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FASTBUS TRIUMPHS 
IN DATA ACQUISITION! 

Low Cost, High Density 
Systems for the 90s! 
LeCroy designs in FASTBUS, 
a complete data acquisition system 
with the card size, backplane and power 
supplies it takes to succeed. In addition, 
you can move a FASTBUS instrument 

from test beam to experimental hall, 
from experiment to experiment, 
from laboratory to laboratory, and 
from continent to continent 

with the confidence that it will work! 

Physicists designed FASTBUS. 
There are hundreds of types of instruments 
available in this IEEE standard with thou­
sands of modules in use by many of the 
most successful High Energy Physics and 
Heavy Ion experiments all over the world. 
Your experiment can also benefit by 
using this standardized instrumentation. 

LeCroy FASTBUS instruments are 
inexpensive per channel and high in density. 
The cost of the system overhead can be spread 
over many channels, over 2000 ADCs and TDCs 
per crate segment. Data is captured accurately with 
10- to 15-bit precision and range. Performance is un- A 
beatable with recent instruments featuring fast conversion 
and self-sparsifying modes. Local buffering, high backplane 
bandwidth and data compacting Masters mean low dead 
times. Fast point-to-point links transfer data to other FASTBUS 
systems, DEC™, SUN™ and IBM™ computers 

- even directly to VME based processing farms. 

LeCroy s Expanding Family 
of FASTBUS Instrumentation 

1810 Calibration and Trigger Module 
1821 Segment Manager/Interface (SM/I) 
1871 64-Ch Rapid Encoding TDC 
1872/75 64-Ch 12/15-Bit Time-of-Flight TDC 
1879 96-Ch Multi-hit TDC 
1882F/85F 96-Ch 12/15-Bit Charge ADC 
1892 Event Buffer Memory 

1131 
1691A 
1821/DEC 
1821/ECL 
1821/MON 
1821 A/AX 
2891A 

LeCroys FASTBUS 
Support instrumentation 

VME to FASTBUS Interface 
IBM to FASTBUS SM/I with LIFT Software 
FASTBUS SM/I to DEC DR11-W Interface 
FASTBUS SM/I to ECLbus Interface 
FASTBUS SM/I Sequencer Monitor 
VAXA/MS FASTBUS SM/I Drivers 
CAMAC to FASTBUS Interface 

Call 1-800-5-LECROY for your FASTBUS Product Summary and a complete Research Instrumentation Catalog today! 
™ SUN is a trademark of SUN Microsystems. DEC, VAX and VMS are all trademarks of Digital Equipment Corporation. IBM is a trademark of International Business Machines Corporation. 

700 Chestnut Ridge Rd, Chestnut Ridge, NY 10977-6499 USA Tel: (914) 578-6013 
2, chemin Pre-de-la-Fontaîne, 1217 Meyrin 1-Geneva, Switzerland Tel: (022) 719 21 11 LeCroy 
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WHO'S AT THE SOURCE OF ENERGY FOR 
PARTICLE ACCELERATION AND FUSION? 
Thomson Tubes Electroniques! 

We're a world class supplier of very high energy 
sources for particle accelerators and plasma heating. 
Our innovative technologies and worldwide capability 
make us the right partner to meet your special needs in 
these areas. 

We have the experience and expertise to design 
and manufacture solutions that perfectly meet your 
specifications: from tubes to amplifying chains and 
complete turnkey transmitters, as well as windows and 
other RF components. Of course, every solution 

benefits from advanced Thomson technologies guaran­
teeing high performance, reliability and long life. 

That's why Thomson Tubes Electroniques has been 
chosen for some of the world's most recent and 
demanding projects: LEP, JET, TORE SUPRA, ESRF, 
ALS, LNLS... and others. 

O THOMSON TUBES 
ELECTRONIQUES 
For additional information, mention code SC 

g France: BOULOGNE-BILLANCOURT Brasil: SAO-PAULO Deutschiand: MUNCHEN Esparia: MADRID Hong-Kong: WANCHAI Inde: NEW DEHLI 
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£ Fax: (33-1) 46 04 52 09 Fax: (55-11) 61 50 18 Fax: (49-89) 78 79-145 Fax: (34-1) 519 44 77 Fax: ( 852 ) 865 31 25 Fax: (91-11) 6447883 
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Model Voltage Current Ripple* 
205B/225-01R o to ± ikv 0 to 30mA 10mV 

205B/225-03R 0 to ± 3kV 0 to 10mA 30mV 

205B/225-05R 0 to ± 5kV 0 to 5mA 50mV 

205B/225-10R 0 to ± 10kV 0 to 2.5mA 100mV 

205B/225-20R 0 to ± 20kV 0 to 1 mA 500mV 

205B/225-30R 0 to ± 30kV 0 to 0.5mA 1.5V 

205B/225-50R 0 to ± 50kV 0 to 0.3mA 2V 

* Measured P-P 
Call or write today 
on all Bertan High 

for complete information 
Voltage Power Supplies. 

What you see is what you get with Bertan High Voltage 
Power Supplies: digital LED readout, selectable for reading 
output voltage or current. 
The Model 205B output is controlled via a front panel 
precision potentiometer and has remote analog programming 
and monitoring. 
The Model 225 incorporates a microprocessor for front 
panel control and monitoring plus an IEEE-488 interface for 
remote operation. 

E3BERTAN High Voltage 
121 New South Road • Hicksville, NY 11801 

5 1 6 - 4 3 3 - 3 1 1 0 • T W X 510-221-2144 • FAX 516-935-1766 

H igh V o l t a g e T e s t 
Ins t ruments 
• Precision Divider 

Networks 
• Electronic Loads 

Ser ies P M T 
C o m p a c t M o d u l e s 
• Regulated DC-DC 

Converters 
• Remote Program­

ming/Monitoring 

Mode ls 2 0 6 B / 2 2 6 
Dedicated ATE and 
System Applications 
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VME-Crates and 
Modular 1250 W-VME-Power Supply 
featuring +5V, -5,2V, -2V and ±12V outputs. 
Microprocessor controlled fantray and 
monitoring with IEC- and CAENET-interface. 
VDE and I EC approvals. 
VXI-Crates and other outputs on request. 

FASTBUS-Crates and 
Modular FASTBUS - Power Supply 
approved to CERN F 6852. 
8 modules 3 kW 
Available modules +5V, 

-5,2V, 
-2V, 

±15V,25A & 
Optional 8 modules 4 kW ! 
Linear regulated up to 1,5 kW 

100A 
100A 
100A 
35A 

CAMAC - & NIM - Crates 

up to 1250W 

Microprocessor controlled fantray and 
monitoring with IEC- and CAENET-interface 
on request. 

CERN-Spec. 

High Reliability 

High Quality by: 

-A/yJ 
V/ ein Unte 

wieNeR 
Hans Wiener GmbH + Co 
Mullersbaum 1 8 - 2 0 
5093 Burscheid - Hilgen 
West - Germany 

S T R O M V E R S O R G U N G E N 

ein Unternehmen der WIKA 

mmmmmmmmmmm^^ Telefon 
Telex 

•Firmengruppe Telefax 

0 21 7 4 / 6 7 8 - 0 
851 55 23 wiei d 

0 21 74 / 67 85 55 



Leon Van Hove 1924-1990 

Leon Van Hove, eminent Belgian 
theoretical physicist and Research 
Director General of CERN f rom 
1976-80, died on 2 September, 
only eighteen months after a spe­
cial symposium at CERN marked 
his 65th birthday and his formal re­
tirement f rom the Organization to 
which he had contributed so much. 

After training in mathematics he 
made fundamental contributions to 
field theory, statistical mechanics 
and phase transitions, crystal struc­
ture, and neutron scattering as a 
tool to study condensed matter. 
For this work he was awarded the 
US Dannie Heinemann Prize in 
1962. He had been working in 
Utrecht when Viktor Weisskopf in­
vited him in 1961 to lead CERN's 
Theory Division, succeeding M. 
Fierz, who was moving to Zurich to 
take the chair vacant after Pauli's 
death in 1958. 

Van Hove played a major role in 
establishing the reputation of 
CERN's Theory Division as a wor ld 
forum for particle physics ideas. 
Wi th these theorists working 
alongside high energy experiment­
ers, he stressed the importance of 

phenomenology in the quest for 
new understanding. Wi th his back­
ground in statistical physics. Van 
Hove saw the mass of off-reson­
ance particle production data f rom 
bubble chambers, previously dis­
carded, as being ripe for exploita­
t ion. 

In 1 9 7 1 , Van Hove moved to 
Munich after Werner Heisenberg 
retired as Chairman at the Max 
Planck Institute for Physics and 
Astrophysics. 

In the early 1970s two CERN 
Laboratories existed side by side -
the original Meyrin (Switzerland) 
site and the new Prevessin (France) 
campus of the 400 GeV SPS pro­
ton synchrotron. In 1976 these 
sites were formally amalgamated, 
wi th John Adams as Executive Di­
rector General and Van Hove as 
Research Director General. 

Under his guidance, the research 
programme at the SPS flourished, 
while monumental decisions were 
taken to go for the proton-antipro-
ton collider, wi th t w o big experi­
ments. Van Hove took a special in­
terest in this project, which went 
on to bring unprecedented honours 
to CERN and propel the European 
Laboratory to the forefront of the 
wor ld research stage. His Research 
Director General mandate also saw 
the proposal for the LEP electron-
positron collider and initial ideas for 
its experimental programme. His 
coordination helped the project re­
ceive its rapid consensus approval 
f rom the physics community. 

Subsequently his vision and ex­
perience were widely sought in 
other European research commit­
tees, but wi th more time available 
for physics he returned to full-time 
research wi th new vigour, making 
important contributions to current 
thinking on the behaviour of quarks 
and gluons under extreme condi­
tions and the interpretation of re­

sults f rom experiments using high 
energy ion beams. He also contri­
buted significantly to the analysis 
of multiple particle production, 
where he had been invited to re­
port at the recent Singapore meet­
ing, but had to be replaced by his 
collaborator A. Giovannini. 

W i th the convergence of ideas 
f rom particle physics, cosmology 
and astrophysics, he helped estab­
lish the joint CERN/European Sou­
thern Observatory (ESO) Symposia 
on Ast ronomy, Cosmology and 
Fundamental Physics as a regular 
platform. His own powers of syn­
thesis were the source of valuable 
guidance in this area. 

A t ease in French, Flemish, Ger­
man and English, and wi th a univer­
sity career.spanning several coun­
tries. Van Hove was a.cultured Eu­
ropean. His penetrating insight was 
frequently evident in major confer­
ences, where his objective com­
ments and conclusions would fre­
quently reorient muddled thinking 
and provide a real focus for atten­
t ion. 

Earlier this year, he was invited 
to give the Nishina Memorial Lec­
ture in Tokyo, where in one of his 
final public appearances he spoke 
on 'Particle Physics and Cosmology 
- New Aspects of an Old Relation­
ship'. Put in a more general con­
text, his concluding remarks mir­
rored his own disciplined attitude 
to science - 'a redeeming feature 
in the midst of so much speculation 
is the slow but tenacious high qual­
ity work being done by observa­
tional and experimental phy­
sicists, while phenomenological 
theorists carefully evaluate results 
and confront the various interpreta­
t ions, the only way to advance in 
the difficult quest for new 
knowledge of lasting significance'. 

Other tributes will appear in a 
forthcoming issue. 
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J U S T P U B L I S H E D RF POWER AMPLIFIERS 

Volume I I : 
Building and Running the Laboratory 

by A. Hermann, J. Krige, U. Mersits, D. Pestre 
and with a contribution by L. Weiss 

1990 xxii + 880 pages-
Dfl.270.00/US $138.50 
ISBN 0-444-88207-3 

24 pages of illustrations 

The first volume of the History of CERN (published in 1987) 
dealt with the launching of the European Organization for 
Nuclear Research covering the period 1949 to 1954. 
Volume II continues the history through to the mid-1960's; 
it covers the building and the running of the first European 
high-energy physics laboratory built after the war. 

Part I describes the various aspects which together constitute 
the history of CERN and offers a synchronic panorama year 
by year account of CERN's many activities. Part II deals 
primarily with technological achievements and scientific 
results and it includes the most technical chapters in the 
volume. The social and political relationships inside the 
organization and at the interfaces with the European physics 
community and the Member State's representatives are 
studied in Part III. 

To conclude, Part IV brings out the specificity of CERN, and 
shows how it differed from other big science laboratories in 
the 1950's and 1960's, notably those in the U.S.A. 

The book throws new light on how decisions are taken and 
power managed in an organization-dedicated-to- science, 
making no a priori distinction between scientific and 
technical considerations on the one hand, and financial and 
political, personal and institutional concerns, on the other. 

Also available: 

Volume I: Launching the European 
Organization for Nuclear Research 
1987 xxii + 600 pages Dfl.260.00/US $133.25 
ISBN 0-444-87037-7 

Set price for Volumes I & II: 
DfL475.00/US $243.50 

N O R T H - H O L L A N D 

(Elsevier Science Publishers) 
P.O. Box 103,1000 AC Amsterdam 
The Netherlands 

404/m/413b 

UHF Pulsed 
terns Syste 

• 5-450 kilowatts output 

• 0.1 to 2% duty factor 

• StolOOOfxsec 
pulse width 

• 200 to 850 MHz 
center frequency 

• Multiple plana rtriode array 

• Wideband, tunable 
operation 

• Built-in control loops 

• Flexible computer control 

• Standard models and 
custom units 

AccSys 
TECHNOLOGY, INC. 60 kw Amplifier 

1177 Quarry In. Pleasanton, CA 94566 
(415) 462-6949 FAX: (415) 462-6993 

FOR SALE 
A frustrated export order enables Risdome to offer a complete 
CAMAC laboratory installation at a very special packaged price 
f rom a leading manufacturer. 

The system is based on the C A M A C serial highway and consists 
of: 

25 

25 

25 

10 

5 
20 

6 
All products NEW and offered w i th a warranty of one year. 

Please request further details... 

R I S D O M E L T D 

Tel. +44 (0) 734 694236 
Fax +44 (0) 734 441068 

Serial Crate Controllers type SCC 2401 - interfaces the 
Serial highway to CAMAC at up to 5 MHz, bit or byte 
serial, and at the same time can support Auxiliary Control­
lers on the A4CB. 

Fibre-Optic U-Port Adaptors (Master) type 0 5 4 2 connects 
the fibre optic links to the Serial Highway Driver. 

Fibre-Optic U-Port Adaptors (Slave) type 0 5 4 1 -
connects one or t w o Serial Highway Crates or crate clus­
ters to a fibre optic link. It combines a main and backup 
highway, Bypass and Loop Collapse mechanisms, and 
battery back-up. 

Serial Highway Drivers SHD 992 - transmits and receives 
signals on the serial highway. 

8-Channel Level Converters 
NIMS-CAMAC Adaptors 
2 0 0 W 12-slot Powered Crates 
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Singapore's double festival 

The 25th International Conference on High 
Energy Physics in Singapore from 2-8 Au­
gust was opened by Singapore Trade and 
Industry Minister Lee Hsien Loong (left), 
seen here with K. K. Phua, Chairman of the 
Conference Organizing Committee. 

Coinciding wi th celebrations for the 
nation's 25th anniversary, the 25th 
International Conference on High 
Energy Physics, held in Singapore 
f rom 2-8 August, was itself a dou­
ble festival, wi th the Standard 
Model of contemporary physics 
and CERN's new LEP electron-posi­
tron collider providing the tw in 
themes. 

A t the Stanford Lepton-Photon 
jamboree last summer, Stanford's 
SLC electron-positron linear collider 
just pipped LEP to the post for the 
first examples of Z particles - the 
electrically neutral carrier of the 
weak nuclear force - produced by 
electron-positron annihilation. 

One year down the line, Singa­
pore rapporteur Friedrich Dydak, 
covering electron-positron Z phy­
sics, was able to present an aval­
anche of new data - some 
500 ,000 Zs intercepted by LEP's 
four big experiments - Aleph, Del­
phi, L3 and Opal. This solid block 
of new information reinforces the 
Standard Model, the two-sided pic­
ture of particle physics wi th the 
electroweak unification of electro-
magnetism and the weak nuclear 
force on one hand, and the field 
theory (quantum chromodynamics 
- QCD) of quark-gluon interactions 
responsible for the strong nuclear 
force on the other. 

Already looking impregnable at 
the previous Rochester meeting in 
Munich in 1988, when LEP was 
still under construction, the Stan­
dard Model now reigns supreme. 
Given the task of updating the 
Standard Model at Singapore, rap­
porteur Cecilia Jarlskog of Stock­
holm enthused over the richness of 
this picture rather than despairing 
over the absence of new informa­
t ion. 

Delegated to look beyond the 
Standard Model, Moscow's Lev 
Okun could have despaired, but 

didn't. Wi th little laboratory evi­
dence to show, he nevertheless 
played t w o strong cards; 'Dark 
Matter'- the realization that the Uni­
verse must contain more than can 
be seen directly - and the multipli­
city of arbitrary parameters which 
plague the Standard Model itself. 
Alone, these two strong hints sug­
gest that there is a deeper physics 
encased in the hard shell of the 
Standard Model. 

Another big question mark 
hangs over the Higgs mechanism, 
the spontaneous symmetry-break­
ing which endows the electroweak 
vacuum wi th special properties and 
gives particles their mass. Vital to 
the smooth running of the picture, 
the Higgs mechanism is neverthe­
less unknown and unexplored. Un­
daunted, Jarlskog awarded the 
Higgs sector a delicate tropical or­
chid for its attractiveness. Less ap­
preciative was summary speaker 
J.D. Bjorken, awarding the Higgs a 

durian - a large, unsightly tropical 
fruit of dubious taste banned f rom 
Singapore hotels and the subway 
because of its nauseating smell. 

Wi th the four LEP experiments 
each providing separate contribu­
t ions, the Singapore parallel ses­
sions on electroweak Z physics, on 
heavy quark production, on jets 
and fragmentation and on particle 
searches provided a fat chunk of 
LEP material. For the plenaries, the 
contributions f rom the four experi­
ments were distilled into the histor­
ic review by Dydak and a detailed 
review of jet physics and QCD by 
CERN's Maurice Jacob. 

The road to LEP Z physics had 
been well prepared by some 1500 
theoretical papers which examined 
the 'radiative corrections' the 
numerous subtle mechanisms 
which contribute to electron-posi­
tron interactions at these energies. 
The knowledge of the Z mass is 
limited mainly by the remaining 
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On the occasion of our 

15TH ANNIVERSARY 

We take this opportunity 
to thank all our faithful European clientele 
for its continued support and patronage. 

We take great pleasure 
in annoucing our newest "baby" # 

available for you this coming winter 

"Vantage 300 T M 
The model 3968 rtVAX 300 

Intelligent CAMAC Crate Controller 

Please contact us for further details 

KINETIC SYSTEMS INTERNATIONAL SA 
Headquarters 
3, chemin Taverney 
CH-1218 Geneva, Switzerland 
Phone: (22) 798 4 4 45 
Fax: (22 )798 05 25 

Europe-Marketing 
Gewerbestrasse 13 
CH-4528 Zuchwill, Switzerland 
Phone: (65)25 29 25 
Fax: (65) 25 5117 

Germany 
Mozartstrasse 21 
D-7800 Freiburg, W. Germany 
Phone: (76)13 32 65 
Fax: (76)12.32 46 

rtVAX 300 is a Trade M a r k of Digital Equipment Corp. 

Vantage 300 is a Trade M a r k of Kinetic Systems Corp. 
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Nearly time to start. Friedrich Dydak of 
CERN (left), who opened the Singapore plen­
ary sessions with a milestone talk on new 
results in electron-positron Z physics, 
checks his watch with session chairman 
J.-E. Augustin. 

30 MeV (In 90 GeV) uncertainty 
in LEP's energy calibration. 

While the shape of the Z reson­
ance is now well determined, and 
the number of neutrino families 
now fixed as 2.89 ± 0 .10, Dydak 
emphasized that there is still room 
for further improvement in preci­
sion tests of the Standard Model. 
And the 1989 /90 harvest of Zs is 
only a foretaste of things to come 
- the plan is to catch more than 
three times as many Zs next year. 

The wealth of LEP data is com­
pletely in line with all other Stan­
dard Model measurements, so that 
consistency arguments give a lever 
on the unseen but long-awaited 
sixth ('top') quark, which now ap­
pears to lie at 137 ± 40 GeV. 

Wi th little new physics to report, 
it is nevertheless a sign of progress 
when the top quark mass can be 

ballparked wi th such confidence. 
T w o years ago this quantity was 
anyone's guess, (although initial 
measurements of B particle mixing 
had hinted that it might be high), 
while quantitative suggestions fol­
lowed f rom the initial precision 
fixes on the Z mass at Stanford's 
SLC linear collider and at LEP one 
year ago. 

Additional progress is visible in 
measurements of the coupling 
strengths of the weak force. 
Where only recently the overlap 
from different experiments gave a 
fuzzy picture, these couplings have 
now been pinpointed by LEP. 

Most of LEP's Zs decay into ha-
drons, and the experiments see 
about 20 per cent of these produc­
ing the fifth ('beauty' - b) quark, in 
line wi th expectations. Aleph and 
L3 look at the mixing of electrically 

neutral B mesons (containing the b 
quark) to extract a value for the 
mixing parameter in line with earlier 
determinations from the ARGUS 
experiment at DESY's DORIS elec­
tron-positron ring and the UA1 ex­
periment at CERN's proton-antipro-
ton collider. 

These initial'measurements of B 
particle mixing had provided the 
first hints that the top quark could 
be heavier than expected. Wi th the 
new limits f rom the LEP experi­
ments, the heavy top quark be­
comes a way of life, and the mixing 
measurements gain respectability. 

Aleph gets a lifetime for B parti­
cles of 1.28 x 10 1 2 seconds, in 
line wi th the previous world aver­
age of 1.13 x 1 0 1 2 . Studies of 
charm production are well under­
way, while Opal compares different 
light quark (u and d) properties 
from a sample of photon produc­
t ion. 

The LEP data provides a fresh 
source of information on QCD ef­
fects. The underlying QCD coupling 
strength is expected to 'run' - to 
depend on energy - and Z 
measurements at LEP provide a 
new benchmark. Await ing a preci­
sion analysis of LEP hadronic Z in­
formation, and wi th the individual 
interactions of constituent quarks 
and gluons themselves invisible, 
QCD details have to be inferred by 
studying the production of jets -
well-defined emergent sprays of 
particles. Analysis of these jets 
also shows the characteristic three-
gluon vertex of QCD, when a single 
gluon 'breaks up' into two . 

Earlier, jet analysis was topologi­
cal, wi th the shape of the jets be­
ing the main criterion, but this is 
now complemented by energy cor­
relations between jets, while com­
parison of the production levels of 
different numbers of jets gives an 
independent measurement. 
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: What are Astec up to? 
: 200kW, 500RV and speed! 

Brandenburg, part of the Astec 
(ironj) - the icorld s largest 
power supply mauufucturer-
has changed its name. But 
that sail that has changedat 
Aster Vergtliqh Power The 
same standards oj'It igh qualittj 
and total reliability remain 
firmlij in place. 
Mark/ ug the occasion, a new 
ra uge ()f()-J5()kV to grou nd and 
()-5()()k\ Tbij)olarj)oirer 
supplies hare been dveeloped, 
prodding a standard product 
range to en ha tier the 
com pa ny s strength i n 
customised design. 
I sing the latest in modem 
circuit topology, including 
microprocessor control, Astec's 

))oicer supplies are capable of 
parallelling in multiples of 
d()k\Yand offer respo)ise times 
better than llhnx. 
Fot more information on tlw 
comjdete range of products and 
serrices arailablefrom Astec 
Very High Power, ring our 
teclt uical department todag. 

0384 393737 
Astec Very High Power 
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Jets and QCD rapporteur Maurice Jacob 
(right) with Delphi experiment spokesman 
Ugo A ma Id i. 

One focus at Singapore was 'inter-
mittency' - possible inter-particle 
correlations causing more particles 
to be produced in some directions. 
While there have been suggestions 
of such effects from electron-posi­
tron annihilation at lower energies, 
the numbers of produced particles 
at LEP energies, as measured by 
the Delphi experiment, were in line 
wi th conventional scaling ideas and 
provided no evidence for intermit-
tency. 

Reporting on electron-positron 
physics at lower energy machines, 
Kazuo Abe of the Japanese KEK 
Laboratory indicated that even here 
multiplicity fluctuations could be re­
produced by standard recipes wi th­
out resorting to new physics. 

A t still lower energies, Zhi-Peng 
Zheng of Beijing reported that the 
Chinese BEPC machine was per­
forming wel l , wi th the BES spec­
trometer having intercepted several 
million J/ps i decays, wi th many 
more and a collision energy in­
crease scheduled for next year. 

A lot of attention at LEP has 
been given to looking for new par­
ticles - and while nothing has yet 
been seen, a lot of territory can be 
now excluded in the continuing 
hunt. A 'minimal' Higgs (which few 
people thought would have been 
the case anyway) has been ex­
cluded below 40 GeV, all the way 
down to zero mass, and no sign 
has been seen of additional com-
positeness. The long-awaited 'su-
persymmetric' particles - quantum 
statistics mirror images of those 
presently known - have still to 
make an appearance. 

Complementary information 
comes from the experiments at 
CERN and Fermilab's proton-anti-
proton colliders. A t CERN, the UA2 
study has extended its results on 
jet production, where it sees a 
combined W / Z peak above the 

QCD background. Wi th the W par­
ticle, the electrically charged carrier 
of the weak nuclear force, out of 
reach at LEP until 1994, hadron 
colliders remain the sole source of 
W input. Combining the results 
f rom UA2 (May, page 3) and from 
CDF at Fermilab, rapporteur Lee 
Pondrom suggested a W mass of 
80.13 ± 0.30. Comparison of W 
and Z measurements from these 
colliders wi th precision Z informa­
tion wi th LEP provides stringent 
tests of the Standard Model, all 
passed wi th flying colours. 

Hadron collider experiments 
have traditionally been consumers 
of structure functions - the meas­
ured distributions of quarks and 
gluons inside nucleons - but this 
could change, suggested Pondrom. 
The CDF study has looked at 
charge asymmetries in W produc­

t ion, useful for comparing the 
structure functions of different 
types of quark. 

While the cast-iron lower limit 
for the top quark mass f rom CDF is 
89 GeV, the electroweak limits 
point to the region between 100 
and 200 GeV. Of all existing exper­
iments, CDF is the place where the 
top quark is most likely to show 
up, and Pondrom lingered over a 
remote point on the scatter plot. 

In the structure function sector, 
where in the past there had been 
some uneasy disagreements be­
tween the data coming from differ­
ent sources, rapporteur Frank 
Close described how a consensus 
agreement among the contributing 
groups had helped to resolve these 
differences. When selecting struc­
ture function data, Close warned 
users to look for a 'sell by date' 
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and not to use old information. 
In conclusion, summary speaker 

J.D. Bjorken pointed to many re­
cent physics revolutions - indus­
trial, wi th plans to build so-called 
particle ' factor ies' ; sociological, 
wi th experimental collaborations 
becoming larger and wider reach­
ing; and technological - and looked 
forward to a 'physics revolution' 
which will eventually topple the 
Standard Model. 

By Gordon Fraser 

Hosting Rochester 

Hosting the biennial 'Rochester' 
conferences, catering for the 
various needs of a thousand or 
so physicists from all over the 
world, is no easy job. When Sin­
gapore was proposed as the 
1990 venue, this was only the 
second time in the 40-year his­
tory of the Rochester confer­
ences that the big meeting 
would be held outside of tradi­
tional venues in Europe, the US 
and the Soviet Union (the 1978 
meeting was held in Tokyo). 

Under the chairmanship of 
K.K. Phua, the Singapore organ­
izers attacked their objectives 
with the enthusiasm, imagination 
and vigour which has helped this 
tiny country make such a major 
impact on the world scene in a 
short time. Introducing the 
meeting and welcoming dele­
gates, Singapore Trade and In­
dustry Minister Lee Hsien Loong 
announced a major new move to 
attract world scientists and 
technologists to a new 'Science 
Habitat'. 

Rochester pioneer Robert E, 
Marshak, in a special session 
marking the 25th Rochester 
meeting and a 40-year anniver­

sary, recalled the initial idea 
which attracted 50 researchers 
to Rochester, New York, and 
sketched the subsequent evolu­
tion of the meetings into the 
biennial series attracting many 
hundreds of scientists from all 
over the world. 

The current Rochester pattern 
includes many parallel streams 
over the first few days, provid­
ing plenty of scope for detailed 
discussion and interaction. Sub­
sequently, the material covered 
in the parallel streams is pulled 
together in major plenary ses­
sions. Despite the active and 
well-attended parallel sessions 
at Singapore, the plenary au­
dience numbered about 500, 
roughly equivalent to the popu­
lation of just one LEP experi­
ment, and considerably smaller 
than at previous meetings, pos­
sibly the result of improved phy­
sics communications, the contin­
ued dominance of the Standard 
Model, and the distance to Sin­
gapore. 

The next meeting in the series 
will take place in 1992 in Mos­
cow. 

Robert Marshak looks back over 40 years of 
'Rochester' meetings. 
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EPAC in Nice 

At the European Particle Accelerator Confer­
ence in Nice, Organizing Committee Chair­
man Gunther Plass of CERN (left), and Local 
Organizing Committee Chairman Pierre Man­
dril Ion. 

The signpost to the accelerator fu­
ture points in several directions, 
and the second European Particle 
Accelerator Conference (EPAC), 
held in Nice from 12-16 June pro­
vided a good opportunity to survey 
the terrain ahead. 

Building on the experience of the 
first EPAC, held in Rome in 1988, 
the organizers planned for a large 
meeting and were rewarded wi th 
800 participants. In parallel, the in­
volvement of industry, wi th a com­
prehensive 44-strong exhibition, 
prompted many speakers to refer 
to the symbiosis of accelerators 
and industry. 

The main raison d'etre of high 
energy accelerators has always 
been, and still is, particle physics 
research. In the first invited paper 
Maurice Jacob of CERN enthusiasti­
cally outlined the progress so far 
and the hopes that theorists placed 
in future accelerators. An accelera­
tor is like a time machine that goes 
back to the very first moments of 
the Big Bang - the greater the en­
ergy, the higher the temperature 
and the further back in t ime it can 
go. 

The three-stage EPAC pro­
gramme began wi th reviews of the 
major working accelerators, contin­
ued with oral and poster presenta­
tions covering the full extent of ac­
celerator R&D, and culminated wi th 
the big machines of tomorrow -
the HERA electron-proton collider 
now being completed at DESY, 
Hamburg, and the plans for the big 
proton-proton colliders, LHC at 
CERN and SSC in the US. 

Electron machines have tradit ion­
ally taken longer to reach their de­
sign levels than their proton coun­
terparts. However in less than a 
year, CERN's new LEP electron-po­
sitron collider, has already equalled, 
or exceeded, design values for sep­
arate parameters that would yield 

the design luminosity were it not 
for an unexpectedly low threshold 
for the beam-beam effect. 

In Japan, the TRISTAN electron-
positron collider has successfully 
installed superconducting cavities 
to reach 32 GeV per beam and ex­
perience will be closely fol lowed 
for the superconducting cavity en­
ergy boost for LEP (May, page 1). 

Stanford's SLC linear collider 
cannot compete with LEP as a Z 
factory, but finds specialized phy­
sics niches with polarized elec­
trons, while also serving as a 
unique testbed for the next genera­
tion of linear colliders. Stanford's 
bid for the 'Next Linear Collider' 
(NLC) wi th 0.5 to 1 TeV beams 
needs a final focus compression 
factor of three hundred compared 
to thirty for the present SLC. This 
particular problem is being at­
tacked, wi th a the Final Focus Test 
Facility currently under construction 
at Stanford. 

There is an ongoing effort at 
many Laboratories on advanced ac­
celerating techniques for the next 
generation of linear electron ma­
chines, but there is a general con­
sensus that the first to appear will 
have quasi-conventional accelera­

ting structures. Starting at low fre­
quency wi th about 20 M V / m su­
perconducting structures at 1.5 
GHz or copper at 3.6 GHz would 
be closest to the existing techno­
logies. This route implies brute 
force of numbers and economy of 
scale to offset the lack of a new 
technology. Stepping up to around 
1 0 0 M V / m wi th a copper structure, 
klystrons are discussed for 7 GHz, 
free electron lasers for 19 GHz and 
a t w o beam accelerator scheme at 
30 GHz, the latter option being fo l ­
lowed at CERN in the CLIC study. 

Wi th new linear colliders still 
some way off and LEP believed to 
be the highest energy circular elec­
tron machine feasible, it is not sur­
prising that 'electron-positron fac­
tory fever' has taken hold. Facto­
ries have been proposed for pro­
ducing phi, beauty or tau/charm 
particles, but in all cases it means 
delivering a hundred times the colli­
sion rates currently achieved. This 
challenge is set by the particle phy­
sicists who require tougher tests 
for the Standard Model. 

Maury Tigner identified 13 
studies being carried out in seven 
countries wi th energies in the range 
1-11 GeV. Whatever the outcome, 
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these factories are unlikely to be­
come as widespread as the ubiqui­
tous synchrotron light source. 
Tigner believed that only one ma­
chine could conceivably be built in 
the US and even that may never 
materialize. The most popular 
choice is the Asymmetr ic (energy) 
Beauty Factory, but the asymmetry 
is the main stumbling block to 
achieving the high luminosity. The 
term 'energy transparency' has 
consequently appeared to cover ef­
forts to make the beams appear 
symmetric, but the list of require­
ments is becoming so long that 
one speaker suspected unequal en­
ergies might be ruled out. 

The compact synchrotron light 
source is another example of lateral 
development in the electron wor ld . 
HELIOS, the compact source being 
custom built for lithography by Ox­
ford Instruments for IBM, is close 
to delivery after some problems 
wi th its two 180-degree supercon­
ducting dipoles. The second gener­
ation is now being discussed, the 
main emphasis being on reducing 
cost by lowering the injection ener­
gy and replacing the bulky injection 
linac with another 'table top ' accel­
erator, the microtron. 

A possible upgrade of CEBAF 
from the current 4 GeV to 16 GeV 
was mentioned in response to a 
question from the floor, indicative 
of the need to design for higher en­
ergies in any future facility of this 
type. 

Almost ten years after initial 
operation of such a machine at 
CERN, there is now a sense of ma­
turity in the proton-antiproton col­
lider field. Wi th friendly rivalry 
more than compensated by close 

Emilio Picasso of CERN in front of CERN's 
EPAC exhibit. The involvement of European 
industry in ongoing accelerator R and D 
work is one of CERN's big success stories. 

collaboration, the present situation 
was covered by a joint CERN/Fer-
milab review. Both machines are 
well understood and their operation 
is essentially resonance limited. 
Stochastic cooling has the stamp 
of an established technique, wi th 
contributions on design refine­
ments for kickers and pickups. The 
main future interest is the cooling 
of heavy ions for CERN's LHC. 

In contrast with the proton 
scene, where polarized particles , 
are again part of the local scenery, 
polarized electrons are still hotly 
debated for machines like LEP. A l ­
though the theoretical under­
standing has improved and the abil­
ity to explain observations wi th the 
SMILE program is considered as a 
significant breakthrough, reviewer 
D. Barber still concluded with the 
appeal 'Any ideas?'. 

The physics interest for light and 
heavy ions is moving to higher en­
ergies where .RHIC at Brookhaven is 
preparing to open up new energy 
horizons. Before testing a full cell 
of superconducting magnets, 
changes were made to the lamina­
tion thickness and to the cryostat. 
Magnet production will be in indus­
try and is planned for 1993-6. 

A t low energies, there is con­
siderable interest in the radiothera­
py applications of light and heavy 
ions. This was underlined by joint 
sessions wi th a parallel medical 
conference and a visit to the 
'Centre Antoine- Lacassagne' 
(CAL) where the Medicyc medical 
cyclotron is presently being in­
stalled. 

Protons and ions deposit their 
energy in a small volume at a pre­
cise depth in tissue (known as the 
Bragg peak). Heavy ions however 
are somewhat less efficient in this 
respect and deposit some energy 
beyond this region due to fragmen­
tation. 

A spin-off of accelerator technol­
ogy which attracted considerable 
interest was a Japanese proposal 
to transmute long-lived radioactive 
waste into short-lived waste by 
high energy proton-induced spalla­
t ion. The basic idea has been aired 
before, but advances in accelerator 
technology are making such a nu­
clear waste 'incinerator' a feasible 
proposit ion. A conceptual design 
wi th a 1.5 GeV 10mA proton linac 
is challenging but far f rom imposs­
ible, and is certain to be fol lowed 
wi th interest. 
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Malika Meddahi's contribution to LEP beam 
dynamics formed part of the EPAC poster 
session. 

The review of the UNK high 
energy project at the Soviet Ser­
pukhov Laboratory reported accel­
erated progress since 1987, al­
though the start of installation of 
the superconducting magnets is 
not foreseen before the end of 
1992. 

The ongoing big projects were 
left for the conference finale, where 
Bjom Wiik opened wi th a presenta­
tion of HERA. This project for 820 
GeV protons colliding wi th 30 GeV 
electrons was authorized in 1984 
and commissioning will start this 
autumn. Wi th DESY's electron tra­
ditions, the electron ring and injec­
tor chain were completed and com­
missioned well in advance of the 
attack on protons. For the main 
HERA ring most of the supercon­
ducting dipoles have been deliv­
ered. Wi th production running 2 0 % 
faster than anticipated, deliveries 
will soon be complete, wi th instal­
lation not far behind. 

It was then the turn of the 
wor ld 's largest accelerator project, 
the US Superconducting Supercol-
lider, rSSC. Being at a much earlier 
stage in its conception, Helen Ed­
wards had no definitive hardware 
to show and turned to site-specific 
design features, magnet aperture 
and schedules. 

The main parameters remain un­
changed wi th twin 20 TeV main 
rings, a luminosity of 1 0 3 3 per sq 
cm per s, and an injection energy 
of 2 TeV. Higher luminosity may be 
obtained by reducing the bunch 
spacing to 5m. The high energy 
booster (already bigger than any 

existing machine) and the main 
rings would be superconducting 
wi th dipole fields of 6.4T and 
6.55T respectively. 

The emittance budget through 
the 5-element injector chain as­
sumes a 2 0 % dilution per machine. 
The main magnet now has a 5cm 
aperture and Bob Palmer is leading 
a task force to design the definitive 
dipole. The changes also include a 
wider cable, a vertically split yoke 
and a modified cryostat. The test­
ing and installation schedule is 
geared to collider commissioning in 
October 1998. 

For CERN, Giorgio Brianti des­
cribed the design for the multipur­
pose LHC collider, which would be 
able to accept ions as well as pro­
tons. Its protons could also collide 
wi th LEP electrons, giving a total 
energy of about five times that of 
HERA. Geneva. Preparations at 
CERN are now in full swing, the ob­
jective being formal project approv­
al in 1992. 

Wi th 10 Tesla dipoles the beam 
energy of 8 TeV can be reached 
wi th a luminosity in excess of 1 0 3 4 

per sq cm per s, and the intensity 
of 1 0 1 1 particles per bunch is well 
within present operational limits. 
The kinematics of the electron-pro­
ton option are more favourable 
wi th a lower proton energy and it 
is likely that 55-60 GeV electrons 
will be collided wi th 2 TeV pro­
tons. For ions the intra-beam scat­
tering and charge-exchange pro­
cesses are important and luminosi­
ties would be far lower than for the 
proton opt ion, the maximum figure 
being about 1 0 2 8 wi th about a 6 
hour lifetime. 

Ongoing R and D work centres 
on the superconducting magnets. 
The arcs wil l use niobium-titanium 
superconducting technology at 2K, 
but for the low-beta quadrupoles 
niobium-tin at 4K is being seriously 

* See page 17 

considered. Collaborations be­
tween CERN and European industry 
have been an outstanding feature 
of this project, wi th some 30 firms 
now involved on various aspects of 
the project*. Bids have been re­
ceived to build the eight two-in-one 
dipoles needed for a 100m test 
string for 1992 and orders will 
soon be placed. 

Quadrupoles, also of the two- in-
one type, are being designed by 
Saclay. The dipole/sextupole 
lumped corrector is being devel­
oped by a British company, Tesla, 
in collaboration wi th the Rutherford 
Appleton Laboratory. In total about 
1800 dipoles and a corresponding 
number of quadrupoles would be 
required. 

As well as capitalizing on the ex­
isting CERN infrastructure, there is 
the added attraction of little ex­
penditure on the low technologies 
of 'pouring concrete and digging 
rock', wi th the high technology as­
pects attracting European industry 
on an unprecedented scale. 

Concluding the meeting, EEC Di­
rector General for Science, Re­
search and Development Paolo Fa-
sella, speaking on 'Scientific Colla­
boration in Europe', assured the 
scientific and industrial communi­
ties that the EEC was closely fol­
lowing the progress in the high 
technology of accelerators, and 
was consequently ready to help. 
He cited earlier programmes such 
as ESPRIT and described the pre­
sent FRAMEWORK channel for EEC 
aid (CERN already benefits wi th 
money for CERN Fellowships). An 
open invitation was extended to 
formulate requests for assistance 
on behalf of valid scientific pro­
jects, where the accelerator com­
munity should not be short of sug­
gestions! 

By Philip Bryant 
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European Synchrotron Radiation Facility 
starts to take shape 

Highly visible on the approach to 
Grenoble f rom Lyon, the 280 ,000 
square-metre European Synchro­
tron Radiation Facility site is fast 
becoming a prominent local land­
mark. 

Based on a series of studies 
(dating f rom 1977) and on the de­
tailed preparative work of the ESRF 
team, the first set of buildings is 
approaching completion on-site. 
Elsewhere throughout Europe the 
manufacture of machine compo­
nents is reaching the final stages. 

The eleven 'Founding Father' 
countries (France, Germany, Italy, 
Great Britain, Spain, Switzerland, 
Belgium, Denmark, Sweden, Nor­
way, Finland) contribute to the con­
struction and subsequent operation 
of a storage ring for 6 GeV elec­
trons or positrons to be used as a 
high brilliance X-ray source and of 
30 equipped beamlines. 

Inside the storage ring will be a 
200 MeV linear accelerator for el­
ectrons (and possibly an electron-
positron converter and a 4 0 0 MeV 
positron linac) to feed the particles 
into a booster synchrotron where 
their energy is raised to 6 GeV at 
10Hz repetition frequency, for in­
jection into the storage ring. The 
storage ring will be operated in 
single bunch or multibunch mode. 

The energy of the storage ring 
was chosen at 6 GeV, to meet the 
specifications for high flux and high 
critical energy (19.2 keV X-rays 
f rom the 0.8 T bending magnets 
and up to 14.4 keV in the first har­
monic of undulators), and for a 
wide tunability range of undulators. 
The horizontal emittance of the 
ESRF has been specified at 7 
nm.rad, and the vertical emittance 
one order of magnitude smaller. 
Performance would thus improve 
over existing dedicated synchro­
tron radiation sources by one to 
t w o orders of magnitude. 

The ESRF lattice is the result of 
optimizing emittance and energy 
requirements, with the additional 
constraints of a circumference not 
exceeding 850 m, of a large num­
ber of straight sections for the in­
stallation of insertion devices, and 
of low sensitivity to errors. The 
Chasman-Green type lattice has 32 
6-m straight sections, 29 of which 
can accommodate insertion de­
vices (two are needed for the ra-
diofrequency accelerating cavities 
and one for the injection from the 
booster synchrotron). 

The need for a stored beam life­
time of some 10 hours could im­
pose the use of positrons, instead 
of electrons. (Positrons repel posi­
tive ions created in the residual 
gas, thus avoiding the ion trapping 
which is detrimental to the stability 
of electron beams.) 

In principle, synchrotron radi­
ation can be drawn from insertion 
devices to be placed in 29 of the 
straight sections and from 29 of 
the 64 bending magnets. 

Present planning foresees 26 

Construction work for the European Synch­
rotron Radiation Facility (ESRF) at Grenoble 

Photo A.M. Freundf A Childeric 

beamlines on insertion devices and 
four on bending magnets. A first 
group of at least seven beamlines 
shall be operational for external us­
ers in m id -1994 ; within the fol low­
ing 12 months 1 1 more beamlines 
should be commissioned. Three 
new beamlines will then be put into 
operation each year, up to the total 
of 30 by 1998. The facility will be 
operated and made available to us­
ers f rom the contracting countries 
free of charge, on the basis of 
scientific merit. 

Present status and further planning 

Excavation work was completed 
during 1989. Construction of the 
accelerator buildings, the storage 
ring tunnel, the annular experiment­
al hall and some adjacent technical 
buildings started this February. In 
February 1 9 9 1 , the accelerator 
buildings will be ready, but since 
civil engineering work for the build­
ings will be completed some time 
before that, pre-installation activi-
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ties might start up ahead of t ime. 
The electron part of the Preinjec-

tor is already completed and will be 
installed as soon as the building is 
available. All equipment of Transfer 
Line 1 is currently being manufac­
tured, and commissioning is ex­
pected in the middle of next year. 

More tharf three-quarters of the 
Booster Synchrotron equipment 
have been ordered. The planning 
for delivery of the injector compo­
nents foresees installation starting 
in November, in parallel wi th the Li­
nac. The detailed design of Trans­
fer Line 2 is ready, and most of the 
capital costs have already been 
commit ted. 

About half the Storage Ring 
equipment has been ordered. A so­
phisticated system for fast vertical 
realignment was adopted in the 
course of construction in 1988 to 
take account of ground settlement. 
For the radiofrequency system it 
was decided to take full benefit 
f rom the system developed by 
CERN for LEP which is altogether 
almost perfectly adapted to requi­
rements, and to contract out the 
delivery of a turnkey r.f. transmitter 
f rom industry. All major vacuum 
chambers and the ion pumps have 
been ordered. 

Installation should start by next 
February. Present installation esti­
mates allow one full year for total 
assembly (160 girder modules) and 
subsequent hardware tests. There­
after provision has been made for a 
10 month commissioning period. 

The technical options for the 
Beam Front Ends are finalized, and 
the call for tenders will be issued in 
the next months. Hardware and 

Outline of the buildings: 1 Preinjector, 2 In­
jector, 3 Technical Gallery, 4 Control, 5 
Technical Buildings, 6 Storage Ring, 7 Ex­
perimental Hall, 8 Road Bridge, 9 Foot 
Bridge, 10 Utilities, 11 Central Building. 
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ARGONNE 
Groundbreaking 
for Advanced 
Photon Source 
In June, the US Argonne Na­
tional Laboratory celebrated 
groundbreaking for the Ad­
vanced Photon Source, the 
7 GeV electron machine plan­
ned for the next generation of 
US synchrotron radiation X-
ray research. Report in the 
next issue. 

software for the Machine Control 
System is already sufficiently ad­
vanced for the first application pro­
grammes to have been wri t ten and 
partly tested. 

The ESRF beamlines have been 
selected after a wide-ranging dis­
cussion wi th the European synch­
rotron user community and wi th 
advisers f rom the USA and Japan. 
The corresponding chapter of the 
Foundation Phase Report (FPR) was 
wri t ten after a meeting of prospec­
tive users in September 1986. 
Once the FPR was accepted and 
the ESRF formally established, the 
first 18 priority beamlines were se­
lected after a second Users' Meet­
ing in March 1989 and subsequent 
discussions of ESRF's Science Ad ­
visory Committee. 

The first eight beamlines, for 
most of which the design phase is 
well under way, are: Microfocus -
Materials Science Wiggler - Laue 
Protein Crystallography - High Bril­
liance Undulator - High-Energy X~ 
Ray Scattering - Circular Polariza­
tion - Surface and Interface Diffrac­
tion - Dispersive EXAFS. A further 
t w o are left open, while the next 
eight beamlines shall also cater for 

fields of high interest, such as ine­
lastic scattering, Mossbauer di­
ffraction, magnetic scattering, X-
ray topography, and many others. 

Obviously the 30 'public' beam-
lines are far f rom exhausting the 
potential of the machine, especially 
for the bending magnet sources. 
The ESRF is receiving and consi­
dering proposals from groups of 
users intending to build additional 
instruments at ESRF with indepen­
dent funding, the so-called Collabo­
rating Research Groups (CRG). 

Considerable progress in X-ray 
optics and detectors and on me­
chanical stability of the source and 
the beamlines is necessary to meet 
the unprecedented brilliance of the 
X-ray beams to be produced by 
ESRF's sources. A t present, re­
search and development efforts in 
ESRF's Experiments Division are 
concentrating on these challenges. 

Main Parameters of ESRF's Storage 
Ring 

Energy 6 GeV 
Current (multi-bunch mode) 
100 mA 
Current (single-bunch mode) 
7.5 mA 
Circumference 844.39 m 
Lattice Chasman-Green 
Dipoles 64 
Quadrupoles 320 
Sextupoles 224 
Bending field 0.86 T 
Number of straight sections 32 , 
out of which 29 are available for 
insertion devices 
Free-length of straight sections 
6 m 
Number of Bending Magnet Ports 
26 at 20 keV, and 16 at 10 keV 
Radiofrequency 352 MHz 

Approximate beam lifetime 10 h 
Rms bunch length 16-50 ps 
Beam dimensions (h/v) at various 
source points (10 % coupling): low 
beta (wiggler) 0 .068 /0 .047 m m ; 
high beta (undulator) 0 .412 /0 .090 
m m ; Bending magnet 0 .187 /0 .128 
mm. 
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SCINTILLATION DETECTORS 
OFF THE SHELF 

M o u n t e d crystals and c o m p l e t e assembl ies for 
x-ray a n d g a m m a ray detect ion . 
# Mater ia ls include Nal (Tl), CslfTI), 

Z n W C U B G O etc . 
# S tandard sizes f rom stock. 
# Range of sizes a n d configurat ions. 
# Laboratory a n d industrial appl icat ions. 
# Specia ls to order. 
Hilger Analytical Limited 
W e s t w o o d M a r g a t e Kent C T 9 4JL 
Tel: 0 8 4 3 225131 Fax: 0 8 4 3 2 2 4 4 0 2 Telex: 9 6 2 5 2 

HILGER 
Analytical 

Transfer and condition valuable signals from 
your instrument to your data base with the 
reliable, economical MOSTEC DC Isolating 
Amplifier/Line Conditioner Type M8742 
• Test Isolation Voltage 

2500 VAC 
• Gain Error < 0 .05% 
• Zero Offset < 0 .05% 
• Temperature Coefficient 

typ. 50 ppM 
• Common Mode Rejection 

Ratio t y p . 1 4 0 d B / D C 

Bandwidth 10 H z / - 3 dB 
Power 230 VAC 
"Snap-on" Case For 
DIN 46277 Rails 
Warranty 2 Years 

Delivery From Stock, 
3 Weeks 

Input Signal Output StgnafType 

0-1 V 
0-10 V 
0-10 V 
0-10 V 
0-10 V 
0 - 2 0 mA 
0 - 2 0 mA 
0 - 2 0 mA 
0 - 2 0 mA 
4 - 2 0 mA 
4 - 2 0 mA 
4 - 2 0 mA 
4 - 2 0 mA 

0-1 V 
0-10 V 
0 - 2 0 mA 
4 - 2 0 mA 
0-1 V 
0-10 V 
0 - 2 0 mA 
4 - 2 0 mA 
0-1 V 
0-10 V 
0 - 2 0 mA 
4 - 2 0 mA 
0-1 V 
0 - 1 0 V 
0 - 2 0 mA 
4 - 2 0 mA 

M 8 7 4 2 - 1 
M8742- -2 
M8742- -3 
M 8 7 4 2 - 4 
M 8 7 4 2 - 5 
M 8 7 4 2 - 6 
M 8 7 4 2 - 7 
M8742- -8 
M 8 7 4 2 - 9 
M 8 7 4 2 - 1 0 
M8742--11 
M 8 7 4 2 - 1 2 
M 8 7 4 2 - 1 3 
M 8 7 4 2 - 1 4 
M 8 7 4 2 - 1 5 
M 8 7 4 2 - 1 6 
M 8 7 4 2 - 1 7 

* User specify range (Input/Output) 

Option 1 , supply voltage 115 VAC 
Option 2, supply voltage 24 VAC 
Option 3, DC-supply voltage 
(specify range) 

Price 

SFR 2 2 0 . -
SFR 220. 
SFR 2 2 0 . -
SFR 220 . -
SFR 2 2 0 . -
SFR 220 -
SFR 2 2 0 , 
SFR 2 2 0 . -
SFR 2 2 0 . -
SFR 2 2 0 . -
SFR 220 . 
SFR 2 2 0 , -
SFR 2 2 0 . -
SFR 2 2 0 . -
SFR 2 2 0 . -
SFR 2 2 0 . -
SFR 265 -
) 

SFR 1 0 . -
SFR 10. -

SFR 6 5 . -

The old and the new in the 
supercomput ing world 

SUPERCOMPUTER 
the longest established learned journal in the 
supercomputing field focussing not only on 
the largest machines but also on other 
number crunchers, minisupers, and 
integrated and attached processors. In short 
everything you need to know. Now in its 
seventh volume, appearing bi-monthly; 

SUPERCOMPUTER -
EUROPEAN WATCH 
our latest magazine, providing a monthly 
overview of the European supercomputing 
scene with news, views and an in-depth 
analysis of a vendor, topic or other item of 
interest. 

Write to us for your free sample copy and 
subscription information: 
ASFRA BV, Publications Department, 
Voorhaven 33,1135 BL EDAM, The 
Netherlands. Fax (+31) 2993 72877. 
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Physics monitor 

HIGH FIELD 
MAGNETS 
Niobium-titanium and 
beyond 

To guide proton beams at tomor­
row's higher energies - for the LHC 
project in CERN's existing LEP tun­
nel, and for the US Superconduct­
ing Supercollider (SSC) construc­
tion project - accelerator physicists 
are pushing for more powerful 
magnets. 

In addition to these big new pro­
ton colliders, stronger focusing 
lenses are needed, particularly for 
new linacs, and higher fields will 
also be necessary for hybrid collid­
ers, where electron linacs will 
shoot at proton rings. Special mag­
nets attaining 15 or even 20 Tesla 
would be required in the proton 
rings to reduce beam emittance by 
synchrotron radiation and enable 
narrow proton beams to reach suf­
ficient luminosity wi th sophisti­
cated electron linacs. 

Bjorn Wiik stressed these points 
in his introduction to the two-day 
workshop on 'High Field Dipoles 
beyond Niobium-Titanium' held at 
the DESY Laboratory in Hamburg in 
July, reminding participants also 
that experience so far for the su­
perconducting proton ring being 
built for the HERA electron-proton 
collider at DESY has already de­
monstrated that niobium-titanium 
technology is mature, even on an 
industrial scale. 

The HERA-type design (coils 
around the beam-pipe, mechanical 
support collars and cold iron return) 
has gone on to become widely 
adopted, but reaches its natural 
limit for dipole construction using 
niobium-titanium near 10 Tesla. 

This is now well understood and 
has been demonstrated wi th sev­
eral test magnets developed in a 
collaboration between CERN and 
Italian supplier Ansaldo. A similar 
geometry was used with niobium-
tin in a collaboration between CERN 
and Elin (Austria) which reached a 
record field for this kind of magnet 
of 9.45 Tesla (September 1989, 
page 5). 

CERN's proposed LHC collider in 
the LEP tunnel envisages 10 T 
fields wi th a double aperture carry­
ing the t w o beam pipes for the 
proton beams inside a single cryos-
tat. Four contracts have been 
placed wi th European firms for the 
development of one-metre double 
aperture niobium-titanium magnets 
wi th a view to placing further ord­
ers for full-scale ten-metre proto­
type units. Using superfluid helium 

A field map of the superconducting dipole 
design for the LHC proton collider for 
CERN's LEP tunnel, showing the 'two-in-
one' design with the two beampipes held in 
a single cryostat. 

at 1.8K instead of conventional 
4.2K cryogenics provides the nec­
essary additional potential. First re­
sults from the one-metre models 
are expected soon. 

The Hamburg meeting began 
wi th an outlook review on super­
conducting materials by D. Larbal-
estier (Wisconsin), fol lowed by 
several presentations on wire 
manufacturing techniques. The af­
ternoon was devoted to magnetiza­
tion effects, forces in high field di­
poles and niobium-tin winding ex­
perience. Measurements of the ef­
fect of stress on this conductor at 
different Laboratories were dis­
cussed the next morning, fol lowed 
by a report on recent develop­
ments by R. Fluekiger (formerly 
Karlsruhe, now Geneva). 

S.L. Wipf f rom DESY (who, wi th 
A. Asner and B. Wiik, organized 
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David Larbalestier of Wisconsin (left) with 
Fujio hie of Kinki (Japan) at the workshop on 
high field magnets held in July at the Ger­
man DESY Laboratory in Hamburg. 

the meeting) presented possible 
methods to overcome the present 
limitations. Warm superconductors 
at low temperature (withstanding 
fields of over 20 Tesla) and some 
unusual geometries were exam­
ined. 

A vital superconducting para­
meter is the critical current density, 
when, for a given temperature and 
magnetic field, the superconductor 
'quenches'. This current density 
decreases with the applied field (for 
a fixed temperature), eventually fall­
ing to zero. For fi lamented niobium-
titanium wire this happens around 
11 Tesla at 4.2 K and 15 Tesla at 
1.8 K. 

Higher fields in dipoles (over 
about 10 Tesla) need other mater­
ials, like niobium-tin, more amena­
ble than niobium-titanium at these 
fields. Even though it is very brittle, 
niobium-tin can be used to make f i ­
lamented wires and coils provided 
that the superconducting substance 
is generated in the finished cable in 
a chemical diffusion reaction in­
duced by maintaining the system at 
over 600 degrees C (red heat) for 
about a week. 

Coils are usually 'reacted' in this 
way after being wound, using the 
'wind and react' procedure. Be­
sides the winding of the coils, elec­
trical insulation of the cables poses 
severe problems. All materials in­
capable of withstanding the heat 
treatment have first to be 'burned 
out ' . 

Small solenoids using niobium-
tin have been produced by various 
companies, attaining up to 20 T 
(July/August, page 26). 

It is also possible to do the 
operations in the reverse order -
'react and wind ' . The brittle 
reacted niobium-tin cable must 
then be treated very carefully dur­
ing the subsequent winding pro­
cess - stress and bending must be 

kept within defined limits - but no 
baking is necessary afterwards. 
This method is proposed for very 
large coils in fusion projects. 

Reacting technology seems to 
be reasonably well understood, but 
is obviously not easy for mass pro­
duction of bigger magnets, so the 
conventional and cheaper niobium-
titanium route will continue to be 
used wherever possible. 

Several techniques have been 
developed for niobium-tin - the 
'Bronze Route' (Vacuumschmelze, 
Hanau, Germany), the 'Modified 
Jelly Roll' (TWCA, Albany, US) , 
the 'Internal Tin Process' (IGC, Wa-
terbury, US) and the 'Powder Tube 
Technique' (ECN, Petten, Nether­
lands). All these methods can pro­
vide reasonable wire (from 0.8 to 
several mm in diameter wi th fila­
ments in a metallic matrix). 

Another promising material is 
the 'Chevrel Phase' (PbMo 6 S 8 ) , 
however much work remains to be 
done, and would benefit f rom user 
encouragement. 

Highest fields could be achieved 
wi th high temperature supercon­
ductors used at low temperatures. 
However known materials cannot 
stand high currents and extremely 
thick layers of conductor would be 
needed. 

For accelerators, magnetization 

of the superconducting material is a 
serious problem, particularly at low 
fields (persistent current effects). 
The considerable injection field di­
stortions need special attention 
(April, page 15). 

Accurate measurements show 
that current through niobium-tin ca­
ble deteriorates seriously if stress 
is applied - effects of more than 
5 0 % appear long before any per­
manent deformation is caused. 
Compression in coils reaches levels 
as high as 100 Megapascal (ten ki­
lograms per sq mm) and studies 
are continuing. 

To most participants it was clear 
that niobium-tin used in conven­
tional geometry is limited to about 
13 Tesla. This field is lower than 
that obtained in solenoids because 
of the reduction of the critical cur­
rent density of the filamented wire 
by winding stresses and mechani­
cal movements. 

The ideas presented at the 
Workshop show that there are still 
a lot of possibilities to explore to 
reach higher fields. However such 
new developments need a long 
lead t ime. Niobium-titanium and 
niobium-tin were known 25 years 
ago but only now are the industrial 
techniques being perfected. 

From Pedro Waloschek 

18 CERN Courier, September/October 1990 



LEP results were updated at the Singapore 
meeting (see page 3). 

NEUTRINO 90 
Shop window for 
LEP/Underground 
sunshine 

Sixty years after its prediction and 
35 years after its discovery, the 
neutrino, the otherwise invisible 
particle carrying off 'missing' ener­
gy in radioactive beta decay, still 
provides compelling physics. 

The Neutrino 90 meeting held at 
CERN in June, the 14th in a series 
which began at the Meyrin Labora­
tory in 1963, reflected the contin­
ued enigma of this puzzling particle. 
Despite heroic efforts, some basic 
neutrino properties - mass, flavour 
oscillation - are so subtle as to 
elude measurement, and can only 
be sketched in as experimental lim­
its. 

While the 1987A supernova has 
made neutrino astronomy respecta­
ble (May issue, page 18), a much 
closer extraterrestrial neutrino 
source - the sun - continues to 
challenge the ingenuity of experi­
menters. However Neutrino 90 in­
cluded first reports f rom several 
new telescopes looking for neutri­
nos and other particles, promising 
important new insights in the next 
few years. 

A scoop for Neutrino 90 was the 
first comprehensive batch of data 
f rom the four experiments - Aleph, 
Delphi, L3 and Opal - taking data 
since August last year at CERN's 
LEP electron-positron collider. Initial 
1989 data quickly showed that the 
Universe can contain only three 
types of neutrino (December 1989, 
page 18). This landmark result 
showed that physics has room for 
just three kinds of weakly interact­
ing particles (leptons) - electron, 
muon and tau, and six types of 

At the Neutrino 90 meeting at CERN, E. 
Fernandez of Barcelona gave a compilation 
of Standard Model results from the four 
experiments - Aleph, Delphi, L3 and Opal -
taking data at CERN's LEP electron-positron 
collider. 

quark, grouped into three pairs -
up and down, strange and charm, 
bot tom (or beauty) and top. 

Wi th more than 100,000 Z de­
cays under their belts in 1989 and 
about twice that number in only the 
first half of this year's run, the four 
experiments had polished their neu­
trino limits, taken a detailed look at 
weak decays, carefully studied the 
way the Z (a mediator of the weak 
force) produces strongly interacting 
particles (with implications for 
quark field theory), simplified the 
scenario for 'dark matter', and 
pushed up the mass limits for 
possible new particles. In particu­
lar, preliminary results f rom Aleph 
and L3, combined with input f rom 
other sectors of the Standard Mod­
el, ascribed the long-awaited 

sixth ('top') quark to the mass re­
gion between 100 and 180 GeV*. 

Neutrinos from the sun 

The pioneer study of solar neutri­
nos - the South Dakota Homestake 
Mine experiment led by Ray Davis 
- has now been accumulating data 
for 20 years. As well as discover­
ing that the observed neutrino sig­
nal is only about half what is ex­
pected (the 'solar neutrino puzzle'), 
K. Lande of Pennsylvania pointed 
to possible ten-year cyclic effects, 
perhaps correlated to sunspot ac­
tivity or to solar geometry. 

Wi th less data accumulated, but 
wi th directional effects giving addi­
tional information, the Japanese 
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G i a n t R e a d - O u t B o a r d s ? 
Epoxy laminates FR-4 
1300x4400 mm 
produced by 

[ D I T R O N r 

have been chosen for the 
construction of the "Read-
Out Board" of the hadron 
calorimeters of the ALEPH 
and DELPHI detectors. 

Standard production: 
• FR-4, G-10, G-11 rigid laminates 

for printed circuit boards 
• thin laminates and prepreg 

for multilayer boards 

DITRON srl 
Via Mul ino Vecchio, 85 - 28065 CERANO (NO) ITALY 
Tel.: 0321/728294 - 726548 - Telex: 331565 PENCO I 
Telefax: 0321/721645 

c t a d i i i c c n 
%J> i n M I L . I W L . 1 

DA\A/CD Ol IDDI cables isoles 
• cables d'energie de 1 kV a 500 kV 
• cables basse tension pour usages 

Industriels et domestiques 
• cables soupies 

• cables pour utilisations speciales 
• cables de signalisation 

et de telecommande 
• cables telephoniques de reseau, 

• cables a fibres optiques 
• materiels de raccordement 

des cables 

Tel. 

SOCIETE I N D U S T R I E S 
DE LIAISONS ELECTRIQUES 

64 bis, rue de Monceau - 75008 Paris 
: a) 45.63.14.33. Telex: SILEC 280 248 F 

Telecopie 0) 45.63.78.40 
SOCIETE ANONYME AU CAPITAL DE 194.160.600 F 

DEPARTEMENT CABLES 
DEPARTEMENT SIGNALISATION 

Centre de product ion: 
MONTEREAU 

CABLES /> 
5ATI0N /A 

A 

For linear and circular particle accelerators 
with resistive or cryogenic magnets. 

For heavy and light ion sources. 

For triode, tetrode, klystron and H. F. 
power amplifier tubes. 

Installations : 
Europe, USA, Japan 
100 W to 600 KW 
to1 .10- 5 

J E M A SA 
Avenue J . Lenoir 1 6 
1 3 4 8 LOUVAIN-LA-NEUVE 
Be lg ium 
Te l . 3 2 - 1 0 / 4 5 4 3 3 3 
Fax 3 2 - 1 0 / 4 5 4 3 5 9 

SILEC 
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Kamiokande underground experi­
ment confirms the solar neutrino 
puzzle, but does not see marked 
time variations, claimed spokesman 
Y. Totsuka. 

The puzzle could be resolved by 
new detecting media picking up 
more representative solar neutrino 
information. Newcomers on the 
scene are two studies using gallium 
- the Gallex experiment using 100 
tons of solution in the Italian Gran 
Sasso underground Laboratory 
(May 1989 issue, page 1), and the 
SAGE Soviet/US effort using 30 
tons of metal at Baksan in the Cau­
casus (June, page 16). Both should 
soon start providing a new w indow 
on solar particles and help disen­
tangle effects due to neutrino pro­
perties f rom those arising f rom so­
lar mechanisms. Preliminary SAGE 
results do not rule out a lower so­
lar neutrino flux in the lower energy 
region. 

Introducing the meeting, CERN 
Director General Carlo Rubbia had 

highlighted the solar neutrino ques­
tion and its deep implications for 
physics. 'If we knew the Kurie plot 
of the neutrinos emerging from the 
sun, we would know everything,' 
he declared. (The Kurie plot is the 
traditional way of displaying the 
spectrum of beta decay.) 

Looking at extraterrestrial 
muons, rather than neutrinos, is 
another Gran Sasso study, 
MACRO, which began operation 
last year and has intercepted some 
800 ,000 muons from outer space. 
G. Giacomelli of Bologna described 
an initial sweep for sharply defined 
muon sources. Await ing its first 
muon 'star', MACRO has corre­
lations wi th the signals picked up 
by the Extensive Air Shower array 
1400 metres above on top of the 
mountain. 

On the neutrino mass front, pre­
cision measurements of trit ium 
beta decay at Zurich and at Los A l ­
amos now give the lightest (elec­
tron-type) neutrino even less mass 

room to move - less than 15.4 
and 12.5 electronvolts respect­
ively. 

There was a time when big ex­
periments using neutrino beams 
were the flagships of the fixed tar­
get experiment fleet. Now not 
many of these neutrino flagships 
remain, but proposals for future ex­
periments have been aired so that 
high energy neutrino beams do not 
become history. Alvaro de Rujula 
reviewed ongoing experiments, to­
gether wi th projects in the pipeline, 
proposals awaiting a decision, and 
ideas for discussion. Neutrino oscil­
lations and the detection of the tau 
neutrino are major goals. 

Wi th about 300 participants. 
Neutrino 90 was a major meeting, 
but still 'compact ' enough to be ac­
commodated on the CERN site, and 
assisted by imaginative organiza­
tion under the chairmanship of 
Klaus Winter. Wi th neutrino pion­
eers Bruno Pontecorvo, Fred 
Reines and Jack Steinberger 
among the participants, the event 
provided a fascinating snapshot of 
science's relentless march into the 
unknown. 

Wi th the Standard Model in im­
peccable shape despite the ons­
laught of LEP, the 'Higgs mechan­
ism' triggering the symmetry 
breaking at the heart of electrow-
eak synthesis remains a complete 
mystery. Guido Altarelli of CERN 
described the modest region 
where, according to LEP, the Higgs 
particle(s) can be excluded. How­
ever Carlo Rubbia wagered that su-
persymmetry could have an import­
ant role to play, and looked for­
ward to a 'neutrino and photino' 
meeting by the year 2 0 0 0 ! 

Y. Totsuka of Tokyo (right) gave the latest 
results from the Japanese Kamiokande un­
derground study. Left is Neutrino 90 session 
chairman, neutrino pioneer Fred Reines. 
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A new dimension in 

The SNA-7 sets stan­
dards in the field of 
microwave 
spectrum 
analysis. 

RF measurement technology has reached 
new heights in the form of the SNA-7. 

The entire frequency range from 50 Hz to 22 GHz can be 
swept continuously with a guaranteed accuracy of 1 x l 0~ 7 f o r 
each frequency point. 

Densely spaced line spectra can be analyzed, thanks to the high spectral 
purity at the synthesizer. The minimum 3 Hz resolution bandwidth can be 
used at all frequencies up to the 22 GHz limit. 

The wide dynamic range of up to 100 dB allows precise analysis of low-
aplitude interference signals close to the carrier. 
Even image frequencies, normally a problem, are successfully suppres­
sed fully automatically as a result of the very narrow band YIG preselec­
tor which is synchronously with the synthesizer. This means that results 
obtained using the SNA-7 are always clear and reproducible. 

Versatile software package combined with a standard PC provide easy-
to-operate remote control via the IEEE/IEC bus. A barcode interface is 
available which makes testing even simpler. 

For more information about the state-of-the-art SNA-7 from 
Wandel&Goltermann, fill out and send in the coupon. 

• More information about the SNA-7 
• Please arrange for a sales engineer to call 

Name 

Company 

Street 

Town/Postcode 

Telephone no. 

Wandel &Goltermann (Schweiz) AG 
Postfach, 3018 Bern 18, Telefon 031-556544, 
Fax 031-55 47 07, Telex 912 350 wgch 

Wandel & Goltermann 
Electronic Measurement Technology 



IMAGING? 
WE SUPPLY SOLUTIONS... FROM X-RAY TO IR 
Philips range of channel multipliers is comprehen­
sive. It's also advanced, as illustrated by the 12,5 iim 
MCP with its open area of up to 80%... just one exam­
ple of our contribution to progress over the last 25 
years. Used primarily as an amplifying element in 
image intensifies MCPs are also the 'eyes' of parti­
cle and VUV radiation satellite experiments. 
Fibre-optic faceplate technology combined with 
unmatched know-how in phosphor and photoca-
thode technologies brings you the best in 
modern imaging. For example, ourXX1380 
image intensifier features a resolution of 
over 50 line pairs/mm. And our 16" PMT 
proposal for the DUMAND neutrino astro­

physics collaboration enables 4 0 K ocean noice sup­
pression by resolving single- and multi-electron 
events. Other Philips advanced devices for imaging 
include: 
- X-ray Image Intensifiers 
- TV 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 Components, Building BAF2, 5600 MD 
Eindhoven, The Netherlands. Telex 35000 phtcnl/nl jeveo. 
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Cornell University, USA 
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DESY Laboratory, Fed. Rep. of Germany 
P. Waloschek 

Fermi National Accelerator Laboratory, 
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GSI Darmstadt, Fed. Rep. of Germany 
G. Siegert 

INFN, Italy 
A. Pascolini 

IHEP, Beijing, China 
Qi Nading 

JINR Dubna, USSR 
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B. Feinberg 
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O. B. van Dyck 

NIKHEF Laboratory, Netherlands 
F. Erne 
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Yu. Ryabov 

Stanford Linear Accelerator Center, USA 
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Superconducting Super Collider, USA 
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TRIUMF Laboratory, Canada 
M . K. Craddock 

CERN 
Towards LEP 200 

In March a cryomodule wi th four 
superconducting radiofrequency ac­
celerating cavities operated for the 
first t ime in CERN's new LEP elec­
tron-positron collider, the result of 
many years of careful research and 
development work and an import­
ant step on the road to boost LEP 
energies f rom their initial level 
around 50 GeV per beam to above 
the 82 GeV threshold for produc­
tion of W pairs (May, page 1). 

The advantages of supercon­
ducting r.f. cavities for large stor­
age rings stem mainly f rom the 
considerably reduced r.f. losses 
(about a factor of 100,000) and 
f rom the increased acceleration 
fields for CW operation compared 
to copper cavities. 

Wi th this in mind, the first 
studies of r.f. superconductivity 
were started at CERN in 1979. For 
a first feasibility study an operating 
frequency of 500 MHz was fixed. 

The first cryomodule with four 4-cell super­
conducting radiofrequency accelerating cavi­
ties on its way for installation in the LEP tun­
nel. 

Niobium was chosen as supercon­
ducting material, allowing operation 
at 4.2K, the normal boiling temper­
ature of helium. 

Cavities were fabricated wi th a 
rounded geometry, favouring sur­
face treatments and reducing re­
sonant electron loading. The devel­
opment of fabrication and surface 
technologies in combination wi th 
new and powerful diagnostic meth­
ods (in particular temperature map­
ping) rapidly brought acceleration 
fields and quality factors adequate 
for LEP. 

In 1983 a 500 MHz five-cell nio­
bium cavity was tested in the PE-
TRA storage ring at DESY, Ham­
burg. This mastering of niobium 
technology for a large 500 MHz 
multicell cavity added confidence in 
going to the (even lower) LEP oper­
ating frequency of 353 MHz wi th 
the obvious advantage that the ex­
isting LEP r.f. generation, distribu­
tion and control systems can be 
used. 

A new cavity shape was de­
signed wi th ports for r.f. power in­
put and higher-order-mode (HOM) 
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Marconi 
Power Semiconductors 

for Power Systems 
Worldwide 

Marconi Power Semiconductors are to be found 
in many applications in the power generation and 
power control industry. These include HVDC 
schemes, rotating diodes, powerfactorcorrection, 
motor control, in fact anywhere that requires 

power control, conversion or switching. 
With over 30 years experience and with all types 
of powersemiconductorsavailable, Marconi have 

the ability to satisfy your requirements. 
Consult the experts. 

Marconi 
Electronic Devices 

Marconi Electronic Devices Ltd., Marconi Electronic Devices S.A. Marconi Elektronik, 
Power Semiconductor Division, 2 Rue Henri-Bergson, 
Carholme Road, 92600 Asnieres, 
Lincoln LN1 1SG France 
Tel: 0522-510500 Tel: (1)4080 54 00 
Telex: 56163 Telex: 612850 
Fax: 0522-510550 Fax: (1) 4080 55 87 

Marconi Circuit Technology Corp., 
Postfach 1929, Landsberger 160, Smith Street, 
Strasse 65, D-8034 Germenng, Farmingdale, 
Federal Republic Of Germany New York 11735 U.S.A. 
Tel: (089) 849360 Tel: (516) 293 8636 
Telex: 5212642 Telex: 275855 
Fax:(089)8419142 Fax:(516)293 0061 

CONTROL THE ACTION IN HIGH POWERED INDUSTRY 

and 

PURE 
SIMPLE 
Introducing VAT's unique 
Mini Gate, an innovative new 
vacuum valve. 

^ Starting 
at only 

sFr.1830. 

• Patented sealing principle uses only one moving 
part 

• Extremely compact and lightweight 
• CF40, KF25, 40, 50 
• Visual indicator for open/closed position 

PURE 
• Virtually particle-free with no closing shock 
• Low degassing 
• Fully bakeable to 200 °C 
• Vacuum to UHV 

See the Mini Gates and other innovative valves 
in our new 225 page catalog, "Vacuum 
Valves 90". 

VAT A G 
CH-9469 Haag/Schweiz 

Telefon 085 7 01 61, Fax 085 748 30, Telex 855162 
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CES presents: 
The alfl4ini"(0)an@ Data Acquisition System for Physics 
C A M A C - F A S T B U S - F E R A - V X I - V M E 

A complete irsadly (t© nns® 
OS-9 / VxWorks workstation line 
with:-CAMAC 

-FASTBUS 
- FERAbus 
- VMV/VICbus 
- DSP Drivers 

and:- UNIX Host Interface libraries 

from less than 20.000.- Sfr. 

CES NEWS : 

- lower processor prices 
- volume shipment for FIC 8232 
- R3000 based RAID 8235 "number cruncher" introduction 
- Host PORTING KITS for : DECsystem 5000,SUN 3,SUN 4, 

APOLLO,HP 9000, SG-IRIS, MAC-II 

At CES, tomorrow's systems are available NOW ! 
A l l t r a d e m a r k s r e c o g n i z e d . A l l r i g h t s r e s e r v e d 

For these and our other V M E , CAMAC and FASTBUS modules, contact us or your nearest distributor. 

Headquarters: CES Geneva, Switzerland Tel: (022) 792 57 45 Fax:(022)792 57 48 
CES.D Germany Tel: (6055) 4023 Fax:(6055)82 210 

-CES Creative Electronic Systems SA 70, Route du Pont-Butin Case Postale 107 CH-1213 PET1T-LANCY 1 SWITZERLAND 



14001 

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

Carbon fiber 
construction elements 

We provide easily built-in 
safety in Know-how. 

for specific use in experimental 
physics, for panels, pipes, 
shaped parts and combination 
products. 
Please request detailed infor­
mation. Mr H. Mauch will be glad 
to advise you personally. 
We offer a range that is based 
on 30 years' experience and 
know how through successful 
collaboration with field specia­
lists. 

StesalitAG 
Kunststoffwerk 
C H - 4 2 3 4 Zullwil SO Telefax 0 6 1 / 8 0 0 6 0 4 
Telephone 0 6 1 / 8 0 0 6 0 1 Telex 9 6 3 1 8 2 

SCINTILLATORS 
P E A R S O N 
Very High Voltage & 
Very High Current 

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

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

Inquiries regarding specific requirements for these 
components are welcomed. 

PEARSON ELECTRONICS, INC. 
1860 Embarcadero Road, Palo Alto, Calif. 94303, U.S.A. 
Telephone (415) 494-6444 • Telex 171 -412 • FAX (415) 494-6716 
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A micron-thick layer of niobium is deposited 
on a copper 'substrate' cavity by sputtering. 

The first LEP year 
At the end of August, CERN's 
LEP electron-positron collider 
came to the end of a five-
month run in which the four 
big experiments - Aleph, Del­
phi, L3 and Opal - inter­
cepted 650,000 Z particles. 

Before LEP began operation 
last year, the world supply of 
Zs - the electrically neutral 
carrier of the weak nuclear 
force - was measured in 
hundreds, and in its first run 
last fall LEP delivered more 
than 100,000 of these parti­
cles, opening the era of preci­
sion Z physics. 

LEP performance this year 
has nudged design levels 
(July/August, page 9), but 
has been limited by residual 
vertical dispersion in the ma­
chine and by non-linear beam-
beam interactions. The com­
pensation schemes to ensure 
that the circulating beams are 
not unduly perturbed by the 
powerful solenoids of the four 
experiments have also 
needed modifications. 

With careful attention, LEP 
experts hope to at least triple 
the Z score in 1991. This 
year, the first superconduct­
ing radiofrequency accelera­
tion cavities have been tested 
(this page), the first step on 
the road to push LEP's energy 
to the level needed to pro­
duce pairs of W particles -
the electrically charged weak 
force carrier. This is foreseen 
for 1994, by which time the 
LEP experiments should have 
accumulated at least five mil­
lion Zs. 

power output at the two beam 
tubes. In 1985 a first four-cell nio­
bium cavity was submitted to a 
long-term laboratory test at 7 
M V / m , comfortably above the de­
sign value of 5 M V / m . In 1987 a 
first LEP-type niobium cavity was 
installed in the SPS and operated 
for more than 10,000 hours. 

The development of niobium 
cavities continued with the con­
struction of four more cavities (two 

at CERN and t w o in industry). 
These were assembled, installed 
and initially tried in the testbed for 
the LEP copper cavities before be­
ing installed as a basic four-cavity 
module near LEP's interaction re­
gion 2, using a standard LEP r.f. 
system slightly modified for the 
specific needs of s.c. cavities and a 
cryogenic system based on a mod­
ified (ISR) liquefier. 

Despite the fact that initial oper-
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ation was considerably restricted 
by the physics programme, design 
acceleration fields in the individual 
cavities were reached rapidly and 
no major detrimental effects on 
beam behaviour were observed, so 
that the cavities can now be used 
for routine operation in LEP. 

As well as the niobium cavities, 
a second line of development used 
a thin (microns) layer of supercon­
ducting niobium deposited on a 
copper cavity, wi th the Meissner 
effect giving a penetration depth of 
only 0.05 microns in the niobium. 
This gives several advantages over 
cavities fabricated f rom niobium 
sheet - thermal stabilization of lo­
calized surface defects is increased 
by the higher thermal conductivity 
of copper (about a factor of ten), 
r.f. losses are typically halved, and 
in addition the use of copper con­
siderably reduces cavity costs. 
After a detailed exploration of 
sputtering methods and their para­
meter range, this method was final­
ly applied very successfully to four-
cell LEP cavities. 

In 1989 SPS asked for more su­
perconducting cavities for acceler­
ating electrons and positrons to 
higher injection energies for LEP. In 
a crash programme the niobium 
cavity was replaced by a module of 
t w o niobium-copper LEP-type cavi­
t ies, which has participated routine­
ly in SPS operation since March. 

The operation of superconduct­
ing cavities in an accelerator re­
quires many specific auxiliary items 
like cryostats, r.f. couplers and fre­
quency tuners. A new modular 
type of cryostat w i th good accessi­
bility to all critical parts of the cavi­
ty system was developed and 
proved its wor th for the assembly 
of cavities under clean (dust-free) 
conditions and for a fast replace­
ment or repair of cavity parts. 

Radiofrequency power couplers 

The 1.85 MeV radiofrequency quadrupole 
(RFQ) built by AccSys Technology of Califor­
nia for calibrating the BGO crystals in the L3 
experiment at CERN's LEP electron-positron 
collider. 

and HOM couplers were developed 
and tested, and development work 
is continuing in the push for higher 
LEP beam intensities. A novel tun­
ing system with no moving parts 
gained its roadworthiness certifi­
cate during operation in the SPS 
and LEP. 

The need for homogeneous and 
clean inner cavity surfaces - one of 
the biggest challenges - has fos­
tered the development of special 
facilities at CERN like a large elec­
tron beam welding plant using an 
'internal' electron gun, a fully auto­
mated installation for chemical sur­
face treatments, a rinsing plant us­
ing high-purity, dust-free water, 
large clean rooms for cavity assem­
bly, and magnetron sputtering for 
depositing niobium on LEP-type 
cavities. The fabrication of cavity 
systems is gradually being handed 
over to industry. For the upgrading 
of LEP, a first batch of 20 niobium 
cavity systems has already been 
ordered; eight niobium-copper cav­
ities will be constructed as a test 
series in CERN, enabling the 32 
first cavities to operate in LEP by 
the end of 1991 . 

The very successful operation of 
niobium-copper cavities paved the 
way for the next stage. 160 such 
cavities will be ordered f rom indus­
try (with an option for 64 more), so 
that in 1994 LEP experiments 
should be able to see the first ex­
amples of W production. 

RFQ for-BGO 

One of the key elements of the 
giant L3 detector at CERN's LEP el­
ectron-positron collider is its elec­
tromagnetic calorimeter, composed 
of 11,000 bismuth germanate 
(BGO) crystals manufactured in 
Shanghai, providing precise energy 
measurements of electromagnetic 
particles f rom less than 100 MeV 
to more than 100 GeV. 

To maintain performance, the 
crystals must be continually cali­
brated and recalibrated. After five 
years of development at Caltech, a 
solution was adopted using a 1.85 
MeV radiofrequency quadrupole 
(RFQ) to provide a pulsed beam of 
negative hydrogen ions. These ions 
are neutralized in a nitrogen gas 
cell, drift through L3's magnetic 
f ield, and bombard a lithium target, 
giving 17.6 MeV radiative capture 
photons to calibrate all of the crys­
tals to better than 1 % in one to 
t w o hours. 

The RFQ was built by AccSys 
Technology, Inc. in Pleasanton, 
California (who among other things 
have also supplied the injector for 
the proton therapy synchrotron 
built at Fermilab for the Loma Linda 
Medical Centre), while the ions are 
produced by a special volume ion 
source developed at Berkeley. The 
L3 system, using the RFQ and a 
special beam pipe and target, will 
be completed and tested by the 
AccSys and Caltech groups, work­
ing together wi th physicists f rom 
the Wor ld Laboratory. 
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Machine parameters for the TRISTAN elec­
tron-positron collider at the Japanese KEK 
Laboratory, displayed as a function of total 
beam current (betatron tunes, Greek nu; 
beam-beam parameters, xi; and vertical-ho­
rizontal emittance ratio, kappa). Recently the 
maximum of 0.04 for xi-y, the vertical para­
meter for the strength of the beam-beam in­
teraction, was found to be too restrictive. 
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The RFQ will be shipped to CERN 
in October and installed in the L3 
detector next February. The RFQ 
beam, starting 12 metres f rom the 
target, will be focused to a 2 cm-
diameter spot on the target, 
mounted next to the inner track de­
tector, inside the BGO endcap. 

The RFQ calibration technique 
has also been extended, using a 
fluoride crystal target, to produce 
high intensity bursts of photons 
that can simulate a single high en­
ergy photon (to 40 GeV equivalent) 
in each crystal for each pulse, 
promising a precision of 0 . 4 % in a 
few minutes, of interest for the 
next generation of large proton-
proton colliders. 

This work for L3 has been 
funded by the Wor ld Laboratory, 
by the US Department of Energy 
(DoE) through Caltech, and by a 
DoE Small Business Innovation Re­
search grant to AccSys. 

Meanwhile the L3 experiment 
has been completing its final BGO 
endcap modules, consisting of 
3200 crystals covering the for­
ward-backward region, to be ready 
for running at LEP next year. 

KEK 
Boosting TRISTAN 

Ever since the TRISTAN electron-
positron collider at the Japanese 
KEK Laboratory was commissioned 
in May 1987, the highest priority 
has been given to boosting beam 
energy for a rapid survey of quark-
lepton physics in the new energy 
region. 

Thus the radiofrequency power 
steadily increased every year. In 
particular, a full set of supercon­
ducting cavities (32 five-cell units) 
was installed in t w o stages, turning 

the TRISTAN Main Ring into 'a cir­
cular linac' wi th all of the four 
straight sections filled with acceler­
ating cavities. Collision energy 
reached 64GeV in the fall of 1989. 

TRISTAN covers an interesting 
energy region where the electro­
magnetic and weak interaction sig­
nificantly overlap in producing 
quarks and leptons. In addition, 
non-annihilation mechanisms also 
play important roles in particle pro­
duction. 

Aiming at high precision studies 
of all these interactions, TRISTAN 
has entered on a new phase, em­
phasizing high luminosity (high colli­
sion rate). The big question was 
whether it was possible to achieve 
high luminosity with a machine hav­
ing so many radiofrequency cavi­
ties I 

In February, a collision energy of 
58 GeV was chosen so as to satis­
fy the physics needs and at the 
same time keep a large enough 
margin of r.f.power to permit con­
siderable frequency shift to reduce 
beam emittance and guarantee sta­
ble operation, even under partial 
r.f. failure. 

To establish the best operating 
point, r.f. accelerating voltages 
were carefully balanced across 
each collision point to equalize the 
betatron tune (frequency of trans­
verse oscillation in units of the ro­
tational frequency) to within 0.002 
between the electron and positron 
beams. 

Wi th complaints from exper­
imental groups about luminosity 
imbalances, horizontal and vertical 
amplitude functions were corrected 
and relative beam position was 
finely adjusted at each collision 
point using electrostatic beam sep­
arators. An annoying beam back­
ground persisted at one of the col­
lision points for some time when a 
smaller beam pipe (10cm diameter) 
was used. A careful study wi th 
beam masks revealed that a qua-
drupole magnet was misplaced, 
and realignment not only decreased 
the synchrotron x-ray background, 
but also facilitated machine tuning. 

A drift has been observed in 
TRISTAN'S beam orbits, requiring 
frequent adjustments. Prior to in­
jection, a pilot beam bunch is circu­
lated, and vertical closed orbit is 
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This four-turn design for the coils to power 
the magnets for Fermilab's proposed Main 
Injector ring would give rapid ramping. 

(Photo Fermilab) 

measured and automatically read­
justed to within 60 microns. Wi th 
automatic orbit adjustment, this 
kept the specific luminosity (lumi­
nosity divided by beam-current 
product) as high as 0.3 x 1 0 3 0 per 
sq cm per sec per milliamp sq, 
maintaining the vertical-to-horizon­
tal emittance ratio less than 2 % . 
The horizontal emittance itself was 
also halved (170nmrad) by shifting 
the r.f. frequency up by 2.5kHz. 
Beam loss during energy ramping 
has been minimized by preserving 
the constant betatron tune and 
beam orbits. 

As a result of these and other 
efforts, accelerator performance 
has steadily improved, and the 
strength of interaction between 
colliding bunches, as represented 
by the beam-beam parameter, has 
reached 0.04 in the vertical direc­
t ion. It is now possible to accumu­
late 0.5 inverse picobarns/day/ex-
periment. In five months (March-
July), less three short scheduled 
shutdowns each of about ten days, 
the VENUS detector recorded 31 
inverse picobarns, wi th ten and 
twenty per cent less by A M Y and 
TOPAZ respectively. This inte­
grated luminosity is already com­
parable to those accumulated in the 
past. 

During the scheduled shutdown 
which began in August, supercon­
ducting quadrupoles will be in­
stalled at four intersections to 
squeeze the beams f rom the pre­
sent 1.8m and 0.1 m to 0.9m and 
0 .05m to double the luminosity. 

Since the total beam current has 
been limited to below 13.5mA be­
cause of a temperature rise in high­
er-mode coupler of the supercon­
ducting cavities, all the couplers are 
to be replaced, which should even­
tually boost luminosity to the level 
of an inverse picobarn per day. 

FERMILAB III 

The total ongoing plans for Fermi­
lab are wrapped up in the Fermilab 
III scheme, centrepiece of which is 
the proposal for a new Main Injec­
tor (July, page 4). The Laboratory 
has been awarded a $200 ,000 Illi­
nois grant which will be used to in­
itiate environmental assessment 
and engineering design of the Main 
Injector, while a state review panel 
recommended that the project 
should also benefit f rom $2 million 
of funding. 

Alongside the Main Injector in 
the Fermilab III package is the face­
lift for the linac (May, page 9) and 
improvements to the Laboratory's 
front line facility, the superconduct­
ing Tevatron, and to the antiproton 
supply. 

By lowering the cryogenic oper­
ating temperature, the Tevatron 
should approach the 1 TeV energy 
for which it was named. The nec­
essary cold compressors are 
gradually being introduced. 

For proton-antiproton collider 
operation, a total of 22 electrostat­
ic separators will eventually be in­
stalled for the next run (in 1991) to 
triple the collision rate (reaching a 
luminosity of 5 x 1 0 3 0 per sq cm 
per s). Further performance in­
creases should fol low from increas­
ing the number of bunches in the 
colliding beams from six to 36. 

Exploiting the colliding beams, 
the CDF detector operated in the 
one-year run ending last June for 
the first t ime wi th its complete 
configuration. Triggering and off­
line data handling will be substan­
tially improved to cope wi th the 
planned Tevatron collision rate in­
crease, while hardware improve-
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THE HV1000 PULSER 
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SPECIFICATIONS (Measurements into 50O) 
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frequency agility to optimize its performance as a 
pulser/modulator for laboratory use. Appl icat ions include 
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Call today for price and delivery or technical 
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PHYSICS RESULTS 
by DELPHI 

NE 110 
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Left-right asymmetry versus transverse 
momentum for polarized {spin oriented) pro­
ton-proton elastic scattering. The large ef­
fect seen at the Brookhaven AGS and now 
confirmed is a challenge for quark-gluon field 
theory. 

merits in the pipeline include a sili­
con microvertex detector, im­
proved central tracking, more 
muon shielding, and increased 
muon coverage. 

Meanwhile the DO detector is 
being readied for its first taste of 
colliding beams (March, page 6). 
Here again a series of upgrades is 
planned to take full advantage of 
increased Tevatron performance -
new central tracking and improved 
electronics. 

The challenges of the increased 
collision rates could provide a valu­
able testbed for the next genera­
tion of proton colliders, as well as 
hunting for the long-awaited sixth 
' top ' quark. 

On the fixed target f ront, f irst 
generation Tevatron experiments 
are now all busy, and the possibili­
ty of 150 GeV beams f rom the 
new Main Injector has sparked a 
wave of proposals which will be 
aired later this year. One of these is 
a high precision, high sensitivity 
programme of neutral kaon phy­
sics, while two others involve neu­
trino beams - one for an improved 
measurement of the electroweak 
mixing angle and for a systematic 
study of nucleon structure, the oth­
er to search for oscillations be­
tween muon- and tau-type neutri­
nos. Beams would also have to be 
supplied for testing SSC-related 
equipment. 

BROOKHAVEN 
Spin result underlined 
A recent experiment looking at vio­
lent proton-proton elastic scatter­
ing confirms, wi th high precision, 
earlier data which puzzled many 
theorists. Most pictures of strong 
interactions based on perturbative 

quark-gluon field theory (Quantum 
Chromodynamics, QCD) suggested 
that spin effects should disappear 
wi th energy and as the collisions 
become more violent. 

Six years ago a Michigan team 
led by Alan Krisch found a large 
left-right asymmetry in violent (high 
transverse momentum) proton-pro­
ton elastic scattering at the 28 GeV 
Brookhaven Alternating Gradient 
Synchrotron (AGS - September 
1984, page 273), a result which 
provided valuable fuel for the view­
point that spin is an essential as­
pect of particle behaviour which 
does not get averaged out in the 
high energy wash. 

However wi th production levels 
quite small and the statistical errors 
in the experiment fairly large, there 

was some doubt about the reliabili­
ty of this surprising result. 

Thus the Michigan team em­
barked on a quest for a better po­
larized (spin-oriented) proton tar­
get. The idea was to build a polar­
ized target wi th much more cooling 
power, allowing about four times 
more beam intensity without boil­
ing the liquid helium. They 
switched f rom their conventional 
helium-3 target, which operated at 
a tepnperature of 0.5K in a 2.5T 
magnetic f ield, to a helium-4 target 
wi th more cooling power (because 
of the larger heat of vaporization). 

Unfortunately such evaporation 
refrigerators are very inefficient be­
low about 1K. In the complex but 
successful dynamic nuclear polari­
zation technique invented some 
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thirty years ago by Anatole Abra-
gam (College de France) and Car­
son Jeffries (Berkeley) the proton 
polarization usually grows wi th the 
ratio of the magnetic field to the 
temperature. In an attempt to keep 
the proton polarization near its ear­
lier value around 50 per cent, the 
Michigan team commissioned Ox­
ford Instruments to construct a su­
perconducting 5T magnet wi th a 
field uniformity of one part in ten 
thousand. 

Earlier work at CERN and else­
where had shown that impressive 
levels of dynamic nuclear polariza­
tion could be produced in beads of 
frozen ammonia, a substance 
which is also highly resistant to the 
radiation damage which plagues 
other polarized target materials 
such as alcohols. 

The Brookhaven target proved 
very efficient, and was used for al­
most three months in a high inten­
sity AGS proton beam, wi th the 
polarization rapidly reaching 9 6 % 
after each radiation-damage-remov­
ing anneal, and averaging 8 5 % . 

The dominant feature of the 24 
GeV proton-proton elastic scatter­
ing spin data is a rapid increase in 
the left-right asymmetry at high 
transverse momentum. Wi th the 
threefold improvement in precision, 
it is unlikely that the variation f rom 
zero symmetry is a statistical fluc­
tuation. Spin theorists are calling 
for a rethink of basic principles. 

Fireworks for RHIC 
The fourth workshop on experi­
ments and detectors for Brookhav-
en's Relativistic Heavy Ion Collider 
(RHIC), held at the Laboratory early 
in July, brought together nearly 
200 soon-to-be RHIC users for an 

intensive week of discussions, wi th 
working groups focusing on the 
preparation of letters of intent for 
experiments. These letters, due on 
28 September, are the first step 
towards the first round of experi­
ments for the new collider. 

As well as seven main working 
groups, each developing its con­
cept for a RHIC detector, partici­
pants also looked at implementa­
tion issues, including the configura­
tion of the existing experimental 
halls, machine questions such as 
possible luminosity upgrades, and 
the plans for detector R&D. 

The meeting took place amid 
celebrations for the 4 July Indepen­
dence Day holiday, and as fire­
works lit the skies in surrounding 
communities, workshop partici­
pants toiled into the night. The 
heavy demands of today's physics 
research schedule allowed no res­
pite - most participants had com­
mitments to experiments scheduled 
at Brookhaven's AGS machine, 
which completed its May-June hea­
vy ion run t w o days before the 
workshop began, or at CERN's 
SPS, where preparations were get­
ting underway for this summer's 
ion run. This left a narrow midsum­
mer slot for a major meeting. 

The detector concepts being de­
veloped for RHIC, like their f ixed-
target experiment predecessors, 
seek to characterize events in 
terms of global characteristics, 
such as particle multiplicity and the 
angular distribution of energy, for 
on-line selection. A wide range of 
measurement strategies is being 
proposed to search for signatures 
of new states of matter and to 
study their properties in an environ­
ment where tens of thousands of 
particles may be produced. 

Edward Shuryak offered an over­
view classification of experiments 
into three kinematic regions: 1 -

physics of hadronic matter, wi th 
studies of very soft pions, leptons, 
photons and resonances, interfe-
rometry measurements and precise 
measurements of transverse mom­
entum spectra and resonances; 2 -
quark-gluon plasma physics, wi th 
measurements of hadronic spectra, 
continuum difeptons, direct pho­
tons at transverse momenta of 1 
- 5 GeV, and J/ps i and upsilon sup­
pression; 3 - hard scattering 
phenomena, spectra of hadrons 
wi th transverse momentum above 
5 GeV, jets, and direct photons. 

Nearly all the ideas discussed at 
the workshop lead to large, com­
plex detectors whose final design 
and construction need a substantial 
R&D effort. This began two years 
ago through funds for heavy ion re­
search made available by the US 
Department of Energy's Director of 
Nuclear Physics, and a detector de­
velopment programme for RHIC de­
tectors began last year, wi th fund­
ing for ten proposals emerging 
f rom a review by a Detector Advi ­
sory Committee (January/February, 
page 11). 

A t this summer's workshop 
these projects received a mid-term 
assessment. After presentations 
by each group, the Detector Advi ­
sory Committee met to consider 
recommendations for R&D funding 
in the coming fiscal year, wi th the 
Laboratory having declared its in­
tention to devote approximately 
two million dollars of RHIC R&D 
funds to detector development. 

A t the closing session of the 
workshop, Tom Ludlam, speaking 
for the RHIC Project management, 
announced that a portion of these 
funds (one-third to one-half) would 
be commit ted, on the basis of the 
Committee's recommendations, to 
continuation of the ongoing pro­
jects. The remainder of the R&D 
funds will be committed after the 
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A group from the Soviet Institute for Nuclear 
Research Accelerator Physics Division near 
the Alvarez part of the new linear accelera­
tor of the Moscow Meson Factory now un­
der construction. Left to right - P.N. Ostrou-
mov, A.V. Feschenko, V.L. Serov, S.K. Esin, 
L.V. Kravchuk. 

letters of intent have been received 
and reviewed, opening the door for 
new ideas from the letters of in­
tent. This also signals a shift in em­
phasis of the R&D effort f rom its 
initial, rather generic scope, to­
wards specific RHIC experiments. 

The discussions included, for the 
first t ime, extensive consideration 
of the role of hard scattering pro­
cesses in RHIC experiments, and 
the requirements for making such 
measurements in high energy nu­
cleus-nucleus collisions. While the 
characteristics of excited hadronic 
matter produced in these collisions 
are mainly displayed by near-ther­
mal radiation of 'soft ' particles, a 
decade of experience wi th high 
transverse momentum phenomena 
at elementary particle colliders sug­
gests that hard scattering of quarks 
and gluons will also take place in 
the nuclear collisions at RHIC. 

These events show up as jets or 
single photons wi th transverse 
momenta of many GeV, and their 
measurement in nuclear collisions 
can provide an important exper­
imental link between quark-gluon 
mechanisms and the soft pro­
cesses which characterize hadronic 
matter at the phase transition tem­
perature. 

By tagging jets in RHIC collisions 
it should also be possible to study 
the rate at which the 'scattered' 
quarks lose energy travelling 
through the large volumes of collid­
ing nuclei, in effect studying the 
transparency of high density nu­
clear matter - including a plasma 
state - to a beam of high energy 
quarks. 

Hard scattering processes are 
rare. The growing interest in jet 
measurements, as well as the 
study of heavy resonances such as 
the J/ps i and upsilon through their 
leptonic decay modes, has led to a 
strong push by several groups to 

consider the highest possible RHIC 
collision rates. As outlined in the 
Conceptual Design Report, there 
are several possible roads towards 
eventual upgrades of the design lu­
minosity, 2 x 1 0 2 6 per sq cm per s 
for gold beams at the top energy. 

These options, which could ulti­
mately increase the luminosity by 
more than an order of magnitude, 
and their implications for detectors, 
were the subject of many discus­
sions wi th accelerator physicists. In 
the closing session, RHIC Project 
Head Satoshi Ozaki emphasized the 
Laboratory's intention to pursue 
these options, and urged that de­
tector designs should bear this in 
mind. 

A t the week's end, seven work­
ing groups reported on the status 
of their detector designs and their 
plans for developing these into let­
ters of intent, in parallel wi th the 
start of RHIC construction this fall. 
These letters will be reviewed by 
the Program Advisory Committee 
which meets November 8, 9 and 
10. After that, decisions on detec­
tor R&D funding will be announced, 
as will the procedures and t imes-
cale for the submission of RHIC 
proposals. 

MOSCOW 
First 100 MeV at 
Meson Factory 
In April protons were accelerated 
for the first t ime to 100 MeV at the 
linear accelerator at the Moscow 
Meson Factory of the Institute for 
Nuclear Research, now nearing 
completion at Troitsk, 40 km south 
of Moscow. 

The linac was designed by the 
Moscow Radiotechnical Institute 
and the Institute for Nuclear Re­
search to accelerate protons and 
negative hydrogen ions, unpolar-
ized and polarized, to 600 MeV. In­
itial total current will be 0.5 mA 
with the pulse current 50 mA and 
pulse duration 10~4 s at a repetition 
rate of 100 Hz. 

The accelerator consists of the 
injector system, the initial part (Al­
varez type) taking the energy to 
100 MeV (5 cavities wi th drift 
tubes) operating at 198.2 MHz, 
and the main part wi th maximum 
energy 600 MeV (27 disc-and-
washer cavities) at 991 MHz. Ener­
gy regulation is designed to be 
stepwise below 160 MeV and then 
continuous up to 600 MeV, wi th 
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This year's Soviet Summer School in Dubna 
saw a significant level of international parti­
cipation, which the organizers hope will 
establish a tradition. 

intermediate beam extraction at 
160 MeV. 

A special feature of the accelera­
tor is the high intensity RFQ injec­
tor of polarized protons presently 
under development. The polarized 
proton source wi th the atomic 
beam is expected to produce 
pulsed current up to 3 mA at 15 
keV and 90 per cent polarization. 
Rapid reversal of the polarization is 
foreseen without significant change 
of the beam intensity and polariza­
tion level. 

The 750 keV proton injector has 
been installed and checked at 10 
Hz. However a 1 Hz pulse repeti­
t ion rate is maintained during the 
tuning procedure to decrease irra­
diation. 

Last year the proton beam of 
110 mA pulse current was injected 
into the first accelerating cavity and 
accelerated to 20.5 MeV. The first 
cavity gave pulse currents of 29 
mA and 46 mA without and wi th 
prebuncher respectively, reasona­
bly close to the design values. 

Tuning of the complete initial 
part of the accelerator wi th beam 
began in Apri l , when 100 MeV 
protons were obtained for the first 
t ime. The output pulse current of 
10 mA (without prebuncher) has 
been already reached, while pulse 
parameters are expected to ap­
proach design values by the end of 
this year. Losses in the whole initial 
part of the linac are encouragingly 
small. 

Equipment for the main part of 
the accelerator (from 100 MeV to 
600 MeV) is installed and partially 
tested. By the end of this year, 
160 MeV protons are expected 
and will be extracted to a small ad­
jacent experimental area. The ac­
celeration to the maximum energy 
of 600 MeV is planned for next 
year. 

Completion of the linear acceler­

ator for the Moscow Meson Facto­
ry will provide a valuable facility for 
experiments in particle-, nuclear-
and solid state physics wi th high 
intensity primary and secondary 
beams of protons, pions, muons 
and neutrons. Construction of the 
experimental hall and the manufac­
ture of equipment for beam chan­
nels, the proton storage ring and ' 
experimental installations is under­
way. 

SOVIET UNION 
Summer school 
goes international 
The traditional annual Soviet Sum­
mer School, held in June in Dubna 
on the banks of the Volga, this 
year had international participation 
for the first t ime. Initiated by Mos­
cow's Physical Engineering Institute 
and the Joint Institute for Nuclear 
Research, Dubna, the school has 
rotating themes, wi th the accent 
this year on developments in high 
energy physics. 

The latest results from CERN's 
LEP electron-positron collider ( F. 

Dydak, CERN and Yu. Kamyshkov, 
ITEP Moscow) provided a natural 
focus for discussion. V. Khoze (Le­
ningrad) looked at detailed quark 
field theory (QCD) tests which will 
emerge, while V. Telegdi looked 
forward to physics wi th polarized 
beams. 

M. Danilov (ITEP) covered new 
results f rom B-mesons (carrying 
the fifth - beauty - quark) and out­
lined prospects for B factories. So­
viet plans for such factories - for 
tau/charm as well as B mesons -
were outlined by A. Skrinsky (No­
vosibirsk) and Yu. Alexakhin (JINR). 

Further QCD developments were 
covered by Yu. Dokshitzer (Lenin­
grad) while M. Khlopov (institute of 
Applied Mathematics) examined 
the growing links between particle 
physics and cosmology. 

Turning to the future, L. Okun 
(ITEP) looked for physics beyond 
the Standard Model. Plans for the 
next generation of proton-proton 
colliders - LHC at CERN and the US 
Superconducting Supercollider, 
SSC - were outlined by K. Eggert 
(CERN) and M. Marx (Stony Brook). 
For the experimentalists, C. Fabjan 
(CERN) examined detector implica­
tions for these machines. 
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POSTDOCTORAL POSITION 
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THE UNIVERSITY OF IOWA 

A postdoctoral position for a Ph.D. in experimental particle 
physics is available at The University of Iowa on 1 February 
1991 (the starting date is flexible), to work on the ZEUS 
experiment at the electron-proton collider HERA at DESY 
Laboratory in Hamburg, Germany). The person is expected 
to spend part of the first year at Fermilab during the test 
beam run to check out the Uranium barrel calorimeter 
modules, which the U.S. collaboration is building. Once the 
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resume, list of publications and three letters of reference 
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The University of Iowa 
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Gese l lschaf t fur S c h w e r i o n e n f o r s c h u n g , 
D a r m s t a d t (GSI ) 

und 

Ruprech t -Kar ls -Un ive rs i ta t He ide lberg 

Bei der GSI ist zum fruhestmoglichen Zeitpunkt die Position 
eines/einer 

Leitenden Wissenschaftlers/in 
fur den Forschungsbereich 

Atomphysik 
zu besetzen. 

Der/die Leitende Wissenschaftler/in soil mit Zustimmung des 
Landes Baden-Wurttemberg zugleich Professor/in (Bes. Gr. C4) 
fur Experimentalphysik (Physik hochionisierter Atome) an der 
Universitat Heidelberg werden und das Arbeitsgebiet 
Experimentelle Atomphysik mit schweren lonen in Forschung und 
Lehre vertreten. Er/sie soli einen Forschungsbereich bei der GSI 
ieiten, der insbesondere Experimente an dem 
Schwerionensynchrotron (SIS) und dem Speicherring (ESR) zur 
Untersuchung der Wechselwirkung von hochgeladenen lonen mit 
Teilchen und Photonen durchfuhrt. Seine/ihre Lehrtatigkeit soli im 
Rahmen der Fakultat fur Physik und Astronomie der Universitat 
Heidelberg erfolgen. Der/die Stelleninhaber/in wird nach 
Ernennung zum Professor an der Universitat Heidelberg zur GSI 
beurlaubt werden. 

Bewerbungen werden bis 15.11.1990 erbeten an 

Herrn Prof. Dr. Paul Kienle 
Wissenschaftlicher Geschaftsfuhrer der 
Gesellschaft fur Schwerionenforschung m.b.H. 
Planckstr. 1 - Postfach 11 05 52 
D - 6100 Darmstadt 11 
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The first twin superconducting radiofrequen-
cy cavity from German supplier fnteratom for 
the Continuous Electron Beam Accelerator 
Facility (CEBAF) being built at Newport 
News, Virginia. Initial tests of these cavities 
have given encouraging results. 

The School's Organizing Commit­
tee, Chaired by B. Dolgoshein, 
hopes that the international debut 
of the school will go on to become 
a tradit ion. 

FRASCATI 
Phi factory 
The Istituto Nazionale de Fisica Nu-
cleare (INFN), responsible for Italian 
research in nuclear and particle 
physics, has approved the con­
struction of a phi-factory at Frascati 
National Laboratory. 

The phi-factory, wi th twin inter­
secting electron-positron rings pro­
viding very high luminosity (colli­
sion rate), revives the Frascati tra­
dition of electron storage rings, 
dating back to the pioneer A d A 
machine in the early sixties, and 
which continued wi th Adone. 

Adone and its injector are to be 
decommissioned in the next t w o 
and a half years, liberating space 
for the new phi factory, to become 
operational in five years. 

The new machine is planned to 
span the collision energy range 
f rom the threshold for production 
of pion pairs (280 MeV) through to 
1.5 GeV. Luminosity is initially 
foreseen as 1 0 3 2 per sq cm per s 
at the phi energy (1020 MeV), ris­
ing eventually to 1 0 3 3 . T w o inter­
action regions will be available for 
experiments. 

Obtaining the required luminosity 
in this energy range will be a chal­
lenge: new technical solutions will 
be explored and all machine para­
meters will be carefully optimized. 

The known properties of phi de­
cays into kaon pairs and into eta 
mesons plus a photon ensure that 
the machine will also be a ready 
source of kaons and other mesons. 

The various kaon pair combinations 
generated in phi decays will open 
up a new window on the poorly 
understood CP-violation sector 
(violation of the combined left-
right, particle-antiparticle symmetry 
seen in the decays of neutral 
kaons). 

CEBAF 
Accelerating cavities 
look good 
The first assembled pairs of super­
conducting accelerating cavities 
f rom German supplier Interatom for 
the Continuous Electron Beam Ac­
celerator Facility, Newport News, 
Virginia, have exceeded perfor­
mance specifications. 

In a May 25 test at CEBAF, a 
hermetically linked, operationally 
configured cavity pair surpassed 5 
M V / m for accelerating gradient and 
2.4 X 1 0 9 for the quality factor, Q. 
A t or above the required Q, one 
cavity reached 8.3 M V / m , the oth­

er 1 1.6 M V / m . A t the required 
gradient, respective Qs were 5.4 
and 4 . 1 , both x 10 9 . 

By mid-June, a total of three 
pairs had been assembled and 
tested. Maximum gradients at or 
above the specified Q averaged 
8.53 M V / m , and Qs at the required 
gradient reciprocally averaged 4.9 
X 10 9 . 

As scheduled, a total of nine 
production cavities had arrived 
f rom Interatom by mid-July. A 
team headed by Peter Kneisel 
chemically processes the cavities, 
assembles them into hermetically 
sealed pairs, and tests them at 2 K. 

Some 320 cavities, immersed in 
2-K helium within cryostats, will be 
used in the 4-GeV, five-pass recir­
culating accelerator; the injector 
will use another 18. 

The final concrete section of CE-
BAF's 1.4-kilometre racetrack ac­
celerator tunnel was finished in 
June, and on July 3 1 , CEBAF's 
programme of injector 5 MeV test­
ing was completed. A t the end of 
this testing phase, which began 
early this year in CEBAF's test lab, 
the injector was operated wi th con-
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Grenob le - Rhone-Alpes - France 
The European Synchrotron Radiation Facility is constructing a state of the art storage ring for 6 GeV electrons and/ or positrons to be operated as a high brilliance synchrotron radiation source in the field of X-ray from 1994 on. Financing of the ESRF is shared by 11 European countries. 

EUROPEAN 
SYNCHROTRON 
RADIAT ION 
FACILITY 

•••• 

in the present bui ld up phase, the European Synchrotron Radiation Facility offers you interesting career prospects and a unique 
oppor tun i ty to develop and apply your skills in an international hi-tech environment in fields as varied as: 
M a t e r i a l s S c i e n c e s : di f fract ion, elastic diffuse scattering, inelastic scattering, extended X-ray absorpt ion fine structure, 
condensed matter theory, magnetic scattering. 

C h e m i s t r y , 
M a g n e t s : undulators & wigglers, 
H y d r a u l i e s a n d C o o l i n g , 
R a d i o f r e q u e n c y , 
E l e c t r o n i c s , 
R e m o t e C o n t r o l & O p e r a t i o n o f C o m p l e x M a c h i n e s . 
B i o l o g y . 

X - r a y B e a m L i n e s : design, imaging, opt ics, detectors. 
P h y s i c s , 
M e c h a n i c s , 
Ul t ra High V a c u u m , 
P o w e r S u p p l i e s , 
A p p l i e d C o m p u t e r S c i e n c e : hardware ccV Software. 

We recruit now : 

Scientists*, Engineers and Technicians 
* S c i e n t i s t s a r e g e n e r a l l y o n f i x e d - t e r m c o n t r a c t s ( m a x . 5 y e a r s ) 

who give evidence of relevant educat ion, and who have 
experience in research insti tutes, universities or high-tech 
industries. Candidates with at least some years of experience 
in a similar s i tuat ion, or with a professional background 
combin ing educat ion and, or experience from one or more 
of the fields ment ioned above are particularly invited to 
apply. 

The working language is English: - knowledge of French is 
desirable. 
For more information about the ESRF, employment condit ions 
and specific vacancies, you can give your name, address 
and field of professional experience directly to us in Grenoble, 
and we shall provide you with the informat ion needed, 
and an "Appl icat ion Form". 

ESRF (Recruitment Officer), Boite Postale 220, F-38043 Grenoble Cedex. 

i Build a Scientific Europe i 

DATA ACQUISITION 
SCIENTIST 

(Position XPR2154) 
The 4-GeV Continuous Electron Beam Accelerator Facil­
ity, now under construction in Newport News, Virginia, is 
searching for staff scientists as members of the group re­
sponsible for data acquisition. 
The experimental equipment requires state-of-the-art 
data acquisition systems capable of selecting and analyz­
ing complex events at high data rates. Candidates should 
have an advanced degree in Physics or Computer Sci­
ence, with several years of programming experience in 
the areas of device control, graphical user interfaces, or 
distributed computing. 

We offer a very competitive compensation package and 
stimulating work environment. 

Applicants should submit a curriculum vitae specifying 
position number and three professional references to: 
E m p l o y m e n t M a n a g e r , C E B A F , 1 2 0 0 0 J e f f e r s o n 
A v e n u e , N e w p o r t N e w s , V A 2 3 6 0 6 . 

nifiiiif 11mUii f§n® Mmlimim IF*fillIf 
An Equal Opportunity, Affirmative Action Employer 

R E S E A R C H A S S O C I A T E 
(SCIENTIFIC PROGRAMMER) 

The Department of Physics and Astronomy of The 
University of Iowa has a position opening for a 
research associate to work on the experiment 
ZEUS in Hamburg, Germany. 

This position requires a Ph. D. in physics, or an 
equivalent combination of education and experi­
ence, wi th a strong scientific programming back­
ground, a knowledge of DEC operating systems, 
and knowledge of several different programming 
languages including FORTRAN and C. 

The successful applicant must be willing to relocate 
to Hamburg, Germany during 1991 or early in 
1992. 

The tentative starting date wil be beginning 1991 
and possibly sooner. 

Salary will be commensurate wi th education and 
experience. Please apply in wri t ing, including three 
names of references and their telephone numbers, 
t o : 

Professor Usha Mallik 
Department of Physics and Astronomy 

The University of Iowa 
Iowa City, Iowa 5 2 2 4 2 - 1 4 7 9 

The University of Iowa is an equal opportuni­
ty/affirmative action employer. Women and mi­
norities are encouraged to apply. 
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People and things 

tinuous-beam currents over 500 
microamperes, a factor of 2.5 
above the design specification. 

The completed programme of in­
jector subsystem tests and devel­
opment work provided much infor­
mation about injector operation and 
performance, as well as delivering 
beam for extensive studies of ra-
diofrequency control system per­
formance and for characterizing 
beam diagnostic instruments. T w o 
different schemes for measuring 
beam bunch length were also 
tested. 

CEBAF's full 45 MeV injector 
will use two additional 20 MeV 
cryomodules like those to be used 
in the 4 GeV recirculating accelera­
tor itself. On August 1, the entire 
injector was disassembled, and the 
move to the accelerator tunnel be­
gan. 

CERN Council 

At the June meeting of CERN 
Council, Director General Carlo 
Rubbia outlined the plan for the 
LHC proton collider in the LEP tun­
nel as CERN's major project for the 
coming decade. This time the 
Director General placed the tradi­
tional ongoing four-year rolling pro­
gramme of scientific activities and 
budget estimates in a wider con­
text, outlining CERN's strategy and 
programmes up to the year 2000. 

With the end of the 1991-4 roll­
ing programme already having to 
take account of LHC, Council re­
quested the Director General to 
take the necessary steps imme­
diately so that Member States 
could come to a final LHC decision 
in June 1992. 

At the same meeting, Pierre 
Darriulat's term as Research Direc­
tor was renewed for a further three 
years. 

A July physics conference at Oxford's Clar­
endon Laboratory marked the 65th birthday 
of Richard Dalitz, seen here (right) studying 
the meeting programme with fellow Oxfor-
dian Chris Llewellyn-Smith, currently Chair­
man of CERN's Scientific Policy Committee. 
Participants included many colleagues and 
former students from Dalitz' days at Bir­
mingham and Chicago. 

On people 

Abdus Salam, Director of the Inter­
national Centre for Theoretical Phy­
sics (ICTP), Trieste, has been 
awarded the Copley Medal of the 
UK Royal Society. At ICTP, the In­
stitute 's annuerl Dirac medals have 
been awarded this year to Ludwig 
Dimitriyevich Fadeev of Leningrad's 
Steklov Mathematical Institute and 
to Sidney Coleman of Harvard. The 
ICTP's Dirac Medals, instituted in 
1985 in memory of P. A.M. Dirac, 
are awarded every year on 8 Au­
gust, Dirac's birthday, in recogni­
tion of contributions to theoretical 
physics, but are not awarded to 
Nobel Laureates or Wolf Founda­
tion Prizewinners. 

Gwyn Williams of the US National 
Synchrotron Light Source, Brook-
haven, and his NSLS colleagues 
Peter Siddons and Carol Hirsch-
mugl, together with Dieter Moeller 
of Farleigh Dickinson University 
have been awarded one of this 
year's prestigious R&D 100 
Awards for their work on a wave-
front dividing infrared interfero­
meter. 

Ions in LEAR 

After initial trials of injection and 
storage of oxygen ions last year, 
CERN's LEAR low energy 'antipro­
ton' ring has electron-cooled oxyg­
en ions, achieving momentum 
'spreads' down to 4 x 10~4, and 
stacked up to 13.8 x 109 charges 
at 11.4 MeV per nucleon, with 
subsequent acceleration taking the 
ions to 408 Me V per nucleon be­
fore extraction for experiments. 
This ability to store and accelerate 
dense beams of ions is of interest 
for radiological research. 
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The Institute of Particle Physics of Canada 

Applications are invited for a position as a Research Scientist 
with the Institute of Particle Physics of Canada (IPP). 
Candidates should preferably have three years of post­
doctoral experience and a demonstrated record of 
accomplishment. The Research Scientist appointment is 
associated with an academic position at a Canadian 
University and includes the right to hold research grants 
and to supervise graduate students. Such an appointment 
may lead to permanence after three years of employment. 
The current program of IPP includes the following 
experiments : (i) e+e~ collisions in the Y region (ARGUS at 
DESY); (ii) e+e~ collisions at LEP (OPAL); (hi) e-p collisions 
at HERA (ZEUS). Future projects under active study includ e 
participation in a hadron-hadron collider experiment and 
a B Factory detector. The choice of experiment and 
university affiliation will be determined by mutual 
agreement between the candidate and the IPP. Curriculum 
vitae and the names of three references should be sent to : 

D. G. Stairs, Chairman 
The Institute of Particle Physics 
Rutherford Physics Building 
McGill University 
3600 University Street 
Montreal, Quebec H3A 2T8 

i / f tYs iQ^ ̂  Canada 

Applications should be received before 15 November 1990 

In accordance with immigration regulations, preference will be 
given to citizens or permanent residents of Canada 

UNIVERSITE DE MONTREAL 
Research Associate Position in Particle Physics 

Applications are invited for a Research Associate 
Position in Experimental Particle Physics for 
participation in the OPAL collaboration at LEP. The 
successful candidate will be expected to contribute to 
the data analysis and to participate in the maintenance, 
development, and calibration of one of the OPAL 
subdetectors. Experience in software associated with 
Monte Carlo simulation and data reduction will be 
an asset. 

The Universite de Montreal encourages applications 
from both men and women. 
Candidates should send their resume and three letters 
of reference t o : 

Professor Claude LEROY 
Laboratoire de Physique Nucleaire 
Universite de Montreal 
Case postale 6128, Succursale "A" 
Montreal, Quebec 
Canada H3C 3J7 

e-mail: LEROY @LPS.umontreal.ca 
telefax : (514) 343 6215 
phone: (514)343 6722 

The deadline for receipt of applications is 1 November 1990 

CARNEGIE MELLON UNIVERSITY 

RESEARCH ASSOCIATE POSITION 
EXPERIMENTAL HIGH ENERGY 

PHYSICS 

The Department of Physics at Carnegie 
Mellon University invites applications for a 
Research Associate position in experimental 
high energy physics to work on the L3 
experiment at CERN. The individual who 
fills this position will be based at CERN. 
Applicants should submit a curriculum vitae 
and arrange to have three letters of 
recommendation sent to : 

Professor Arnold Engler 
Department of Physics 
Carnegie Mellon University 
Pittsburgh PA 15 213 
USA 

Carnegie Mellon University is an equal opportunity I 
affirmative action employer 

The Max-Planck-Institut fiir Physik 
Munich 

has an opening for a 

Ph.D. Physicist 

with experience in low temperature 
physics 

We are looking for an experimental physicist to 
participate in the development of a calorimeter oper­
ating at very low temperatures (30 mK), with the goal 
of detecting the small nuclear recoil energies caused 
by the elastic scattering of dark matter particles or 
low-energy neutrinos. We are especially interested 
in applicants who have experience in experiment at 
low temperature physics and the properties of super­
conductors. The appointment is usually for three 
years with a possibility of extension. Applications 
(including a resume and the names of three referees) 
should be sent as soon as possible to : 

Dr. Susan Cooper 
Max-Planck-Institut fiir Physik 
Fohringer Ring 6 
D - 8000 Mtinchen 40 
Germany 
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USERS' CORNER 

CERN Experiments 
Committees 
restructured 
A change in the current struc­
ture of CERN's Experiments 
Committees was approved at 
the July meeting of the Research 
Board and will take effect on 1 
January 1991. The SPS and PSC 
Committees will merge into a 
new body named SPSLC (for 
SPS and LEAR Committee) 
which will take care of the parti­
cle physics research programme 
using these machines. Member­
ship of the new Committee will 
be close to that of the parent 
bodies, to be gradually modified 
while current membership runs 
out. At the same time, a new 
Experiments Committee, the 
ISOLDE Committee, will be 
established. It will deal with 
ISOLDE experiments as well as 
with research not pertaining to 
particle physics conducted at 
the SPS and LEAR when this is 
considered appropriate by the 
SPSLC Chairman. 

Detector R and D 
Committee 
An important element in the suc­
cess of CERN's planned LHC 
proton collider for the LEP tunnel 
will be the development of de­
tector technology to exploit the 
machine's high collision rate. 
The European Committee for Fu­
ture Accelerators (ECFA) has set 
up working groups to make a 
broad assessment of the detec­
tor requirements (May, page 27) 
and these will report at a meet­
ing in Aachen from 4-9 October. 

To make optimal use of the 
resources available at CERN and 
to oversee the allocation of valu­
able test beam time, a Detector 
R and D committee has been set 
up along the lines of the existing 
Experiments Committees. 

Its role will thus be to eval­
uate proposals, particularly for 
detector system development 
and make recommendations to 
the Research Board for resource 
allocation. As with experiments, 
the collaborating institutions, in­
cluding CERN, are expected to 
provide their share of the man­
power and the financial re­
sources. Detector R and D pro­
jects requiring CERN resources, 
test beams, technical support or 
computer time are invited to 
submit proposals. 

First chairman is Enzo larocci, 
with Franco Bonaudi as Secreta­
ry. 

Ilya M. Frank 

Academician Ilya M. Frank died on 
22 June. Recipient of the 1958 No­
bel Physics Prize with Pavel Cher-
en kov and Igor Tamm for their joint 
development of new detection 
techniques, he0made significant 
contributions to nuclear and atomic 
physics, and in the development of 
pulsed reactors. For more than 30 
years he was Director of the Neu­
tron Physics Laboratory of the 
Joint Institute for Nuclear Research, 
Dubna, near Moscow. 

Otto Kofoed-Hansen 1921-1990 

One of the best known Danish phy­
sicists from the latter half of this 
century died on 21 July at his 
home in Copenhagen. Otto Kofoed-
Hansen initially worked as a golds­
mith's apprentice before studying 
physics at Copenhagen. Fascinated 
by the weak interaction, his first 
experiments ascertained that the 
'missing energy' in beta decay was 
associated with a corresponding 
missing linear momentum, thereby 
underlining Pauli's neutrino hypo­
thesis. UA2 at CERN, the last ex­
periment in which Kofoed-Hansen 
participated actively, observed ex­
actly the same effect albeit at a 
momentum roughly nine orders of 
magnitude higher I 

Active in theory as well as in ex­
periments, he covered a wide 
spectrum of modern physics. To­
gether with Karl Ove Nielsen (re­
cently retired from the University of 
Aarhus) he carried out in 1950 the 
first — and for a long time the only 
- on-line mass separation experi­
ment, a forerunner of CERN's 
ISOLDE. He was appointed head of 
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5, Narison opens the QCD-90 meeting at 
Montpellier, France, in July 

the Physics Department of the 
newly established Riso Laboratory 
in 1956, and was at CERN from 
1968 until 1977, where in addition 
to his research he served as a per­
sonal adviser to Director General 
Willi Jenschtke and from 1969-72 
was Chairman of the 'Physics III 
Committee' responsible for the 
scientific programme at the Synch­
ro-Cyclotron. After his return to 
Denmark he maintained close con­
tact with CERN, to which be felt 
deeply attached and where he was 
a frequent visitor until a short time 
ago. 

Fermilab Physics Department 

At Fermilab, Jeff Appel becomes 
Head of the Physics Department, 
Steven Pordes Deputy Head, and 
Hans Jostlein Associate Head. 

History of CERN, Vol. 2 

Under the North Holland Physics 
Publishing imprint, the History of 
CERN, Volume 1, became available 
in 1987. This covered the incep­
tion of the idea of a European phy­
sics Laboratory in the post-war 
years leading to the establishment 
of CERN in 1954, and is now sup­
plemented by a second volume, 
describing the building and early 
life of the Laboratory. The initial 
overview in the new book is fol­
lowed in Part II by a survey of 
scientific results and technical 
achievements. The social and poli­
tical relationships inside the Organ­
ization and the interfaces with the 
European physics community and 
with Member State representatives 
are covered in Part III. To conclude, 
Part IV underlines CERN's unique­
ness, pointing out the difference 
between it and other major Labor­
atories. The book throws new light 
on the management of a large or­
ganization dedicated to science, 
with its multiple considerations -
scientific, technical, financial, politi-

Celebrations at the German DESY Laborato­
ry, Hamburg, for the initial taste of particles 
in the first completed octant of the super­
conducting proton ring of the HERA elec­
tron-proton collider. In the absence of pro­
tons, the test made do with 7 GeV posi­
trons. With installation going well and the 
last of the 450 nine-metre superconducting 
dipoles being delivered, the 6.4 kilometre 
proton ring should be complete by the end 
of October. The HERA electron ring was 
completed in 1988 and tested last year. 

cal, personal and institutional. The 
900-page volume, by A. Hermann, 
J. Krige, U. Mersits, D. Pestre and 
with a contribution by L. Weiss, is 
priced at $ 138.50 or Dfl. 270 
(ISBN 0-444-88207-3). 

Advertising 
Starting with this issue, 
Gordon and Breach Science 
Publishers become the adver­
tising representatives for the 
CERN Courier worldwide ex­
cept for Europe, where busi­
ness continues to be handled 
by Advertising Manager 
Micheline Falciola. Enquiries 
should be directed to the ap­
propriate office (see page III). 

The CERN Courier wel­
comes this new arrangement, 
which should go on to con­
solidate the journal's pre­
eminent position as the 
'International Journal of High 
Energy Physics'. 
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Princeton University 

E L E C T R O N I C S E N G I N E E R 

The High Energy Physics group at Princeton University 
invites applications for an immediately available 
Electronics Engineer position. The individual filling this 
position will lead a group that provides electronics 
support for ongoing experimental programs at 
Brookhaven, CERN and Fermi lab, and will actively 
participate in research and development work for the 
SSC. 

Applicants should have a Masters degree in either 
Electrical Engineering or Physics or the equivalent 
experience, a background in analog and digital design, 
and a knowledge of electronics production and packaging 
techniques (PC boards, PALs, ASICs, and chip design). 
Interested individuals should send a curriculum vitae 
and the names of three referees to : 

Professor A. J . S. Smith 
Physics Department 
P.O. Box 708 
Princeton University 
Princeton 
NJ 08544 
USA 

Princeton University 
is an Affirmative Action I Equal Opportunity Employer 

UNIVERSITAT 
_ T L 

In der Fakul ta t fur Phys ik ist eine Professur (C4) fur 

T h e o r e t f s c h e Phys ik 
( N a c h f o l g e J . W e s s ) 

wiederzubesetzen. 

Gesucht werden Bewerberinnen und Bewerber mit dem Arbeitsgebiet 
Theorie der Elementarteilchen und Relativistische Quantenfeldtheorie. 

Die Fakultat fur Physik mit ihren beiden Schwerpunkten Festkorper-
sowie Kern- und Teilchenphysik bietet vielfaltige Moglichkeiten zur 
Zusammenarbeit, insbesondere mit bestehenden Gruppen der 
theoretischen und experimentellen Eiementarteilchenphysik. 

Bewerbungen und Unterlagen uber die bi§herige Forschungs- und 
Lehrtatigkeit sowieSonderdrucke der wichtigstenPublikationen werden 
bis zum 15. November 1990 erbeten an den Dekan der Fakultat fur 
Physik, Universitat Karlsruhe, Postfach 6980, D - 7500 Karlsruhe 1. 

Die Fakultat fur Physik ist bemuht, den Frauenanteil zu erhohen, und 
ermutigt daher besonders Frauen, sich zu bewerben. 

RACHAL CHAIR IN HIGH ENERGY PHYSICS 
TEXAS A&M UNIVERSITY 

Texas A&M University is seeking outstanding applicants in experimental physics for the Rachal Chair in High Energy 
Physics. This endowed chair is an important component of the expansion of the high energy research program at Texas 
A&M following the Texas siting of the Superconducting Super Collider. In total seven new faculty positions in experimental 
high energy physics and four new faculty positions in theoretical high energy physics will be created over the period of 
the SSC construction. 
At present there are six faculty members in experimental high energy physics. Current research includes CDF and DO 
at Fermilab, MACRO atOran Sasso, u+ey search at Los Alamos, and development of two new detector technologies for 
SSC. There are at present five faculty members in theoretical high energy physics. Current research includes 
phenomenology, supersymmetry, superstrings and supermembranes, and astroparticle physics. 
Texas A&M is also a major participant in the Texas Accelerator Center. TAG is engaged in advanced accelerator research 
and technology development. Current projects include linac technology' SSC magnet development, beam dynamics, 
magnetic resonance imaging, superconducting energy storage and magnetic levitated trains. 
The board of Regents of Texas A&M University recently approved the creation of the Laboratory of High Energy Physics 
at Texas A&M, as a host facility for regional and international cooperation in SSC research. This laboratory will provide 
a basis of facilities and personnel to support major activity in the development and construction of SSC detectors and in 
theoretical research related to SSC physics. Applicants should have a record of accomplishment and leadership in 
contemporary high energy physics' and an interest in developing a major role in research at the Superconducting Super 
Coilider. Please address applications or nominations to : 

Professor Peter M. Mclntyre 
Chairman, Rachal Chair Search Committee 
Department of Physics 
Texas A&M University 
College Station 
Texas 77843-4242 
USA 

Texas A&M University is an Equal Opportunity/A ffirmative Action Employer 
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P O S T - D O C T O R A L F E L L O W S H I P IN N U C L E A R 
P H Y S I C S 

D e p a r t m e n t of Nuc lear P h y s i c s 
L U N D U N I V E R S I T Y 

The Photonuclear Research Group at the Department of Nuclear 
Physics at the University of Lund announces a postdoctoral 
fellowship open to applicants who within the past three years have 
completed their PhD examination in nuclear physics. The 
Photonuclear Research Group is performing experiments with 
monoenergetic, tagged photons at MAXlab in Lund. This research 
program involves photodisintegration and photon scattering 
experiments, mainly in light nuclei, below 100 MeV. At presentihe 
experiments include the (y,p)> {Y>n)> (Y>Y}> {Y.Y'j and (y, pn} 
reactions as well as (v,ec') with two charged particles in the exit 
channel. A major upgrade of the tagging facility is planned during 
91/92 with among other equipment a new, improved tagging 
spectrometer. 

The fellowship, granted by the Swedish Natural Science Research 
Council, is for one year but can be extended to a maximum of two 
years. It is free of tax and amounts to SEK 130.000.- (US $ 
21.000.-) to a European or SEK 135.000.- (US $ 21.900.-) per year 
to an overseas physicist. Additional support can be obtained for a 
fellowship holder with children. Applications with curriculum vitae, 
publiction list and three letters of recommendation should reach 

Bent SCHR6DER 
Department of Nuclear Physics 
Solvegatan 14 
S - 223 62 LUND / Sweden 

before December 1,1990. 

• 

HEALTH PHYSICIST 
(Position #AR2122) 

CEBAF, under construction since 1985 in Newport News, Virginia, will be a 
world-class scientific laboratory centered around a high-intensity, continuous 
wave electron beam, which will provide a unique capability for nuclear physics 
research. 
We are seeking a Health Physicist to implement a full operational health 
physics program for the laboratory. This will involve the provision of the 
personnel monitoring service, dosimetry, and radioanalysis services; specifi­
cation and maintenance of instrumentation; monitoring and control of radioac­
tive material; rendering advice and provision of necessary instruction/training 
on radiation control matters and providing assurance that administrative and 
automatic safety systems function effectively. Participation in the preparation 
of project documentation and in the definition and implementation of such 
safety measures as installed monitors, radiation shielding, barriers and 
interlocks, controlled areas, and the environmental program. 

The minimum qualifications for this position are a science degree or degrees 
with specialization in health physics. Extensive work experience in operational 
Health Physics is required. Experience of high energy particle accelerators is 
preferred. Specialized knowledge of electronics and instrumentation systems 
will be advantageous. Teaching ability is important. 

We offer a very competitive compensation*package and stimulating work 
environment. 
For prompt consideration, please send resume, specifying position number 
and job title to: Employment Manager, CEBAF, 12000 Jefferson Avenue, 
Newport News, VA 23606. 

An Equal Opportunity, Affirmative Action Employer 

EUROPEAN 
SYNCHROTRON 
RADIATION 
FACILITY 

GRENOBLE - France 
The ESRF is constructing a synchrotron radiation source in 
the field of X-rays, to support scientists in the implementa­
tion of fundamental & applied research on the structure of 
condensed matter. 
The Computing Services is in charge of the computer sup­
ported services for the whole ESRF organization: Central 
Computer, Office and laboratory Automation Management 
Information System, Experimental. Data acquisition, CA.D., 
and the Machine Central System for the 6 GeV X-ray source. 
We are presently recruiting an: 

Electronics Engineer 
to lead a small group of highly skilled hardware developers in 
charge of designing fast detector read out systems. Main 
emphasis will be the development and implementation of 
image treatment systems for two dimensionnal X-ray diffrac­
tion patterns. 
Qualifications & experience: Higher education on University 
level. Proven experience of state-of-the-art digital boards in 
high speed data-acquisition systems based on the VME bus 
standard or equivalent. The working language in ESRF 
is English, Knowledge of French is desirable. 

State your name, address and the reference number to us in 
Grenoble, and we shall provide you with an 'Application 
Form" to be returned to us before the 31th October 1990: 
ESRF-Personnel Office/Ref.: 6107/90, 
BP 220 - F 38043 Grenoble Cedex. 

i Bui/da Scientific Europe 

C H I E F 

M E C H A N I C A L E N G I N E E R 

The Physics Department at Boston University 
is seeking a Chief Mechanical Engineer to 
design and perform thermal and stress anal­
ysis on mechanical systems for physics re­
search applications. Familiarity with computer-
assisted design and analysis required. Facili­
ties include a state-of-the-art machine shop 
with computer-controlled machines and 
CAD/CAM system. 

Minimum educational background: MA in 
Mechanical Engineering or equivalent; five 
years' experience in a research environment. 

Please send c o v e r le t ter , r e s u m e , a n d n a m e s 
of at least t h r e e re ferences t o : T o m Bagarel la , 
Boston Univers i ty , O f f i c e of Personnel , 25 
Buick Street , Bos ton , M A 0 2 2 1 5 . A n Equal 
O p p o r t u n i t y / A f f i r m a t i v e A c t i o n Employer . 

Boston university 
You'll find we have a lot to offer. 
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Mario Morpurgo 

Meetings 

The fourteenth biennial Particle Ac­
celerator Conference will be held in 
San Francisco from 6-9 May 1991. 
Further information from Confer­
ence Chairman Matthew Allen, 
SLAC, PO Box 4249, Bin 33, Stan­
ford, California 94309, USA. 

A Polarized Collider Workshop to 
be held from 15-17 November at 
Penn State will discuss the physics 
case for a polarization option for 
planned hadron colliders. Further 
information from Richard W. Robi-
nett, bitnet RQ9 at PSUVM, or di­
rectly from the conference node, 
POLARP at PSULEPS 

The IVth Conference on the Inter­
sections between Particle and Nu­
clear Physics will take place from 
May 23-29, 1991, in Tucson, Ari­
zona. Further information from Ms. 
Elaine Zukowski, Building 51 OF, 
Brookhaven National Laboratory, 
Upton, NY 11973-5000, USA, tel 
(516) 282-3866, fax (516) 282-
5820, bitnet HENP at BNLDAG 

SSC Conference 

The Atlanta Conference on the SSC 
will be held on the 13-15 No­
vember in conjunction with the 
1990 Southeastern Section of the 
American Physical Society (SE-
SAPS) meeting in Atlanta, Georgia. 
The meeting will focus on industrial 
and scientific opportunities, cover­
ing the status of the project, indus­
try, university and laboratory parti­
cipation, the development efforts 
now underway for major detectors 
and progress toward defining the 
initial research programme. For in­
formation phone Tony Gabriel at 
(615) 574-6082 (bitnet TAG at 
ORNLSTC), or William Dunn at 
(919) 544-4952. 

Mario Morpurgo 

With the death of Mario Morpurgo 
on 29 May CERN lost one of its 
most individual and engaging char­
acters. CERN's founding fathers, of 
whom Edoardo A ma Id i was the 
prime example, are often cited but 
there is also a kind of brotherhood 
of the original builders amongst 
whom Mario Morpurgo occupied a 
special place. Morpurgo was not 
the person to aspire to a position 
of leadership or power, preferring 
to cultivate his own interests. Such 
individuals are rare and without 
them CERN would not be what it 
is, would have less value and less 
character. 

Morpurgo came straight to CERN 
after his studies at Rome and im­
mediately applied his intelligence to 
the design and construction of con­
ventional magnets. He was quick 
to recognize that the future lay in 
strong-current superconductivity at 
a time when it was just beginning. 
Although cryogenics was for him a 
complete 'terra incognita' as it was 
for bubble chamber builders, he ra­
pidly initiated himself into its mys­
teries using the facilities of the 
small laboratory founded and di­
rected by Fritz Schmeissner and 
was soon able to design the large 
magnet for the Omega detector. He 
conceived the idea of extrapolating 
conventional magnet cooling tech­
nology to superconducting mag­
nets, using a forced current of li­
quid helium under pressure. For 
this he needed a pump which he 
himself designed and got his team 

to build and wpich is still regarded 
as a model of its kind. After the 
inevitable teething problems, Ome­
ga was a complete success. Hen­
ceforth, Morpurgo was to be an 
authority in the field of supercon­
ducting magnets. He naturally be­
came head of the Cryogenics Labo­
ratory on Schmeissner's departure 
and contributed to the initial 
studies for the LHC. 

All those who knew Mario Mor­
purgo found him both paradoxical 
and endearing. Though fundamen­
tally a loner, he could run a team 
and earn its respect and affection. 
His range of knowledge and talents 
was impressive. In addition to his 
professional activities as an engi­
neer, he could turn his hand to 
drawing and painting, in which he 
displayed considerable talent, and 
his connaisseurship in art was the 
admiration of his friends. 

Although his caustic wit elicited 
wariness and even apprehension, 
he demonstrated unfailing loyalty 
to his friends. He also had a keen 
sense of justice and on several oc­
casions intervened vigorously and 
effectively to combat injustices 
which had particularly shocked him. 

Now he has left us and we will 
never again see that curious almost 
Chaplin-like figure of Mario at the 
far end of some corridor deep in 
his own thoughts. 

May these few lines stand as a 
testament of friendship from those 
who knew him and of gratitude 
from the whole of CERN. 

His former colleagues 
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I ta ly a t CERN 
Italian Industrial Exhibition at CERN (Bldg 60) 

LIST OF PARTICIPANTS 
a t t h e Exhibition a t C E R N 
2 3 - 2 6 O c t o b e r 1 9 9 0 

Organized by the Italian Institute for Foreign Trade (ICE) 

For further information, apply to 

ICE Branch Office 
Limmatstrasse 23 
C H - 8 0 0 5 ZURICH 
Tel. 0 1 / 2 7 1 75 05 Telex 822 635 ice ch Telefax 0 1 / 2 7 2 54 14 

M l C R M S Y S T E M 
Hybrid thick f i lm circuits for avionics, medical, mil- Circuits hybrides a couche epaisse pour I'appiica-
itary and research applications • Charge preamplif- t ion de I 'aviation, medicale, militaire et de la recher-
iers • Digital panel instruments. che • Preamplif icateurs de charge • Instruments 

digitaux de panneaux. 

Via Monte Grappa, 73 
i - 21049 TRADATE (VA) 
Tel. 0 3 3 1 / 8 4 55 33 
Tlx. 31 28 69 
Fax. 0 3 3 1 / 8 4 45 18 

Electronic instruments for High Energy Physics Instrumentat ion electronique pour les experiences 
exper iments in different standards (NIM, C A M A C , de Physique des Hautes Energies dans les stan-
FASTBUS, VME and custom developments) dards NIM, C A M A C , FASTBUS, VME et develop-

pements « cus tom ». 

AUREL MICROSYSTEM 
S.R.L 

C.A.E.N. 
Via Vetraia, 11 
1-55049 VIAREGGIO (LU) 
Tel. 0 5 8 4 / 3 9 56 74-39 60 90 
Tlx. 58 01 12 
Fax. 0 5 8 4 / 3 9 60 34 
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CO.MET.AR 
Consorzio Metalmeccanici Artigiani 
Viale Fulvio Testi , 280 
1-20126 MILANO 
Tel. 0 2 / 6 6 10 14 5 4 / 5 7 / 5 9 / 8 1 
Tlx. 32 28 13 
Fax. 0 2 / 6 6 10 14 70 

M e c h a n i c a l m a c h i n i g and s tee l s h e e t w o r k s on 
c u s t o m e r r e q u e s t : 
NC and tradit ional turning, mil l ing, bor ing, gr inding, 
etc. sheet drawing, punching, shearing, etc. Me­
chanical apparatuses assembling. Machine too ls 
for meta lwork ing and accessories. 

T r a v a u x m e c a n i q u e s aux m a c h i n e s - o u t i l s e t de 
la t o l e se lon les e x i g e n c e s du c l i en t : 
Tournage tradit ionnel et avec CN, fraisage, alesa-
ge, rect i f icat ion, etc. Deformat ion, decoupage, ci-
sail lement de la to le, etc. Montage des appareils 
mecaniques. Machines-outi ls et accessoires. 

O i expo-art 
CONSORZIO 'EXPO-ART' 
SOC. COOP. A.R.L. 
Viale Emilio Po, 234 
1-41100 MODENA 
Tel. 0 5 9 / 8 2 07 66 
Fax. 0 5 9 / 8 2 07 22 

Members/Mem bres 

<£ 
canova&clo 
CANOVA & CLO S.N.C. 
Via dei Tipografi, 2 0 / A 
Modena Est 
1-41100 MODENA 
Tel. 0 5 9 / 3 6 40 50 
Fax. 0 5 9 / 2 8 09 72 

CAMP S.N.C. Dl PRESS! 
G.F. & C. 
Via Emilia Ovest, 87 
1-41013 CAST ELF RAN CO EMILIA 
(MO) 
Tel. 0 5 9 / 9 2 33 90 
Fax. 0 5 9 / 9 2 78 77 

mxiM 
COXA S.R.L 
Mechanical 
Manufacturing 
Via Don Milani, 15 
1-41100 MODENA 
Tel. 0 5 9 / 2 5 13 59 
Fax. 0 5 9 / 2 5 38 28 

Manufacture of spare parts for Italian and foreign 
ear thmoving machines. 

C o n t r a c t w o r k 
Bending of i ron, stainless steel, brass.pipes. Differ­
ent kinds of processing upon sheets. Execution of 
particular i tems by drawing and work ing of various 
kinds of metal structures. A lumin ium, stainless 
steel, copper, bronze, brass weld ings, w i th the 
possibi l i ty of obtaining a final product for different 
f ields, such as: al imentary, sanitary, hospital , agri­
cultural, restorat ion, zootechnic, motor field and so 
on. 
P lease no t e t h a t NC m a c h i n e too l s are used 
d u r i n g p r o c e s s i n g . 

Construct ion of precision mechanical equipment. 
Constructors of special machinery, p ro to types, 
t ransfers, related machinery and multiple head as­
semblies. Complete processing of sample parts, 
w i th batch product ion, if required. 

Precision machining in small batches w i th numeri­
cally control led machinery and work stat ions for 
the construct ion of pro to types, spare parts and 
preproduct ion. Processors of plastic, aluminium, 
bronze, copper, glass f ibre and epoxy resin, stain­
less steel. 

Product ion de pieces de rechange pour machines 
de terrassement italiennes et etrangeres. 

A u c o m p t e d ' a u t r u i 
Courbement de tuyaux en fer, acier inox, laiton, etc. 
Travail de to les. Execution de pieces sur plan et 
travaux de charpenterie en general. Soudures en 
aluminium, acier inox, bronze, cuivre, laiton, etc., 
avec la possibi l i ty d 'obtenir un produit fini destine a 
plusieurs secteurs; al imentaire, sanitaire, hospita­
ller, agricole, zootechnique, de I 'automobile, etc. 
Le t rava i l e s t e f f ec tue par m a c h i n e s - o u t i l s a 
c o m m a n d e n u m e r i q u e . 

Construct ion d 'equipements mecaniques de preci­
s ion. Construct ion de machines speciales, pro to ty­
pes, «t ransfer t», tout equipement adaptable, tetes 
mult iples. Usinage de pieces-echanti l lons specia­
les, meme en serie. 

Usinage mecanique de precision en petite serie 
pour machines-outi ls et centres d'usinage a c o m ­
mande numerique, dans la construct ion de proto­
types , de pieces de rechange et pre-series. Traite-
ment et t ransformat ion de matieres plastiques, 
acier inox, bronze, aluminium, cuivre, f ibres de ver-
re avec resine epoxy. 
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CIV.A. Confederazione 
Nazionale 

Small and medium companies associat ion prov id­
ing its members w i th services, advices and trade-
union act ivi ty. 

Assoc ia t ion de peti tes et moyennes societes aux-
quelles Ton fourni t services, consultat ions et acti-
vi te syndicale. 

dell'Artigianato 
Associazione provinciale di Modena 
Via Nazario Sauro, 21 
1 - 4 1 1 0 0 M O D E N A 
Tel. 0 5 9 / 5 8 31 11 
Fax: 0 5 9 / 2 2 19 28 

LUNGARI Giuseppe 
Via dell'lndustria, 54 
1 - 4 1 1 0 0 M O D E N A 
Tel. 0 5 9 / 3 6 00 50 
Fax. 0 5 9 / 3 6 02 57 

Tangential and prismatic grinding and equipment. 
Complete machining and construct ion of mechani­
cal components to customer 's design. Complete a 
partial overhaul of machine too ls . 

Rectif ication pr ismatique et tangentielle et outil la-
ge. Usinage complet et fabrication de pieces meca­
niques selon plan. Revision complete ou partielie 
de machines-out i ls. 

C I lEkNECONP 
CIRCUIT! STAIVIPATI Professional Printed Circuits Boards Circuits impr imes professionnels 

ITALIA S.p.A. 
(Gruppo Teknecomp) 
Via Druento 274 
1 - 1 0 0 7 8 V E N A R I A R E A L E ( T O ) 
Tel. 0 1 1 / 4 2 4 17 17-424 21 25 
Tlx. 22 05 45 
Fax. 0 1 1 / 4 2 4 02 61 

GEOFARAD S.R.L. 
Via Selice, 12 /A 
1 - 4 0 0 2 7 M O R D A N O ( B O ) 
Tel. 0 5 4 2 / 5 10 59 
Tlx. 212 858 
Fax. 0 5 4 2 / 5 24 70 

Elec t ron ic capac i t o rs fo r : 
Laser, commuta t ion , snubber, f i l ter ing, surge dis­
charge, high frequencies. Electronic regulators for 
phase compensat ion. Automat ic units for phase 
shift ing correct ion w i th f i l tering. 

C o n d e n s a t e u r s pour : 
Laser, commuta t ion , snubber, f i l t rage, decharges 
rapides, haute frequence. Regulateurs electroni-
ques pour la mise en phase. Unites automat iques 
pour la mise en phase avec fi l trage des harmoni-
ques. 

GROUND S.A.S. 
Via Grecia 31 / 3 5 
I - 4 1 1 0 0 M O D E N A 
Tel. 0 5 9 / 3 1 00 89 
Tlx. 52 22 48 
Fax. 0 5 9 / 3 1 40 75 

Systems of macrovisualization 
(Video-display) 

Systemes de macro visualisation 
(Video-display) 
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IIES ELECTRONIC? 
IES Electronics S.p.A. 
Via Carlo Poma, 9 
1-00040 POMEZIA (RM) 
Tel. 0 6 / 9 1 18 11 
Tlx. 61 61 36 
Fax. 0 6 / 9 1 2 00 07 

T h e DCS w o r k s in p reva lence for I ta l ian and 
f o re i gn m a r k e t in f o l l o w i n g t e c h n o l o g i e s : 
• pcb to PTH • pcb multilayer f rom 4 to 14 layers 
w i th or w i thout internal hoies • Flexible pcb in kap-
ton • Rigid/f lexible pcb • Polyamide pcb for high 
temperatures • Tef lon pcb. 

La D iv i s ion des c i r c u i t s i m p r i m e s t rava i l l e pour 
les m a r c h e s i t a l i en e t e t ranger avec les t e c h n o ­
log ies s u i v a n t e s : 
• Circuits impr imes a t rous metall ises • Circuits 
impr imes mult icouches (de 4 a 14) avec ou sans 
t rous enfouis • Circuits f lexibles en kapton • Cir­
cuits r ig ides/f lexibles • Circuits imprimes en polya­
mide et autres suppor ts pour hautes temperatu­
res. 

LABEN S.p.A. 
S.S. Padana Superiore, 290 
I - 2 0 0 9 0 V I M O D R O N E (Ml) 
Tel. 0 2 / 2 5 07 51 
Tlx. 31 26 16 
Fax. 0 2 / 2 5 0 55 15 

Nuc lea r S e c t i o n of LABEN S .p .A . : 
Development and product ion of data acquisit ion 
sys tems in the domain of High Energy Physics, by 
utilizing innovative technologies. 

S e c t e u r nuc lea i re de la LABEN S .p .A . : 
Developpement et fabricat ion de systemes d'ac-
quisi t ion de donnees pour la physique des hautes 
energies, avec I'util isation de technologies innova-
tr ices. 

mT 
METALTRECCE Dl 
MAGRIN PIERANGELO 
E.C. S.N.C. 
Via Meucci 
1-36040 BRENDOLA (VI) 
Tel. 0 4 4 4 / 6 0 00 90 -60 16 05 
Tlx. 480 155 
Fax. 0 4 4 4 / 6 0 16 05 

Signal /contro l cables made various standard 
specif icat ion. Customised cables, made under cus­
tomer specif icat ion. Unscreened and screened, ar­
moured cables using either tapes or wi res braided 
and /o r wi re- lapped. 

Cables de signatl isation e t / ou controle produit en 
respect des normes. Cables speciaux, produits 
sur projets du client. Cables normaux faradises, 
bl indes avec bande, en fils par tresse e t / ou par 
guipage. 

T l l f R I A L 
RIAL S.p.A. 
Via Novara, 6 / A 
1-43100 PARMA 
Tel. 0 5 2 1 / 7 7 12 75-77 21 93 
Tlx. 53 15 43 
Fax. 0 5 2 1 / 7 7 32 68 

Manufacture of a complete range of ion pumps and 
sys tems designed to cover all application relating 
to clean vacuum and ultra high vacuum; evapora­
t ion , surface studies, microscopic, etc. 
Main appl icat ions: 
• Vacuum evaporat ion • Material studies • Heat 
t reatment in U.H.V. 
Space simulation Mechanism and physics 
studies: 
• El. microscopy • Mass spectrometry • U.H.V. 
mesurements • M.B.E. 

La societe RIAL vacuum fabrique une gamme c o m ­
plete de pompes ioniques et installations projetees 
pour toutes les applications dans le domaine du 
vide et ultra-vide, evaporat ion, etudes de surface, 
microscopique, etc. 
Les applications principales sont : 
• Evaporation sous vide • Etudes sur materiaux 
• Trai tement thermique U.V. • Simulation spatiale 
• Etudes mecaniques et physiques • Microscopie 
• Spectrometr ie de masse • Mesures U.V. 
• M.B.E. 
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A D V A N C E D 

SILENA S.p.A. 
Via Firenze, 3 
1-20063 CERNUSCO S/N (Ml) 
Tel. 0 2 / 9 2 3 33 31 
Tlx. 32 25 23 
Fax. 0 2 / 9 2 3 32 93 

Design, product ion and sale of electronic instru­
mentat ion for analysis of nuclear radiations. 
The company 's product range includes preampli­
f iers, ampli f iers, high voltage, power supplies, ultra 
high-speed analog-to-digital converters, mult i ­
channel analysers for nuclear spect rometry , c o m ­
puter-based systems for nuclear data aquisit ion 
and processing, moni jor ing systems for alpha, 
beta and gamma radiations. 

Projets, product ion et vente d ' instrumentat ion 
electronique pour la mesure des radiations nucleai-
res. 
La ligne de product ion comprend pre-amplif ica-
teurs, ampli f icateurs, haute tension, codeurs ana-
logiques numeriques ultra-rapides, analyseurs mul-
ti-canaux pour spectrometr ie nucleaire, systemes 
pour I'acquisition et le trai tement des donnees 
nucleaires et controles par ordinateur, systemes 
de controle d' irradiat ion Alpha, Beta et Gamma. 

TRATOS CAVI S.p.A. 
Via Stadio, 2 
1-52036 PIEVE S. STEFANO (AR) 
Tel. 0 5 7 5 / 7 9 92 9 2 / 9 3 
Tlx. 57 35 24 
Fax. 0 5 7 5 / 7 9 80 26 

Telecommunicat ions cables. Telecommunicat ions 
cables in optical f ibres. Power cables in XLPE-PVC 
rubber. Signalling cables. Instrument cables. Ther­
mocouple cables. 
Al l the cables can be supplied in f lame retardant 
version w i th low emission of fumes, toxic and cor­
rosive gasses. 

Cables pour te lecommunicat ion. Cables pour tele­
communicat ion en fibre opt ique. Cables pour ener-
gie en caoutchouc XLPE-PVC. Cables pour instru­
ments. Cables pour thermocouples. 
Tous les types de cables peuvent etre fournis igni-
fuges a basse emission de fumee, gaz toxiques et 
corrosi fs. 

VARIAN S.p.A. 
Via Varian, 54 
1-10040 LEINI (TO) 
Tel. 0 1 1 / 9 9 6 80 86 
Tlx. 21 02 28 
Fax. 0 1 1 / 9 9 6 90 02 

Vacuum equipment product ion, high vacuum and Product ion des appareils du vide, fabrique syste-
ultra-high vacuum systems, and all vacuum com­
ponents such as diffusion pumps," ion pumps, tur-
bomolecular pumps, f langes, f i t t ings, valves, vacu­
um gauges, leak detectors. 

mes pour le vide et I'ultra-vide et tout ce qui concer-
ne le composant comme pompes a diffusion d 'hui-
le, pompes ioniques, pompes turbomoleculaires, 
br ides, vannes, cof frets de mesure, detecteurs de 
fui tes. 

D3 
E. Z AIM ON S.p.A. 
Via Vicenza, 113 
1-36015 SCHIO (VI) 
Tel. 0 4 4 5 / 6 7 0 4 0 0 
Tlx. 48 00 69 
Fax. 0 4 4 5 / 6 7 05 62 

Pressure vessels of any type, internals for reactor, 
heat-exchangers, test circuits, reactors, co lumns, 
autoclaves, vessels and tanks. 
Vacuum and ultra-high vacuum components for 
physics research institutes and cryogenics. 

Reservoirs a pression de toutes sortes, interieurs 
pour reacteurs, echangeurs de chaleur, circuits 
d 'essai , reacteurs, colonnes, autoclaves, tanks. 
Tanks a vide et a vide pousse pour insti tuts de 
recherche pour la physique et la cryogenie. 
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D i a p h r a g m b e l l o w s m a d e by 
REINHOLD are we l l - known for 
their excel lent quality. They are 
character ised by: 
™ Quality up to CERN 

standards 
™ High flexibility 

Wide range of d imens ions, 
0 7 to 0 600 mm 
I n d i v i d u a l l y a d a p t a b l e to 
c u s t o m e r ' s s p e c i f i c a t i o n s 
Avai lable with ring fittings or 
as c o m p l e t e be l l ows w i th 
C F - f l a n g e s a n d g u i d i n g 
rings 

• • Short delivery t ime 
Excel lent pr ice/qual i ty ratio 

Contact us, we will be p leased 
to send our catalogue or submit 
an offer. 

PEINNQI .n 
REINHOLD S.A. 
39, Avenue de la Praille 
CH-1227 CAROUGE / Geneve 
Tel.: 022/422310 
Fax: 022/436160 
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Phi l l ips Sc ient i f i c 
. . . At the leading edge of technology 

the logical choice for NIM-CAMAC-FASTBUS products 
NIM 

DISCRIMINATORS LOGIC UNITS 
704 Leading Edge Discriminator,300MHz,4ch. 726 Level Translator NIM.TTL.ECL 

705 Leading Edge Discriminator,75MHz,8ch. 752 Two Input AND/OR 150MHz,4ch. 

706 Leading Edge Discriminator, 100MHz, 16ch. 754 Four Input Majority Logic 300MHz,4ch. 

708 Leading Edge Discriminator^OOMHz^ch. 755 Four Input Majority Logic 150MHz,4ch. 

710 Leading Edge Discriminator, 150MHz,8ch. 756 Four Input Majority Logic 300/150MHz,4ch. 

711 Leading Edge Discriminator, 150MHz,6ch 757 Logic Fan In/Out 150MHz, 8ch. 

715 Constant Fraction Discriminator, 100MHz,5ch 758 Two Input AND/OR 150MHz,8ch. 

730 Dual Threshold Disriminator, 100MHz, 5ch. 
6904 Single Channel Discriminator StandaloneSOOMHz GATE AND DELAY GENERATORS 
6915 Constant Fraction Discriminator Standalone 100MHz, 1ch. 792 Delay module 2ch,127ns 

6930 Dual Threshold Discr. Standalone 100 MHz 1 ch. 794 Gate/Delay Generator 0.1Hz-20MHz, 50ns-10s, 

4 channels,5 outputs(3NIM,1TTL,1ECL) 

AMPLIFIERS 
770 Fixed Gain Amplifier 10,DC-300MHz,4ch. LINEAR PRODUCTS 
772 Fixed Gain Amplifier 10,DC-300MHz,8ch. 740 Linear Logic Fan In/Out DC-250MHz,4ch. 

771 Variable Gain Amplifier 1-10,DC-300MHz,4ch. 744 Linear Gate Fan In/Out DC-250MHz,4ch. 

774 Pulse Amplifier 100KHz-2GHz.Gain 5-100,4ch. 745 Linear Gate Fan Out DC-250 MHz,4ch. 

775 Pulse Amplifier 100KHz-2GHz.Gain 5-50,8011, 748 Linear/Logic Fan Out DC-250 MHz,8ch. 

776 Photomultiplier Preamp DC-275MHz Gain10,16ch. NEW 782 Cable-Aid Receiver DC-300MHz,8ch. 
777 Variable Gain Amplifier 2-50,DC-200MHz,8ch. NEW 786 Cable-Aid Receiver DC-250MHz,16ch. 

NEW 778 Variable Gain Amplifier 2-50,DC-200MHz,16ch. NEW 6980 Cable-Aid Receiver DC-300MHz,single channel 

NEW 779 Photomultiplier Preamp DC-275MHz,Gain10,32ch. 
6931 Single Channel Standalone DC-100MHz Gain100 ATTENUATORS 
6950 Single Channel Standalone DC-300MHz Gain 10 804 NIM Rotary Attenuator 0.1-1.0,DC-lGHz,4ch. 

6954 Single Channel Standalone 100KHz«2GHz. 5010 Single Channel Standalone Rotary Attenuator 

NEW 6955 Pick-off Preamplifier 20MHz-700MHz,Gain 5-100 Range:0.1-1.0 DC-1GHz 

CAMAC FASTBUS 
7106 Discriminator Latch 140MHz,16ch. 10C2 Charge ADC(QDC) 256pCouiombs Full scale 32ch. 

7120 Precision Charge Source Time Interval Gen. 10C6 TDC 25ps, 10bits, res.32 ch. 

7126 Level Translator: ECLJTL, NIM Common Features for 10C2-10C6: 

7145 Linear Gate Multiplexer DC-250MHz,8ch. *7us conversion per module *Pedestal Correction 

7157 Logic Fan In/Out 150MHz,8ch. *Megablock Read out (40Mb/s) *Upper and Lower Thresholds 

7176 Photomultiplier Preamp DC~275MHz,Gain10.16ch. *Multiple Event Buffering 

7177 Variable Gain Preamp 2-50, DC-200MHz,8ch. *Common Start or Stop (10C6 only) 

7186 TDC 25ps res.,12us conversion,16ch.lemo inputs 10C8 Latch/Memory 128ch.,2K Deep 

7187 TDC 25ps res.,12us con version ,16ch.ECL inputs 10C9 Latch/Memory with Sparcification,128ch. 

^194 Gate/Delay Generator 0.1Hz-20MHz ,50ns-10s, 10C8and 10C9 feature: 

4 channels., 5 outputs (3NIM,1TTL1ECL) *Megablock Readout ^Multiple Event Buffer 

QUALITY PRODUCTS AND SERVICE - THE CHOICE IS YOURS ! ! ! 

PHILLIPS SCIENTIFIC Tel: (201)934-8015 
305 ISLAND RD. Fax: (201)934-8269 
MAHWAH, NJ.07430 Tlx: 990982 PSI UD 

FOR SALES OFFICES IN YOUR AREA OR TO RECEIVE A FULL LINE CATALOG 
PLEASE TELEPHONE, FAX OR TELEX OUR MAIN OFFICE. 
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CR YOREFRIGERA TORS... 
... the solution for a wide range of 
cooling problems 
LEYBOLD offers a wide range of cryorefri-
gerators for research and industrial purpo­
ses, covering the temperature range from 
4 K to 330 K with closed-cycle helium re­
frigerators. These refrigerators are suitable 
for any application where liquid refrige­
rants are undesirable. 
Typical applications include: 
• Cooling of test specimens in cryostats, 
e.g. for high temperature superconductivi­
ty research • Shield cooling of supercon­
ductive magnets • Cooling of low-noise 
amplifiers and detectors • Hydrogen 
liquefiers for H 2 targets. 
Our product line includes 1, 2 or 3-stage 
refrigerators with accessories, complete 
cryostats and cryopumps for all high or 
ultra high vacuum applications with 
pumping speeds between 400 and 
60 000 I s 1 . 
Interested? Call: 01-302 36 36 

LEYBOLD AG 
Leutschenbachstrasse 55, 8050 Zurich 
Worldwide: 
LEYBOLD AG, Bonner Strasse ^ , D-5000 Cologne 51 

L E Y B O L D 

Innovative Vacuum Technology A Degussa Company 



From CAD to 
finished product, 
PCK Technology makes 
precision wire placement easy. 
Now, the precision wire placement technology pioneered for the Super­
conducting Super Collider ( S S C ) is available for other high energy physics 
applications. 

Superconducting coils from PCK Technology set the standard with cost-
efficient precision wire placement.Thanks to our Computer Integrated Manufactur­
ing (CIM) system, designers are able to go straight from CAD system to finished 
product. CAD system data is transferred onto floppy disks, which in turn, drive our 
precision wiring machines. This means what your designer sees on-screen, is what 
you're going to get. Wire placement is accurate to 0.025 mm (0.001"), with sizes 
ranging from 0.064 mm (0.0025") to 0.60 mm (0.024 ") diameter using copper, 
copper alloys, or superconducting materials like Nb/Ti. 
Have a Complex Wiring Pattern? 

No problem. Precise patterns up to one meter wide can be produced in any 
length, with placement as close as .075 mm (0.003") edge to edge. 
For High Energy Physics Applications. . . Look to PCK's Precision 
Coil Technology. 

Whether you manufacture NMR scanners, wire chamber detectors, millimeter 
wave antennae, positioning sensors, field measuring coils, straw tube detectors, or 
magnets, PCK's precision wire placement can do the job for you. For applications 
requiring precision wiring, call PCK Technology at: (516) 454-4504. 

PCKTECHNOLOGYDMSION 
a division of Kollmorgen Corp. 

322 South Service Road, Melville, NY 11747 
(516) 454-4504 • FAX (516) 454-0317 
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