamlines. 

The new electron cyclotron reso
nance heavy ion source, provided by 
the French GANIL heavy ion Labora
tory in Caen, will be an extrapolation 
of existing technology. It will feed a 
radiofrequency quadrupole (RFQ) 
taking the ions up to 0.25 MeV per 
nucleon. 

The next energy kick, to 4.2 MeV/ 
nucleon will come from a new linac, 
to be supplied by GSI, using the 
'interdigital H' structure. This is a 
variant of the classical Wideroe ac
celerating technique, with a series of 
drift tubes inside a radiofrequency 
cavity arranged to give high shunt 
impedance - a minimum amount of 
power lost in the cavity walls. 

The usefulness of interdigital H 
cavities, initially used to give particles 
emerging from Van de Graaff ma

chines an additional energy kick, has 
now been extended to cover a wider 
energy range. 

Software for the linac control sys
tem will be developed in India, a 
longtime enthusiastic user of CERN's 
ion beams. Other contributions to the 
new CERN scheme come from Italy, 
where Legn^ro and Turin will respec
tively supply the low energy (includ
ing the RFQ) and high energy beam 
transport systems. Frankfurt's Insti
tute for Applied Physics (IAP) will 
supply a debuncher to handle the 
beams after the linac. 

The next stage will be the Booster 
synchrotron, where improved beam 
instrumentation and a complicated 
series of beam handling gymnastics 
will take the particles into the relativ
ists regime at 96 MeV per nucleon. 
Gymnastics will continue for the 
transfer and injection into the PS syn
chrotron for acceleration up to 4.2 
GeV per nucleon. To handle the 
heavy ions, both the Booster and PS 
vacuum systems will have to be im
proved to attain the required 1 0 9 

millibar level, the former from a few 
10~8 millibars the latter from about 8 x 
10 9 . 

Finally the highly relativistic ions will 
be passed to the SPS where again 
ingenious methods of operation will 
be needed to take the particles to
wards the equivalent of about 160 
GeV per nucleon for lead (a total of 
over 30 TeV for the lead nucleus!) 
ready for the waiting experiments. 
Turin will provide additional SPS 
beam instrumentation. 

Taking the lead ions through this 
chain of machines will not be easy, 
but CERN's machine specialists are 
used to taking the challenges of new 
particles in their stride. Antiprotons, 
deuterons and alpha particles, oxy
gen and sulphur ions, and electrons 
and positrons have all been added to 
the beam menu in the past decade. 
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DCA 207 and 208 are the first industrially-as
sembled (Westinghouse) dipole prototype 
magnets for the Superconducting 
Supercollider (SSC, to be built in Ellis County, 
Texas) to be successfully tested at 
Brookhaven. Others have been tested by Gen
eral Dynamics at Fermilab. SSC dipoles now 
use the larger (50-mm vs 40-mm) aperture. In 
the background is a pile of the older 40-mm 
aperture versions, with a 50-mm interior 'cold 
mass' being worked on in the foreground. 

SUPERCOLLIDER 
Industrial magnets 

The first industrially-assembled di
pole prototype magnets for the Su
perconducting Supercollider (SSC, to 
be built in Ellis County, Texas) have 
been successfully tested. 

Following an earlier demonstration 
of laboratory-assembled magnets of 
the same designs at Fermilab and 
Brookhaven, industrial teams from 
General Dynamics and 
Westinghouse used the tooling at the 
Laboratories to assemble the indus
trial prototypes. All magnets tested to 
date operated at currents of at least 
7000 amperes with little or no train
ing, well above the design current of 
6500 A. 

The early development of these 
magnets was carried out at 
Brookhaven. Thd most recent design 
version features a larger (50-mm vs 
40-mm) aperture. The improved de
sign has now been tested success
fully in two slightly different configura
tions developed concurrently at 
Brookhaven and Fermilab. 

One magnet at each Laboratory 
was used to transfer the technology 
to General Dynamics and 
Westinghouse. Remaining units of 
the first prototype series are being 
assembled solely by the two compa
nies, using the Laboratory tooling. 
General Dynamics is the lead con
tractor, assembling seven magnets at 
Fermilab, and Westinghouse is the 
follower contractor, assembling five 
magnets at Brookhaven. Of these 
first twelve industrially assembled 
magnets, five will be used in the 
string test next fall in the new ASST 
building (January/February, page 11) 
at the SSC Texas Laboratory. 

After prototype tests and evalua
tions, General Dynamics and 
Westinghouse will begin magnet fab
rication at their Hammond, Louisiana, 
and Round Rock, Texas, plants. 
General Dynamics will start by build
ing 15 prototype magnets for test and 
evaluation in 1993. Each firm will 
then produce 35 preproduction mag
nets and then at an increasing rate, 
251 magnets for actual installation. 
Ultimately 8600 magnets will be 
needed to equip the two 87-kilometre 
SSC rings, and both firms are ex
pected to bid. 

Westinghouse is also looking after 
development and initial production of 
superconducting dipoles for the High 
Energy Booster - the final SSC injec
tor, feeding 2 TeV protons to the 
Collider. Westinghouse will produce 
3 model magnets, 6 prototypes, 20 
preproduction magnets, and 50 low-
rate production magnets. Delivery of 
the first model HEB magnet is ex
pected by the end of the year, and 

the first of the low rate production 
magnets is scheduled for delivery in 
mid-1996. 

Meanwhile on the international 
front, following the visit of US Presi
dent George Bush to Japan in Janu
ary, a joint US-Japanese SSC work
ing group has been formed 'to 
examine technical and other essen
tial aspects of the project and to con
sider how it can be formulated as an 
international project to enable Japan 
to participate in it.' Under discussion 
is the possibility of a major contribu
tion, such as one of the two rings of 
the Collider. 

A laboratory-to-laboratory agree
ment has been signed with the Insti
tute for Nuclear Physics in 
Novosibirsk, Russia. The details are 
being worked out in a series of tech
nical annexes, covering the magnets 
and many other technical compo
nents of the Low Energy Booster, to
gether with beam transfer lines be
tween injector accelerators. 
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A GEM of an SSC 
detector 

The SSC Laboratory has decided to 
support the GEM (Gammas, Elec
trons, and Muons) detector collabora
tion in the next stage of its work, de
velopment of a Technical Design 
Report. Initial ideas for GEM as the 
second major SSC detector were 
aired last year (October, page 12). 

GEM has progressed significantly 
since its inception last June. Now 
numbering 605 physicists from 86 
institutions in 15 countries, the col
laboration proposes a detector em
phasizing photons, leptons, and ro
bustness at high luminosity. Two 
options are being examined for 
calorimetry: either liquid argon/kryp
ton or barium fluoride (electromag
netic) combined with scintillating fi
bres (hadronic). 

Muons will be tracked with a combi
nation of drift tubes (barrel region) 
and cathode strip chambers (end 
caps), with resistive plate counters in 
the barrel region to trigger on muons 
and tag beam crossings. The cham
bers surround the calorimeters and 
fill a 16-metre diameter, 30 metre 
long, 0.8-tesla superconducting sole
noid. Inside the calorimeters is a 
compact (1.5-m diameter by 3-m 
length) central tracker, where two op
tions are being considered - silicon 
microstrips surrounded by either 
straw tubes or interpolating pad 
chambers. 

Meanwhile, the Solenoidal Detector 
Collaboration (SDC) (March, page 
13) is going through the intensive 
SSC review procedure. 

Geological studies have shown that 
the two major detectors should be 
located on the east side of the 
Collider ring, rather than the west 

The experimental area for the VENUS detector 
at the Japanese KEK Laboratory's TRISTAN 
electron-positron collider with the detector 
temperarily withdrawn, showing the small cy
lindrical cryostats of the new 'mini-beta' super
conducting quadrupoles on either side of the 
area. Further back are the larger cryostats of 
the previous low-beta optics. 

side as had been planned originally. 
There, the floors of the large halls 
would have been too near the shale 
underlying the local chalk. This shale 
expands when decompressed by ex
cavation, and its deflection properties 
are not well known. On the east side, 
the big halls for both major experi
ments can be founded in the chalk. 
Shallower halls for smaller experi
ments can be founded on the west 
side. 

KEK 
More collisions at 
TRISTAN 

The TRISTAN electron-positron 
collider at the Japanese KEK Labora
tory has recently made a quantum 
jump in performance, with the ma
chine's luminosity (a measure of the 
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collision rate) being boosted to 
achieve the promised one inverse 
picobarn per day per experiment at 
58 GeV collision energy. The key fac
tor was successful operation of the 
new 'mini-beta' optics to squeeze the 
beams tighter at the interaction point 
(IP). 

In the previous TRISTAN beam op
tics, the colliding beams were 
focussed with a doublet of normal 
conducting quadrupole magnets, the 
nearest 4.5 metres from the IP. With 
this low-beta' scheme, the highest 
delivered luminosity amounted to 
about 0.4 inverse picobarn per day 
(September/October 1990, page 31). 

While this was sufficient for an initial 
energy scan, deeper physics needed 
something more. The beta function, 
one of the basic parameters of a stor
age ring, determines the beam spot 
size and the depth of focus at the IP. 
To make two crossing beam bunches 
collide as effectively as possible 
(maximum luminosity) beta should be 
as small as possible right at the IP. If 
everything else is OK, this 'mini-beta' 
promises more collisions. 

The mini-beta luminosity improve
ment needed a special supercon
ducting quadrupole design, 1.17 m 
long and providing 70 Tesla/m field 
gradient at 3400 A. It has no iron, al
lowing it to be installed in the strong 
solenoidal magnetic field of the AMY, 
TOPAZ and VENUS detectors, 2.3 m 
from the IP. This distance is a com
promise between luminosity and de
tector requirements. 

Initial problems were encountered 
due to rotational errors in the 
quadrupoles, resulting in intolerable 
vertical-horizontal coupling. Careful 
work was required to rotate the mag
net body inside the cryostat to within 
0.5 mrad and check the result. 

Ironing out this problem revealed 
another at injection beam tuning 
when skew quadrupoles and detector 

No 17 keV neutrino in Japan. The beta-decay 
spectrum of nickel-63 measured by a Japan-
US group using a magnetic spectrometer. 
Above, the data are fitted to a single massless 
neutrino, and below, with a hypothetical 17 
keV neutrino emitted one per cent of the time. 

solenoids were turned on. At this 
stage, happily the SAD computer 
program came to the rescue. SAD 
(Strategic Accelerator Design), writ
ten by KEK accelerator physicists, 
played a decisive role in understand
ing and solving the problems. 

By following the SAD prescription, 
the beams were successfully 
focussed at the IP. The program also 
predicted that the existing skew mag
nets would limit the total current, so 
fresh skew quadrupoles were quickly 
built to fit the bill. 

The result was a further improve
ment in performance. At the end of 
November, just in time for the second 
KEK Topical Conference on Electron-
Positron Collision Physics, TRISTAN 
recorded its highest-ever luminosity -
3.7 x 10 3 1 per sq cm per s and one 
inverse picobarn per day per experi
ment. 

The three detectors (AMY, TOPAZ 
and VENUS) had already been up
graded anticipating such high lumi
nosity runs, and look forward to the 
accelerator specialists supplying 

them with a further twofold increase 
in luminosity. 

but no 17 keV 
neutrino 

In the continuing effort to pin down a 
heavy neutrino at 17 keV, an experi
ment at the Japanese KEK Labora
tory comes in with a 'no' vote. 

Last year John Simpson's new 
beta-ray spectrum analysis at 
Guelph, Canada, again suggested a 
17 keV neutrino mixed at one per 
cent level with the conventional elec
tron-type neutrino. Similar results 
(April 1991, page 9) came in from 
Oxford, Berkeley and Zagreb groups, 
while negative results came from 
several others. With many research
ers bored with endless Standard 
Model conformity, a 17 keV neutrino 
soon became controversial. 

In Japan, a KEK-INS (Tokyo Insti
tute for Nuclear Science) group set 
out to check out this result, forming 
an enlarged Japan-US team. 

The heavy neutrino is suggested by 
a subtle kink at the corresponding 
kinematical threshold (the end-point 
energy minus the nonzero neutrino 
rest-mass energy), together with a 
small difference in the slope well 
above and below it in the beta decay 
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spectrum (the so-called Kuri 
plot). But accurate measurement of 
the slope is hampered by a low en
ergy tail due to electron 

backscattering in the beta source. 
The experiment therefore searched 

for a sudden change in the spectrum 
near the expected threshold, accu

mulating lots of data in a narrow en
ergy region and with good resolution. 

Beta-rays from a nickel-63 source 
with an end-point energy of 66.9 keV 
were energy-analysed by the large 
INS iron-free magnetic spectrometer 
and detected with a proportional 
chamber having 30 independent 
cells. 

This spectrometer had been suc
cessfully used in a previous experi
ment with a thin tritium source to set 
a limit for the mass of the electron-
(anti)neutrino. 

In a series of runs over two months, 
2.4 billion events were collected, dis
tributed over 1800 data points be
tween 40 and 60 keV. The signal-to-
background ratio was as high as 
1000 near the expected threshold en
ergy. 

After careful checks, the results 
show no hint of the distortion in the 
spectrum near 50 keV which a 17 
keV neutrino would produce. 

At the DESY Laboratory, Hamburg, the big 
detectors H1 (3000 tonnes, top) and Zeus 
(3500 tonnes) have been rolled into position 
for the first time in the HERA electron-proton 
collider. With the machine commissioned late 
last year, physicists are hoping soon to have 
their first glimpse of these new physics condi
tions. 
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Physics monitor 
Conceptual design of a system using a 
proton accelerator to transmute awk
ward radioactive isotopes produced in 
course of fission processes. It has been 
studied at the Japan's Atomic Energy 
Research Institute for several years. At 
Los Alamos in the US, similar ideas are 
being looked at. 
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Transmuting nuclear 
waste 

With the problems of disposing of nu
clear waste material increasingly the 
cause for widespread concern, atten
tion is turning to possible new tech
niques for handling discarded radio
active material and even putting it to 
good use. 

One possibility being examined, 
mainly in the US, Japan and the 
former Soviet Union, is to irradiate 
long-lived nuclear waste with particle 
beams, transforming it into shorter-
lived isotopes and/or using it as a 
breeder reactor. 

The idea of using a high energy 
particle beam to produce fissile mate
rial was first put forward by Ernest 
Lawrence in 1950. The idea then was 
to ensure a continuous supply of ma
terial for nuclear weaponry, irradiat
ing lithium to produce tritium for fu
sion bombs, and uranium to produce 
plutonium for fission. In those days 
the US was anxious to insure its nu
clear capability against any interrup
tion in the import of uranium ore. 

The idea led to the construction of 
the Materials Testing Accelerator 
(MTA) at Livermore, not far from 
Lawrence's Berkeley Laboratory. 
However market manoeuvres in
creased the price of uranium, making 
lower grade deposits in Colorado ex
ploitable. The US no longer needed a 
backup plan to make plutonium from 
scrap uranium. MTA foundered, but 
the accelerator technology was put to 
good use at Berkeley. 

Now thinking is returning to this 
idea, but with the emphasis on han
dling the output from nuclear plant 
rather than providing the initial input 
fuel. 

This work is reported regularly at 

accelerator conferences, but was 
highlighted in an international meet
ing organized last year by the Mos
cow Radiotechnical Institute and at
tended by scientists from Japan and 
the US as well as the (then) Soviet 
Union who examined the problems 
and possible solutions. A draft con
clusion written summarized the major 
objectives. 

With the disposal of long-lived 
waste from nuclear power as one of 
today's most urgent problems, in
creasing the research and develop
ment efforts, combining expertise 
from different countries, is of prime 
importance, the conclusion recom
mends. 

Today it looks fairly certain that an 
incinerator reactor based on a linear 
accelerator with an energy of 1.5 
GeV and a current of 300 mA is prac
ticable. But considerable effort is still 
needed to develop an accelerator to 
provide the necessary high proton 

flux. 
As well as the accelerator, addi

tional effort is required to develop 
schemes to separate out long-lived 
nuclides from the rest of the waste, to 
design a blanket target, to check re
action rates, and to obtain energy re
lease figures. 

However the use of a powerful ac
celerator for waste incineration 
seems quite practical and economi
cally expedient. The whole complex 
of problems connected with radioac
tive waste handling should become 
an object for international coopera
tion'. The report ends by recom
mending increased international ex
changes. 

The summary did not indicate the 
work currently underway elsewhere, 
mainly in the US and Japan. As well 
as incinerating waste, either existing 
or future, these schemes could also 
provide new and more efficient 
routes to fission. Most of the ideas 
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At the recent Spin Muon Collaboration meet
ing in Paris, Anatole Abragam describes the 
mechanism of dynamical polarization, first for 
one spin up, then two. 

(Photos T. Hasegawa) 

currently under consideration use an 
intense 1.5 GeV proton beam to irra
diate a target of liquid heavy metal 
(e.g. lead) generating neutrons which 
are subsequently thermalized in a 
heavy water blanket. 

One major radioactivity problem is 
the actinide (heavier than uranium) 
isotopes formed in fission environ
ments. However an intense thermal 
neutron flux would ensure that these 
troublesome isotopes act as a net 
producer of neutrons - acting them
selves as nuclear fuel. 

The other trouble spot is the fission 
products themselves, and here the 
intense neutron bombardment would 
transform many of them into other 
isotopes which decay in terms of 
days or even seconds, rather than 
months and years. 

In the US, work is going on at Los 
Alamos and Brookhaven, while in Ja
pan the Atomic Energy Research In
stitute has several projects for acti
nide burning and isotope 
transmutation as part of the national 
OMEGA - Options Making Extra 
Gains from Actinides and fission 
products - campaign. 

In Europe there is interest but little 
cash encouragement in this poten
tially very rewarding venture. 

Spin collaboration 

What makes the proton spin? In 
1988, results from the European 
Muon Collaboration (EMC) experi
ment at CERN suggested that the 
spin of the proton is difficult to ex
plain in terms of quark constituents. 
A range of experiments is now 
underway to resolve the question. 

In 1988, EMC looked at the violent 
collisions when a high energy spin 
oriented (polarized) muon beam hits 
quarks deep inside a polarized pro

ton target, and found that the differ
ence (asymmetry) between the reac
tion rates for two different spin 
orientations was not in line with theo
retical predictions. 

Combining the EMC results with 
previous SLAC data suggested that 
very little of the proton spin is carried 
by the quarks. If this is the case, 
where can the spin come from? Vari
ous ideas have been proposed but 
only new experimental information 
can provide the answer. Particularly 
important is companion data on the 
neutron. 

A fundamental test of the underlying 
theory is given by the Bjorken polari
zation sum rule which relates the pro
ton and neutron spin-dependent 
structure functions to neutron beta 
decay parameters. Particularly impor
tant is accurate information when the 
struck quark carries only a small frac
tion of the proton momentum (small 
x) to improve the extrapolations 
needed to compare with theory. 

Five new experiments using differ

ent techniques have been proposed 
to extend the measurements to the 
neutron, and to lower values of x. 
Some of these projects also plan to 
improve the accuracy of the present 
results on the proton. 

Two experiments have been pro
posed for the 23 GeV beam at 
Stanford (SLAC). E-142, scheduled 
for this fall, uses a polarized helium-3 
target at 10 atmospheres as an effec
tive neutron target. E-143, scheduled 
for 1993, uses ammonia/deuterated 
ammonia targets. Both experiments 
will provide high precision data for x 
between 0.04 and 0.6. 

Another experiment (HERMES) us
ing a novel technique has been pro
posed for the 35 GeV HERA electron 
ring at DESY, Hamburg. Using a po
larized atomic beam and a storage 
gas cell as an internal target, to
gether with a polarized electron 
beam, this experiment, still awaiting 
approval, will explore the x range be
tween 0.02 and 0.08. A letter of intent 
for the HELP experiment at CERN 
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proposes to use the 50 GeV polar
ized electron beam of LEP and a po
larized jet of hydrogen and deute
rium. 

Continuing the EMC tradition at 
CERN, the Spin Muon Collaboration 
(SMC) experiment (March 1990, 
page 3) was launched. Including spe
cialists from a broad variety of fields 
in atomic, solid state, nuclear and 
particle physics, covering 26 institu
tions from Europe, Japan and the 
United-States, the SMC experiment 
will run from 1991 to 1993, using 
CERN's high energy (100-200 GeV) 
muon beam, recently upgraded by a 
dispersion-free transport system. 

The polarized nucleon target is a 
large frozen spin target at 50 
millikelvin using butanol for protons 
and deuterated butanol for neutrons. 
An important feature is the possibility 
of exploring x down to 0.005. 

The experimental set-up is an up
grade of previous muon beam experi
ments. The principal modification to 
the spectrometer is the replacement 
of 16 planes of drift chambers by a 
32-coordinate streamer tube system 
built by the Universities of Houston 
and Munich, and 12 planes of drift 
tubes built by Dubna. 

A new polarimeter will determine 
the polarization of the muon with an 
accuracy of about 5%. This 
polarimeter, developed by a Rice-
Trieste-Saclay collaboration, will use 
the measurement of the positron en
ergy spectrum from the muon decay 
in flight and of the asymmetry in 
muon-electron scattering in a mag
netized iron target. 

Together, these experiments with 
muon and electron beams will probe 
in detail the spin structure of protons 
and neutrons over a broad range of 
x, providing comprehensive and ac
curate data on the spin structure of 
the nucleon. 

Electron beams promise a high sta

tistical accuracy in a short time while 
muons offer the unique possibility of 
exploring the very small x region. To
gether, these extensive measure
ments will reduce experimental un
certainties due to systematic effects 
since they use completely different 
techniques. 

From 16-18 December, 100 physi
cists met in Paris for the SMC work
shop on the spin structure of the nu
cleon. The meeting focussed on the 
first data on the deuterium longitudi
nal asymmetry, obtained last year at 
CERN. Highlights were presented by 
Vernon Hughes (Yale). A great 
achievement for the collaboration has 
been the success of the polarized 
target, an upgrade of the EMC appa
ratus. This was the first time that 
such a large quantity of deuterated 
material has been polarized to about 
30 %. The development of new elec
tronics and new methods of analysis 
enables deuteron polarization to be 
measured to within a few percent. 

Anatole Abragam (College de 
France) captivated the audience with 
his graphic descriptions of early de
velopments on dynamic nuclear po
larization, recalling in particular the 
success of his collaboration with spe
cialists J. Thirion at Saclay and M. 
Borghini and T. Niinikoski at CERN. 
He demonstrated that polarized tar
gets require a variety of talents in 
physics, fine jewellery, plumbing, etc. 

The review of the theoretical situa
tion by R. Jaffe (MIT) emphasized 
the urgent need for accurate experi
mental information and discussed the 
importance of measuring the trans
verse asymmetry to provide new in
formation on quark-gluon interac
tions. 

In 1993 a new SMC polarized tar
get, 50% longer, will be introduced. 
This includes a new dilution refrigera
tor built by CERN, Helsinki, Munich 
and NIKHEF (Amsterdam), and a 

highly uniform field superconducting 
magnet built at Saclay. A dipole 
transverse field will allow rapid and 
frequent polarization switches as well 
as the measurement of transverse 
asymmetries. 

This year the first results on the 
neutron spin structure should begin 
to shed further light on the puzzle of 
the origin of the nucleon spin. 

Futurebus+ 

A special symposium held at CERN 
on 28-29 October, jointly organized 
by the ECP (Electronics and Comput
ing for Physics) and CN (Computing 
and Networks) Divisions, and the 
most recent conference in the bian
nual US BUSCON series, held in 
Long Beach, California, from 4-6 
February, reflected the status of 
Futurebus+, the most advanced 
backplane bus standard for physics 
data handling systems. 

The standardization of Futurebus+ 
has made significant new progress. 
IEEE 896.1, the Logical Layer Speci
fications, and IEEE 896.2, the Physi
cal Layer and Profiles Specification, 
are now official standards. A third 
document in the family of Futurebusn-
standards, IEEE P896.3: Recom
mended Practices, has just been dis
tributed for Sponsor Ballot. 

Unlike other open bus specifica
tions, Futurebus+ has a Logical 
Layer Specification independent of 
any specific implementation technol
ogy. The same logical protocols and 
functions can be implemented with 
different board, connector and bus 
driver technologies allowing 
Futurebus+ performance and cost to 
scale up and down according to user 
needs and technological develop
ment. 
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New manufacturer-supplied electronics with 
(below) a Futurebus+ board, the most ad
vanced backplane bus standard for physics 
data handling systems. A range of Futurebus+ 
board products should soon start to become 
available from major suppliers. 

(Photo Nanotek Inc.) 

The Physical Layer and Profiles 
Specification(s) are the means to 
guarantee interoperability and inter-
changeability of boards from different 
manufacturers for a chosen technol
ogy and application area. The Rec
ommended Practices document 
gives valuable information for the 
system integrator on how to use the 
rich set of basic Futurebus+ features 
for, amongst other areas, system ini
tialization, fault management, test 

and maintenance. Of prime impor
tance is also a detailed discussion of 
real-time schedulability (prompt ex
ecution) support in the Futurebus+ 
environment. 

At the CERN symposium, partici
pants first heard a tutorial on 
Futurebus+ by Joe George, Presi
dent of Nanotek Inc, followed by talks 
on requirements for future bus sys
tems in the high energy physics com
munity, and presentations by Digital 

Equipment (DEC), Force Computers, 
Kontron Elektronik, and Nanotek on 
Futurebus+ products and develop
ments. A lively panel discussion 
closed the event. 

Several points emerged during 
these two days. First, among the pro
files defined so far, Profile F is the 
hardware environment of Futurebus+ 
most likely to fulfil the needs of high 
energy physics. But Profile B, which 
will be used extensively by DEC as 
the input-output bus standard for 
their high-end systems, will be the 
Futurebus+ hardware environment 
most widely used and produced ini
tially. 

This apparent clash was 
deemphasized when DEC assured 
that cache-coherent profile F do
mains can still operate inside their 
profile B crates as long as data to be 
transferred to their system memory 
across the DEC bridge to Futurebus+ 
will not rely on cache coherency 
across this bridge. 

The panel discussion revealed a 
first tentative timescale for the estab
lishment of a real Futurebus+ market. 
Between them, more than ten com
panies should be offering more than 
50 different board level products 
sometime during 1993. A big step in 
this direction will be the availability of 
good bus interface VLSI, expected 
this year. 

The BUSCON conference displayed 
the geographical extent of 
Futurebus+ activities. The develop
ment of the standard was mainly 
pushed from the US with some par
ticipation from Europe. Yet Japanese 
companies announced more than 20 
Futurebus+ projects, followed by the 
US with 12-14 and finally Europe with 
2-3 projects. 

Considerable effort is going into the 
definition of a desktop profile, mainly 
driven by DEC, Hewlett-Packard and 
Sun, with IBM as observer. This pro-
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file aims at distributing stacks of 
credit-card-sized processor boards 
interconnected via cache-coherent 
Futurebus+ bridges on a workstation 
motherboard. 

The chosen bus technology, CTL, 
should allow operation of the local 
buses at up to 400 MHz leading to 
overall performance of the stations in 
the 1000 Specmarks range (a 
Specmark is approximately equal to 
1 original VAX Mips). 

(From Christoph Eck) 

Quark radiation from 
LEP 

Like any other electrically charged 
particles, quarks should give out 
electromagnetic radiation (photons) 
when they vibrate. One of the phys
ics results from CERN's LEP collider 
is the first clear observation of this 
quark radiation from electron-positron 
collisions. At lower energies this ra
diation could only be inferred. 

This new evidence was a natural 
focus at the recent workshop on Pho
ton Radiation from Quarks, held at 
LAPP, Annecy, attracting almost 100 
theorists and experimentalists, in
cluding representatives from all four 
LEP experiments. 

The meeting set out to summarize 
the status of experimental data and 
theoretical understanding, and to 
consider the prospects for improving 
both in the fairly near future. 

Although single photon radiation 
from quarks has been studied in pro
ton collisions for more than ten years, 
the clean conditions in LEP electron-
positron collisions provide a new bo
nus. 

The 1989-90 data from all four LEP 
experiments have been analysed and 
the results, although differing in fine 

Radiation from quarks seen at CERN's LEP 
electron-positron collider by the Aleph experi
ment. The spike, upper left, is about 45 GeV 
deposited in the electromagnetic calorimeter 
by a single photon. The charged tracks and 
hadronic energy lower right are what emerges 
from the quark-antiquark pair resulting from a 
Z decay. 

detail, are in excellent agreement. 
Including data collected last year 
each LEP experiment has now re
corded about a thousand examples 
of single photon radiation. 

Although still comparatively rare, 
this process is a sensitive probe of 
what happens after a Z particle de
cays into a quark-antiquark pair, test
ing current quark field theory (quan
tum chromodynamics - QCD) models 
of this process and subsequently 
measuring quark couplings to the Z. 

All experiments observe more 
events than predicted when the 
standard JETSET simulation of what 
happens when quarks materialize 
into hadrons is tuned to unbiased 
hadronic Z decays. 

The related ARIADNE simulation, 
which uses the same (Lund) 
hadronization scheme but a different 
formalism to describe the quark/ 
gluon cascade which precedes the 
final hadronization, gives around 
30-40% more photons, in better 
agreement with the data. 

The sensitivity of this electromag

netic process to QCD details, surpris
ing at first sight, can be explained by 
the competition between gluon and 
photon radiation. Isolated photons 
thus provide a unique window on to 
the quark-gluon cascade before the 
hadronization stage. 

This was discussed by proponents 
of the three principal simulation mod
els (ARIADNE, JETSET and 
HERWIG). Explicit calculation of pho
ton radiation from quarks provides a 
basis for QCD tests reported by the 
Opal collaboration in which the effec
tive QCD coupling strength has been 
determined and the algebraic (non-
Abelian) structure of the theory 
tested. 

Based on this knowledge, both Opal 
and Delphi reported separate meas
urements of the electroweak cou
plings of up- and down-type quarks 
to the Z. The details of hadronization 
are also probed in the studies of neu
tral hadrons to assess the back
ground to the photon signal: both L3 
and Aleph show that current 
simulations considerably underesti-
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CAREER OPPORTUNITIES IN ACCELERATOR PHYSICS AND ENGINEERING 

Physic is t 
Particle Physics Detector 

CEBAF is a DOE sponsored laboratory operated by the Southeastern Universities Research Association (SURA) to 
study strongly interacting matter with electromagnetic probes. 

The Detector Group has an immediate opening for a qualified physicist Primary duties involve testing of the radiation 
detector modules for the planned experiments at CEBAF. This includes performance evaluations of the detector proto
types and implementation of necessary improvements to secure high quality operations of the final detector system. The 
position also includes development work on detector techniques to enable improvements and additions to the detector 
system. 

The qualified candidate must have a Doctorate in Physics (or the equivalent) and at least 5 years of experience in 
elementary particle detector development and operation. Knowledge of wire chambers and scintillating detectors must 
be demonstrated. The candidate should also have experience with detector readout and minicomputer-based data 
acquisition systems to collect and analyze detector information. 

Salary will be commensurate with experience. CEBAF offers an excellent compensation and benefits package 
Applicants should submit a resume specifying position #PR2149 and job tide to: 
Employment Manager , CEBAF, 12000 Jefferson Avenue, Newport News, Virginia, U.SA., 23606 

A n Equal Opportunity, Af f i rmat ive Act ion Employer 

The Physics Department of the Johannes 
Gutenberg-University of Mainz wants to fill the 
tenured faculty position of a 

PROFESSOR 
(Besoldungsgruppe C4) 

at its 

Institute for Nuclear Physics 
The activities of the Institute for Nuclear Physics are 
centered around the Mainz Microtron MAMI, a 100 % duty 
cycle electron accelerator with an energy of 855 MeV and 
are thus offering varied possibilities of investigating new 
methods to produce, detect and apply primary and 
secondary beams or radiation. The successful candidate 
should have research experience in at least one of the 
above-mentioned fields. It is expected that he/she will 
actively participate in the development of experimental 
facilities at the Institute. The person to be appointed should 
be willing to take on teaching and administrative duties to 
the usual extent. 
The Department of Physics strongly encourages women to 
apply. 
Applications should be sent with a curriculum vitae including 
research, teaching, and administrative experiences and a 
list of publications to arrive not later than Apri l 21,1992 at 
the 
Dekan des FB Physik der 
Johannes Gutenberg-Universitat Mainz 
Postfach 3980 
D - 6500 Mainz, Germany. 

A m Inst i tut fiir Phys ik der Universi tat 
Basel ist eine 

PROFESSUR FUER THEORETISCHE 
PHYSIK 

(Ordinariat , Full Professor) 

wiederzubesetzen. Bevorzugtes Forschungsgebiet 
Uberlappungsbereich Kern/Teilchenphysik und 
Astrophysik. 
Von der Kandidatin oder dem Kandidaten wird 
erwartet: 
Wechselwirkung mit den Arbeitsgruppen in Kern/ 
Teilchenphysik und Astrophysik/Astronomie, 
Beteiligung an der Lehre in Theoretischer Physik, 
deutsche Sprachkenntnisse und Bereitschaft zur 
Mitwirkung an administrativen Ausgaben. 
Die ublichen Bewerbungsunterlagen (Lebenslauf, 
Liste der wichtigsten Publikationen, Referenzen) 
sollten das 
Dekanat der Phi losophisch-
Naturwissenschaftl ichen Fakultat 
Klingelbergstr. 23 
CH - 4056 BASEL 

bis 30. April 1992 erreichen. 
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People and things 

mate the yield of isolated neutral 
hadrons. 

However isolated photons could 
also come from some new mecha
nism. Together, the data from all LEP 
experiments shows no evidence for 
new processes, but experimentalists 
were encouraged to continue their 
search. It was emphasized that for 
Higgs particles heavier than 60 GeV, 
the decay of a Z into a Higgs and a 
photon is expected to be the domi
nant production channel for the Higgs 
at current LEP energies, and addi
tional mechanisms (compositeness, 
supersymmetry or technicolour) may 
show up eventually. 

Extolling the virtues of 'photons as 
QCD snipers' in his conclusion, 
Ronald Kleiss summarized how the 
workshop had served its purpose in 
demonstrating the interest and poten
tial value of this comparatively rare 
process and looked forward to further 
experimental and theoretical 
progress. 

From Susan Cartwright 

On 25 January in Carpaneto Piacentino, the 
local school was dedicated to the memory of 
distinguished physicist and CERN founding 
father Edoardo Amaldi, born in the village in 
1908, and who died on 5 December 1989. 
Here at the unveiling of a bronze bust are 
members of the Amaldi family: left to right; 
Francesco, Mercedes, Ugo, local sculptor 
Rinello Brusi, Daniela Amaldi and town mayor 
Guido Bardi. 

(Photo Bellardo) 

On people 

Among those receiving US National 
Medals of Science from President 
George Bush last year were Glenn T. 
Seaborg, associate director of the 
Lawrence Berkeley Laboratory, and 
Steven Weinberg of the University of 
Texas, Austin. The medals are the 
nation's highest award for scientific 
achievement. 

Distinguished Italian theorist Gian 
Carlo Wick is one of this year's re
cipients, along with actress Caterina 
Boratto and publisher Guilio Einandi, 
of the Silver Plate Award of 7/ Circolo 
delta Stampa di Torino', Awarded an
nually since 1980, these prizes rec
ognize achievement by regiohal 
Piemont personalities. The only other 
physicist to have been so honoured 
was Tullio Regge in 1982. 

A special colloquium at DESY, Ham
burg, on 16 January marked the 80th 
birthday of Willibald Jentschke, who 
was the first Director of DESY and 
served as CERN's Director General 
from 1971-75. Speakers included 
W.K.H. Panofsky of Stanford on Willi 
Jentschke and the Evolution of Elec
tron Machines0. 

In memory of Edoardo Amaldi 

On 25 January Italian physicists 
gathered in Piacenza, accepting an 
invitation from the local authorities to 
honour the memory of distinguished 
physicist and CERN founding father 
Edoardo Amaldi, who died on 5 De
cember 1989. 

The event ended in Carpaneto, the 
village where Edoardo Amaldi was 
bom in 1908, with the dedication of 
the local school and the unveiling of 
a bronze bust. A report from our Ital
ian correspondent Alessandro 
Pascolini will feature next month. 
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Nikolai Nikolaevich Bogolubov 1910-1992 

Laboratory 
correspondents 
Argonne National Laboratory, (USA) 

M. Derrick 

Brookhaven, National Laboratory, (USA) 
P. Yamin 

CEBAF Laboratory, (USA) 
S. Cornel iussen 

CERN, Geneva, (Switzerland) 
G. Fraser 

Cornell University, (USA) 
D. G. Cassel 

DESY Laboratory, (Germany) 
P. Waloschek 

Fermi National Accelerator Laboratory, 
(USA) 

M. Bodnarczuk 

GSI Darmstadt, (Germany) 
G. Siegert 

INFN, (Italy) 
A. Pascolini 

IHEP, Beijing, (China) 
Qi Nading 

JINR Dubna, (USSR) 
B. Starchenko 

KEK National Laboratory, (Japan) 
S. Iwata 

Lawrence Berkeley Laboratory, (USA) 
B. Feinberg 

Los Alamos National Laboratory, (USA) 
O. B. van Dyck 

NIKHEF Laboratory, (Netherlands) 
F. Erne 

Novosibirsk, Institute, (USSR) 
V. Balakin 

Orsay Laboratory, (France) 
Anne-Marie Lutz 

PSI Laboratory, (Switzerland) 
J . F. Crawford 

Rutherford Appleton Laboratory, (UK) 
Jacky Hutch inson 

Saclay Laboratory, (France) 
Elisabeth Locci 

IHEP, Serpukhov, (USSR) 
Yu. Ryabov 

Stanford Linear Accelerator Center, (USA) 
M. Riordan 

Superconducting Super Collider, (USA) 
N. V. Baggett 

TRIUMF Laboratory, (Canada) 
M. K. Craddock 

Nikolai Nikolaevitch Bogolubov 
1910-1992 

On 13 February, the eminent Rus
sian theorist and mathematician 
Nikolai Nikolaevitch Bogolubov, Di
rector Emeritus of the Joint Institute 
for Nuclear Research, Dubna, died 
aged 82. 

A whole era of contemporary math
ematics, mechanics and physics is 
connected with his professional life, 
which began when he wrote his first 
scientific paper at the age of 14. 

He made pioneer contributions to 
the new field of non-linear mechan
ics, leading to applications for nu
clear reactors, plasma stability, etc. 
After World War II he turned to theo
retical physics, where his work on 
statistical physics, quantum field 
theory, superfluidity and supercon
ductivity became classical. He also 
made fundamental contributions to 
the quark picture of elementary parti
cles. 

For over 25 years he headed the 
Joint Institute for Nuclear Research 
in Dubna, and led scientific seminars 
at other Institutes. 

Meetings 

The thAccird ECFA workshop on 
electron-positron linear colliders will 
be held from 25 July-2 August in 
Garmisch Partenkirchen, Germany, 
organized with the help of MPI Mu
nich, DESY and CERN, and under 
the auspices of ICFA. Further infor
mation from Mrs. Z Kircanski, Max-
Planck-lnstitut fuer Kernphysik, 
Werner Heisenberg Institut, 
Foeringer Ring 6, W-8000 Munich 
40, Germany, e-mail zak at 
dmOmpH 1 

CAMAC 92, the 15th International 
Symposium on Nuclear Electronics 
and Interfaces and related matters, 
will be held in Warsaw from 29 Sep
tember to 2 October. Further informa
tion from Roman Trechcinski, Instytut 
Problemow Jadrowych im A. Soltana, 
05-400 Otwock, Swierk, Poland. Fax 
(+48 22) 79 34 81. 

1991 Physics Nobel prizewinner Pierre-Gilles 
de Gennes gave a lecture at CERN on 4 Feb
ruary on 'Soft matter'. 

(Photo CERN 13.2.92) 
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The Center for Particle Astrophysics 
of the University of California, 
Berkeley, will be hosting this year's 
Joint Texas Symposium on Relativis
ts Astrophysics and Symposium on 
Particles, Strings and Cosmology. 
(Texas/PASCOS) symposium from 
13-18 December. Contacts: Bernard 
Sadoulet and Joe Silk, Center for 
Particle Astrophysics University of 
California, Berkeley, e-mail sadoulet 
at lbl.gov or silk at bkyast.hepnet 

The 2nd International Conference on 
Physics and Astrophysics will be 
held from 19-23 January 1993 at the 
Variable Energy Cyclotron Centre, 
Calcutta, India. Further information 
from Santanu Pal, Variable Energy 
Cyclotron Centre, Sector 1, Block 
AF, Bidhan Nagar, Calcutta 700 064, 
India, fax (+91 33) 346871, interna
tional e-mail icpaqgp % veccal at 
shakti.ernet.in national e-mail 
icpaqgp % veccal at ncst.ernet.in 
The first meeting in this series was 
held in Bombay in 1988. 

Nuclear Physics moves 

The editorial office of the journals 
Nuclear Physics A and B has moved 
from Copenhagen to Amsterdam. 
Founded by Leon Rosenfeld in Man
chester in 1957, Nuclear Physics fol
lowed its founder Editor in 1958 to 
Nordita, Copenhagen, where for 30 
years the Journal profited from close 
collaboration with Nordita and the 
Niels Bohr Institute. In 1967 the jour
nal split into two volumes, A for nu
clear physics proper, and B for quan
tum field theory and particle physics. 

The Journals now move to Amster
dam, close to NIKHEF. The Nuclear 
Physics Editorial Office is at Matrix 
Building, Science Centre WCW, 
Kruislaan 419, 1098 VA Amsterdam, 

On 4 February (top), a high-level Chinese del
egation visited CERN. It was led by Vice-Min
ister of State Planning Gan Ziyu, seen here 
signing the VIP visitors' book, while CERN's 
Particle Physics Experiments Division Leader 
Jim Allaby, who is also CERN's regional co
ordinator for Far Eastern relations, looks on. 
The visit included the L3 experiment at LEP. 

(Photo CERN 14.2 92) 

Also on 4 February (below), CERN received a 
delegation from the Republic of Belarus 
(Bylorussia), led by Stanislav Shushkevich, 
Chairman of the country's governing body. 
Signing the VIP visitors' book, he is accompa
nied by Lucien Montanet, CERN's regional co
ordinator for the Commonwealth of Independ
ent States. The visit included the Delphi 
experiment at LEP. 

(Photo CERN 11.2.92) 
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Messages left by participants at the Seminar 
on Electromagnetic Interactions in Nuclei, or
ganized by the Moscow Institute for Nuclear 
Research last December. As well as looking at 
electromagnetic interactions as a means for 
studying the nucleon and nuclear structure, the 

meeting also covered some new proposals for 
existing machines, such as the 2.5 GeV Sibe-
ria-2 synchrotron light source at Moscow's 
Kurchatov Institute, and currently under con
struction, notably the CEBAF electron machine 
at Newport News, Virginia. 

Netherlands. Phone +31-20-
5618161, fax^+31-20-6654969, e-
mail npa at nikhef.nl or npb at 
nikhef.nl for Nuclear Physics A and B 
respectively. 

Accelerator menu 

Alert readers spotted the SSC 
Supercolliding 'Suppercollider' glitch 
on page Hi of the April issue. The 
sheer size of this 87-kilometre ring 
makes it inevitable that the symmetry 
of its title will be spontaneously bro
ken from time to time. 

In the days before the SSC name 
was coined, the project was known 
for years as the 'Desertron'. In those 
pre-spellcheck days, US writer Gary 
Taubes was invited by 'Physics To
day' to write about a spelling mistake. 
His Vessertron' turned out to be a 
machine for making high energy ice 
cream. 

The Suppercolider is much more 
modest. With superconducting micro
wave ovens lining the 87-kilometre 
underground tunnel, raw higgs will be 
smashed into each other at tempera
tures approaching those of the Big 
Bang, recreating quark-gluon ome
lette and new open top delicacies, 
accompanied by a variety of rare 
(also medium and well-done) flavours 
according to Col. Einstein's famous 
recipe: energy equals mass times the 
speed of the chicken crossing the 
road squared. 
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ACCELERATOR 
SYSTEMS 

DIVISION HEAD 
The Bates Linear Accelerator Center, located in 
Middleton, Massachusetts, managed and operat
ed by the MIT Laboratory for Nuclear Science 
for the United States Department of Energy, 
seeks a highly qualified individual for the posi
tion of Accelerator Systems Division Head 
reporting to the Associate Director for 
Operations. The accelerator-recirculator systems 
deliver high quality intense polarized and unpo-
larized pulsed electron beams with energies up to 
1 GeV. Increased emphasis on coincidence 
experiments and upon the exploitation of spin 
observables has led to the construction of the 
South Hall Ring (SHR). The SHR will produce 
both a very high duty factor extracted beam and a 
dedicated internal target capability for electronu-
clear physics. Construction of the stretcher/stor
age ring is expected to be completed this year 
with commissioning in 1993. 

. The Accelerator Division is responsible for oper
ation of the electron linac, the recirculator, and 
the SHR upon its completion. Reporting to the 
Division Head is a staff of approximately twenty 
physicists, engineers and technicians in four 
groups: accelerator physics, RF, operations, and 
polarized injector. He or she will be responsible 
for the following tasks: beam delivery, all opera
tions and procedures, machine start-ups, electron 
beam developments, user interaction, budget 
development, and scheduling of running and 
maintenance periods. Other activities will 
include the planning for a major upgrade of the 
existing accelerator systems, in particular, the 
polarized source, the recirculator, RF transmit
ters, and the control system. 

The successful candidate must be an accom
plished accelerator physicist or engineer. A 
Ph.D. in Physics or EE, or equivalent experience 
required. Experience in the design, commission
ing, troubleshooting, and operation of complex 
high technology accelerator systems, preferably 
including electron linacs and storage rings, 
essential. Proven skills in technical leadership 
and resource management areas are a crucial 
requirement for this position. 

Applicants should send a complete curriculum 
vitae, a list of publications, and the names of 
three references to: Professor Stanley Kowalski, 
Director, MIT-Bates Linear Accelerator 
Center, Post Office Box 846, Middleton, 
Massachusetts 01949. 

MIT is an Affirmative Action/Equal Opportunity Employer 
and 

encourages applications from women and minorities. 
MIT is a nonsmoking environment. 

Massachusetts 
Institute of Technology 

• 

• 

Vacuum-
Welded Bellows 

J design circular, oval and rectangular 
# inside diameter from 5 mm to 250 mm, larger 

" sizes on request 
# endpieces for all standard flange connection 

* or in ace. with customer's specification 

# materials AM 350, 304 L, 316 L and alloys as 
* Inconel, Monel and Titanium or in ace. with 

customer's specification. 

COMVAT your partner from the beginning 
in solving bellow design problems 
please ask for our design manual 92. 

a member of VAT-Holding AG 

COMVAT AG 
CH-8887 Mels 

Tel 085 2 66 88, Fax 085 2 75 88 

50a Circle advertisement number on reader service form 
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ZURICH 

The Swiss Federal Institute of Technology 
in Zurich (ETHZ) invites applications for an 

Assistant Professor in Experimental 
Particle Physics 

(High Energy Physics) 
We are looking for a person to lead their own research 
group and participate in one of the collider experiments at 
DESY or CERN in collaboration with a team from the 
Institute for Particle Physics. 
Responsibilities include the teaching of basic courses in 
physics for physicists and non-physicists and of advanced 
courses in particle physics. 
The post of an assistant professor has been established to 
further the career of younger scientists. It is available for 
three years in the first instance, and renewable for another 
three years and offers a scientist with outstanding 
accomplishments the opportunity to be promoted to the 
rank of an associate professor (tenure track). 
Applications with a detailed curriculum vitae and a list of 
publications should be sent no later than M a y 15,1992, to 
the President of ETH Zurich 
Prof. Dr. J . Nuesch 
ETH Zentrum 
CH - 8092 Zur ich . 
The ETHZ specifically encourages female candidates to 
apply with a view towards increasing the proportion of 
female professors. 

Joint opening for a 

F U L L P R O F E S S O R ( C 4 9 ) 
at the Johann-Gutenberg-Universitat , Mainz 

and a 

L E A D I N G S E N I O R S C I E N T I S T 
of the Gesellschaft fur Schwerionenforschung, 

Darmstadt 
The university of Mainz and the GSI in Darmstadt invite applications 
for a joint position in the field of experimental heavy-ion physics. 
The candidate must lead existing GSI groups working on heavy-
ion and nuclear physics using various research facilities (TAPS, 
LAND, KAOS, etc.) at the accelerator complex UNILAC/SIS/ESR. 
He is expected to advance the scientific program at GSI and to 
integrate it on an international base with the research of scientists 
from other universities and institutions. 
The successful candidate will be appointed as full professor at the 
university of Mainz where he is expected to participate in the 
teaching program of the physics department. 
GSI is a leading German scientific laboratory involved in basic and 
applied research in physical, biomedical and material sciences. 
The laboratory is operated by the Federal Republic of Germany 
and the State of Hessen. 
GSI and Mainz have a strong commitment to the principle of 
diversity in all areas. In that spirit, we are interested in receiving 
applications from women and disabled individuals. 
Appl icat ions, including the usual comprehensive personal 
documents, should be submitted not later than Apr i l 21,1992 to 
the 
Scienti f ic Director of 
Gesel lschaft fur Schwer ionenforschung m.b.H. 
Planckstr. 1 - Postfach 11 05 52 
D - 6 1 0 0 DARMSTADT 11 
(Tel. Germany-6151 359 648) 

BROOKHAVEN NATIONAL 
LABORATORY 
NATIONAL SYNCHROTRON 
LIGHT SOURCE 
The National Synchrotron Light Source Department 
(NSLS) has a position open for a scientist with an 
advanced degree and a background in experimen
tal particle accelerator physics. Principal activities 
will be directed to the operation and enhancement 
of existing NSLS storage rings, and will include the 
study of beam intensity limiting effects, orbit stabi
lization and the development of the related hard
ware. Additional activity will involve the design, 
construction and commissioning of a compact, 
superconducting storage ring dedicated to X-ray 
lithography. 

Candidates should submit a curriculum vitae and 
the names of three references to: Dr. S. Krinsky, 
National Synchrotron Light Source Department, 
Building 725B, Brookhaven National Laboratory, 
Associated Universities, Inc., Upton, L.I., NY 11973. 
Equal opportunity employer M/F/H/V. 

I l l l l B R O O K H A V E N 
N A T I O N A L L A B O R A T O R Y 

I I M I A S S O C I A T E D U N I V E R S I T I E S , I N C . 

E x p e r i m e n t a l P h y s i c i s t 
P h y s i c s R e s e a r c h S t a f f P o s i t i o n 

T h e C o n t i n u o u s E l e c t r o n B e a m Acce le ra to r Fac i l i t y (CEBAF) is 
a 4 G e V h i g h i n t e n s i t y (200 m i c r o a m p ) h i g h d u t y e l e c t r o n acce l 
e ra tor l o c a t e d i n N e w p o r t N e w s , V A , t ha t w i l l b e g i n o p e r a t i o n s 
f o r phys i cs research i n 1994. 

W e i n v i t e a p p l i c a t i o n s f o r a p o s i t i o n o n t h e Physics D i v i s i o n 
resea rch staf f i n t h e field o f e x p e r i m e n t a l pa r t i c le a n d nuc l ea r 
phys i cs . S o m e o f t h e e x p e r i m e n t s c u r r e n t l y a p p r o v e d i n c l u d e 
p r o d u c t i o n o f b a r y o n resonances , m u l t i - h a d r o n p r o d u c t i o n , 
p o l a r i z e d n u c l e o n s t ruc tu re f u n c t i o n measu remen ts , a n d s tud ies 
w i t h rea l p h o t o n s . T h e in i t i a l e x p e r i m e n t a l e q u i p m e n t f o r 
E x p e r i m e n t a l E n d Sta t ion B i n c l u d e s t h e CEBAF Large A c c e p t 
ance Spec t rome te r ( C I A S ) , f o r t h e o p e r a t i o n w i t h e lec t ron a n d 
p h o t o n b e a m s , a n d a t a g g e d p h o t o n fac i l i t y . 

T h e q u a l i f i e d cand ida te m u s t h a v e a P h . D . i n E x p e r i m e n t a l 
N u c l e a r o r Par t ic le Physics ( o r t h e e q u i v a l e n t ) a n d at least f i v e 
years o f e x p e r i e n c e w i t h t h e d e s i g n o f s tate-of - the-ar t e x p e r i 
m e n t a l e q u i p m e n t a n d i n t h e set u p a n d o p e r a t i o n o f c o m p l e x 
e x p e r i m e n t s . 

Salary w i l l b e c o m m e n s u r a t e w i t h e x p e r i e n c e . CEBAF of fers a 
v e r y c o m p e t i t i v e t o t a l c o m p e n s a t i o n p a c k a g e . A p p l i c a n t s s h o u l d 
s e n d r e s u m e , s p e c i f y i n g p o s i t i o n *PR2128 a n d j o b t i t l e , w i t h 
sa lary h i s t o r y t o : E m p l o y m e n t Manage r , CEBAF, 12000 Je f fe rson 
A v e n u e , N e w p o r t N e w s , V A 23606. 

An Equal Opportunity, Affirmative Action Employer 
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G R E E N 

C A L O R I M E T E R S ? 

^^^^^^BB^^ i f f 

XP2081 
squeezes more resolution out of 
your next WLS/SCIFI calorimeter 

A complete range of green-extended PMTs 

PMT useful number luminous stabi l i ty pulse t w 

cathode 
dia. 

of 
stages 

sensi t iv i ty 16h/0.3|jLA 1-0.1 j j lA l ineari ty FWHM 

(mm) (|xA/lm) (%) (%) (mA) (ns) 

XP1981 15 8 110 1.5 1.5 80 3 
XP1901 15 10 110 1.5 1.5 80 3.5 
XP2961 23 8 110 2 2 80 2.8 
XP2971 23 10 110 2 2 80 3 
XP2081 34 10 135 1 1 150 7 
XP2201 44 10 120 1 1 150 8 
XP3461 68 8 140 1 1 200 4 

Stability 

Linearity 

Y7ity 

Consistency 

Economy 

Philips Photonics 
F-19108 Brive, France 
Tel. +33 55 863757 
Fax. +33 55 863773 Still setting the standard 

P h i l i p s P h o t o n i c s 

P H I L I P S 



First series-produced quadrupoles 
successfully put into operation 

1 Cryostat being manufactured mJSt 

SUPERCONDUCTING MAGNETS • REMOTE HANDLING SYSTEMS . CRYOSTATS 

In autumn 1991, the HERA 
storage ring was put into operation 
for the first time at Desy in Hamburg. 
All the magnets performed according 
to the rated values specified. This is 
mainly due to our perfect quality 
assurance system, used in the manu
facture of the 120 quadrupoles. 

NOELL is currently developing 
4 superconducting dipole magnets as 
prototypes for the planned LHC stor
age ring facility at CERN in Switzer
land. 

We also use our considerable 
manufacturing know-how to build 
components for the construction and 
operation of magnet storage facilities 
and remote handling systems for use 
in fusion technology such as at the 
Tokamak reactor in Princeton, U.S.A. 
or JET in Culham. U.K. 

Please contact us if you require 
any information about components 
for magnet and fusion technology. 

NOELL GMBH 
Dept. V29 
P. O. Box 62 60 
W-8700 Wurzburg 1 
Germany 
Phone 09 3 1 / 9 03-13 18 
Telex 68 822 
Fax 09 3 1 / 9 03-10 16 

IMILIL 
60 Circle advertisement number on reader service form 

a member 
of Preussag 


