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C A M B R I D G E 
Now in paperback 

Superstring Theory 
Volume 1: Introduction 
Volume 2 : Loop Amplitudes, Anomalies and 
Phenomenology 
M. B. GREEN, J . H. SCHWARZ and E. WITTEN 
This two volume work is a systematic exposition of 
superstring theory and its applications. It presents many of 
the new mathematical tools that theoretical physicists are 
likely to need in coming years. 
'...destined to be the bible of this rapidly developing 
subject.' NewScientist 
Volume 1 provides a self-contained and accessible 
introduction to superstrings. Students and researchers in 
general relativity and elementary particle theory, will find 
it an invaluable textbook or reference. 
480 pp. 1988 0 521 35752 7 Pb £ 1 2 . 5 0 net/$19.95 
Volume 2 delves more deeply into topics of current 
interest and focuses largely on 'phenomenology' and the 
field theory of strings. 
596pp. 1988 0 521 35753 5 Pb £ 1 5 . 0 0 net/$24.95 
Cambridge Monographs on Mathematical Physics 

Superstrings: A Theory of 
Everything? 
Edited by P. C. W. DAVIES 
and J . BROWN 
Based on the BBC Radio 3 
documentary, this book is a clear and 
concise introduction to superstring 
theory. Although it tackles a topic at 
the forefront of modern scientific 
research, it is written at a 
nonspecialist level and will find wide 
and general appeal. 
228 pp. 1988 0 521 35462 5 He £ 2 0 . 0 0 net/$34.50 

0 521 35741 1 Pb£6.95net /$10 .95 

Now in paperback 

Spinors and Space-time, 
Volume 2 
Spinor and Twistor Methods in Space-Time Geometry 
ROGER PENROSE and WOLFGANG RINDLER 
Volume 2 in this major work introduces the theory of 
twistors and studies in detail how the theory of twistors and 
2-spinors can be applied to the study of space-time. 
'...very likely to become a classic' Nature 
512 pp. 1988 0 521 34786 6 Pb £ 1 7 . 5 0 net/$34.50 

Cambridge Monographs on Mathematical Physics 

Particle Physics: A Los Alamos 
Primer 
Edited by N. G. COOPER and G. B. WEST 

A lively and well-illustrated overview of the major 
theoretical and experimental advances in Particle Physics 
over the past twenty years. This book is designed to interest 
a broad audience ranging from the inquisitive student to the 
professional theorist and experimentalist. 
216 pp. 1988 0 521 34542 1 He £ 3 0 . 0 0 net/$49.50 

0 521 34780 7 Pb £9,-95 net/$l4.95 

For further information please write to Tom Woodruffe-
Peacock in Cambridge or Clay Gordon in New York 

Cambridge University Press 
The Edinburgh Building, Shaftesbury Road, Cambridge CB2 2RU 
32 East 57th Street, New York, NY 10022, USA 
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Anzeige ADVERTISEMENT Special VME modules 

The Dr. B. Struck company** has ex-
tended its r a n g e of avai lable 
VMEbus products by some very in­
teresting modules. These include in­
telligent F A D C readout systems 
using Digital Signal Processors as 
well as simple level converters. 

STR730 FDDP Fast Digital Data 
Processor 

The STR730 System (INFN Torino) ser­
ves as a fast read-in and processing system 
for analog data . The V M E - m o d u l e 
STR730/DSP consists of the VME-inter-
face and two identical logical units with a 
fast Digital Signal P r o c e s s o r (DSP) 
TMS32010 and 4 Kbyte program memory 
in each of these. 

The DSP can read and process the data 
from a piggyback analog input card to per­
form e.g. programmable trigger decisions 
or on-line data reduction. The results are 
stored in a 512-word FIFO memory which 

n be read either through a front panel 
nnector or the VMEbus. Additional 

FIFOs enable the exchange of data between 
adjacent logical units. 

The p i g g y b a c k input card 
STR730/AN1 comprises eight FADCs 
with 8 bit resolution (linear), 50 Ohms 
input impedance, 10 mV/LSB sensitivity 
and 200 ns conversion time. 4 channel 
FADC boards with 256 byte memory per 
channel and charge integrating ADC 
boards are under development. 

DL400 Modular VME Front-End 
System 

The DL400 system (Univ. of Heidel­
berg) is suited for applications where 
FADC sampling rates up to 100 MHz are 
necessary. The base module DL400 con­
tains the whole VMEbus interface. 

The DL401 submodule is a piggyback 
board which is placed onto the base 
module. It contains 4 Flash-ADCs with 8 

resolution. If a larger dynamic range is 
Quired, it is possible to run the FADCs in 

a nonlinear mode with an effective 
dynamic range of 10 bits. The maximum 
sampling rate is 100 MHz, controlled by 
the trigger input. For each FADC a fast 
1024 byte memory will serve as inter­
mediate storage. The data of the four 
memories can be read as one 32-bit word 
via the VMEbus to enable fast read-out of 
the data. 

The DL403 submodule will generate all 
the necessary timing and control signals 
for the DL401 modules. The DL403 s u p 
ports both, the common start mode and the 
common stop mode. 

A Time-to-Digital converter DL404 is 
now available for the DL400 system. It has 
16 analog inputs with programmable dis­
criminator thresholds. The conversion is 
digital and the resolution is defined by the 
clock frequency (10 ns minimum). Dif­
ferent operating modes include multi-hit 
and multi-event capability. Depending on 
the operating mode the time range is 41|X s 
to 10.5 ms at maximum clock frequency. 

DL410USBM 
The DL410 ultra high speed buffer 

memory (USBM) submodule can record 
fast digital data. It has two 10-bit input 
channels with differential ECL input and a 
maximum input rate of 100 MHz per chan­
nel. Each of the two channels has a 
memory of 128 Kwords. 

Its specific application is to record data 
from an external transient recorder 
(TEKTRONIX type RTD710, 10 bit, 200 
M H z ) and make it available to the 
VMEbus. 

STR721 VSC 
The VME module STR721 (UPL) is a 

scaler/counter with 32 16-bit channels or 
16 32-bit channels. It contains 8 of the ver­
satile AM9513A system timing controller 
chips on a single VME board. Four inputs 
of each chip are connected to the P2 con­
nector via a signal conditioning circuit. The 
fifth counter in each chip may use the on­
board crystal oscillator to provide gating 
signals for the other counters. 

The main feature of the board is the 
facility to provide a number of different 
input condit ioning options. This is 
achieved by the general purpose input 
configuration area. Two basic options are 
available: TTL or ECL inputs, either of 
them can be configured as single-ended or 
differential inputs. The ECL version can 
also be modified to give single ended NIM-
level inputs. The input impedance and bias 
voltage can be matched to the require­
ments. An RC pulse stretching circuit is 
provided after the input buffers to allow 
counting of narrow pulses down to 10 ns 
at rates in excess of 6 MHz. 

STR712 VIP Processor board 
The STR712 VIP processor module (K. 

Honscheid) gives excellent performance 
for a reasonable price. It consists of an 
MC68010 processor with up to 768 Kbyte 
of static dual-port RAM, up to 256 Kbyte 
EPROM, two RS-232C interfaces and an 
Ethernet or Cheapernet interface. Simple 
interface boards can be used between the 
internal bus of the VIP board and the P2 
connector to give different functions: A 
CAMAC branch interface (STR722) to 
drive up to seven CAMAC crates and an 
interface to the DL300 FADC system are 
available. 

Another application is an add-on 
EEPROM card developed at CERN to store 
system parameters of the OS-9 operating 
system. A special OS-9 device handler 
simulates virtual floppy disks on a VAX or 
PC host, which is connected to the VIP via 
Cheapernet. 

STR711 VME-TAXI Crate 
Interconnect 

The STR711 VME-TAXI (E. Pietarinen) 
utilizes the TAXIchip (TM) set of AMD for 
fast data exchange between VME crates. 
The connection between the crates is done 
by coaxial cables (few meters), fibre optic 
links (up to 1 km) or monomode fibres with 
laser transmitters (up to 10 km). Each 
module has two input and two output 
links. A high performance MC68020 

processor takes care of the communication 
protocol and a special hardware allows a 
cont inuous t ransfer rate up to 12.5 
Mbyte/s between the fibre optic media 
and the VMEbus. The module is also use­
ful as a general purpose processor for other 
data acquisition tasks. 

The module contains 128 Kbyte of static 
dual port RAM (expandable to 1 Mbyte) 
for use as buffer and program memory and 
two RS-232C interfaces. It has a full 32-bit 
VMEbus as well as a VSB connection. 

Block transfer between crates is very 
fast because only local flow control is 
necessary inside the crate. It is also possible 
to use the module in transparent mode to 
address any VME module in a distant 
crate. But because one cannot profit from 
pipelining in this mode the resulting speed 
is not as spectacular as it is for block trans­
fer. 

STR723 Differential VSB Extension 
This is a small adapter board, which is 

plugged into* the rear of a VSB backplane 
(GSI Darmstadt). It converts the VSB sig­
nals into differential signals to extend the 
VSB-bus over long distances up to 50 m. 

One application at the GSI is to connect 
the VSB to an Aleph Event Builder. The in­
terface on the FASTBUS side is connected 
to the Event Builder like an Event Memory. 
The interface has a maximum of 4 Mbyte 
static RAM which can be accessed inde­
pendently from the AEB and the VSB. It 
contains several registers to enable and set 
interrupts on both ports and to control the 
data channels. 

STR79x NIM Logic on VME boards 
Very often there is the need for some 

NIM-level "glue logic" to build simple cir­
cuits. If one does not need a whole NIM 
crate and there is some spare room in a 
VME crate, Dr. B. Struck now offers an in­
teresting alternative: NIM logic on VME 
boards. No connection to the VMEbus is 
made except for the power supply lines. 
The -5V supply is generated internally by 
a DC-DC converter. Following modules 
are available soon: 

STR791 Fast AND, 8 AND gates with 
2 inputs and 2 outputs each; 

STR792 Fast OR, 8 OR gates with 2 in­
puts and 2 outputs each; 

STR793 AND/OR-Unit, 4 AND gates 
and 4 OR gates with 2 inputs and 2 outputs 
each; 

STR794 Fast FAN-OUT, 4 times 4-fold 
FAN-OUT, input via 1 ,2 or 4 inputs; 

STR795 Fast FAN-OUT including in­
verting output, like STR794 but one addi­
tional inverting output for each of the 4 
groups; 

STR79616 channel TTL/NIM level con­
verter; 

STR797 NIM to differential ECL level 
converter. 

*) DR. B. STRUCK, P.O.Box 1147, 
D-2000 Tangstedt, W. Germany 
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Resistances de precision pour la mesure des temperatures 
Precision et encombrement minimum 
conformes a la norme 
DIN CEI 751 (DIN 43 760) 

Verre ou ceramique 

Technologie des couches minces 

Capteur a feuille 

PtIOO, Pt500, PtIOOO ou N i l 0 0 

Gamme de temperatures - 2 0 0 a +800°C 

Stabilite a long terme elevee 

Precision minimale 0,12 % 

Temps de reponse reduit: to5 < 1 s 

Disponible en element double ou triple (JUMP" M E S S - U N D ® 
R E G E L T E C H N I K 

JUMO MESS- & REGELTECHNIK AG • Seestrasse 67 • CH-8712 Staf a • 01/928 21 41 
Bureau Suisse romande • CH-2203 Rochefort-Neuchatel • 038 / 451363 

VARIOFACE 
the interface solution 

The cable interface problem shown 
above is one that is frequently encoun­
tered in todays "high tech" industry. 
The increasing use of computer based 
systems using multipin connectors for 
their I/O requirements does not take 
into account the process plants need for 
single core cabling. Whether its multi-
core being connected to individual 
screw, fasten, Wire-Wrap, TERMI-
POINT terminals; VARIOFACE is the 
answer. 

Having solved your passive interface 
problem VARIOFACE goes further. 
The control signal requirements of the 
process plant often varies from that of 
the PLC/PC system. The aligning of 
these various signal levels requires an 
active interface to allow the systems to 
communicate. VARIOFACE using a 
wide range of relays and opto-couplers 
achieves this. Devices designed to the 
European and American miniature relay 
standards makes the product acceptable 

for a worldwide market Standard units 
comprise 4/8/16 way. Multiples of these 
allow any system size to be accommo­
dated. Semi-special units are also avail­
able designed to specific requirements. 

m P t K E N I X 
LUCONTACT 
Elektro-Phoenix A G • Ringstr. 26 
8307 Tagelswangen • Tel.: 052/329091 
Tlx: 896199 • Fax 052/323788 



What particle physics 
gives to technology 

Particle physics 
and industry 
Following a suggestion by 
CERN Director General Herwig 
Schopper, this special issue 
of the CERN Courier covers 
the growing interplay be­
tween high energy physics 
and industrial high technolo­
gy. Contributions from major 
Laboratories indicate the 
range of development part­
nerships now underway, but 
are by no means exhaustive -
in particular work on cryoge­
nics and superconductivity, 
on fast electronics, on photo-
electronics, on computers, on 
ultra high vacuum, on data 
communications, .... is push­
ing ahead in parallel at several 
research centres, particularly 
at the major Laboratories 
such as CERN. 

Admiring the world's most ubiquitous parti­
cle accelerator. The cathode ray tube was 
invented at the end of the 19th century to 
measure the charge and mass of the elec­
tron. 

Pure research and current technolo­
gy feed off each other. Technology 
operates within known limits, while 
pure research using this technology 
pushes back those limits, opening 
up in turn new technological do­
mains to boost ongoing research, 
and so the cycle continues. How 
does an apparently arcane research 
field like particle physics contribute 
to this symbiosis? Particle physics 
studies phenomena which existed 
in the early seconds of the Uni­
verse and which survive only in re­
mote stellar conflagrations. It con­
cerns miniscule particles and their 
fleeting interactions, remote f rom 
daily life. How come it has made 
important contributions to ad­
vances in the ways we communi­
cate, feed ourselves, cure our dis­
eases, travel, manufacture goods, 
and so on? 

Fundamental impact 
on technology 

Profound influences on technologi­
cal progress came in the early days 
of what is now called particle phy­
sics. The vital discoveries of the el­
ectron and of X-rays, turning 
points in the history of modern 
physics, themselves would not 
have been possible without the 
vacuum pumps and seals devel­
oped and made available as indus­
trial products at the end of the last 
century. From this work , in combi­
nation wi th quantum theory, came 
the understanding of the electron 
cloud around the atom. This ex­
plains the whole of chemistry, me­
chanical properties, the phenomena 
of light emission and X-radiation, 
lasers and superconductivity, ... It 
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The angiography technique, using synchro­
tron radiation X-rays with a suitable contrast 
medium, provides new scope for medical di­
agnosis. 

opened the door, for example, to 
the dramatic advances in electron­
ics, computing and communica­
tions wi th the development of 
semiconductors. 

One of the discoverers of the 
transistor, Walter Brattain, wro te , 
'The transistor came about be­
cause fundamental knowledge had 
developed to a stage where human 
fi inds could understand phenom­
ena that had been observed for a 
long t ime. In the case of a device 
of such consequence to technolo­
gy, it is noteworthy that a break­
through came f rom work dedicated 
to the understanding of fundamen­
tal physical phenomena, rather than 
the cut-and-try method of produc­
ing a useful device.' 

The second wave of fundamen­
tal technological impact f rom parti­
cle physics came from the study of 
the nucleus at the heart of the 
atom. Exploitation of the trans­
formation of mass into energy via 
fission and fusion (leading to reac­
tors, nuclear weapons and the at­
tempt to provide an everlasting en­

ergy source wi th thermonuclear fu­
sion) and radioactivity (leading to 
the use of isotopes in medicine, 
agriculture and industry), have had 
profound implications. 

It is too early to see the techno­
logical impact of studying quarks. 
In general, man's imagination has 
proved to be hopelessly inadequate 
in estimating the practical value of 
today's discoveries for tomorrow. 
But increased knowledge about 
how matter behaves gives in­
creased ability to manipulate that 
matter. It would be unwise to as­
sume that understanding of the 
deepest level of the structure of 
matter will never be usable by 
mankind. To cite just one specula­
tive technology involving particles 
- the muon, mysterious heavy re­
plica of the electron, could play a 

catalytic role in nuclear fusion 
avoiding many of the complications 
of plasma or implosion techniques. 

These progressively deeper in­
sights into the nature of matter are 
the most important contributions of 
particle physics to technology. 
They have extended man's knowl­
edge of his environment and 
changed his thinking. 

Direct impact on technology 

There are also significant short-
term spin-offs f rom particle physics 
research. 

Accelerators and the handling of 
particle beams 

The demands of particle physics 
have driven the mastery of acceler­
ation and storage of particle beams 

to extraordinary perfection. In the 
wake of such mastery, thousands 
of accelerators are built for routine 
use by operators who have little, if 
any, knowledge of particle physics. 
Although no longer worthy of the 
label, even a television set is a re­
fined replica of one of the very first 
particle physics experiments - the 
measurements on the electron at 
the turn of the century. Less than 
1 % of the wor ld 's accelerators are 
used in the particle physics field 
where they were created and per­
fected. The rest are used in med­
ical applications and commercial 
processes involving markets of 
tens of billions of dollars. 

Over thirty centres throughout 
the wor ld now operate electron or 
positron storage rings as sources 
of synchrotron (electromagnetic) 
radiation, and more are being built. 
Providing beams millions of t imes 
more intense than were available 
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P E A R S O N 
Wide Band, Precision 
C U R R E N T 
M O N I T O R 
With a Pearson current monitor and an 
oscilloscope, you can measure pulse or 
ac currents from milliamperes to kilo-
amperes, in any conductor or beam of 
charged particles, including those at 
very high voltage levels. 

This monitor is physically isolated from 
the circuit. It is a terminated current 
transformer whose output voltage pre­
cisely follows the current amplitude and 
waveshape. Atypical model gives an 
amplitude accuracy of + 1 %, - 0%, 20 
nanosecond rise time, droop of 0.5% 
per millisecond, and a 3 db bandwidth 
of 1 Hz to 35 MHz. Other models fea­
ture 2 nanosecond rise time, or a droop 
as low as 1 % per second. 

Whether you wish to measure current 
in a conductor, an electron device, or a 
particle accelerator, it is likely that one 
of our off-the-shelf models (ranging 
from 1 / 2" to 103/*" ID) will do the job. We 
also provide custom designs to meet 
individual specifications. 

Contact us and we will send you 
engineering data. 

ABE 
ALPHA-BETA 
ELECTRONICS AG 

Postfach 
8038 Zurich 

Telephone 01/481 70 70 
Telefax 01/482 30 32 

Burton Corblin 
Nembranhompressoren 
sind problemlos 

Das hermet ische 
System verdichtet 
olfrei alle Gase bis 
2500 bar und halt die 
Gase und Umwelt 
rein. 
Lieferbar in vielen Bauarten und Leistungsstufen, vom 
Laborgerat b iszum 100 kW-Kom p r e s s o r - a u c h a lsTrocken-
laufer mit Mem bran-Endstufe und als Kompletteinheit . 
Sie entsprechen alien Abnahmevorschr i f ten. 

H E R B E R T O T T A G 
Missionsstrasse 22, Postfach, CH-4003 Basel 
Telefon 061 / 25 98 00, Telex 964 562 (hoc) 

T H E V E N E T C L E R J O U N I E 

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

THEY HAVE THE 
SAME MECHANICAL 
CHARACTERISTICS 
AS THE ALUMINUM 
TUBE A N D CAN ALSO 
BE FABRICATED 
TO ANY MATERIAL 
SPECIFICATIONS 

TOTALLY RELIABLE BIMETALIC 

TRANSITION JUNCTIONS 

FOR TUBULAR ASSEMBLIES 

UP TO 0 600 MM (24") 

10~9 atm. cm 3 . S" 

10 M Pa 

0 to 573 K 

UNDER RADIATION 

* COMMISSARIAT A L'ENERGIE ATOMIQUE 
C A L L O R W R I T E F O R D O C U M E N T A T I O N 

THEVENET CLERJOUNIE - DEPARTEMENT JONCTIONS TC 
CONTACT: M. ARMAND PI NET, CONSULTING ENGINEER 
22, AVENUE FRANKLIN-ROOSEVELT • 69517 VAULX-EN-VELIN 
CEDEX FRANCE • TELEPHONE: (7) 849.54.64 • TELEX380544F 
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Superconducting cable of the type pioneer­
ing at the UK Rutherford Laboratory ('Ruther 
ford cable') is now produced by industry. 

twenty years ago, they are used in 
research in solid state physics, 
chemistry, biology, medicine, ... 
They have potential in mass scan­
ning for heart disease, and are 
starting to be used commercially in 
the production of new semiconduc­
tor chips with circuit elements 
packed 100 to a 1000 times more 
densely, promising faster, more 
powerful , and cheaper computers 
(see page 24). 

Free electron lasers use acceler­
ator techniques to produce un­
dreamed of intensities of radiation. 
They are under development as re­
search instruments for similar pur­
poses as the synchrotron radiation 
sources, and as heat sources for 
thermonuclear plasmas. 

Accelerators are used to pro­
duce radioisotopes for use in med­
ical diagnosis. Several types of ac­
celerated particle beams are also 
used in diagnosis (X-rays), and 
treatment (radiotherapy), where el­
ectrons and electron-generated 
gamma rays, neutrons, protons, 
pions and heavy ions have been 
xploi ted for their different biologi­

cal effects. 
The use of accelerators to im­

plant ions in the production of inte­
grated circuit chips is now a big 
market. The implantation process 
is also used in the production of al­
loys involving traces of rare metals. 

Accelerated particle beams are 
used in food processing, killing 
bacteria to prolong shelf-life. Such 
radiation is also used to improve 
the mechanical properties of mater­
ials like plastics. 

A comparatively new application 
of accelerator technology is in dat­
ing materials by measuring their ra­
dioisotope content. This has uses 
in archaeology (the Turin shroud), 
energy physics, geology, astrophy­
sics, oceanography and climatolo­
gy. Mass spectrography of acceler­

ated ions needs only tiny samples 
(milligrams rather than the grams 
used in conventional radiocarbon 
dating). 

Superconductivity 
Many accelerator technologies 

rely on superconductivity. The 
needs of particle physics for high 
field magnets to guide high energy 
beams and for large energy-effi­
cient magnets for detectors has 
been a driving force in the super­
conductivity industry in recent de­
cades. Among the major techno­
logical contributions are the inven­
tion of twisted fine-filament super­
conductor, allowing pulsed opera­
tion of superconducting wire, and 
the mastery of superconducting ra-
diofrequency cavities. 

Wi th powerful superconducting 
magnets available, the nuclear 
magnetic resonance technique, it­
self a particle physics spinoff, has 
become a major tool of modern 
medicine. In addition to improved 
diagnosis, the pinpointing of 
tumours by NMR tomography also 
permits precision treatment by par­

ticle beams. NMR is also being 
used increasingly in biological re­
search for 'non-invasive' studies of 
metabolisms. 

As well as in nuclear magnetic 
resonance, superconducting mag­
nets have applications, or potential 
applications, in thermonuclear fu­
sion, mineral separation, coal purifi­
cation, high speed trains, energy 
storage, and power generators. Su­
perconducting cable could be used 
in energy transmission, and super­
conducting coils for energy stor­
age. Superconducting radiofrequen-
cy cavities have applications in free 
electron lasers, and medical linear 
accelerators. 

Particle detectors 

There are also many applications 
of the particle detection techniques 
developed in particle physics. Re­
searchers need to measure parti­
cles in t ime and space, handling 
large volumes of data at very high 
speeds. 

From early Geiger counters and 
scintillation counters to their mod-
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A positron camera developed at CERN being 
used for tomographic imaging at a Geneva 
hospital. 

(Photo CERN 419.2.82) 

ern equivalents, particle counters 
have been important in radiation 
detection and intensity measure­
ment. They told the wor ld about 
Chernobyl. Scintillators are now 
manufactured for use in the oil, 
food , steel, coal, medical and de­
fence industries. A serendipitous 
result of the development of mir­
rors to concentrate the weak Cher-

nkov radiation f rom particles has 
been the use of this form of mirror 
to make inexpensive non-steerable 
collectors to concentrate sunlight. 

The invention of multiwire pro­
portional chambers and drift cham­
bers has led to applications particu­
larly in the medical field. Their high­
er resolution has made them an im­
portant tool for medical diagnos­
tics, usually reducing the required 
radiation dose by a factor of ten or 
more. A technique of electron-posi­
tron detection for body scans is 
now being marketed commercially. 
Wi th accurate location of tumours, 
particle beams can be precision 
guided to their target. 

From the days of bubble cham-
er physics came the techniques of 

computerized scanning and meas­
urement of tracks on f i lm, which 
has been described as providing 
the computer wi th an eye. These 
techniques are now in commercial 
use in automated map reading and 
map production, biological cell re­
cognition in specimen analysis and 
monitoring of industrial processes 
(such as detection of defects in 
welds or production line control). 

The need to collect a lot of data 
fast and the subsequent large 
volume 'number-crunching' have 
had a major impact on the electron­
ics and computer industries. Parti­
cle physics has always played a 
leading role in establishing widely 
accepted standards (such as NIM, 
CAMAC and FASTBUS) which has 
helped industry and kept prices 

down. Data communications, espe­
cially using computer networks, is 
another field where the science has 
influenced development work. 

Some feeling for the scale of the 
markets for these spinoff techno­
logies come from US 'ball-park' f ig­
ures pulled together by Leon Leder-
man and Dick Carrigan for a Fermi-
lab Industrial Affiliates Roundtable 
on Research Technology for the 
21st Century. In dollars, wi th some 
inevitable double counting across 
the selected categories, transistors 
account for nearly 10 billion in elec­
tronic systems sold for 144 bil l ion; 
laser sales are at half a billion and 
growing fast ; summing the reve­
nues of the largest computer com­
panies gives over 100 bil l ion; tele­
vision sales and television-station 
revenues totalled over 50 bil l ion; 
revenue from nuclear power plants 
corresponds to 24 bil l ion; biotech-
nological products are at a fifth of a 

billion and expected to grow rapid­
ly-

Impact from working with industry 

The contracts placed by particle 
physics in industry frequently have 
significant results. The construction 
and operation of complex but ne­
cessarily highly reliable accelerators 
and particle detectors to rigorous 
specifications very often push back 
the frontiers of technology. 

The most detailed analysis of 
this impact has been made at 
CERN, in t w o detailed surveys of 
European industry, in 1975 and 
1984. In 1975, industry estimated 
that for every Swiss franc spent by 
CERN in the initial contract, on 
average about 3.5 francs of addi­
tional business elsewhere fol lowed 
for the f i rm. 

The second survey, using more 
data and more sophisticated statis-
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CERN 

tlcal techniques, essentially con­
firmed that the high technology 
'economic utility' generated by 
working wi th CERN is wor th three 
times the initial contract. The areas 
investigated were electronics and 
computers, electrical equipment, 
vacuum and cryogenics, steel and 
welding, and precision mechanics. 

The impact is felt in various 
ways - quality improvements, in­
creased productivity, generation of 
new products, 'launching pad' ef­
fects assuring sufficient production 
to merit investment, 'shop win­
dow ' benefits of a higher reputa­
t ion, inter-company collaboration 
wi th reduced costs, internal reor­
ganization, etc. 

Over the years the efforts at CERN 
to stimulate exchange of techno­
logical information with industry 
have steadily gained momentum. A 
'Meeting on technology arising 
f rom high energy physics' was held 
in April 1974. Over 300 partici­
pants f rom industry, other research 
centres and universities heard three 
days of review talks on advanced 
technology and were able to see 
over 250 exhibits of equipment 
and the techniques emerging f rom 
the European particle physics pro­
gramme. The talks and technical 
leaflets on all the exhibits were 
published. 

A Technology Exhibition was 
also set up for CERN's 25th anni­

versary celebrations in 1979. 600 
square metres of exhibition space 
were divided into displays of mag­
net, vacuum, computer and data 
handling, survey and alignment, 
radiation protection, beam monitor­
ing, detector, and workshop tech­
niques. 

Round-table discussions with na­
tional industry are regularly organ­
ized in parallel wi th exhibitions of 
CERN's work in the Member 
States. 

A 'Committee for Relations wi th 
Industry' was set up in 1985. It 
studied CERN's technical activities, 
the division of work between CERN 
and industry, possibilities for in­
creased collaboration wi th industry, 

CERN's 27-kilometre LEP electron-positron 
collider and its four big experiments now be­
ing assembled called for special contribu­
tions from industry. 

(Photo CERN 128.9.88) 
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CERN purchasing procedures, tech­
nology transfer and the need for 
more information on technology. 

In 1987, six Technical Boards of 
CERN experts were set up for elec­
trical engineering, mechanical engi­
neering, process controls and elec­
tronics for accelerators, electronics 
for research, communications, and 
beam instrumentation. The Boards 
Iwmon ize technical approaches 
throughout CERN, ensure collabora­
tion in design and development 
both inside and outside the Labora­
tory, and stimulate relations wi th 
European industry. They help in the 
exchange of information wi th firms 
and ensure a more uniform ap­
proach for technical specifications 

when tenders for contracts are pre­
pared. 

Common technological develop­
ments are being implemented wi th 
industry or other national centres 
on topics involving superconductiv­
ity, cryogenics, fast electronics, 
special electronic circuits, particle 
detectors, computer interfaces, 
and computer networks. An 'Indus­
try and Technical Liaison Office' 
has been set up to improve the 
contacts with European industry, 
promote common development 
projects, and help in the collection 
and transfer of technological infor­
mation. 

This work has received addition­
al impetus fol lowing last year's re­

commendations of the CERN Re­
view Committee chaired by Ana-
tole Abragam. There is more con­
cern to improve the f low of infor­
mation to industry so that CERN's 
technological work is better 
known. Guidelines on common de­
velopment projects are being 
worked out. A more flexible policy 
will make it more attractive for in­
dustries involved in joint develop­
ments, and others, to take out pa­
tents evolving from these techno­
logies. Direct contacts are being 
set up between industries wi th 
specific needs and the appropriate 
experts within CERN. (An example 
is underwater remote handling, 
now benefiting from CERN's work 
on remote manipulation in highly 
radioactive areas.) 

CERN is also becoming involved 
in the research and development 
projects of the European Economic 
Community. The EEC recently took 
up observer status at CERN Council 
meetings and collaboration is being 
prepared on topics of mutual inter­
est like high temperature supercon­
ductivity. The EEC has started f i ­
nancing fellowships for work on 
applied physics projects at CERN. 

The world's largest superconducting magnet 
-7.4 metres long, 6.2 metres across and 
weighing 84 tonnes - made at the UK Ru­
therford Appleton Laboratory emerges from 
the access shaft of the Delphi experiment, 
now being assembled in its underground 
cavern at CERN's new LEP electron-positron 
collider. 

(Photo CERN 365.6.88) 
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Around the Laboratories 

The first model high field superconducting 
magnet for the proposed LHC proton collider 
project at CERN is lifted from its cryostat 
after successful tests, attaining a field of 9.3 
teslas. 

(Photo CERN 307.7.88) 

CERN 
High field supercon­
ducting magnets 

With the 27 kilometre tunnel for 
the LEP electron-positron collider at 
CERN now being f i t ted out in pre­
paration for commissioning of the 
machine next summer, imaginative 
minds look further ahead to the 
next generation of physics experi­
ments. 

To get maximum benefit f rom 
the huge civil engineering invest­
ment in LEP, the machine design 
left enough space in the tunnel for 
a second magnet ring, mounted 
above the LEP ring. To handle pro­
tons, this project has been dubbed 
LHC - Large Hadron Collider. 

To bend the heavier protons 
needs much more powerful dipole 
magnets than are used for the elec­
tron-positron ring, wi th the field 
also being ramped up to keep pace 
wi th proton acceleration. Wi th en­
ergy one of the prime goals, the 
output of LHC would be governed 
by the maximum magnetic field at­
tainable wi th the steering magnets. 
In its recommendations last year, 
the CERN Long Range Planning 
Committee, chaired by Carlo Rub-
bia, underlined the importance of 
LHC magnet development work. 

Only superconducting coils can 
provide feasible currents to power 
the electromagnets for a large pro­
ton accelerator. Initial work for the 
ill-fated Isabelle project at Brook-
haven blazed a trail. The wor ld 's 
first large superconducting proton 
accelerator, the four-mile ring at 
Fermilab in the US, used a different 
magnet design and attains fields of 
about 44 kilogauss - 4 .4 teslas -
to guide its beams. 

The next stage came wi th the 
decision to build the 6.4 kilometre 

HERA electron-proton collider at 
the German DESY Laboratory in 
Hamburg. Drawing on Isabelle and 
Fermilab experience, the HERA 
team developed a hybrid design 
wi th Fermilab-type coil configura­
tions and collaring (to counteract 
the huge electromagnetic forces 
which would otherwise tear the 
magnet apart) and with Isabelle-
type cold iron inside the cryostat. 

In tests, these magnets have 
produced fields of up to about 6 
tesla, well above the level required 
to handle the HERA proton beam 
design energy of 820 GeV. Series 
production of these dipole steering 
magnets, along wi th quadrupoles 
and correction coils, is now under­

way in European industry (see page 
21). 

For LHC, the dipole field goal is 
in the range 8-10 tesla. To steer 
the contra-rotating proton beams, 
twin apertures in a common mag­
netic circuit and cryostat are envis­
aged - the ' two- in-one' approach. 
T w o superconductor approaches 
are being worked on - niobium-tin 
at 4.5K is seen as having greater 
potential, while niobium-titanium at 
2K wi th its increased cryogenic de­
mands and higher space require­
ments, but more straightforward 
magnet fabrication technology, is 
the subject of a parallel effort, and 
most of the initial encouraging re­
sults come from this sector. The 
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When you choose Brandenburg International, 
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Our high power supplies have maximum 
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A Fastbus-based time digitizer module for 
LEP experiments developed at CERN in colla­
boration with specialists from European in­
dustry and Laboratories - a good example 
of high technology partnership. 

technology is difficult and requires 
a sustained research and develop­
ment effort. A European collabora­
t ion, open also to other interested 
parties, has been set up involving 
Laboratories and research centres 
in France, Italy, Germany, the Ne­
therlands, the UK, Switzerland, 
Austria and Belgium. 

CERN foresees ordering all LHC 
magnets and ancillary equipment 
f rom industry, and industrial f irms 
are involved f rom the outset in the 
development of components such 
as suitable conductors and insula­
tion systems and the design and 
construction of model magnets. 

Three one-metre single aperture 
model magnets are under study. 
For an 8T nominal field single aper­
ture dipole using niobium-titanium 
at 2K, CERN provided the super­
conductor and know-how, while 
the Italian firm Ansaldo took over 
for manufacture. The first model 
attained fields above 9 teslas w i th­
out any problems (June issue, page 
13). To explore the niobium-tin ap­
proach at the higher 4.5K tempera­
tures, tests are getting underway 
of a model single aperture one-
metre dipole wi th a nominal field of 
10 T, the result of a close collabo­
ration between CERN and Elin-
Union of Austria, wi th aluminium 
alloy f rom Austria-Metall. 

To test the ' two-in-one' design 
proposed for LHC, one twin aper­
ture one-metre model using nio­
bium-titanium will be built by each 
of four firms - Holec (Netherlands), 
Jeumont-Schneider (France), Ansal­
do (Italy) and Elin (Austria). In paral­
lel wi th the effort on one-metre 
models, a nine-metre twin aperture 
prototype using superconducting 
coils of the same type and geome­
try as those in HERA, wi th a nomi­
nal field of 7.5 T, is being built by 
Asea-Brown-Boveri in Germany, 
wi th the cryostat being manufac­

tured by FBM in Italy. The unit is 
scheduled for testing at the French 
Saclay Laboratory next Spring. 

Possibilities are also being ex­
plored for the other superconduct­
ing magnets needed for LHC, and a 
full-size prototype sextupole/dipole 
corrector magnet is being built by 
Tesla (UK). 

LEP electronics 

Because of its sheer size and its 
implications for physics, the 27 ki­
lometre LEP electron-positron coll­
ider and its four experiments now 
being f i t ted out at CERN have spe­
cial requirements in the electronics 
sector. 

The widely dispersed LEP con­
trol functions (in surface buildings, 
pits, alcoves, etc.) are handled by a 
distributed system, with micropro­

cessor-based units and worksta­
tions interconnected by networks. 
Because of the long distances in­
volved, t w o main decisions'were 
taken: 
- all LEP communications, including 
exchange of data between comput­
ers, are to be handled by industrial 
standard t ime division multiplex 
(TDM) equipment; 
- the TDM bandwidth is to be 
shared by token-ring protocol. IBM 
has decided to develop this proto­
col, by now an international stan­
dard. 

A joint study contract has been 
signed between CERN and IBM to 
evaluate the use of the token-ring 
protocol over a large real time con­
trol network. The collaboration, in­
volving the LEP controls group, 
IBM's Ruschlikon (Switzerland) Re­
search Laboratory, and IBM's Ral­
eigh (US) Communication Products 
Division, resulted in the develop-
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ment of code conversion equip­
ment allowing token-ring protocols 
to be handled by TDM. Several 
long token rings are operational 
both in LEP and the SPS proton 
synchrotron (which will act as the 
LEP injector), and were successful­
ly used for the LEP injection test in 
July (September issue, page 7). 

The four big experiments now 
being constructed for LEP have ra­
dically changed the face of elec­
tronics development at CERN. In­
stead of a sizeable turnover of 
smaller experiments wi th relatively 
modest electronics requirements, 
considerable investment has gone 
into design, preparation and con­
struction of these major projects, 
each requiring many tens of thou­
sands of readout channels and con­
siderable electronics 'overhead'. 
Wi th the big detectors being in­
stalled deep underground, ancillary 
features like cooling also called for 
special attention. 

Typically electronics develop­
ment work for these big projects is 
done at the laboratories and re­
search centres participating in the 
LEP experiments, wi th subsequent 
production work passed to indus­
try. 

Following earlier work at the 
UA1 experiment at CERN's proton-
antiproton collider, and wi th an eye 
to ongoing developments in the TV 
industry, a major collaboration wi th 
industry (Thomson-EFCIS in France, 
and in Germany Philips, Siemens 
and Intermetall) resulted in the de­
sign of very fast ('flash') analog-di­
gital converters for LEP experi­
ments. The work wi th Thomson-
EFCIS was also supported by 
French Laboratories. Following this 
joint effort, components f rom this 

Four-cell superconducting niobium accelerat­
ing cavity for LEP at CERN. 

(Photo CERN 038.5.88) 

f irm were finally adopted for three 
LEP experiments - Aleph, Delphi 
and Opal, while the products f rom 
the other suppliers also benefited 
f rom the collaboration. 

Standard data acquisition sys­
tems and modules have always 
been a strong spinoff f rom nuclear 
physics experiments. NIM and Ca-
mac are t w o success stories, and 
more recently the Fastbus system 
and developments based on the 
VME standard have also made their 
mark. For LEP, a Fastbus amplitude 
and time digitizer for Aleph and 
Opal is being produced by Sagem 
(France) and EED (Italy), while a 
time digitizer for Delphi is in the 
hands of Portuguese, Greek and 
Austrian industry, working in colla­
boration wi th local research 
centres. 

Fastbus electronics developed at 
CERN is especially in demand, and 
manufacturing licences have been 

granted to f irms in Denmark, 
France, Holland, Italy, Switzerland, 
the US and West Germany. 

Other CERN electronics work in­
cludes Application Specific Inte­
grated Circuits (ASICs, or semi-
custom circuits), where there have 
been fruitful design collaborations 
wi th Motorola, Philips and Fujitsu, 
and thick-film hybrid circuits, main­
ly for analog applications, where 
several joint projects wi th Euro­
pean firms have gone on to be of 
interest in other fields. 

Superconducting 
accelerating cavities 
At an early stage in the design of 
LEP, it was realized that taking the 
beam energy beyond about 55 
GeV to explore more physics called 
for the increased efficiencies and 
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high accelerating fields promised 
by superconducting radiofrequency 
cavities. 

Work got underway in 1979 and 
eventually centred on t w o lines of 
attack at a working frequency of 
352 MHz - one using cavities 
made from niobium sheet, and the 
other using copper covered wi th a 
thin layer of niobium. After much 

ainstaking work to develop and 
refine techniques for construction 
and for performance monitoring, 
four-cell niobium cavities have 
reached accelerating fields of up to 
7.5 M V / m , however electron load­
ing due to localized field emitters 
means that long helium processing 
is needed to nurse the fields above 
5 M V / m . Quality (Q) factors at 5 
M V / m are well above the design 
level of 3 x 10 9 . 

Wi th prototype cavities now un­
dergoing thorough tests (Janua­
ry/February issue, page 7), further 
prototypes are being made at 
CERN and by Interatom in Germa­
ny 

The need for very pure niobium 
n this work led industry to develop 

techniques for producing the sheet 
metal wi th much improved thermal 
conductivity. 

Breakdowns can also be avoided 
by making cavities of copper sput­
ter-coated wi th a few microns of 
niobium. The resulting cavities are 
also less sensitive to stray magnet­
ic fields, and give good results, 
however the long-term reliability of 
the coating approach still needs to 
be studied. 

In parallel wi th the development 
of the cavities themselves, effort 
has also gone into the design, con­
struction and testing of the myriad 
of ancillary equipment - cryostats, 
couplers, tuners,.... 

Equipping LEP wi th supercon­
ducting cavities to boost its energy 
towards 100 GeV per beam will re-

Cross-section of the vacuum chamber for 
the 27 kilometre LEP electron-positron ring 
being constructed at CERN. Such big high 
vacuum systems provide a challenge for in­
dustry. 

quire considerable involvement 
wi th industry, and specifications 
have been drawn up for an initial 
series of 32 cavities to be installed 
in the ring as soon as possible, and 
coming into operation a few years 
after LEP is switched on next year, 
wi th more cavities to fol low. 

Following pioneer work some 
years ago at Stanford's High Ener­
gy Physics Laboratory, the need for 
higher beam energies has also driv­
en development work for super­
conducting accelerating cavities at 
Cornell (see page 39), at DESY in 
Hamburg (see page 21), at Wup-
pertal, and at the Japanese KEK 
Laboratory. 

High vacuum -
much ado about 
nothing 

Particles circulating in a particle ac­
celerator near the speed of light 
cover enormous distances. In 
synchrotrons, where beams are 

only held for a few seconds at the 
most, the tube containing the parti­
cles has to be evacuated down to 
at least 10~6 mbar. In storage rings, 
where the particles have to circu­
late for hours and sometimes days, 
pressures need to be taken down 
still further, to about 10~ 1 2 mbar, to 
minimize beam-gas collisions and 
maximize machine output. 

The development of light bulbs 
and electronic tubes earlier this 
century provided the first big boost 
to vacuum technology, and further 
impetus came in the 1950s where 
the development of the first big 
particle accelerators and of space 
simulation chambers called for in­
dustrial participation in both proto­
type development and actual con­
struction. 

In this work , the need for 'clean' 
vacuum free of hydrocarbons 
pushed the performance of oil and 
mercury diffusion pumps. Later, the 
more exacting demands of storage 
rings led to a swing to turbomole-
cular and sputter ion pumps. The 
first major series of turbopumps 
from Pfeiffer (Germany) was in-
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The installation of the superconducting mag­
nets for Fermilab's four-mile Tevatron ring 
helped transform superconductivity from a 
laboratory curiosity to a commercially and« 
industrially viable activity. 

stalled in CERN's PS proton synch­
rotron and ISR Intersecting Storage 
Rings, while sputter ion pumps, re­
quiring little maintenance, wi th no 
moving parts and wi th almost infin­
ite lifetime, have become the pre­
ferred pump for the high reliability 
large systems needed for particle 
physics. 

Ion pumps initially had difficulties 
both at high pressures and in hand­
ling chemically inert gases (helium, 
argon, etc.) but continuous 'pres­
sure' f rom the accelerator sector 
led to improved performance, such 
as in the Leybold (Germany) differ­
ential diode developed for the 
CERN's SPS Super Proton Synchro­
tron and the Varian (Italy) Starcell 
triode ion pump, developed f rom 
the stringent rare gas pumping 
specifications for the 27 kilometre 
LEP storage ring at CERN. 

Particle accelerators underlined 
the importance of surface cleanli­
ness in reducing desorption. Pion­
eering work at the ISR on the fa­
mous 'pressure bump instability' 
led to increased understanding of 
particle-surface interactions, and 
the curing techniques have ben­
efited other vacuum applications 
(plasma fusion devices, thin film 
technology, microelectronics,....). 

Experience f rom particle physics 
has also stressed the importance 
of 'outgassing' f rom the myriad of 
materials in contact wi th the vacu­
um system. Now a wide range of 
materials (stainless steel, ceramics, 
ferrites, aluminium, alloys, 
plastics,...) has been specially stu­
died for high vacuum applications, 
while in situ bakeout at high tem­
peratures is standard practice. 

A special problem in accelera­
tors, typically using a narrow but 
very long vacuum pipe, is that of 
conductance - ensuring a uniform 
vacuum wi th grouped pumping 
systems. One approach is to re­

duce the space between pumps, or 
even have one long continuous 
pump. 

For LEP, a non-evaporable getter 
(NEG) pump was designed in close 
collaboration with industry (SAES 
Getters, Italy) Although getters had 
been used for 30 years to evacuate 
lamps and electronic tubes, the 27 
kilometre LEP tube provided a new 
challenge. 

Built to handle protons, CERN's 
seven kilometre SPS proton synch­
rotron faced new problems when 
called on to store antiprotons in 
CERN's antiproton project, 
launched ten years ago. Flashed t i ­
tanium sublimation getter pumps 
for the SPS and for the AC and 
LEAR antiproton rings were de­
signed to meet CERN specifications 
(Vacuum Generators, UK, and Balz-
ers, Switzerland), and improve­
ments to such sublimators have 
gone on to be available commer­
cially f rom industry. 

Physics demands for high relia­
bility and efficiency have also 

brought in their wake much new 
vacuum hardware (seals, flanges, 
joints, all-metal valves, etc.). 

FERMILAB 
Technology transfer 

A large range of technological de­
velopments have come from Fermi­
lab science - major innovations in 
superconductivity, cryogenics, fast 
electronics, computers, and med­
ical accelerators have had their 
genesis at the Laboratory. In May 
Phil Livdahl, formerly of the Fermi­
lab Directorate, who has spear­
headed the Fermilab-Loma Linda 
proton accelerator for medicine 
project, received a 1988 Special 
Award for Excellence in Technolo­
gy Transfer f rom the US Federal 
Laboratory Consortium. Since 
1980 Fermilab has received 11 of 
the IR-100 awards given by Re­
search and Development magazine. 
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Much Fermilab technology has 
been put to general use by close 
interaction wi th industrial suppliers 
who go on to exploit the technolo­
gy in other ways. A second import­
ant technology transfer system is 
through Fermilab Industrial Aff i l ­
iates, a group of about forty com­
panies ranging f rom industrial 
giants to small start-up electronics 
f irms. 

Proton accelerator for medicine 

Construction is nearly complete at 
Fermilab of a proton accelerator for 
Loma Linda University Medical Cen­
ter in California. As well as being a 
natural target for enquiries about 
accelerators, Fermilab is well 
known to the medical radiation 
community through the decade-
long neutron therapy scheme using 
the injection linac. 

Loma Linda's involvement wi th 
Fermilab grew from a Proton Ther­
apy Co-Operative Group (PTCOG) -
a consortium of hospitals, universi­
t ies, companies, and laboratories 
which has explored the use of 
modern accelerator construction 
techniques for proton therapy at 
hospitals. 

An important part of the Loma 
Linda technology transfer plan is 
the participation of an industrial 
partner to handle subsequent com­
mercialization and service. The 
partner is SAIC, Science Applica­
tions International Corporation, a 
Fermilab Industrial Affil iate. 

After completion of the Loma 
Linda design last year, construction 
of the accelerator has bounded 

Elements coming together at Fermilab for 
the proton therapy machine for the Loma 
Linda University Medical Centre, California. 
In the foreground is part of one of the 17-
metre prototype superconducting magnets 
being tested at Fermilab for the proposed 
US Superconducting Supercollider, SSC 

ahead, and by early summer the 
modules of the accelerator were 
coming together. After test ing, the 
machine will be taken apart for 
shipment to Loma Linda. 

Meanwhile the PTCOG group has 
helped to develop innovative de­
vices such as a patient treatment 
gantry, and has stimulated interest 
at other medical centres. 

Advanced Computer Project 

Fermilab's Advanced Computer 
Project (ACP) involved the con­
struction of a loosely parallel super­
computer using commercially avail­
able 32-bit microprocessor chips. 
A system now running wi th 100 
microprocessors analyses the out­

put f rom high energy particle colli­
sions at about the same speed as 
the Fermilab Central Computer Fa­
cility. Wi th huge amounts of data 
coming f rom a full programme of 
fixed-target and colliding beam ex­
periments, this has been a wel­
come addition to Fermilab's num­
ber crunching'power. Currently lo­
cal electronics firm Omnibyte (also 
an Industrial Affiliate) is supplying 
the ACP circuit boards. 

In addition to its inexpensive 
hardware, the ACP also has very 
flexible software, which has led to 
applications outside particle phy­
sics. Meanwhile the ACP group is 
now working on an even more so­
phisticated version to handle more 
general problems such as those in 
quark field theory. 
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Fermilab gets a kick 
out of 

Spellman power supplies 

The abort system "kicker" magnets in 
the Fermilab accelerator require high 
voltage programmable 
energy sources. This 
energy is provided by 25 
Spellman HV power sup­
plies which maintain a 
precise charge across 
the storage capacitors. 

Our resonant con­
verter HV supplies are in­
stalled in a wide variety of applications 

Photo: Courtesy of Fermilab 

throughout the world. Spellman offers you 
the best there is in high power at high 

voltage. You also enjoy 
competitive pricing, and 

miniaturization which saves 
up to two-thirds of the usual 

space requirements.Con­
tact us for complete infor­

mation on Spellman power 
supplies from 1W to 30kW. 

We know that you'll get a 
kick out of our incomparable performance. 

S p e l l m a n 
H High Voltage Electronics Corp. 

Leading the way in high voltage technology 
7 Fairchild Ave., Plainview, NY 11803 
(516) 349-8686 
TWX 510-221 -2155 FAX (516) 349-8699 
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High energy physics has a voracious appe­
tite for computing. Fermilab's Advanced 
Computer Program produced its own multi-
microprocessor solutions. 

Superconductivity 

The construction of Fermilab's Te-
vatron accelerator, by far the lar­
gest single working application of 
superconductivity in the wor ld , 
helped to transform superconduc­
tivity f rom a laboratory curiosity to 
a commercially and industrially via­
ble activity. 

The work at Fermilab contri­

buted to magnet construction tech­
niques, wire fabrication, refrigera­
tion systems, transfer lines and 
storage systems, and cryogenic 
controls. A partial list of some of 
the companies that have used this 
cryogenic technology includes Air-
co. Brown- Boveri, CTI/Helix/Koch, 
Convair-General Dynamics, General 
Electric, Insulator Seal Company, 
Intermagnetics General, Johnson 
and Johnson, Meyer Tool , Mycom, 

New England Electric Teledyne-
Wah Chang, and Western Pneu­
matic. 

The history of Medical Reson­
ance Imaging (MRI) is an interesting 
case study. Before the technology 
for the Tevatron developed in the 
1970s there was limited supercon­
ducting wire available on an indus­
trial scale, and construction of the 
new accelerator played a key role 
in boosting industrial production, 
paving the way for the recent de­
mand for wire f rom medical imag­
ing applications. There are now 
about 1000 MRI devices in opera­
tion wi th a US market in the billion 
dollar range. 

The push f rom the high energy 
physics probably meant that these 
devices came onto the market t w o 
years earlier than they would have 
otherwise. If each device examines 
1000 patients per year, this means 
that an additional t w o million peo­
ple have benefited from MRI. 

Technology transfer mechanisms 

The Fermilab Industrial Affiliates 
programme continues to be one of 
Fermilab's most effective tools in 
this field. Over the years the roster 
of members has become better 
suited to Laboratory technology, 
leading to better contacts. 

The past year has also seen im­
portant developments in the mar­
keting of Fermilab technology. Re­
cent US legislation aims to st imu­
late technology transfer by vesting 
patent ownership in the national 
Laboratories. To exploit this in­
creased marketing capability called 
for the appointment of a licensing 
officer, and the introduction of a 
system of royalty sharing. 

The first licence has been 
granted to Vern Kiebler and Asso­
ciates, a nearby electronics f i rm. 
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for a computer-controlled high vol­
tage system. 

A new programme of industrial 
exchanges sponsored by the US 
Department of Energy encourages 
extended industrial visits. Last year 
several companies sent their engi­
neers to Fermilab for stays of many 
months. 

Fermilab also operates a Tech­
nology Information Transfer Center 
wi th the State of Illinois, providing 
a good opportunity to forge new 
links wi th industries in the import­
ant Chicago area. 

As well as these formal mechan­
isms, technology transfer comes 
about through the natural ebb and 
f low of scientific talks and publica­
t ion, people f rom high energy phy­
sics migrating to other fields, and 
the challenge to industrial suppliers 
of meeting technological problems 
on the cutting edge. This is st imu­
lated by Fermilab's open atmo­
sphere, by the competit ive charac­
ter of high energy physics, and last 
but by no means least, by personal 
excellence. 

DESY 
Major projects 

Excellent examples of the deep re­
lation between science and indus­
trial technology can be found at the 
German research centre DESY in 
Hamburg, where several big pro­
jects have been carried out in close 
contact or collaboration wi th indus­
try. 

High power klystrons... 

High power klystron valves were 
developed as transmitters for the 
resonating cavities needed to ac­
celerate electrons and to keep 
them for many hours in storage 
rings. 

The history of klystron fabrica­
tion in Hamburg started very early. 
Bruno Touschek, the talented phy­
sicist who first proposed the con­
struction of electron-positron stor­
age rings in 1960, had worked in 

Hamburg during the War for the 
'Studiengesellschaft fur Elektronen-
gerate', a company affiliated to the 
Dutch Philips f i rm, developing 'drift 
tubes' , ancestors of today's klys­
tron tubes. Many years later, the 
same Hamburg company, now Phil-
ips-Valvo, is still very active in the 
field, making klystrons for many 
applications, including pulsed units 
for linear accelerators and those for 
continuous operation at electron-
positron storage rings. 

In 1977 Valvo started to devel­
op the YK 1300 klystron, the first 
of a very successful series of high 
power devices. A close and long 
lasting collaboration wi th SLAC, 
the Stanford Linear Accelerator 
Center in the US, provided the nec­
essary theoretical background. The 
first tube had an output power of 
600 k W and a frequency of 500 
MHz. The improved YK 1301 had 
better efficiency (65%) and gave 
800 kW. More than 40 klystrons 
were supplied for the PETRA stor­
age ring at DESY. 

For the TRISTAN storage ring at 
the Japanese KEK Laboratory, 18 
specially made units (YK 1302 and 
1303) had increased power output 
( 1 0 0 0 / 1 1 0 0 kW). Big klystrons 
were also provided to other elec­
tron Laboratories. 

A second type of continuous 
wave klystron was designed for 
bunch length adjustments in stor­
age rings according to specifica­
tions prepared by DESY. This was 
the YK 1250, working at 1000 
MHz and wi th 350 kW output. Fol­
lowing the YK 1300-line developed 
for PETRA, the YK 1350 horizontal 
klystrons wi th 1.1 M W output 
power were developed for the LEP 
electron-positron ring at CERN. A 

The 800 kW Valvo YK 1301 klystrons used 
for HERA were developed from Valvo s first 
big klystrons used in the PETRA ring at 
DESY. 
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Assembly unit for HERA superconducting di-
poles at Ansaldo's Genoa factory. 

total of nine have been delivered to 
CERN, a similar number coming 
f rom Thomson. 

The pulsed klystrons used in li­
near accelerators and for radar 
equipment have quite different 
specifications and their fabrication 
in Hamburg started even earlier. 
The latest and most sophisticated 
type was supplied to CERN for the 
LEP injection system of LEP, pro­
viding 100 pulses of 4.5 microse­
conds per second at 35 M W and 3 
GHz. These units were also sup­
plied by Thomson. 

This work has had considerable 
impact on the development of klys­
trons for other applications. 

... Superconductivity... 

Superconductivity has been for 
many years an important part of 
the DESY research and develop­
ment programme. In preparation 
for the HERA electron-proton col­
lider, many superconducting dipole 
magnets were made at DESY. The 
result, the HERA-type hybrid mag­
net, wi th the coil held in position 
by metal clamps and the iron yoke 
inside the cryostat, offers consider­
able advantages over older designs 
and has been adopted for most 
ongoing superconducting accelera­
tor projects. 

The superconducting quadru­
p l e s for the HERA proton ring 
were developed at Saclay using the 
HERA hybrid principle. 

Half of the 420 nine-metre su­
perconducting HERA dipoles are 
being manufactured by an Italian 
consortium (Ansaldo, LMI and Za-
non) as an Italian contribution to 
HERA, and the other half at Brown 
Boveri Co. (BBC) Mannheim. The 
quadrupoles are being made by 
Alsthom of Belfort as a French 
contribution to HERA, and by Noell 
of Wurzburg in Germany. 

The superconducting cable used 
for these magnets is an excellent 
example of research-industry part­
nership. Using the technique pion­
eered at the UK Rutherford Labora­
tory, HERA cable is being produced 
by BBC (Switzerland), LMI (Italy) 
and Vacuumschmelze (Germany). 
Cable for test coils wi th similar pro­
perties was previously provided by 
Airco and IGC in the US and by Fu-
rukawa (Japan). The cable (2mm x 
10mm) supplied for the first proto­
type magnets a few years ago al­
lowed for currents of about 6 0 0 0 
amps at a temperature of 4.6 K 
and wi th 5 teslas fields. Under the 
same conditions, cable wi th similar 
dimensions now reaches over 
9000 amps. 

Special superconducting correc­
tion coils are being wound directly 
on the vacuum pipe of the HERA 
proton ring. This pipe is cooled 
wi th liquid helium and also acts as 
a cryopump for the beam region. 
The correction coils have been de­
veloped in collaboration wi th the 
Dutch NIKHEF Laboratories and are 
being made by Holec in the Nether­
lands (see page 42). 

A very active group at DESY is 
working on the development of su­
perconducting cavities for particle 
acceleration. In close collaboration 
wi th Dornier, Interatom and NTG, 
the cavities are being made accord­
ing to DESY specifications and 
then tested in a special rig at the 
PETRA storage ring. 1987 tests 
were so successful that eight cavi­
ties (of eight cells each) were or­
dered to boost the energy of 
HERA's electron ring above 30 
GeV. 

DESY's contributions have 
helped industry to be able to pro­
duce superconducting devices to 
the high standards required by re­
search projects. 

Large superconducting cryoge­
nics require lots of liquid helium. In 
collaboration wi th several compa­
nies under the leadership of Sulzer, 
DESY built the biggest refrigeration 
plant in Europe. Sulzer has also 
taken over responsibility for run­
ning this plant during its initial 
years. To provide cold helium for 
the HERA proton ring magnets, for 
the electron ring cavities, for the 
t w o HERA experiments and for a 
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big magnet testing facility, swi tch­
ing between the different users and 
between the three refrigeration 
units (only t w o of them are re­
quired to run HERA) a valve box 
built by the Linde Company is 
used. 

... Synchrotron radiation... 

Electron accelerators for high en­
ergy physics can still provide very 
useful beams of synchrotron radi­
ation - even compared to the dedi­
cated machines. A t DESY the DO­
RIS storage ring provides synchro­
tron radiation to more than 30 
well-equipped measurement sta­
t ions, and for 1991 seven more 
beams are being prepared. 

New ideas to use the larger PE­
TRA ring as an X-ray source - us­
ing long undulator magnets in the 
straight sections - are emerging. 
Hundreds of applications - many of 
direct practical and industrial inter­
est - are foreseen, examples being 
accurate investigation of catalytic 
orocesses, chemical analysis wi th 

X-ray-induced fluorescence, med­
ical diagnosis wi th angiography, 
surface and semiconductor phy­
sics, structure of crystals and poly­
mers. 

...Superlative mirrors for X-rays... 

Focusing synchrotron radiation 
X-rays demands large totally re­
flecting mirrors wi th extremely ac­
curate surfaces. A t the HASYLAB 
synchrotron radiation facility at the 
DORIS storage ring, four such mir­
rors wi th typical dimensions 100 
cm x 13 cm, are f rom a new set 
made by the Zeiss Company of 
Oberkochen to extremely demand­
ing specifications. 

Wi th the heat load requiring the 
use of metals, these mirrors are 
made of aluminium-magnesium 
coated wi th 50 microns of elec-
tronless nickel ('Kanigen') and 300 
angstroms of gold. This surface 
has to be smooth to within 10 ang­
stroms. X-rays are totally reflected 
at less than 0.4 degrees to the sur­
face and a toroidal shape is essen­

tial for accurate focusing, the two 
radii of this surface being 158.5 
mm and 3.12 k m ! 

Though such mirrors are not 
themselves useful in other applica­
t ions, the completely new set of 
measurement tools for their fabri­
cation can be applied in many other 
fields. 

... X-ray lithography... 

The 7.4 GeV DESY electron 
synchrotron was the scene of the 
first IBM (Yorktown Heights, USA) 
tests of X-ray lithography in 1976. 
This work was later continued by 
the Fraunhofer Gesellschaft at DO­
RIS and was one of the reasons 
which led to the construction of 
the dedicated storage ring BESSY 
in Berlin, where this work contin­
ues in collaboration wi th industry. 
In the near future this technique 
should lead to unprecedentedly 
compact integrated circuits (see 
page 24). 

...and elsewhere 

A new type of collaboration in­
volving the Italian groups working 
on HERA gives Italian firm Laben 
full responsibility for developing 
and building complete electronic 
systems (like read-out of drift 
chambers). Electronics is certainly 
one of the major interaction points 
between industry and research, 
and has led to the emergence of 
enterprises producing specialized 
circuit modules. An example at 
Hamburg is Struck, which after ini­
tial contracts wi th DESY in 1974 
now supplies Laboratories all 
around the wor ld . 

Special industrial expertise was needed for 
the largest refrigeration plant in Europe to 
handle cryogenics for the HERA electron-
proton collider at the DESY Laboratory in 
Hamburg. 
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Industry and laboratory participants at a 
Brookhaven workshop to explore industry's 
interest in acquiring the technology to pro­
duce commercial synchrotrons for X-ray li­
thography. 

BROOKHAVEN 
Superconducting X-
ray lithography source 

The computer industry's push for 
increased capacity and speed for 
the next generation of machines 
demands smaller features on the 
computer chips themselves. Wi th 
today's feature sizes (1 micron) ap­
proaching the wavelength of visible 
light, the transfer of features to 
chips by conventional lithography 
becomes very difficult. Sub-micron 
features therefore require new 
techniques employing X-rays, elec­
trons or ions. 

X-rays have many advantages 
for volume production, and synch­
rotron radiation sources have the 
necessary throughput for a volume 
market. US Department of Energy 
(DOE) Laboratories know how to 
build electron storage rings to pro­
duce synchrotron radiation. 

Brookhaven's National Synchro­
tron Light Source (NSLS), st imu­
lated by recent successes in devel­
oping chips wi th sub-micron 
features using the IBM U6 beamline 
at the NSLS (October issue, page 

28) has embarked upon an exten­
sive programme to design and 
build a compact synchrotron stor­
age ring dedicated to X-ray litho­
graphy. Relatively advanced West 
German and Japanese indus­
try/government collaborations in 
this area provide an additional in­
centive for a US programme. 

This project had its roots in a 
series of five workshops held at 
Brookhaven during 1986-1987. 
Organized by Brookhaven, (Mark 
Barton, Ben Craft, Jules Godel, Mi­
chael Knotek and Gwyn Will iams), 
the University of Wisconsin and in­
dustry, the workshops attracted 
participants from the semiconduc­
tor industry, national laboratories, 
government agencies and universi­
ties. The result was the establish­
ment of a $207 million programme 
supported by the US Department 
of Defense. Over seven years, it 
will combine the skills of national 
laboratories, universities and indus­
try to develop the full X-ray litho­
graphy technology including com­
pact synchrotron sources and tech­
niques for large-scale manufacture 
of chips wi th sub-micron features. 

The project at the NSLS ($21 
million over a planned five year per­

iod) covers a prototype supercon­
ducting X-ray lithography source 
(SXLS) and technology transfer. 
Headed by Richard Heese and Gae-
tano Vignola, the first phase will be 
to build within the next 18 months 
an X-ray lithography source (XLS) 
prototype using warm magnets, 
existing hardware and the injection 
system currently used for the NSLS 
X-ray and VUV storage rings. Lo­
cated within the X-ray ring, this 
prototype will study injection of 
low energy electrons and electron 
beam dynamics in a small machine. 
The second phase (1989-1992) 
will cover development and con­
struction of a superconducting 
magnet X-ray source (SXLS) com­
patible wi th commercial-scale X-ray 
lithography. After commissioning 
at Brookhaven, the SXLS will be 
sited in an X-ray lithography pilot 
plant. 

An additional challenge in both 
phases will be the smooth transfer 
of state-of-the-art technology to in­
dustry. Throughout the design, 
building and commissioning of the 
t w o prototype XLS units, equip­
ment manufacturers will participate 
through contract work as well as 
having their own people at NSLS. 
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HighGaindi 70%SER 
New XP2262 facilitates multiplier noise discrimination 

A complete range of fast 2" PMTs for physics and industry 
* number 
PMT of 

stages 
tr 

(ns) 
t w 

(ns) 
fft 

(ns) 
At C e 
(ns) 

pulse 
linearity 

(mA) 

XP2262 12 2,0 3,0 0,50 0,70 250 

XP2242B 6 1,6 2,4 - 0,70 350 

XP2020 12 1,5 2,4 0,25 0,25 280 

XP2230 12 1,6 2,7 0,35 0,60 280 

High sensitivity bialkali 44 mm diameter cathode 
XP2262 replaces XP2232. 

*SER = Single Electron Resolution 

Other fast tubes: 
3/4" PM1911 3" PM2312 
1" PM2982 5" XP2041 

t r = anode pulse rise time for a 
delta light pulse 

t w = anode pulse duration FWHM 
for a delta light pulse 

= transit time spread for single 
electron mode 

A t c e = transit time difference 
centre-edge 

Philips Industries 
Electronic Components and 
Materials Division 
Eindhoven, The Netherlands 
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pair. Concentrez-vous uniquement sur la 
circulation - la transmission automati-
que a 4 rapports se charge du reste. 
Son equipement: le super-contort avec 
leve-glaces electriques (a I'avant), ver-
rouillage central, volant reglable en 
hauteur, direction assistee, et bien 
d'autres choses encore. 
Quant au nouveau moteur 1,9 litre a in-

jection electronique Bosch-
Motronic developpant 122 ch, 

confere a la voiture un 
caractere particulierement 

economique. N'attendez done pas plus 
longtemps pour venir taire un essai rou­
tier chez votre agent Peugeot Talbot. 
405 SRI Automatique Fr. 25 890 . - . 

P J E U G E O T 4 0 S 
UN TALENT FOU. 

PEUGEOT TALBOT 
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J Technology transfer award 
Brookhaven's William Ma reuse 
(left) has been named 1988 
Technology Transfer Represen­
tative of the Year' by the US 
Federal Laboratory Consortium, 
a network of several hundred 
technology transfer representa­
tives established in 1974 to 
promote the transfer of federal­
ly-owned technology to state 
and local governments and to 
industry. Brookhaven people 
have won five FLC Special 
A wards for Excellence in Tech­
nology Transfer since the 

awards were established in 
1985. 

Marcuse, cited for his role in 
Brookhaven's initiative to trans­
fer X-ray lithography and synch­
rotron radiation technology for 
the manufacture of high-speed 
computer chips, was singled 
out as contributing most this 
year to technology transfer. As 
head of Brookhaven's Office of 
Research and Technology Ap­
plications, he helped the NSLS 
organize the workshops which 
led to the SXLS project. 

Hybrid 
preamplifiers 
The growing complexity of multi­
element position sensitive detec­
tors such as silicon microstrips en­
couraged Brookhaven's Instrumen­
tation Division t cexamine new 
geometrical concepts for small 
charge sensitive preamplifiers. 

In the initial design, a grounded 
base preamplifier, chosen for de­
sign simplicity and constructed us­
ing surface mount technology, was 
a complete success. This pre-amp, 
the IO-354, is approximately 1 cm 
square and only 0.175 cm thick, 
wi th a rise t ime of 2 nanoseconds 
and a power dissipation of only 18 
mill iwatts. These devices were rea­
dily accepted by the high energy 
physics community and over 1000 
were constructed. Later designs 
used alumina substrates and thick 
film technology. 

Additional design studies led to 
field effect transistor input charge 
sensitive preamps wi th several dif­
ferent charge capacities and dy­
namic ranges. Other improvements 
included a triple hybrid preamp on 
a single substrate and preamps 
capable of operation in liquid ar­
gon. The NA34 experiment at 
CERN u§ed 500 of the liquid argon 
compatible units, and over 1000 of 
some of the other varieties. 

Thousands of these devices now 
have been manufactured by Rel-
Labs and Philips CKT Assembly. 
Dimitri Stephani, an engineer in 
Brookhaven's Instrumentation Divi­
sion, has received three national 
awards for this work. 

Postage-stamp size grounded base pream­
plifier designed at Brookhaven for detectors 
with less than 10 pF capacitance, requiring 
fast response and short pulse shaping. 
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Improvement in current-carrying capacity of 
commercially produced superconducting 
wire as a result of research and develop­
ment for the proposed US Superconducting 
Supercollider, SSC. Wire for magnets of the 
Fermilab Tevatron and the ill-fated Brook­
haven Colliding Beam Accelerator (CBA) pro­
ject carried 1800 to 2000 A per square mil­
limetre under test conditions. Industrial sup­
pliers are now producing wire approaching 
3000 A/mm2. 

(Photo Berkeley) 

SUPERCOLLIDER 
Technological 
partnership 

1988 is the fifth year of detailed 
research and development for the 
proposed US Superconducting 
Super Collider (SSC). Mass-produc­
tion of the 10,000 superconducting 
magnets and many other compo­
nents for the 84 kilometre ring to 
handle 20 TeV (20,000 GeV) col­
liding proton beams would call for 
industrial manufacturing and quality 
control. Design of conventional fa­
cilities and all preparatory work for 
construction involves a collabora­
tive technological venture wi th ar­
chitectural and engineering f irms. 

Superconducting magnets are 
the technological mainstay of the 
SSC. Industrial collaboration in this 
area is a two-pronged effort, in­
volving the development of particu­
lar magnet design concepts and 
components as well as the imple­
mentation of a comprehensive 
Magnet Industrialization Pro­
gramme. 

First priority has been to maxim­
ize the performance of industrially 
produced niobium-titanium compo­
site superconducting wires. Organ­
ized wi th the help of experts at the 
University of Wisconsin and other 
Laboratories, superconductor de­
velopment has involved Intermag-
netics General Corporation, Oxford 
Superconducting Technology, Su­
percon, and Teledyne Wah-Chang. 
The development programme has 
resulted in a more homogeneous 
basic alloy and more effective me­
chanical working and heat treat­
ment cycles in the wire prepara­
t ion, the payoff being nearly 5 0 % 
improvement in the current-carry­
ing capacity of the superconductor 
over the last four years. Improve­

ments in the tools and methods 
used to form the wires into cables 
have been equally important, -an ex­
ample being a state-of-the-art ca­
bling machine developed to SSC 
specifications by Belgian firm Dour 
Metal. 

Superconducting magnets for ac­
celerators normally require field 
correction coils mounted on the 
beam tube, and this has stimulated 
a highly productive collaboration. 
Key player here is the Multiwire Di­
vision of Kolmorgan Corporation. 
Chiefly under the guidance of 
Brookhaven, Multiwire has adopted 
a method akin to printed circuit fa­
brication to 'wr i te ' a pattern of su­
perconducting wire on a flexible 
substrate which can be attached to 
the beam tube. Several other indus­
trial subcontractors are involved in 
this development. 

Another fruitful area is the SSC 
magnet cryostat and its complex 

support system. Components be­
ing developed under Fermilab's 
guidance include a novel precision 
stainless steel 'skin ' hugging the 
magnet cold mass (in collaboration 
wi th Tartan Industries), a cold 
mass suspension system incorpo­
rating reinforced composites meet­
ing demanding structural and ther­
mal specifications (Structural Com­
posites Industries), new forms of 
multilayer thermal insulation mater­
ials (Ishikawajima-Harima Heavy In­
dustries of Japan), and vacuum 
vessel and cryostat development 
generally (including Babcock & Wi l ­
cox Corporation and Space Sys­
tems Division of General Dynam­
ics). Several of these companies 
have had technicians at Fermilab 
for one or t w o years. 

Some of this work is carried out 
under the aegis of the Small Busi­
ness Innovation Research (SBIR) 
programme sponsored by the US 
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Laboratories involved in SSC development 
are working closely with an industrial firm to 
develop field correction coils mounted on 
the beam tube of the SSC dipoles. From left 
to right, the trim coil sheaths produce sextu-
pole, decapole, and octupole magnetic 
fields. 

(Photo Brookhaven) 

Department of Energy (DOE) to st i­
mulate technological innovation in 
the private sector and strengthen 
the role of small f irms in areas of 
federally-funded R&D. 

Setting the stage for full-scale 
collider ring magnet production is 
the recently launched three-phase 
Magnet Industrialization Pro­
gramme, designed to make avail­
able to industry the knowledge and 
technology acquired during the 
past four years in the national Lab­
oratories. Industry will then adapt 
this for SSC magnet manufacturing. 
Phase I provides potential contrac­
tors wi th the material and informa­
tion to bid for magnet construction 
work. This phase was formally 
inaugurated late this summer wi th a 
public announcement in the US 
Government publication Com­
merce Business Daily , fo l lowed by 
an introductory Technology Orien­
tation meeting wi th interested ven­
dors held at Brookhaven. Phase II 
will involve tooling design and 

magnet pre-production, and Phase 
III actual magnet production. 

The SSC will require the wor ld 's 
largest helium refrigeration system, 
and this cryogenics will present a 
significant challenge in the area of 
process control. It must not only 
provide cooling for normal opera­
tion of the collider and its exper­
imental programme, but accommo­
date a variety of transient condi­
t ions. The SSC Central Design 
Group (CDG) has undertaken t w o 
computer simulations of the sys­
tem under contract with the Air 
Products and Chemicals Company. 
In the first, refrigeration plant con­
cepts are investigated by static 
process simulation while the se­
cond uses dynamic modeling to 
study the behaviour of the cryog­
enic system under time-varying 
conditions. 

Particle detectors for the SSC 
are beginning to spawn another 
area of productive collaboration be­
tween universities, Laboratories, 

and industry. A t present, detector 
R&D is concentrating on develop­
ment of silicon 'pixel ' devices wi th 
the associated fast readout elec­
tronics, new scintillator materials, 
and radiation-hardened electronics. 
Prototype pixel detectors are being 
developed by a collaborative effort 
involving Hughes Aircraft Compa­
ny, the Space Sciences Laboratory 
of the University of California, and 
the Stanford Linear Accelerator 
Center. New scintillating materials 
are being developed by Bicron Cor­
poration. Seven small businesses 
are being supported this year for 
detector development under the 
SBIR programme. 

The conventional aspects of the 
SSC - tunnel, experimental halls, 
campus, site and infrastructure -
are strongly geared to industrial in­
volvement. The preliminary facility 
and site utility design work was 
carried out in 1984, under the di­
rection of the SSC Reference De­
signs Study team, by the architect-
engineering f irm of Parsons, Brinck-
erhoff, Quade and Douglas. In 
1985, the DOE selected RTK, a 
joint venture of Raymond Kaiser 
Engineers, Tudor Engineering Com­
pany, and Keller and Gannon-
Knight, for the detailed engineering 
studies needed to prepare, under 
the guidance of the then newly 
established Central Design Group, a 
conceptual design for the conven­
tional facilities. Phase I of this ef­
fort resulted in the (non-site-speci­
fic) conventional facilities section of 
the Conceptual Design Report is­
sued in 1986 wi th its accompany­
ing cost estimate. The RTK joint 
venture is also aiding the DOE in 
the evaluation of site-specific geo-
technical aspects, tunneling and 
stabilization methods under condi­
t ions ranging f rom open cut to 
deep excavation, environmental 
considerations and other factors of 
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Prototype pixel device for SSC particle de­
tection consisting of an array of 256 x 256 
individual sensitive pixel elements bonded to 
an electronics read-out chip. 

(Courtesy of Hughes Aircraft Company; 
Space Sciences Laboratory, University of 
California; and the Stanford Linear Accelera­
tor Center.) 

the final SSC site contenders. Prin­
cipal sub-contractor is the Earth 
Technology Corporation. Selection 
of the final SSC architect-engineer­
ing contractor is expected after sel­
ection of a Management and Oper­
ating Contractor. 

LOS ALAMOS 
High temperature 
superconductors -
rapid measurements 
without contacts 

The job of the Industrial Applica­
tions Office (IAO) at Los Alamos is 
to ensure that the Laboratory's 
science and technology base is 
used to produce significant indus­
trial applications and to boost na­
tional security and economic com­
petitiveness in the US private sec­
tor. 

A good illustration of this IAO 
work is its current negotiation for 
the industrial licensing of a device 
invented by James D. Doss, a Lab­
oratory electrical engineer. C. 
Wayne Cooke and Marshall Maez, 
also from the Los Alamos Meson 
Physics Facility (LAMPF) partici­
pated in the research. 

The recent development of ma­
terials that superconduct at rela­
tively high temperatures has led to 
considerable interest in applications 
in areas ranging f rom particle accel­
erators to improved infra-red sen­
sors to extremely fast computers. 
Research directed at refining the 
characteristic^ of these materials 
as well as the development of en­
tirely new classes of superconduc­
tors is underway in both govern­
ment and private-sector research 
centres. 

This effort produces many sam­
ples that must be measured to de­
termine the effects of processing 
techniques, overwhelming the con­
ventional instrumentation used for 
measurement and characterization 
of superconductors. Most charac­
terization techniques require leng­
thy preparation procedures, such 
as the attachment of leads to the 
sample, and require several hours 
for a single measurement because 
of the time needed to vary the tem­
perature over the appropriate 
range. Another difficulty arises in 
the testing of thin f i lms, where the 
attachment of leads to measure re­
sistivity tends to alter the f i lm's 
characteristics. 

A rapid screening technique is 
needed to select samples meriting 
more time-consuming and expen­
sive measurement. Because thin 
films are so important in potential 
electronic applications of the new 
high temperature superconductors, 
there is also a need for measure­
ment methods that do not require 
the attachment of electrical con­
tacts. 

To meet both of these needs, 
Los Alamos National Laboratory 
has developed a rapid non-contact 
'eddy-current' technique that relies 
on the induction of a radiofrequen-
cy electric current. This depends 
on the electrical resistance of the 

Industrial 
symposium 

An International Industrial 
Symposium on the proposed 
US Superconducting Super­
collider (SSC), to be held in 
New Orleans in February, will 
provide insights into the tech­
nologies involved in the de­
sign, construction and opera­
tion of the SSC and into po­
tential technological spinoffs. 
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In industrial collaboration at the French Sa-
clay Laboratory, the firm Bollore has devel­
oped flexible printed circuitry destined for an 
experiment at CERN's LEAR low energy anti­
proton ring. 

specimen, which changes dramati­
cally at the critical temperature 
marking the onset of superconduc­
tivity. 

A pair of induction coils is able 
to sense the relative level of cur­
rent induced and thus the relative 
change in sample resistance. In one 
configuration the change in effec­
tive inductance of the coils is used 
b modify the frequency of an os­

cillator; this shift in frequency can 
be measured quite accurately. A t 
Los Alamos, this is used to screen 
samples prior to other more de­
tailed measurements. Because 
there are no electrical contacts, the 
technique has proven to be ideal 
for the characterization of thin su­
perconducting fi lms. 

SACLAY 
Working together 
Saclay's Department of Elementary 
Particle Physics is busy contribut­
ing to experiments and accelerator 
projects at major wor ld Laborato­

r ies - CERN, DESY (Hamburg), Ser­
pukhov (USSR) and Fermilab (US). 
This work calls for close support 
f rom Saclay's own Technical Ser­
vices, which in turn look to indus­
try, and three types of collabora­
tion have emerged. 

Firstly, joint projects allow com­
panies to fol low technology further, 
exploiting skills and know-how for 
a specific problem related to a par­
ticular element of a detector after 
the Laboratory has outlined the re­
quirement and the tooling needed 
to adapt or upgrade existing indus­
trial plant. 

Some examples - the Bollore 
company has developed flexible 
printed circuits for proportional 
chambers destined for work at 
CERN's LEAR low energy antipro­

ton ring. This called for gold circui­
try on a flexible base with fraction 
of a millimetre spacing. Gantois de­
veloped a technique to warp to­
gether optical scintillating fibres for 
the UA2 experiment at CERN's pro-
ton-antiproton collider (June 1987 
issue, page 9), while other compa­
nies have constructed composite 
materials destined for the transition 
radiator detector for the DO experi­
ment at the Fermilab collider (Sep­
tember issue, page 19), and for the 
Time Projection Chamber for the 
Delphi study at CERN's LEP elec­
tron-positron collider. 

In the second type of approach, 
a transfer of new technology leads 
to industrialization. The Laboratory 
first designs and develops one or 
more prototypes, and looks into 
the tooling required for subsequent 
production. This technology and 
tooling is then passed on to the 
contractor, wi th subsequent accep­
tance tests at the Laboratory. Ex­
amples are superconductors for the 
Tore Supra Laboratory (Alsthom), 

patented optical fibres for UA2 
(Optectron), and superconducting 
quadrupoles for the new HERA pro­
ton ring at DESY (Alsthom, and 
West German suppliers). 

A third type of collaboration is 
the 'industrial research contract ' , 
under which a young researcher 
works closely wi th an industrial 
f i rm, while paid partly by the firm 
and partly by the Laboratory. In 
this way the firm benefits f rom the 
Laboratory's expertise while eva­
luating a potential future employee. 
In some cases, the Laboratory en­
tirely funds the research while 
keeping strong links wi th industry, 
pushing studies further before tech­
nology transfer takes place. 

Niobium cavities 

With the technology of the niobium 
superconducting cavities required 
for reliable, inexpensive accelera­
tors now well developed, Saclay's 
Department of Nuclear Physics 
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Superconducting quadrupoles for the HERA 
proton ring at the German DESY Laboratory 
in Hamburg were developed at Saclay for 
series production in France (Alsthom) and 
Germany (KWU, Noell). 

took the decision to optimize pro­
duction in partnership wi th indus­
trial f irm Lemer of Nantes, wi th its 
tradition of work in the nuclear in­
dustry and considerable experience 
in working wi th exotic metals. 

Schooled by CERN's specialists, 
Ihe Saclay team adapted cavity de­
sign to the 1500MHz level and de­
veloped the couplers needed for 
the linear accelerators foreseen for 
high intensity electron-positron li­
near colliders. The contract signed 
wi th Lemer extends from initial 
familiarization wi th the new tech­
nology through to preseries pro­
duction, wi th Saclay responsible 
for the definition of technical proce­
dures where purity and reproduci­
bility are of prime concern. 

The company is also developing 
a forming technique to ensure rapid 
and effective production, and will 
undertake the necessary chemical 
preparation and electron welding, 
while Saclay will look after less 
commercially attractive and/or 
tricky aspects such as final prepa­

ration of the radiofrequency surface 
and cryogenic testing. 

Hopefully this innovative collabo­
ration between a research laborato­
ry and industry will go on to 
achieve both the quality and return 
on investment needed to make it a 
mutual success. 

RUTHERFORD 
APPLETON 
Close-up tracking 

Technological advances applicable 
in other areas of science will result 
f rom the collaboration between Ru­
therford Appleton Laboratory and 
Brunei University, working very 
closely wi th industry, to develop a 
novel type of vertex detector to 
pick up the particles emerging f rom 
high energy electron-positron colli­
sions. 

The big SLD detector being pre­
pared for the new SLC Stanford Li­
near Collider will have an innermost 

layer of close-in tracking detectors 
of about 5 micron precision to un­
ravel the complex parentage of par­
ticles emerging f rom the decays of 
Z bosons produced in the SLC el­
ectron-positron annihilations. 

Many of the decay products of 
the Z bosons contain heavy 
quarks, and these decay in turn 
(with lifetimes around 1 0 " 1 3 se­
conds) to lighter states. Quark de­
cay sequences such as bot tom to 
charm to strange can result in com­
plex tree-like topologies of parent 
particles, daughters, grand-daugh­
ters, etc. 

The basic elements of the SLD 
vertex detector will be two-dimen­
sional CCDs (charge-coupled de­
vices) each about 1cm square and 
containing 250 ,000 pixels. Work in 
a CERN test beam from 1980 first 
showed that such detectors can 
track wi th 5 micron precision, and 
was fol lowed up in 1985 wi th an 
SPS experiment in which CCDs 
provided very clean reconstruction 
of even the shortest-lived charm 
particles. 

Compared wi th other colliding 
beam machines, SLC has a very 
narrow beam-pipe, allowing the 
first layer of detectors to get very 
close to the interaction point. How­
ever the scope of the SLD detector 
brings many complications. 

To surround the interaction point 
requires many detectors. The SLD 
vertex detector will use 250 CCDs 
arranged in 4 barrels, each made 
up of about 10 ' ladders' - 2-sided 
multilayer ceramic boards wi th 4 
CCDs mounted each side, and 
overlaps to give continuous cover­
age lengthwise. 

Wi th access limited to annual 
shutdowns, extremely high reliabili­
ty is essential. 

To reduce multiple scattering re­
quires a minimum of material in the 
detector, while the structure must 
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The 4-barrel arrangement of CCDs to be as­
sembled around the beam pipe of the SLC 
Stanford Linear Collider for the SLD detec­
tor. This provides at least 2 hits per out­
going track over a wide angular range. 

still be highly rigid. 
Since the SLD (including the ver­

tex detector) was approved in 
1984, the RAL/Brunel collaboration 
has been working closely wi th in­
dustry to find solutions to all these 
problems. There are now several 
companies (including English Elect­
ric Valves - EEV - and Thomson) 
producing CCD devices suitable for 
specialized scientific applications. 
Industrial and Laboratory experi­
ence suggests that after a suitable 
burn-in procedure, CCD failure rates 
of 0.1 % or less per year can be 
achieved, entirely adequate for 
SLD. 

CCDs are conventionally fabri­
cated on silicon wafers about half a 
millimetre thick, and are mounted 
in standard dual-in-line chip car­
riers. This is too much material for 
a particle detector, and a complete­
ly new form of chip carrier (a cer­
amic w indow frame 1 mm wide 
and 0.25 mm thick) has been de­
veloped in conjunction wi th GEC's 
Hirst Research Centre in the UK. 
The CCDs are thinned to 0.2 mm 
and mounted in the chip carriers by 
tape-automated bonding (TAB). 
The packaged devices can be 
tested prior to mounting on the 
ceramic mother cards to build up 
the ladders. The development of 
these mother cards has also been 
carried out at Hirst Research 
Centre. 

A t the Rutherford Appleton Lab­
oratory, the first ladder has recent­
ly been assembled and tested. 

The first 2-sided lightweight 'ladder' of 
CCDs under test at the Rutherford Appleton 
Laboratory. It consists of 3 CCDs above and 
2 below (seen reflected in a curved sheet of 
aluminized mylar). Note the micro-connec­
tors at each end which bring in the drive sig­
nals from the right, and the analog biases 
(and CCD output signals) at the left. Using 
these new techniques, close-packed CCD 
mosaics could be produced for imaging 
large areas. 

BEAM PIPE 
RADIUS = 13mm 

38 CERN Courier, November 1988 



With intensive R&D for the ladder 
support system, an overall stability 
of 5 microns looks feasible. The 
most delicate area is the centre of 
the ladders, susceptible to signifi­
cant bowing if there are any com­
pressive loads on the ladders (e.g. 
due to thermal variations). For ex­
ample, a length compression of 4 
microns would induce a 70 micron 
Reformation. Using fixed and slid­
ing ends, such effects can be 
avoided while still achieving a pre­
cise and stable geometry. 

The detector contains 70 million 
pixels. Using a simple pixel thre­
shold for selecting the data would 
lead to 1 Mbyte of information per 
collision, swamping the detector 's 
data acquisition system. A special 
integrated circuit, again developed 
in close liaison wi th industry, has 
been designed for real-time cluster 
selection and should reduce the 
data to a more modest 20 kbytes 
per collision event. 

Close-packed arrays of CCDs in 
these newly developed miniature 
chip carriers will allow mosaics to 
»>e assembled for large area imag­
ing This has stimulated great inter­
est in fields, such as electrophore­
sis, astronomy and X-ray diffrac­
t ion, where the 1cm area of typical 
CCDs is much too small. 

The success of pixel-based de­
tectors for such vertex micro­
scopes has triggered a major R&D 
activity internationally for the devel­
opment of yet more sophisticated 
pixel devices for particle tracking in 
the extreme conditions expected in 
proposed new big proton colliders. 
Such detectors will also be useful 
in areas, such as X-ray imaging, 
where demands are growing for 
high rate capability. Increasing cir­
cuit miniaturization will allow small 
pixels each incorporating a con­
siderable amount of parallel pro­
cessing capability. Instead of serial 

Mounted for electron beam welding is a nio­
bium superconducting radiofrequency accel­
erating cavity built in the US by Babcock and 
Wilcox from a Cornell design for the CEBAF 
electron accelerator being built at Newport 
News, Virginia. 

(Photo Babcock and Wilcox) 

readout of all pixels as in current 
CCDs, hit pixels will inform the off-
chip electronics of their addresses 
and contents. Applicable in a wide 
variety of disciplines including ro­
botics and other industrially import­
ant areas, such 'smart pixel' de­
vices point the way to the future. 

From Chris Damerell 

CORNELL 
Radiofrequency 
superconductivity 

Large scale use of radiofrequency 
superconducting cavities to accel­
erate particles to high energies will 
need to rely heavily on industrial 
participation for production of high 
quality raw material and finished 
accelerator structures. 

The Laboratory of Nuclear 
Studies at Cornell has worked 
closely wi th one of the leading US 
suppliers of niobium, Teledyne 
Wah Chang Albany (TWCA) in A l ­
bany, Oregon, to improve the puri­
ty of niobium, and wi th the US sup­
plier of superconducting niobium 
cavities, Babcock & Wilcox (B&W) 
in Lynchburg, Virginia. 

Wi th encouragement and guid­
ance f rom physicists in the super­
conducting r.f. group at Cornell, 
T W C A improved the purity of elec­
tron beam melted niobium ingots 
by a factor of ten, and successfully 
maintained the improved quality in 
the final sheet product. Wi th advice 
f rom Cornell, T W C A developed the 
capability for measuring niobium 
RRR (residual resistivity ratio), a 
purity specification crucial to the 
thermal stability of superconducting 
cavities at high accelerating fields. 
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Cornell has successfully transfer­
red to B&W the technology of su­
perconducting cavities: the devel­
opment of sound fabrication prac­
tices and the control of parameters 
critical to cavity performance. B&W 
sent key team members represent­
ing project management as well as 
sheet metal forming, machining, 
and welding operations to Cornell 

learn procedures. Cornell made 
available design drawings, a fabri­
cation procedures document, and 
assembly fixtures. Final tuning, 
chemical treatment, and supercon­
ducting r.f. tests were carried out 
at Cornell. 

The first tests of the t w o initial 
industrial prototype cavities 
reached accelerating fields of 6.5 
M e V / m at quality factor (Q) values 
of 3 x 1 0 9 , both in excess of design 
parameters for the intended appli­
cation in the Continuous Electron 
Beam Accelerator Facility (CEBAF) 
now under construction in Newport 
News, Virginia. 

White the workhorse material 
niobium will continue to serve the 
generation of accelerators now un­
der construction, the r.f. supercon­
ductivity community is keeping a 
watchful eye on the new high tem­
perature superconductors. Radio-
frequency properties of high quality 
crystals prepared by AT&T Bell 
Labs are being measured by the 
Cornell group. Results provide the 
first encouraging signs for possible 
microwave applications of the 
compound YBaCuO in future accel­
erators. 

CHINA 
Key project * 
The BEPC Beijing electron-positron 
collider, defined as a key national 
project by the government wi th a 
budget of 240 million yuan (about 
$ 8 0 million), required special equip­
ment, most of which called for ad-° 
vanced technologies. 

* On 16 October, first elec­
tron-positron beams in the 
new BEPC machine at Beij­
ing collided at a total ener­
gy of 1.6 GeV. 

Cooperation between the Beijing 
Institute of High Energy Physics 
(IHEP) and industry was organized 
by a committee under the State 
Council, and went on to involve 
more than 200 enterprises all over 
China, covering machinery, elec­
tronics, precision instruments, ra-
diofrequency, tiltra-high vacuum, 
control systems, etc. 

In recent years, under China's re­
formation and 'open door' policies, 
profits became a major goal of Chi­
nese f irms. Although the profits 
f rom BEPC might be less than in 
other areas, nevertheless firms 
were attracted to such a prestige 
project, hoping also that the tech­
nology would go on to be useful in 
other areas. 

Sixteen S-band klystrons for the 
BEPC injector linac were manufac­
tured in a factory in Hubei province 
in middle south China, far f rom the 
industrial centre. The upper limit of 
Chinese klystrons had been 16 
M W , far below the 30 M W needed 
for BEPC. Thanks to cooperation 
wi th IHEP, the design power was 
reached wi th lifetimes estimated at 
6000 hours. 

Most of the BEPC dipole mag­
nets were made in the Shanghai 
Pioneer electrical machinery plant, 
wi th its tradition of supplying accel­
erator laboratories. Plant managers 
were confident f rom the outset 
that the stringent specifications 
could be met, and skilled workers 
produced the precision die vital for 
magnet production. 

The frame of the drift chamber 
for the BES Beijing Spectrometer 
(the detector being built to study 
the BEPC collisions) was manufac­
tured in an aerospace factory in 
Guizhou province in south-west 

This BEPC dipole magnet was made in the 
Shanghai Pioneer electrical machinery plant. 
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China, taking care of the precision 
machining of 40 ,000 4-mm holes 
wi th 0.05 mm accuracy. 

The Shanghai aircraft factory 
looked after the frame of the BES 
shower counter, rolling a 40-mm 
thick aluminium plate into the 2.4 
metre diameter inner barrel. A 

machinery factory owned by the 
Shanghai petrochemical company 
welded the gap, and Jiannan ship­
yard, over a century old and one of 
the oldest manufacturing plants in 
China, lathed the outer circle. 

The priority of the BES shower 
counter at the Shanghai aircraft fac­

tory was second only to assembly 
of MD-82 McDonnell-Douglas air­
craft. 

During all this work many experi­
enced IHEP engineers, technicians 
and scientists went to the factories 
to give assistance and to supervise 
quality tests. 

In parallel,HHEP's own workshop 
was upgraded. To provide the ac­
celerating sections for the BEPC li-
nac to the required specifications 
and within the allotted schedule 
called for a special production line. 
As well as meeting the deadlines, 
the workshop went on to supply 
equipment for the 50 MeV Acceler­
ator Test Facility electron linac at 
Brookhaven in the US, and to con­
struct the quadrupole magnets for 
the BEPC ring. 

The iron yoke of the spectrometer to study 
the collisions at the BEPC Beijing electron-
positron collider (now being commissioned) 
was made by Xinhe shipyard in Tianjin, 
north China. 

NIKHEF 
Magnets for HERA 

In 1981 what turned out to be a 
highly successful collaboration be­
tween the Dutch NIKHEF-H Labora­
tory and Dutch industry was set up 
to produce t w o types of supercon­
ducting correction elements - sext-
upole/quadrupole (S/Q) and dipole 
correction magnets - for the pro­
ton ring of the HERA electron-pro­
ton collider, now nearing comple­
tion at the German DESY Laborato­
ry in Hamburg. 

The HERA proton ring is equip­
ped wi th superconducting dipole 
and quadrupole magnets (see page 
21). Adjustment of the working 
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point and chromatic corrections are 
provided by quadrupole and sextu-
pole correction coils mounted on 
the cold beam pipe inside the 9 
metre main dipoles. Orbit correc­
tions are made by superferric cor­
rection dipoles mounted in com­
mon cryostats wi th the main qua-
drupoles and the beam position 
monitors. 

The (S/Q) correction coils of 
single strand multifilamentary nio­
bium-titanium superconductor con­
sist of a 5.9 m long layer of sextu-
pole winding surrounded by a 5.83 
m long quadrupole winding on a 60 
mm beam pipe. They provide a 
nominal 0 .030 Tesla sextupole 
field at a 25 mm radius wi th a cur­
rent of 65 A , and a 0.045 Tesla 
quadrupole field at this radius wi th 
85 A. 

Based on a Brookhaven design, 
the first prototype S/Q coil was fa­
bricated at NIKHEF-H and success­
fully tested at DESY. In collabora­
tion wi th Holec, Ridderkerk, further 
prototypes led to a satisfactory f i ­
nal design. Field quality was meas-

red at room temperature by Holec 
using DESY equipment wi th an on­
line connection to DESY. The data 
showed that the strengths of the 
forbidden multipoles were several 
t imes less than the maximum al­
lowed values. The final acceptance 
test was at DESY. 

The superferric dipole correction 
magnets have two saddle-shaped 
coils of 0.56 mm diameter multifila­
ment niobium-titanium wire in a 
soft iron yoke 0.61 m long and 
wi th 75 mm diameter opening. A 
technique developed by NIKHEF-H 
for producing saddle-type coils 

Superconducting correction dipole magnet 
made by the Holec company as part of the 
Dutch contribution to the HERA electron-
proton collider being built at the German 
DESY Laboratory in Hamburg. 

was transferred to Holec. After ini­
tial problems wi th loose wires and 
shorts were solved, a nominal field 
of 1.4 Tesla was reached at 45 A. 
In general the magnets quench 
above 100 A , compared to a 
specification value of 75 A. 

Under a 1986 Dutch Ministry of 
Economic Affairs agreement wi th 
DESY, the construction of the cor­
rection elements was a Dutch con­
tribution to the HERA project, wi th 
NIKHEF-H ensuring that DESY 
specifications for quality control 
and time schedule were met. Fund­
ing was shared between the Minis­
try of Economic Affairs and the 
Ministry of Education and Science. 
A Technical Coordination Commit­
tee included representatives f rom 
DESY, NIKHEF-H, the national gov­
ernment, and the Industrial Council 
for Energy and Environment which 
promotes new technologies. 

The collaboration included t w o 
other Dutch f i rms: SLE (Supercon­
ductors LIPS ECN), Drunen, for pro­
duction of the dipole wire and Smit 

Draad, Nijmegen, for the wire insu­
lation. Series production at Holec 
started in 1986, and by the end of 
that year about 20 dipole magnets 
and 30 sextupole/quadrupole coils 
had been produced, tested cryoge-
nically and accepted by DESY. The 
production of all 462 S/Q coils and 
250 superferric dipole magnets 
was completed this summer. 

DARMSTADT 
Muth's progress 

Up to a few years ago, the usual 
way to get magnets for beamlines 
at Darmstadt's GSI Heavy Ion Re­
search Laboratory (Gesellschaft fur 
Schwerionenforschung) was by or­
dering complete units f rom industry 
- yokes and coils together wi th all 
auxiliary equipment ready for oper­
ation. Only magnets wi th solid 
yokes were needed. 
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When the SIS/ESR synchro­
tron/storage ring project was 
launched in 1984 (for progress, 
see October issue, page 27), this 
situation changed. Fruitful discus­
sions wi th suppliers needed a prior 
familiarity wi th the techniques for 
making laminated yokes for pulsed 
magnets. In addition, experience at 
CERN and DESY had shown the 
economies resulting f rom splitting 
the job into subtasks like coil fabri­
cation, sheet orders, profile stamp­
ing, yoke shuffling and magnet as­
sembly. 

To gain experience, a first step 
was in-house production of four 
laminated dipoles and 26 laminated 

quadrupoles for the beam transfer 
f rom the UNILAC linear accelerator 
to the synchrotron. In October 
1984, wi th the tools for SIS mag­
net fabrication arriving, a local 
locksmith, Mr. Muth, together wi th 
his (at that time) sole coworker, 
was engaged to supervise welding 
work. 

In at the beginning, Mr. Muth 
learned a lot about how to produce 
the SIS magnets and when tender 
specifications for the production of 
series magnets were being pre­
pared, he asked to be included in 
the list of bidders. An attractive 
tender resulted, and in autumn 
1985, after founding his firm 'Mag-

netbau Muth ' , he got the contract 
for shuffling the yokes of 26 di­
poles, 43 quadrupoles, 12 sextu-
poles and for mounting coils sup­
plied by German and French firms 
into the magnets. The punched 
profiles were contributed by a dif­
ferent contractor. 

Since then'Magnetbau Muth has 
continued to prosper, wi th ex­
tended premises, new plant and 
more staff. A recent GSI order cov­
ered 73 quadrupoles for the beam 
guidance system between SIS, ESR 
and the Target Hall, including 
punching of the profiles and fabri­
cation of glueing and stacking fix­
tures. 

C E N C a d a r a c h e 
Caisson de I'interferometre 
de TORE-SUPRA 
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A M A J O R A D D I T I O N 

T O C E S B U I L D I N G B L O C K S 

Y o u k n e w t h a t C E S a l r e a d y o f fe rs t h e bes t c o n n e c t i o n s f o r : 

* C A M A C to V M E : C B D 8 2 1 0 * V M E to B I - V A X : H V R 8 2 1 7 / B I 
* F E R A to V M E : H S M 8 1 7 0 * V M E t o M i c r o V A X : H V R 8 2 1 7 / Q 
* V M E to V M E : V M V 7 V I C 8250 

A n d , o f course, t he best h i g h speed CPUs for physics : 

* F I C 8 2 3 0 1 6 or 25 M h z MC68020 based * F I C 823116 or 2 5 M H z MC68030 based 

N o w we are b r i n g i n g you a n e w w a y t o l o o k a t y o u r e x p e r i m e n t a l d a t a graphica l ly 
w i t h a M A C I I to V M E connect ion: 

MAC 7212 

Once aga in , th i s is a profess ional so lu t ion o f fe r ing m a j o r i m p r o v e m e n t s over ex i s t i ng 
systems: 

U P T O 15 

V M E C R A T E S 

V ! 
M : 

B 
U 
S 

fas te r : 4 Mbyte/sec. 
s imp le r : s ing le slot 
safer : i n te r faced w i t h 

A P P L E sof tware 

c m n o n e sysiems 



UNIVERSITY OF VIRGINIA 
EXPERIMENTAL HIGH ENERGY PHYSICS 

ASSISTANT PROFESSORSHIPS 

The Department of Physics at the University of Virginia 
is seeking qualified applicants for tenure track assistant 
professor positions for an experimental high energy 
physics group now in the process of formation. 
This group has a major involvement at Fermilab in hea­
vy flavor physics in experiment E705 and in beauty 
physics in experiment E771. 
They also have a strong interest in future beauty phy­
sics options at both Fermilab and/or the SSC. 
Candidates should have compatible research inter­
ests. 
Interested parties should submit a resume and the 
names of at least three references to : 

Professor Michael Fowler, Chairman 
Department of Physics 
J.W. Beams Laboratory of Physics 
University of Virginia 
McCormick Road 
Charlottesville, Virginia 22901 

Phone: 804/924-3781 

The University of Virginia is an equal opportunity 
employer. 

UNIVERSITY OF VIRGINIA 
EXPERIMENTAL HIGH ENERGY PHYSICS 

SENIOR PROFESSOR POSITION 

The Department of Physics at the University of Virginia 
is seeking qualified applicants for a tenured position at 
the associate or full professor level for an experimental 
high energy physics group now in the process of for­
mation. 
The selected individual would act as deputy head of the 
group. 
This group has a major involvement at Fermilab in hea­
vy flavor physics in experiment E705 and in beauty 
physics in experiment E771. 
They also have a strong interest in future beauty phy­
sics options at both Fermilab and/or the SSC. 
Candidates should have compatible research inter­
ests. 
Interested parties should submit a resume and the 
names of at least three references to : 

Professor Michael F6wler, Chairman 
Department of Physics 
J.W. Beams Laboratory of Physics 
University of Virginia 
McCormick Road 
Charlottesville, Virginia 22901 

Phone: 804/924-3781 

The University of Virginia is an equal opportunity 
employer. 

UNIVERSITY OF CALIFORNIA, RIVERSIDE 

FACULTY POSITION IN 
EXPERIMENTAL ASTROPHYSICS 

A s part of a planned expans ion in the area of as t rophys ics , 
the Physics Deparment at the Univers i ty of Cali fornia, River­
side is seeking ou ts tand ing candidates fo r a facul ty pos i t ion 
in exper imenta l as t rophys ics beginning July 1 , 1 9 8 9 . The 
appo in tment wi l l be at an open level. Quali f ied candidates 
w i t h establ ished records in research and teaching are invi ted 
t o apply. 

Exist ing p rograms at UCR in th is area are gamma ray as t ro­
physics f r o m M e V to T e V , solar and a tmospher ic neutron 
observa t ions , and neutr ino as t rophys ics . The successful 
candidate wi l l be expec ted to teach at the undergraduate and 
graduate levels and to lead a v igorous and signif icant re­
search p rog ram. Candidates should submi t a curr iculum 
v i tae, s ta tement of research in terests , and arrange t o have 
three letters of recommenda t ion sent t o : 

Chair , Search C o m m i t t e e 
Exper imenta l Astrophysics 
Physics D e p a r t m e n t 
University of Cal i fornia, Riverside 
Riverside, C A 9 2 5 2 1 

Comple ted appl icat ions received th rough December 3 1 , 
1988 wi l l be screened. 

The Universi ty of Cali fornia, Riverside is an Equal Oppor tun i ty 
A f f i rmat ive A c t i o n Employer. 
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UNIVERSITY OF MARYLAND 

EXPERIMENTAL HIGH ENERGY PHYSICS 

TENURE TRACK ASSISTANT PROFESSOR 

The Department of Physics at the University of Maryland 
invites applications for a tenure track faculty position in 
high energy physics. 

The appointment will be at the assistant professor level 
and will start in July 1989. 

The University of Maryland experimental high energy 
physics group is active in the OPAL collider at LEP, the 
DO experiment at the Fermilab collider, the Cygnus 
Experiment at Los Alamos and a deep inelastic muon 
scattering experiment (E665) also at Fermilab. 

Candidates should have a doctorate in physics, a com­
mitment to teaching, and an outstanding research re­
cord. The candidate's research interests are expected 
to be such that he or she will initially participate in the DO 
experiment. 

Applicants should send a resume, a brief statement of 
research accomplishments and plans, and the names 
and addresses of three references to 

Professor George A. Snow 
Department of Physics and Astronomy 
The University of Maryland 
College Park, MD 20742. 

The University of Maryland is an equal opportunity/ 
affirmative action employer. 

For the discerning cus tomer i t 's 

B a t t i g V a l v e s . - Every t ime! 

Alfred Battig AG 
C H - 8 4 0 0 Winterthur/Switzer land 

Phone: 
0 5 2 / 2 5 2 7 6 9 

Telex: 
8 9 6 3 7 1 valv ch 

Telefax: 
0 5 2 / 2 5 0 2 2 4 

SERVILEC, societe a n o n y m e 
POUR LA REPARATION D'INSTRUMENTS DE MESURES 

17, ch. du Faubourg-de-Cruseilles 
1227 Carouge 

CONFIEZ-NOUS 
VOS INSTRUMENTS 

0 2 2 
4 3 8 9 0 0 

NOUS REPARONS ET CALIBRONS : 
Oscilloscopes, multimetres, sondes, compteurs, generateurs de 
fonctions, de frequences, moniteurs, alimentations, etc... 

Dans les marques suivantes: 
Tek t ron ix© - HP© - Fluke© - Sch lumberger© 

ABB Metrawat t - Phi l ips© - Gould© 
© marque deposee 

PLUS-86 

Precise positioning of code on 
cables of different diameters 

owing to new micro-setting 
mechanism 

Individual selection of 
characters: 288 possible 
combinations on 12 
marking wheels wi th 24 
characters each 

Advanced built-in setting 
mechanism: quick code selection 
wi thout interruption of work 

Horizontal, vertical and f lat lettering on all types of 
cables, thin wires, plates and shrinkable sleeves 

Paul A. Rothfuchs 
Fellenbergstrasse 166 
CH - 8047 Zurich 

Tel. 01 /491 5468 
9.00 to 12.00 a.m. 

Fax 01 /4919485 
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Putting a complete 
16-chtfnnel Logic Ana­

lyser with more than 
140.000 discrete devices 

on a single chip is a break­
through for the electronics 

industry. 

"HOW CAN HEWLETT-PACKARD PROVIDE FLEXIBILITY AND VALUE 
1010 IN A LOGIC ANALYSER ?" 

"PUT IT ON A CHIP" 
19th Century Telegraph Station 
,,Deutsches Museum Munich" 

Putting those chips to work in a range of advanced logic analysis equipment 
means a breakthrough for your lab. Three new analysers offer the features 

you need for your projects at the lowest possible price, and provide the perfor­
mance and reliability that you would expect from Hewlett-Packard. They offer 

a simplified user interface, with pop-up menu-driven commands, a built-in disc 
drive, and hardcopy output - speeding you to your solution. The HP 1650A offers 

80 channels to support 8, 16, and 32-bit microprocessors. The HP 1651A has 32 
channels to support most 8-bit microprocessors. Both features 25 MHz state/100 

MHz transitional-timing on all channels and can be function as two seperate state/ 
state or state/timing machines for complex analysis. The HP 16500A is modular, 

allowing you to set up the logic analysis system that fits your needs now - and in the 
future. Up to 400 channels of 25 MHz state/100 MHz trans-

sitional timing, 8 channels of scope analysis, 80 channels 
of 1 GHz timing, or 204 channels of 50 Mbit/sec 

stimulus. Trigger one module with another, time-
correlate measurements between modules - even view 

state timing, and analogue on a single screen. The 
HP 16500A gives you the choice. 

For more information call Hewlett-Packard. 
HP16500A 
Logic Analysis System 

H E W L E T T 
P A C K A R D 



T h e World's 
Biggest Calorimeters, 

AMY KEK, Japan 

Use 
The Worlds 
Best ADC's 

L3 LEP/CERN, Europe 

New FASTBUS Instruments including the 1885FADC, 
2724 24-input preamp and LIFT™ Software Tools 

Large calorimeters need economic, 
high performance ADC's. 
LeCroy has been supplying our Series 
1880 FASTBUS ADC's to fixed target 
and colliding beam experiments for 
over three years.Many particle physics 
experiments in Japan, Europe and the 
United States have instrumented or are 
installing our cost effective systems. 
These ADC's are part of LeCroy's 
evolving family of FASTBUS data 
acquisition electronics for research. 
Call or write today for a complete 
FASTBUS Product Summary. 

The Series 1880F ADC's feature: 
• High Density: 96 chan/#1 FASTBUS 
• Wide Dynamic Range: to 15 bits 
• High Sensitivity: 50 fC/count 
• Short Conversion Time: 265 (Lisec 
• Model 2724 pre-amp compatible 
• Fast Readout: 40 megabytes/sec 
• Multiple Event Buffer: 8 events 
• On-board Calibration: to ±1.5% 
• Fast Clear: < 600 nsec 
• Trigger Outputs: 24 current sums 

LeCrov 
700 Chestnut Ridge Road, Chestnut Ridge, NY, 10977-6499 USA Tel: (914) 578-6013 
Route du Nant-d'Avril 101,1217 Meyrin 1-Geneva, Switzerland Tel: (022) 82 33 55 

Innovators in Instrumentation 



SULZER 

Cryogenics 

N i t r o g e n i n H e l i u m D e t e c t o r 



Sulzer Nitrogen 
in Helium Detector 
TypeWF3D 

Measures the concentration of nitrogen in helium (ppm range) 

Measurement and indication both continuous 

No dead time 

Remote indication, relais output 

Easy to operate - connect and measure 

No carrier gas required 

High degree of stability 

Inlet pressure 1-20 bar gauge 

1. Application 
Measurement of nitrogen (N2) in 
helium (He). 

2. Measurement principle 
Optical emission spectroscopy. 
Excitation of the gas is obtained by 
use of an electrical discharge 
between two metal electrodes. 
Analytical line emission is selected 
by an interference filter. 
Measurement of radiation is by 
means of an Si photo-diode. 

3. Data of gas to be measured 
- Inlet pressure 1-20 bar gauge 
- Outlet pressure 0.05-0.3 bar gauge 
- Rate of gas flow 0.03 Nm 3/h 

4. Range and accuracy of 
measurement 
- Standard range of measurement 

2-50vpm N 2 

- Indicated range 0-199.9 vpm N 2 

- Resolving power 0.1 vpm 
- Reproducibility ±0.1 vpm, 

typical value for range 2-30 vpm 
- Accuracy without re-calibration 

± 2 vpm 

5. Indication, outputs 
- 3V2 position liquid crystal indication 

(LCD) 
- Analogue signal 4 to 20 mA, 

corresponding to a measurement 
of 0 to 50 vpm N2. Resistance load 
min. 250 Q, max. 500 Q 

- Relais output adjustable over 
the whole measurement range. 
Maximum loading: 
DC 30 W, 50 V, 1 A 
AC 250 VA, 250 V, 1 A 

Cryogenics 

6. Dimensions, weight 
Equipment size»suitable for fitting into 
19" rack to IEC 297/DIN 41494. 
- Height 177.8 mm (4 units ^ 7") 
- Casing depth 305 mm 
- Weight ca.13kg 

7. Power supply, 
ambient temperature 
- Supply voltage 220 V, 50/60 Hz 
- Permissible variation in supply 

voltage ± 1 0 % 
- Power input max. 150 W 
- Permissible ambient temperature 

range 0 to 40 °C 

Sulzer Bros (UK) Ltd. 
Blackwater Way, Aldershot 
Hampshire, England GU12 4DR 
Telephone 0252 331 351 
Telex 858 400 
Telefax 0252 343 062 

SULZER 
Sulzer Brothers Limited 
CH-8401 Winterthur, Switzerland 
Contracting Division 
Telephone 052 81 11 22 
Telex 896 060 25 
Telefax 052 23 0740 

Sulzer Bros Inc. 
200 Park Avenue, New York 
NY 10166, USA 
Telephone 212 949 0999 
Telex 620 219 
Telefax 212-37011 38 
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