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Focus on the future 

A decade lower hydrogen pressure 

The Alcatel ATH 2 0 / 4 0 is the smallest 

hybrid turbomolecular pump in the world. 

The ATH 2 0 / 4 0 produces a 2 x lO 7 hydrogen 

compression ratio, the highest ever achieved 

for residual gas analysis. 
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A WORLDWIDE EXPERIENCE 
UNE EXPERIENCE MONDIALE 
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GF Garçonnet is involved in the LHC projet 

GF Garçonnet has fine blanked the collar and yoke 
laminations of the HERA quadrupole magnets, and 
has manufactured the polymerization moulds. GF 
has also fine blanked laminations for both dipole 
and quadrupole prototypes for LHC. 

GF Garçonnet participe au projet LHC 

GF Garçonnet a découpé les colliers et les fers 
froids des quadrupoles de HERA et conçu les 
outillages de polymérisation. GF découpe 
également des laminations pour les prototypes 
dipoles et quadrupoles du LHC. 
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Balzers-Pfeiffer 

Why our turbo-drags must be known 
as "enhanced value combination"pumps 

In 1955 Balzers-Pfeiffer invented 

the turbomolecular pump, a giant 

leap forward in the technology of 

vacuum generation. The TMH/U 

Turbo Drag Pump which, in view 

of the many advantages for the 

user, should really be called the 

"enhanced value combination" 

pump, represents the latest 

advance in its field. 

The TMH/U Series combines the 

turbomolecular and Holweck 

principles in such a way that both 

systems operate at their optimal 

efficiency levels. This means a 

more compact pump with fewer 

turbo stages and maximum 

operational reliability. 

Balzers-Pfeiffer GmbH 
Postfach 12 80 
D-35608 Asslar 
Tel. (0 6441)8 02-0 
Fax (0 6441)8 02-202 

Balzers High Vacuum Ltd. 
Bradbourne Drive 
Tilbrook 
Milton Keynes, MK7 8 AZ 
Tel. (09 08) 37 33 33 
Fax (09 08) 37 77 76 

Balzers 
8, Sagamore Park Road 
Hudson, N.H.03051 
Tel. (6 03)8 89-68 88 
Fax (6 03)8 89-85 73 

The turbo drag pump can be 

operated with small dry backing 

pumps at no extra cost over the 

standard turbos. This allows the 

construction of attractively priced, 

high performance pumping 

systems which are both 

extremely economical and easy 

to operate. 

We should be pleased to send 

you more detailed information on 

the many "enhanced value 

combination" options of our turbo 

drag pumps. 
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Meet the world's most experienced 
accelerator company! 

For thirty years Scanditronix has been leading the way in the field of accelerators and related products. 
Our track record speaks for itself; we have installed more than one hundred accelerator systems 

worldwide as well as thousands of dosimetry systems. 
Our experience, dedication to quality, and emphasis on R&D mean - when you want excellence in 

your accelerator business - you can put your trust in us. 

APPLICATIONS 

Radiation measurements 

Explosives detection 

Isotope production 

Neutron therapy 

Radiotherapy 

Radiography 

Sterilization 

Irradiation 

Litography 

Injectors 

OUR PRODUCTS 

Radiation field analyzers 

In vivo patient dosimetry 

Electron beam irradiators 

Semiconductor detectors 

& ion chambers 

Multileaf collimators 

Spectrometers 

Synchrotrons 

Storage rings 

Diode lasers 

Microtrons 

Cyclotrons 

Magnets 

S C A N D I T R O N I X 

For further information, please contact: SCANDITRONIX MEDICAL AB Stâlgatan 14, S-754 50 Uppsala, Sweden 
Phone + 4 6 1 8 1 8 07 00, Fax + 4 6 1 8 1 2 75 52 

VI CERN Courier, July/August 1995 



Special issue - applying the accelerator 

Introduction 

T 'he CERN Courier is the interna­
tional journal of high energy 

physics, covering current develop­
ments in and around this branch of 
basic science. A recurrent theme is 
applying the technology developed 
for particle accelerators, the ma­
chines which produce beams of high 
energy particles for physics experi­
ments. 

Twentieth-century science is full of 
similar examples of applications 
derived from pure research. 
This special issue of the CERN 
Courier is given over to one theme -
the applications of accelerators. 

Accelerator systems and facilities 
are normally associated with high-
energy particle physics research, the 
search for fundamental particles and 
the quest to understand the physics 
of the Big Bang. To the layman, 
accelerator technology has become 
synonymous with large and expen­
sive machines, exploiting the most 
modern technology for basic re­
search. In reality, the range of accel­
erators and their applications is much 
broader. A vast number of accelera­
tors, usually much smaller and 
operating for specific applications, 
create wealth and directly benefit the 
population, particularly in the impor­
tant areas of healthcare, energy and 
the environment. 

There are well established applica­
tions in diagnostic and therapeutic 
medicine for research and routine 
clinical treatments. Accelerators and 
associated technologies are widely 
employed by industry for manufactur­
ing and process control. In funda­
mental and applied research, accel­
erator systems are frequently used 
as tools. The biennial conference on 
the Applications of Accelerators in 

The 27-inch cyclotron built by Ernest Lawrence 
at the Berkeley Radiation Laboratory in the 
early 1930s was the first accelerator used to 
produce radioactive isotopes for medical 
research. 
(Photo LBL) 

Industry and Research at Denton, 
Texas, attracts a thousand partici­
pants. 

This special issue of the CERN 
Courier includes articles on major 
applications, reflecting the diversity 
and value of accelerator technology. 
Under Guest Editor Dewi Lewis of 
Amersham International, contribu­
tions from leading international 
specialists with experience of the 
application end of the accelerator 
chain describe their fields of direct 
interest. The contributions are not 
meant to be exhaustive, but more as 
illustrations of the wide variety of 
uses to which accelerators have 
been harnessed. 

A hundred years of applications 

It is appropriate to review the 
applications of accelerators in 1995 -
the centenary year of the discovery 
of X-rays by Wilhelm Rôntgen in 
Germany. While experimenting with 
electrical discharges from cathode-
ray tubes shrouded with black card­
board, he inadvertently observed a 
"new kind of rays" which made solid 
objects transparent. 

The implications of this discovery 
were immediately realized and the 
X-ray tube became the first particle 
accelerator to have applications 
beyond basic physics research. 
The radiographic applications of 
Rôntgen's X-rays have become an 
essential part of everyday life and 
have profoundly improved the quality 
of our lives. 

The subsequent 35 years brought 
many notable scientific discoveries, 
but particle accelerator technology 
remained limited to electrostatic 
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Medical applications 

devices and voltages of less than 
1MV. 

The next major step forward was 
when Ernest Lawrence constructed 
the first cyclotron at Berkeley in 
1932. Neutron beams became 
available and new artificially created 
radioisotopes were discovered. By 
1936, Lawrence's 37-inch cyclotron 
was accelerating deuteron beams up 
to 8 MeVand providing most of the 
world's supply of neutrons and 
artificial radioactive isotopes. 

Ernest Lawrence and his brother 
John were quick to recognize impor­
tant medical applications for the 
cyclotrons - producing isotopes for 
biological and medical research, as 
well as isotopes and neutron beams 
for the treatment of cancer. 

In 1938 Lawrence's mother be­
came the first cancer patient to be 
treated successfully with neutrons 
from cyclotrons. Lawrence's drive 
and determination to improve accel­
erator performance and the quality of 
the engineering created the technol­
ogy base for today's wide application 
of accelerators. 

Since those early days, major 
advances in accelerator technologies 
have brought the Alvarez-type linac, 
Van de Graaff machines, klystron 
power sources, superconducting 
materials, synchrotron acceleration, 
and negative ion extraction. All these 
features have been incorporated into 
different types of accelerators -
electrostatic accelerators, cyclotrons, 
microtrons, linacs and synchrotrons -
used today for an increasingly broad 
range of applications. 

In medicine, accelerators can be 
used in two ways - imaging and 
therapy. 

For imaging, the accelerator gener­
ates radiation which is transmitted 
through the patient, or produces a 
radioactive material for subsequent 
injection. Analysis of the resulting 
radiation pattern from the patient's 
body is used for a diagnosis and to 
determine the appropriate treatment. 

For therapy, the accelerator's 
radiation is itself the treatment, with a 
well defined radiation dose applied 
directly to the patient. 

Imaging 

In nuclear medic ine, radioact ive 
drug mater ia l ( rad io-pharmaceut i ­

cal) is admin is tered to pat ients and 
the result ing g a m m a ray distr ibut ions 
are detec ted by specia l ized g a m m a -
cameras . Tomograph ic images of 
parts of the body are then prepared 
by compute r techn iques . Th is 
imaging prov ides d iagnost ic in forma­
t ion on body funct ion and metabo l ism 
wh ich comp lemen ts the anatomica l 
or 's t ructural ' images p roduced by 
other methods such as X-ray, c o m ­
puter ized tomography (CT) or m a g ­
netic resonance imaging (MRI) . 
Approx imate ly 20 mil l ion pat ient 
p rocedures wor ldwide are carr ied out 
annual ly using rad io-pharmaceut i ­
cals. 

Isotope production 

S o m e 2 0 % of pat ients using radio­
pharmaceut ica ls receive inject ions of 
mater ia ls p roduced by cyc lot rons. 
There are over 200 cyc lo t rons 
wor ldw ide ; a round 35 are opera ted 
by commerc ia l compan ies sole ly for 
the product ion of rad io-pharmaceut i ­

cals wi th another 25 accelerators 
produc ing medical ly useful isotopes. 

These neutron-def ic ient isotopes 
are usual ly p roduced by proton 
bombardment . All common ly used 
medica l isotopes can be genera ted 
by 'compact ' cyc lo t rons wi th energ ies 
up to 40 MeV and beam intensit ies in 
the range 50 to 400 mic roamps . 
Specia l ly des igned target sys tems 
conta in gram-quant i t ies of highly 
enr iched stable isotopes as start ing 
mater ia ls . The targets can a c c o m m o ­
date the high power densi t ies of the 
proton beams and are des igned for 
au tomated remote handl ing. 

The comple te manufactur ing cycle 
inc ludes large-scale target produc­
t ion, isotope generat ion by cyc lot ron 
beam bombardment , rad io-chemical 
ext ract ion, pharmaceut ica l d ispens­
ing, raw mater ia l recovery, and 
label l ing/packaging prior to the rapid 
del ivery of these short- l ived products . 
All these manufac tur ing s teps adhere 
to the pharmaceut ica l industry 
s tandards of G o o d Manufac tur ing 
Pract ice (GMP) . 

Unl ike research accelerators , 
commerc ia l cyc lo t rons are cus tom­
ized 'compact ' mach ines usual ly 
supp l ied by special ist compan ies 
such as IBA (Belg ium), E B C O 
(Canada) or Scandi t ron ix (Sweden) . 
The des ign cr i ter ia for these commer ­
cial cyc lo t rons are - smal l magnet 
d imens ions , power-ef f ic ient operat ion 
of magne t and rad io f requency 
sys tems, high intensity ext racted 
proton beams , wel l def ined b e a m 
size and au tomated compute r con ­
trol . Per fo rmance requi rements 
include rapid star tup and shu tdown, 
high reliabil ity to suppor t the dai ly 
product ion of short - l ived isotopes and 
low ma in tenance to min imize the 
radiat ion dose to personne l . 

In 1987 a major step forward in 
meet ing these exact ing industr ial 
requ i rements c a m e w h e n IBA, 
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M e d i c a l a p p l i c a t i o n s 

TP 

together with the Universi ty of 
Louva in -La-Neuve in Be lg ium, 
deve loped the Cyc lone-30 cyc lo t ron. 
Th is w a s the first mode l to p roduce 
rel iable, high intensity, ex t rac ted 
beam above 300 m ic roamps ; the first 
unit w a s instal led at A m e r s h a m Med i -

Physics in the USA. Extracted beam 
is preferred so as to opt imize target 
ef f ic iencies and to max imize radio­
logical shie ld ing for target handl ing. 
In genera l , target stat ion and remote 
handl ing sys tems are specif ic to 
individual compan ies and often 

C o m m o n c y c l o t r o n r a d i o - p h a r m a c e u t i c a l s 

I so tope 
Half Life 
( hou rs ) 

Gamma-ray 
energy (keV) Imaged organ 

201J| 7 3 . 0 8 0 Hea r t 

1 1 1 l n 6 7 . 2 2 4 0 In fec t i on 

6 7 Q a 7 8 . 3 100 to 300 A b d o m e n 

123| 13 .2 1 6 0 Thyro id 

Proton beams from compact cyclotrons are 
used to bombard isotope targets for the 
manufacture of radiopharmaceuticals. Of the 
200 cyclotrons worldwide, around 35 are 
operated by commercial companies solely for 
the production of radio-pharmaceuticals. 
Another 25 accelerators produce medically 
useful isotopes. 
(Photo Amersham International pic UK) 

incorporate propr ietary commerc ia l 
des igns . 

Cyc lo t ron isotopes are del ivered to 
nuclear medic ine centres as steri le 
in jectable pharmaceut ica ls conta in ing 
a smal l radio isotope componen t wi th 
an act ivi ty up to 200 Mbequere ls (or 
5 mCur ies ) . These isotope products 
are requi red to have just enough 
radioact iv i ty to generate adequate 
d iagnost ic informat ion f rom a 15-30 
minute imag ing per iod. But the 
act ivi ty of the injectable isotope 
shou ld still be low enough to p roduce 
an effect ive dose to the pat ient of 
less than 5 m S v ( or 0.5 Rad) . The 
g a m m a ray energy itself should be 
high enough to exit the pat ient t issue 
and avo id imaging compl icat ions 
f rom C o m p t o n scat ter ing, but still low 
enough to a l low eff icient col l imat ion 
at the g a m m a camera detector; 
g a m m a - r a y energ ies in the range 50 
to 300 keV are normal ly used. 

The isotope half-l i fe should a l low for 
the ex tended manufactur ing process 
and permi t rapid del ivery to hospi ta ls, 
but shou ld still be short enough to 
avo id a b io-dose prob lem to the 
pat ient. 

Isotopes wi th half- l ives of 3 days 
are most common l y used and there 
are over 30 medical ly useful cyc lo­
t ron isotopes. Thal l ium-201 has 
b e c o m e the most c o m m o n cyclot ron 
rad io-pharmaceut ica l and is used 
rout inely for heart imaging as a 
myocard ia l per fus ion agent. It is 
p roduced by proton bombardmen t of 
tha l l ium-203 at 25 to 28 MeV . 

The wor ld requi rement for nuclear 
medic ine imaging cont inues to g row 
at 7 -8% per year. The d e m a n d for 
cyc lot ron isotopes cont inues, wi th 
special is t cyc lot ron compan ies 
manufac tu r ing more eff icient ma­
ch ines wi th proton beam intensit ies 
be tween 500 and 1000 mic roamps. 
G a m m a camera manufacturers are 
improv ing their techno logy whi le the 
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pharmaceut ica l compan ies are 
register ing new products and proce­
dures for cyc lo t ron-produced iso­
topes. 

From Dewi M. Lewis, Amersham 
International pic, Amersham, UK. 

mm 

noun 
after I 

Positron emission 
tomography 

Posi t ron Emiss ion T o m o g r a p h y 
(PET) is an advanced nuclear 

medic ine techn ique used for re­
search at major cent res. Un ique 
d iagnost ic in format ion is obta ined 
f rom tomograph ic measu remen ts of 
the b iochemist ry and phys io logy of 
t issues and organs. In theory, d is­
eases are related to b iochemica l 
changes and these can be observed 
with PET long before any anatomica l 
changes are detectab le . 

In PET the radioact ive componen t 
is a posi t ron-emit t ing isotope or 
' tracer'. The posi t rons annih i late wi th 
e lect rons in the body to produce two 
g a m m a rays 180° apart ; co inc idence 
detect ion of these g a m m a s prov ides 
a very eff icient method of de termin­
ing the spat ial distr ibut ion of the 
radio isotope tracer. Because phys i ­
ological measu remen ts are usual ly 
required in a s ingle imaging sess ion , 
very short- l ived isotopes are used to 
label the t racer molecu les; isotope 
product ion and label l ing is usual ly 
carr ied out in s i tu. The most c o m ­
monly used radionucl ides are car-
bon-11 (half-l i fe 20 minutes) , nitro­
gen-"! 3 (10 minutes) , oxygen-15 

(2 minutes) , and f luor ine-18 (110 
minutes) . 

A PET sys tem has three major 
componen ts : 

- a part icle accelerator with targets 
for product ion of the posi t ron-emit t ing 
isotopes; 

- chemis t ry modu les for synthes is 
and label l ing of the des i red t racers; 

- and a PET camera for in-vivo 
measu remen ts of the distr ibut ion of 
the t racer in the body. 

Cyc lo t rons have become the 
s tandard accelerator for produc ing 
PET isotopes wi th typical protons 
energ ies of 10-18 MeV, and 5-9 MeV 
for deuterons wi th b e a m currents up 
to 75 m ic roamps . Present -day PET 
cyc lot rons are ext remely compact , 
highly au tomated mach ines sui table 
for hospital env i ronments and have 
little in c o m m o n with the older labora­
tory-des igned research mach ines . 

All new PET cyc lot rons are based 
on negat ive ion techno logy to faci l i ­
tate beam extract ion and min imize 

Positron Emission Tomography (PET) 
provides diagnostic information from 
tomographic measurements of the biochemis­
try and physiology of tissues and organs. 
If diseases are related to biochemical 
changes, these can be observed with PET 
long before any anatomical changes are 
detectable. This shows the results of 
carbon-11 methionine used in an investigation 
to estimate the effect of therapeutic drug 
treatment on a brain tumour. 
(Photo Uppsala University PET Centre, 
Sweden) 

induced radioact iv i ty bui ld-up. 
C losed- loop compute r control m a n ­
ages star tup, tun ing and irradiat ion, 
leaving only the choice of label l ing 
c o m p o u n d and a few initial i rradiat ion 
parameters to be de termined by the 
user. Wi th the except ion of oxygen-
15, the radioact ivi ty level needed for 
a typical scan is 200 MBecquere l . 
A s ingle product ion batch wil l be 
suff ic ient for two or more pat ient 
scans . 

PET has expanded s ince the mid 
1970s and there are now about 
140 PET cent res wor ldwide, half of 
them in North Amer i ca . The PET 
procedure is s imi lar to convent iona l 
isotope imaging but wi th improved 
sensit iv i ty and spat ial resolut ion. 
PET can image and measure quant i ­
tat ively new b iochemica l parameters 
such as b lood f low, fatty acid and 
g lucose ut i l izat ion, oxygen metabo­
l ism, amino acid t ransport , receptor 
densi t ies and occupancy in the brain 
and other o rgans . T h e most c o m -
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Ultrahigh Vacuum 
Demands Quality 

Innovative Vacuum Technology 

UHV components f rom LEYBOLD offer the 
fol lowing quality features: 

• leak-tight over hundreds of degassing cycles 

• high purity and low degassing rates of the 

components 

• high strength and high purity materials. 

These features ensure that experiments, batch 
and production runs can be performed reliably, 
reproducibly and over extended periods of t ime. 

Being the leading supplier of vacuum technology 
and process applications world-wide, LEYBOLD 
is the most competent partner you could have in 
the area of UHV systems. 

We welcome your enquiries: 
phone +49 221/347-1234 

LEYBOLD - The f i rst choice in UHV technology! 

LEYBOLD AG 
Bonner Strasse 498, 

D-50968 Cologne 

E n g i n e e r i n g se r v i ces 
We're not too big to provide cost effective and quality solutions at Cern 

9 Inspection Services 
% High Integrity Welding 
• Manufacture 
9 Site Installation 
• Project Management 
• Support 

Through pur commitment to Research and 
Development we have developed a wide variety of 
services, ideal for research establishments. On 
going development is dedicated to the provision of 
industry leading technology. It enables us to offer, 
for example, specialist self tempering weld 
procedures, negating the need for further heat 
treatment, or welding and machining equipment 
capable of remote operation in inaccessible and 
confined areas. 

Ultrasonic probe array for pipe weld inspection. 

I n d u s t r i a l P o w e r G r o u p 

Rolls-Royce Nuclear Engineering PO Box 31, Derby, DE24 8BJ. England. Tel: +44 1332 661461 Fax: +44 1332 622935 Contact:- Leeann Newman. 
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PET p r o d u c t i o n 

Radionucl ide 
Nuclear 

Reac t ion 

C -11 1 4 N ( p p c ) 1 1 C 

N-13 1 6 0 ( p , a ) 1 3 N 

0 - 1 5 1 4 N ( d , n ) 5 0 

F-18 1 8 0 ( p , n ) 1 8 F 

monly used t racer is f luor ine-18 
deoxyg lucose (FDG) , a sugar ana­
logue used in s tudy ing g lucose 
metabo l ism in the brain and other 
organs. Researchers have been able 
to label more than 500 dif ferent PET 
compounds but kinetic b iochemica l 
mode ls only exist for about 15 of 
these. 

Promis ing appl icat ions exist in f ields 
of oncology, neuro logy and cardio l ­
ogy. In onco logy, PET is used to 
detect type and grade of pr imary 
tumours and metas tases , the extent 
of tumours prior to surgery, to differ­
ent iate radiat ion necros is f rom 
tumour , and to assess the degree of 
mal ignancy of lesions and their 
response to surgical or drug therapy. 

Appl icat ions in neuro logy include 
local izat ion of se izure foci in epi lept ic 
pat ients, ear ly detect ion of 
A lzhe imer 's d isease, and dif ferential 
d iagnos is of movemen t d isorders 
such as Park inson 's d isease. In 
cardio logy, PET is used for assess­
ment of myocard ia l t issue viabi l i ty, 
wh ich is often a prerequis i te for a by­
pass operat ion . Diagnosis by other 
methods often fails to identify t issue 
viabi l i ty, possib ly leading to unneces­
sary surgery. Assessmen t of coro­
nary artery d isease is another impor­
tant PET appl icat ion area in 
cardio logy. 

The wor ld d e m a n d for new PET 
sys tems is es t imated to be 15-20 
units per year. A l though it is not yet a 
rout ine cl inical p rocedure , it is ex­
pected that once insurance compa ­
nies start re imbursement for PET 
studies, then cl inical use will g row 
rapidly. Recent ly the US Federal 
Drug Admin is t ra t ion (FDA) approved 
the use of FDG as a d iagnost ic drug 
for the s tudy of epi lepsy. 

Genera l Electr ic and S iemens both 
supply comple te PET sys tems, 
compr is ing cyclot ron and camera , 
and enjoy a round 9 0 % of the market . 
Severa l smal ler compan ies ei ther 
manufac ture cyc lo t rons (IBA and 
Oxford Instruments) or PET cameras 
(Posi t ron Corporat ion and 
Sh imadzu) . Recent ly low energy 
l inacs have been proposed for PET, 
but at the low l inac energy of 4 MeV, 
high beam currents are needed to 
reach the required isotope y ie lds. 

Commerc ia l manufac turers c lear ly 
face a cha l lenge to expand the 
market for P E T by reducing equ ip­
ment capital costs and by des ign ing 
sys tems that increase pat ient 
throughput . 

From Stig Lindback, GEMS PET 
Systems A B , Uppsala, Sweden 

A 11 MeV compact cyclotron with negative 
hydrogen ion extraction for generating very 
short-lived PET isotopes. Present-day PET 
cyclotrons are extremely compact, highly 
automated machines for hospital environments 
and have little in common with the older 
laboratory-designed research machines. 
(Photo GE Medical Systems, Uppsala, 
Sweden) 
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Therapy 

A s life expectancy steadi ly im­
proves, the inc idence of cancer 

also increases as the populat ion 
ages . Up to 5 0 % of cancer pat ients 
undergo radiotherapy - a fo rm of 
protracted biological surgery by 
select ive steri l izat ion of mal ignant 
cel ls. 

X-ray radiotherapy 

T he most c o m m o n fo rm of radio 
therapy is X-ray therapy, where a 

beam of photons or their parent 
e lect rons break down hydrogen 
bonds within the body 's cel ls and 
remove certain DNA informat ion 
necessary for cell mul t ip l icat ion. 
Th is process can eradicate mal ignant 
cel ls leading to comple te recovery, to 
the remission of s o m e cancers , or at 
least to a degree of pain relief. 

The radiotherapy inst rument is 
usual ly an electron l inac, and the 
e lect rons are used ei ther direct ly in 
'e lectrotherapy' for s o m e 1 0 % of 
pat ients, or the e lect rons bombard a 
convers ion target creat ing a broad 
beam of high energy photons or 
'penetrat ion X-rays ' . 

The s implest mach ine consis ts of 
severa l accelerat ing sect ions at 
a round 3 GHz, accelerat ing e lect rons 
to 6 MeV; a coo led tungs ten target is 
used to produce a 4 Gray /min X-ray 
f ield wh ich can be co l l imated into a 
rectangular shape at the pat ient 
posi t ion. Th is t iny l inac is moun ted 
inside a rotating isocentr ic gant ry 
above the pat ient w h o must remain 
perfect ly stil l. Severa l convergent 
beams can also be used to increase 
the del ivered dose. 

More sophist icated acce lerators 
operate at up to 18 MeV to increase 

penetrat ion depths and decrease 
skin exposure . Al ternat ively, e lectro­
therapy can be used with dif ferent 
energ ies for lower and var iable 
penetrat ion depths - approx imate ly 
0.5 c m per MeV. In this w a y sur face 
t issue may be t reated wi thout affect­
ing deeper and more crit ical ana tomi ­
cal regions. 

Th is type of l inac, 1 to 2 met res 
long, is moun ted paral lel to the 
pat ient wi th a bending magnet to 
direct the beam to the radiotherapy 
sys tem, wh ich includes the target, 
th ick movab le col l imator jaws , a 
b e a m field equal izer, dose rate and 
opt ical f ield s imulat ion and energy 
contro ls . 

There are over 2000 accelerator-
based X-ray t reatment units wor ld ­
w ide . Wes te rn countr ies have up to 
two units per mil l ion populat ion, 
whe reas in develop ing countr ies 
such as Bang ladesh , the densi ty is 
only one per 100 mil l ion. 

Severa l major medical equ ipment 
compan ies manufac ture X-ray 
therapy sys tems - Genera l Electr ic, 
Mi tsubishi , Phi l ips, S iemens and 
Var ian . In this c rowded marketp lace 
where the useful l i fespan of ma­
ch ines exceeds 10 years , purchase 
pr ices are less than $1 mil l ion per 
unit. 

X- ray therapy remains the most 
c o m m o n and cheapest fo rm of 
accelerator therapy. Ongo ing techn i ­
cal deve lopments a im to ach ieve 
better match ing of dose del ivery to 
tumour vo lume; mult i leaf co l l imators 
shape the X-ray f ield to the b iomedi ­
cal target, and portal imaging f rom 
behind the pat ient can control pos i ­
t ioning and dose del ivery. 

Comb ined compac t X-ray sources 
are being deve loped with both 
t reatment and realt ime dos imet ry 
contro l , incorporat ing CT scann ing 
into one single dev ice. Integrated 
d iagnos is and therapy is the direct ion 

for R&D investment , and this shou ld 
lead to smal ler hospital space re­
qu i rements , lower operat ing costs, 
and el iminat ion of external data 
hand l ing, result ing in s impler and 
more cost effect ive cl inical proce­
dures . 

From D Tronc, General Electric 
Medical Systems, Paris 

Neutron therapy 

S tandard radiotherapy uses X-
rays or e lect rons wh ich have low 

LET (l inear energy t ransfer) ; in 
contrast , part ic les such as neutrons 
wi th high LET have different 
radiobio logical responses. In the late 
1960s, cl inical tr ials by Mary Catteral l 
at the Hammersmi th Hospital in 
London indicated that fast neutron 
radiat ion had cl inical advantages for 
cer ta in mal ignant tumours . 

Fol lowing these early cl inical tr ials, 
severa l cyc lot ron faci l i t ies were built 
in the 1980s for fast neutron therapy, 
for examp le at the Universi ty of 
Wash ing ton , Seatt le, and at UCLA. 
Most of these newer mach ines use 
ext racted cyclot ron proton beams in 
the range 42 to 66 MeV with beam 
intensit ies of 15 to 60 mic roamps. 
T h e proton beams are t ranspor ted to 
ded ica ted therapy rooms, where 
neut rons are produced f rom beryl l ium 
targets . 

Second-genera t ion cl inical trials 
s h o w e d that accurate neutron beam 
del ivery to the tumour site is more 
crit ical than for photon therapy. 
In order to ach ieve precise beam 
geomet r ies , the extracted proton 
b e a m s have to be t ranspor ted 
th rough a gantry wh ich can rotate 
a round the pat ient and del iver beams 
f rom any ang le ; a lso the neutron 
b e a m out l ine ("field shape") must be 
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In the late 1960s, clinical trials showed that 
fast neutron radiation had clinical advantages 
for the treatment of certain cancers. In modern 
neutron therapy centres, protons from a 
cyclotron bombard a beryllium target to 
generate a collimated beam of neutrons. 
(Photo University of Washington, Seattle) 

adjusted to ex t remely irregular 
shapes using a f lexible col l imat ion 
sys tem. 

A therapy procedure has to be 
appropr iate ly o rgan ized, wi th phys i ­
c ians, radiotherapists, nurses, 
medica l physic ists and other staff in 
a t tendance; other spec ia l ized 
equ ipment , such as C T or MRI 

scanners and radiat ion s imulators 
must be made avai lable. Neut ron 
therapy is usual ly per formed only in 
radiat ion onco logy depar tments of 
major medica l cent res. 

However neut ron therapy is much 
more expens ive than convent iona l 
photon or e lectron therapy. Of ten the 
cyclot ron operat ion has to be shared 

wi th other users, part icular ly s ince 
beam- t ime for an actual therapy run 
is only a few minutes but involves 
cons iderab le set-up per iods be tween 
runs; radio isotope or PET product ion 
may be per formed concurrent ly with 
neutron therapy. At present there 
are about a dozen neutron therapy 
faci l i t ies wor ldwide, but due to 
l imitat ions of f ixed beams , low 
energ ies or low intensit ies, only a few 
of these can del iver the precis ion 
beams required . 

Cl inical results wi th neutron therapy 
are very encourag ing for certa in 
specif ic tumour si tes; for sal ivary 
g land tumours neutron therapy is 
cons idered the t reatment of cho ice. 
Other promis ing areas of cl inical 
research are advanced adeno­
carc inoma of the prostrate, s o m e 
head and neck tumours , s o m e lung 
cancers and sa rcomas of bone and 
soft t issue. 

For future neutron therapy sys tems 
there is a cho ice be tween two basic 
des igns: 

- a smal l cyc lot ron wi th internal 
target, moun ted direct ly on the 
therapy gantry in a very compac t 
mach ine ded icated to neutron 
therapy (such as that deve loped for 
Harper Hospi ta l in Detroit using a 
superconduct ing deuteron cyclot ron 
at 48.5 MeV) ; or 

- a cyc lot ron in a separate vaul t wi th 
a beaml ine feed ing one or more 
therapy rooms with rotat ing isocentr ic 
gantr ies. Th is type of facil i ty has 
been built commerc ia l ly , e.g. a 60 
MeV sys tem by Scandi t ronix. 

Like X-ray therapy, future deve lop­
ments in this f ield depend on reduc­
ing the cost of therapy sys tems and 
provid ing total sys tems sui table for 
hospital env i ronments wi th l imited 
technical and eng ineer ing resources. 

Layout of a neutron therapy centre 

CERN Courier, July/August 1995 



GEC A L S T H O M 
A c o m m i t m e n t t o e x c e l l e n c e 
i n a p p l i e d s u p e r c o n d u c t i v i t y 

. NbTi wires and cables 

. Nb 3 Sn wires 

. C u / C u N i / N b T i wires and cables 

. Aluminium jacketed conductors 

Appl icat ions of our products are : fusion research, 

magnets for high energy physics, MRI-MRS magnets. 

G E C A L S T H O M 

POWER GENERATION 

GEC ALSTHOM Intermagnetics 

3, avenue des Trois Chênes - 90018 Belfort Cedex, France 

Tel. (33) 84 55 25 37 - Fax (33) 84 55 16 15 - Telex 360965 F 

First Class 
Committed and 
Specific Service 

REVISS SERVICES LTD 

R A D I O I S # T O P E S 

Tailor made 
Isotope supply for Industry 

S T A B L E E N R I C H E D 

I S O T O P E S 

fel:(44) 1494 793397 
Fax:(44) 1494 785580 

UK Representative Office 
Unit 8, Sycamore House 
Chiltern Court, Chesham 
BUCKS HP5 2 P X 

CO 

i w c K n j 

Manufacturing Line 
- Cryogenic Valves 

(Shut-off and Control Valves, 
Vacuum Jacketed and also for 
Cold Box Mounting) 

- Special Valves for any Cryogenic 
Applications 
(Check-Valves, Pilot Cryogenic 
Valves, Relief Valves etc.) 

- Bellows Sealed Valves 
(up to PN420) 

- Cryogenic Transferlines and 
Couplings 
(Johnston and Multi-Coaxial 
Couplings) 

- Space Cryogenic Components 
- Custom made Cryogenic 

Components e. g. 
Cryostats and Ejectors 

Multi-Coaxial Coupling > 
for Cryogenic Transferlines 
(LHe inlet and GHe outlet or vice 
versa, for cold box mounting) 

IMO Industries Inc. 

WEKA AG • Schurlistr. 8 
CH-8344 Bdretswil 
Switzerland 
Telefon 01 93929 59 
Telefax 01 93929 63 

For USA and Canada: 
PROVAC LTD - POB18411 
Greensboro, North Carolina 27419 
Phone (910) 282 6618 
Telefax (910) 288 3375 

CERN Courier, July/August 1995 9 



M e d i c a l a p p l i c a t i o n s 

To be clinically effective, energies of several 
hundred MeV are required for proton therapy. 
Pioneering projects had to work with complex, 
inadequate equipment originally intended for 
nuclear physics research, but recently a 
number of specialist organizations and 
commercial companies have been working on 
dedicated systems for proton therapy. 
This is an artist's view of a 235 MeV negative 

ion cyclotron for cancer therapy. This fixed 
energy isochronous cyclotron's magnet system 
is optimized for high magnetic field but is still 
small enough to be installed in a hospital; it 
can deliver beams of up to 1.5 microamps for 
treating certain categories of tumours. 

(From IBA, Louvain-la-Neuve, Belgium) 

As with other therapy methods , the 
accelerator is only one component , 
and it is important that manufacturers 
are able to offer integrated medica l 
serv ice sys tems 

From Rudi Riesler, University of 
Washington, Seattle, USA 

Proton therapy 
deal radiotherapy deposi ts a large 
amoun t of energy in the tumour 

vo lume, and none in the sur rounding 
heal thy t issues. Proton therapy 
comes closer to this goal because of 
a greater concentrat ion of dose , wel l 
def ined proton ranges and points of 
energy re lease which are precisely 
known - the B r a g g peak 1 . 

In the past, the deve lopment of 
cl inical proton therapy has been 
hampered by complex i ty , s ize, and 
cost. To be cl inical ly effect ive, ener­
gies of several hundred MeV are 
requi red; these were previously 
unavai lable for hospital instal lat ions, 
and p ioneer ing inst i tut ions had to 
work wi th complex , inadequate 
equ ipment original ly in tended for 
nuclear physics research. 

Recent ly a number of special ist 
organizat ions and commerc ia l compa­
nies have been work ing on dedicated 
systems for proton therapy. One , IBA 
of Belg ium, has equipment for in-
house hospital operat ion which 
encompasses a complete therapy 
centre, del ivered as a turnkey pack­
age and incorporat ing a compact , 
automated, higher energy cyclotron 
with isocentric gantr ies. Their system 
will be installed at Massachuset ts 
General Hospital , Boston. 

The proton therapy sys tem c o m ­
pr ises: 

- a 235 MeV isochronous cyclotron to 

deliver beams of up to 1.5 microamps, 
but with a hardware limitation to restrict 
the max imum possible dose; 

- var iable energy beam (235 to 
70 MeV ) with energy spread and 
emi t tance ver i f icat ion; 

- a beam transport and swi tch ing 
sys tem to connect the exit of the 
energy select ion sys tem to the 
ent rances of a number of gantr ies 
and f ixed beaml ines. A long the 
beam transport sys tem, the b e a m 
character ist ics are moni tored wi th 
non- intercept ive mult iwire ionizat ion 
chambers for automat ic tun ing; 

- gantr ies f i t ted wi th nozzles and 
beaml ine e lements for beam contro l ; 
both beam scat ter ing and beam 
wobb l ing techn iques are avai lable for 
shap ing the beam; 

- a control sys tem including an 
"accelerator control unit" wi th inde­
pendent and networked " therapy 
control stat ions". Th rough this net­
work, each of the therapy control 
sys tems can also take over the 
compute r -based unit control l ing the 

cyc lo t ron, the beaml ine and the 
gantry opt ics; 

- a safety managemen t sys tem, 
independent of the contro l sys tem, 
using hardwi red inter locks and 
independent p rog rammab le logic 
control lers; 

- a robotic pat ient posi t ioning 
sys tem, wi th moni tor ing equ ipment 
complete ly sur round ing the patient. 

A few compan ies have proposed 
other sys tems, wh ich may differ in 
concept des igns for the gantr ies, 
nozz les, pat ient posi t ioners or safety 
and control sys tems. The proton 
therapy sys tem at the Loma L inda 
Universi ty Medica l Cent re , Cal i fornia, 
is based on a proton synchrot ron and 
was built by the Fermi Nat ional 
Accelerator Laboratory, the L o m a 
Linda Universi ty, the Lawrence 
Berkeley Laboratory and Sc ience 
Appl icat ions Internat ional Corpora­
t ion (SAIC) of San Diego. 

From Y. Jongen, IBA S.A., Louvain, 
Belgium 
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Industrial applications 

As wel l as providing proton b e a m s 
for cancer t reatment , acce lerators 
have also been used wi th part ic les 
wi th h igher l inear energy t ransfer 
(LET) . Pioneer work wi th p ions has 
been carr ied out at the accelerators 
at T R I U M F (Vancouver ) , the Swiss 
Paul Scherrer Institute and at Los 
A lamos . Therapy using ion b e a m s is 
cons idered promis ing. T h e first 
cl inical tr ials were at Berkeley, and 
an act ive p rog ramme has star ted at 
the GSI heavy ion Laboratory, 
Darmstadt , using ions up to 300 M e V 
per nuc léon. 

Conf idence in ion therapy is so high 
that a $326 mil l ion ded ica ted syn ­
chrot ron facil i ty - H IMAC, the Heavy 
Ion Medical Accelerator in Ch iba -
has recent ly been comp le ted near 
Tokyo . Ions f rom hel ium to a rgon can 
be accelerated up to 800 M e V per 
nuc léon for difficult cancers , such as 
those in the head or neck, and 
prel iminary work wi th carbon ions 
has shrunk tumours . 

High capital and operat ing costs wil l 
inevi tably restrict the avai labi l i ty of 
this therapy. 

Interest in proton therapy is par t icu­
larly high in the t reatment of ocular 
me lanoma where there is no a l terna­
t ive t reatment , and success rates of 
up to 9 0 % have been repor ted. 

In this schematic of an industrial irradiation 
plant, a conveyor mechanism moves large 
containers through the radiation from an 
electron beam accelerator, The container 
contents are processed or sterilized. 
(Photos AEC Accelerators, Kanata, Canada) 

In manufactur ing industry, beams 
f rom part ic le accelerators can be 
used for a var iety of purposes: 

- to improve the qual i ty or f inish of a 
product , as in the steri l izat ion of 
medica l equ ipment ; 

- to alter the mater ial compos i t ion , 
as in ion implantat ion; 

- to manufac ture componen ts , as in 
si l icon wafer product ion; 

- to prov ide informat ion about 
manufac tur ing processes, such as 
wear studies of mater ia ls. 

These industr ial appl icat ions fre­
quent ly require smal l but wel l eng i ­
neered accelerator sys tems giv ing 
rel iable per formance. 

Industrial irradiation 

P roduct ion l ines for rubber g loves 
wou ld not appear to have much 

in c o m m o n with part icle phys ics 
laborator ies, but they both use 
accelerators . Electron beam irradia­

t ion is of ten used in industry to 
improve the qual i ty of manufac tured 
goods or to reduce product ion cost. 
Products range f rom computer d isks, 
shr ink packag ing , tyres, cab les, and 
plast ics to hot water p ipes. S o m e 
products , such as medical goods , 
cosmet ics and certain foodstuf fs, are 
ster i l ized in this way . 

In e lectron beam irradiat ion, elec­
t rons penetra te mater ia ls creat ing 
showers of low energy electrons. 
After many col l is ions these e lect rons 
have the correct energy to create 
chemica l ly act ive si tes. They may 
ei ther break molecular bonds or 
act ivate a site wh ich promotes a new 
chemica l l inkage. 

Th is industr ial irradiation can be 
explo i ted in three ways : breaking 
down a biological molecu le usual ly 
renders it useless and kills the 
o rgan ism; break ing an organic 
molecu le can change its toxici ty or 
funct ion; and crossl ink ing a po lymer 
can s t rengthen it. 

In addi t ion to tradit ional g a m m a 
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Electron beam irradiation is often used in 
industry to improve the quality of manufactured 
goods or to reduce production cost. 

i rradiat ion using isotopes, industr ial 
i rradiat ion uses three accelerator 
conf igurat ions, each type def in ing an 
energy range, and consequent ly the 
electron penetrat ion dep th . For 
energ ies up to 750 kV, the accelera­
tor consis ts of a DC potent ial appl ied 
to a s imple wi re anode and the 
e lect rons ext racted th rough a slot in 
a coaxial ly moun ted cyl indr ical 
ca thode. In the 1-5 MeV range, the 
Cockcrof t -Wal ton or Dynami t r on ( R ) 

accelerators are normal ly used. To 
ach ieve the high potent ia ls in these 
DC accelerators , insulat ing S F 6 gas 
and large d imens ion vesse ls sepa­
rate the anode and ca thode; propr i ­
etary techn iques dist inguish the 
var ious commerc ia l mode ls avai lable. 
Above 5 MeV, the size of DC acce l ­
erators render t hem impract ica l , and 
more compac t rad iof requency-dr iven 
l inear accelerators are used. 

Irradiat ion electron beams are 
actual ly ' sprayed ' over the product 
using a magnet ic def lect ion sys tem. 
Lower energy beams of up to 
750 keV are able to penetrate thin 
f i lms, and processes have been 
deve loped for cur ing coat ings such 
as inks and paints on meta ls and 
papers . Examples include beer cans , 
gift w rap , and g lossy packag ing 
where mul t icolour labels must be 

pr inted at high speed and there is no 
t ime for the ink to dry; e lectron 
beams are able to 'cure' instantly. 

Another w idespread e lect ron-
t reated product is shr ink f i lm for 
packag ing , where a po lyethy lene 
f i lm, cross l inked dur ing st retch ing, 
wi l l , w h e n heated, revert to its or ig i­
nal shape . Th is 'memory ' effect has 
w idespread use in shr inkable con ­
nectors, such as tubes for electr ical 
so lder jo ints. Shr ink tubes are a lso 
used to join gas pipel ines and have 
also been made del icate enough for 
use by surgeons to reconnect human 
blood vesse ls . 

Electron beams be tween 1 and 
5 MeV are wide ly used to toughen 
and increase the fire and scuff 
res istance of wi re cables. A simi lar 
process is used to increase the 
serv ice tempera tures of po lyethy lene 
p ipes and tanks for hot water. 

At energ ies up to 10 MeV, e lect rons 
steri l ize syr inges, g loves, cosmet ics 
and pharmaceut ica ls , and recent ly, 
e lect ron-curable epox ies have been 
deve loped for the product ion of 
aerospace parts. Electron treat­
ments cure parts more rapidly than 
heat and induce less stress. 

In France, the first plant for food 
irradiat ion using an accelerator wil l 
ensure that mechan ica l l y -deboned 

ch icken is sa lmonel la- f ree. Despi te 
cons iderab le research, the use of 
e lectron accelerators for food treat­
ment is still largely undeve loped , the 
f inancial a rguments remain ing 
unconv inc ing. 

Env i ronmenta l appl icat ions are also 
largely undeve loped. Acce lera tors 
have been shown to disinfect sewage 
s ludge so that it can be spread 
direct ly onto fa rmland , gardens or 
parks, wi th acceptab ly low pathogen 
levels. Pilot tr ials are a lso in progress 
to use e lectron beams to e l iminate 
ni trous and su lphurous ox ides f rom 
power stat ion f lue gas. 

The economic and polit ical env i ron­
ment of radiat ion process ing is 
constant ly chang ing . A l though 
accelerator deve lopment opens up 
new techno logy, costs and regula­
t ions are also increasing. The tech­
nological exploi tat ion of accelerators 
wi th energ ies to up to 5 MeV is seen 
as mature ; 10 M e V electron acce l ­
erators have been upgraded to 
industr ial ly s igni f icant power levels, 
and sys tem improvements have 
reached the levels of reliabil i ty and 
eff ic iency d e m a n d e d for operat ion by 
industry. 

From Andrew J Stirling, AECL 
Accelerators, Kanata, Ontario, 
Canada 

Thin layer activation 

The reliabil ity of industr ial equ ip 
ment is substant ia l ly in f luenced 

by wear and cor ros ion; moni tor ing 
can prevent acc idents and avoid 
down- t ime. O n e powerfu l tool is thin 
layer act ivat ion analys is (TLA) using 
accelerator sys tems. The informat ion 
is used to improve mechan ica l 
des ign and mater ia l usage; the 
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X-ray lithography is a technique for replicating 
patterns by shadow printing. HELIOS 1, a 
compact racetrack synchrotron forX- ray 
lithography, was assembled and tested prior to 
installation at IBM's semiconductor manufac­
turing facility at East Fiskill, NY, USA. 
(Photo Oxford Instruments pic, UK) 

techno logy is used by m a n y large 
compan ies , part icular ly in the auto­
mot ive industry, e.g. Daimler Benz. 

A crit ical area of a mach ine c o m p o ­
nent receives a thin layer of radio­
activi ty by irradiat ion wi th charged 
part ic les f rom an accelerator - usual ly 
a cyc lo t ron. The radioact iv i ty can be 
made homogeneous by sui table 
select ion of part icle, b e a m energy 
and angle of inc idence. Layer thick­
ness can be var ied f rom 20 microns 
to a round 1 m m wi th di f ferent depth 
distr ibut ions; the posi t ion and s ize of 
the wear zone can be set to wi th in 
0.1 m m . The mach ine is then re­
assemb led and opera ted so that 
wear can be measured . 

An example is a combus t ion eng ine 
compr is ing piston r ing, cy l inder wal l , 
cool ing water jacket and hous ing 
wal l , where wear measu remen ts on 
the cyl inder wal l are requi red in a 
crit ical zone a round the dead-po in t of 
the piston r ing. Proton b e a m b o m ­
bardment creates a radioact ive layer 
whose th ickness is known accurate ly , 
and character ist ic g a m m a radiat ion 
f rom this radioact ive zone penet ra tes 
th rough the engine and is detec ted 
external ly. Measuremen ts can be 
made either of the activi ty removed 
f rom the sur face, or of the ( reduced) 
residual activity; wear measu remen t 
of the order of 1 0 9 met res is poss i ­
ble. 

The part ic les emp loyed are usual ly 
protons, deuterons or a lpha part ic les 
wi th energ ies f rom 6 to 10 M e V 
giv ing sub-mi l l imetre penetrat ion 
depths in sol ids. One useful react ion 
uses cobal t -56, p roduced by 11 to 
14 MeV proton bombardmen t of i ron-
56, where the react ion rate changes 
rapidly wi th energy, result ing in a 
var iat ion of induced act ivi ty wi th 
penetrat ion. Beam current wil l be 
ad justed in the range up to 10 
m ic roamps so that the radiat ion dose 
is be low 0 . 1 % of the crit ical dose at 

wh ich radiat ion damage can occur. 
For large mach ine parts, a proton 

beam extracted f rom a cyclot ron v ia 
a thin w indow is d i rected onto the 
dev ice s o m e 150 m m away. 
A precis ion 3-d imensional a l ignment 
sys tem rotates the mach ine part 
a round any axis to produce the 
required depth profi le. 

The g a m m a radiat ion is measured 
by convent iona l sod ium iodide 
detectors wi th fast e lectronics; 
severa l radionucl ides may be pro­
duced but energy discr iminat ion and 
analys is of the radioact ive decay can 
unravel the different nucl ides. 

Th in layer act ivat ion procedures 
have been deve loped in numerous 
irons, steels and al loys as wel l as 
s intered and other hard mater ia ls. 
Procedures have recently been 
deve loped in col laborat ion wi th 
industry for ceramics and severa l 
other hard mater ia ls. 

From H. Schweickert and P. 
Fehsenfeld, Kernforschungszentrum 
Karlsruhe Gmbh (KFK), Germany 

X-ray lithography 

X -ray l i thography is a techn ique 
for repl icat ing patterns by 

shadow pr int ing. The required pattern 
is c rea ted on a mask which is then 
pos i t ioned accurate ly in front of a 
wafer coa ted wi th a sensi t ive mater ia l 
known as a photoresist . X- rays 
shone th rough the mask cast a 
shadow on the wafer , thereby t rans­
ferr ing the pattern f rom mask to 
wafer , and short X-ray wave lengths 
make high spat ial resolut ion possib le. 
T h e process is now being deve loped 
as a techn ique for produc ing the next 
generat ion of microchips and compo­
nents. 

Synchro t ron radiat ion is broad 
spec t rum, high intensity e lec t romag­
netic radiat ion genera ted when high 
energy e lect rons are def lected in a 
magnet ic f ield (see page 20) . Pro­
duced in mul t i -GeV electron synchro­
t rons and s torage r ings, synchrot ron 
radiat ion prov ides the best X-ray 
sources for l i thography, where high 
intensi t ies (beam currents) are 
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I made 
l i n 
I Germany 

GERMANY 

AT 

CERN 

V ! 

In an official presentation 
39 German companies will be demonstrating 

at CERN from September 12 to 14, 1995 
their supply and service offers for the 

construction of the LARGE HADRON COUDER (LHC) 
and other key CERN programmes. 

We look forward to negotiations 
with you on the German presentation 

„GERMANY AT CERN'1 

The official German presentation is under the 
auspice of the Federal Minister of Education, 
Science, Research and Technology, Bonn. 
The Presentation is sponsored by the Federal 
Ministry of Economics, Bonn, in cooperation 
with the Confederation of German Trade Fairs 
and Exhibition Industries (AUMA), Cologne. 
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ACCEL 
ACCEL Instruments GmbH 
Friedrich-Ebert-Strasse 1 
D-51429 Bergisch-Gladbach 
Phone: +49/2204/842500 
Fax: +49/2204/842501 

Contact person(s) at the stand/ 
in the enterprise: 
Mr Dr. Hans-Udo Klein 

Production line: 
- Normal and Superconducting Rf Cavities 
- Normal and Superconducting Magnet Systems 
- Cryogenic, Vacuum and RF Systems 
- Beamline and Experimental Equipment 
- Monochromators 
- Accelerator Modules and Systems 
- Beryllium Components 
- Specialised job shop services 

Exhibited products: 
- Superconducting Cavities 
- UHV Vacuum Chambers 
- Specific coil samples from Superconducting Magnets 
- Various representative components 

ANCED FERRITE TECH 

AFT Production line: 
Advanced Ferrite 
Technology GmbH 
Spinnerei 44 
D-71522 Backnang 
Phone: +49/7191/96590 
Fax: +49/7191/965920 

Contact person(s) at the stand: 
Mr Dr. Arnold 

- High Power Circulators 
- Fast Ferrite Tuner 
- Phaseshifter 
- Matching Network 

Exhibited products: 
High Power Circulator 

in the enterprise: 
Mr Dr. Arnold, Mr Weiser 

apra-norm Elektromechanik GmbH 
Holunderweg 5 
D-54550 Daun-Boverath 
Phone: +49/6592/2040 
Fax: +49/6592/7668 

Contact person(s) at the stand/ 
in the enterprise: 
Mr Appenzeller, Mr Schneider 

Local Representative: 

FS Elektrohandel + Consulting GmbH 
Gartenstrasse 8a 
CH-8552 Felben 
Phone: +41/54/652225 
Fax: +41/54/652225 

Contact person(s) in the enterprise: 

Mr Schneider 

Production line / exhibited products: 
19"- racks 
- cabinets 
- subunits 
- blowers 

DEUTSCHE BABC<£>CK 

BABCOCK ROHRLEITUNGSBAU 
BABCOCK ROHRLEITUNGS­
BAU GMBH 
Duisburger Strasse 375 
D-46049 Oberhausen 
Phone: +49/208/8332286 
Fax: +49/208/8334670 

Contact person(s) at the stand/ 
in the enterprise 
Mr Dipl.-lng. H. Esgen 

Production line / exhibited products: 
Helium Transfer Line: 
Babcock Rohrleitungsbau GbmH, Oberhausen, devision 
„Nuclear Plants" planned, delivered, installed and 
took into operation the helium transfer line for DESY 
HERA together with UNDE AG, Kryotechnik in the time 
from 1987 to 1989. 
The 6.3 km long helium transfer line serves for 
cooling the Hera magnets with liquid helium (4.5 K) 
and has been operated until now without any objections 
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Balzers-Pfeiffer 
Balzers-Pfeiffer GmbH 
Emmeliusstrasse 33 
D-35614 Asslar 
Phone: +49/6441/8020 
Fax: +49/6441/802202 

Contact person(s) at the stand: 
Mr Karl Abbel 

in the enterprise: 
Mr Karl Abbel, Mr Heinz BarfuB, 
Mr Kuno Herrmann 

Local Representative: 

Balzers Hochvakuum AG 
P.O. Box 437 
CH-8037 Zurich 
Phone: +41/1/2730055 
Fax: +41/1/2730085 

Contact person(s) at the stand: 
Mr André Leder, Mr Daniel Pilet 

in the enterprise: 
Mr André Leder 

Production line: 
Turbomolecular pumps and pumping stations, 
Rotary vane and Roots vacuum pumps and 
pumping stations, High vacuum laboratory 
systems, Dry backing pump Uni DryR 

Vacuum technological systems 

Exhibited products: 
urbomolecular- and Turbo-drag-pumps 
Rotary vane pumps 
Dry backing pump Uni DryR 

^ BESTEC 

BESTEC GmbH 
Rudower Chaussée 6 
D-12484 Berlin 
Phone: +49/30/6774376 
Fax: +49/30/6775718 

Contact person(s) at the stand/ 
in the enterprise: 
Mr Dr. Christian Rempel 

Production line: 
Adaptive Engineering: 

Production line: 

Design and construction of 
special UHV-systems for surface 
coating and analysis (solutions 
for special requirements 
of the customers) 
Ultrashort time LASER systems 
and amplifier 
products for surface analysis 
and thin film growth 
techniques 
LASER diagnostic devices for 
ultrashort time physics 

Exhibited products: 
RHEED-System (Reflected High Energy 
Electron Diffraction):usable for insitu 
-diagnostic of thin film growth techniques, 
especially for MBE (Molecular Beam Epitaxy) 
(patented deflection system) 

CRYSTAL 
Crystal GmbH 
Ostendstrasse 2-14 
D-12459 Berlin 
Phone: +49/30/6953870 
Fax: +49/30/6350436 

Contact person(s) at the stand: 
Mr Schwenkenbecher 

in the enterprise: 
Mr Sandner, Mr Schwenkenbecher 

Production line / exhibited products: 
- optical components, lenses, windows, prisms, ATR 
- X-, n-, y- and particle detectors 
- solid state blue laser 

I = 452 nm, p = 100 mW, r p < 10 ns 

ELEKMLUFT 

ELEKLUFT Production line: 
Justus-von-Liebig-Strasse 18 - Technical Support 
D-53121 Bonn - Logistics 
Phone: +49/228/66810 - Facility Management 
Fax: +49/228/6681777 - Documentation 

- Training 
Contact person(s) at the stand: 
Mr Hans-Peter Merker, Mr Hans-Ulf Paganetti Exhibited products: 

Graphic panels showing ELEKLUFT's 
in the enterprise: scope of activities 
Mr Hans-Peter Merker 

E U R # S P A C E 
Technische Entwicklungen GmbH 
EUROSPACE Technische 
Entwicklungen GmbH 
Heinrich Heine Strasse 5 
D-09557 Flôha 
Phone: +49/3726/783300 
Fax: +49/3726/712378 

Contact person(s) at the stand: 
Mrs Dr. Beate Elstner 

in the enterprise: 
Mr Prof. Dr. Dr. Jurgen Waldmann 

Production line 
Enlargement of systems in scientific device 
technologies, in technologies of microsystems 
and optoelectronics with special application in 
space, in medicine and environmental protection 

Exhibited products: 
Diagnostic system with optoelectronic sensors 
in the range of Near-Infrared-Radiation (NIR) 
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Fu.G.EIektronikGmbH 

F. u. G. Elektronik GmbH Production line / exhibited products: 
Florianstrasse 2 High and low voltage power supplies 
D-83024 Rosenheim (6,5 V to 150 KV; 7 W to 100 KW) 
Phone: +49/8031/28510 
Fax: +49/8031/81099 

Contact person(s) at the stand/ 
in the enterprise: 
Mr G. Giebichenstein, Mr A. Elsasser, Mr H. Funding 

GESELLSCHAFT FUR ELEKTRISCHE ANLAGEN 
ELEKTROBAU GMBH 

Gesellschaft fur elektrische Anlagen 
Elektrobau GmbH 
Schmidener Weg 3 
D-70736 Fellbach 
Phone: +49/711/9573602 
Fax: +49/711/9573688 

Local representative: 

Perrin, Spaeth & Associés 
43, rue Louis-Favre 
CH-1201 Genève 
Phone: +41/22/7346878 
Fax: +41/22/7348173 

Production line : 
- Installation of electric facilities of all 

kinds in high and low-voltage area and in 
the field of pipe systems 

- Production of high-quality control cabinet 
for (LV-) switch gears, control systems 
electronics 

Contact person(s) at the stand/ 
in the enterprise: 
Mr Dieter Kern 

Contact person(s) at the stand/ 
in the enterprise: 
Mr Christian Spaeth 

Exhibited products: 
Demonstration-control cabinet for energy 
distribution and electronics 
- Visual and text statements concerning 

installation and service 

Gerland ® 
GERLAND Mikroelektronik 
Kolberger Strasse 2 
D-23879 Môlln 
Phone: +49/4542/80050 
Fax: +49/4542/86012 

Contact person(s) at the stand/ 
in the enterprise: 
Mr Torsten Mohrholz, Mr Jens Pernitt 

Production line: 
- Development, CAD-Layout 
- Electronic Manufacturing 

Structured production lines Technical and equipment 
standards meet MIL standard and DIN ISO 9000 * 
Isolation techniques varnishing * casting 

- SMT Manufacturing 
Automatic insertion system SIEMENS HS-180, Component 
recognition dynamic, optical and electronic with CCD 
canera control, Reflow soldering line with 8 
temperature controlled zones 

- PCB-manufacturing 
CIM-controlled production, Multilayer, Starrflex 
Dry-Film-Masks, Photosensitive-Liquid-Film-Masks, 
SMT-templates, market standards, Prototypes, Quick-
service 

- Function- and ln-circuit-testsystems, Burn-In 
- Testsystems 

Exhibited products: 
- Inserted PCS (Standard + SMT) 
- Uninserted PSC (Double-sided, Multilayer) 
- Compete Units 

GMS 
Production line/exhibited products: 
- High-resolving detectors including read-out electronics 
- CAN/ADC modules 
- Bipolar current supplies for precise controlling of 

magnetic fields at accelerators 

Contact person(s) at the stand/ 
in the enterprise: 
Mr Dr. Klose 

GMS - Gesellschaft fur 
Mess- und Systemtechnik mbH 
Rudower Chaussée 5 
D-12489 Berlin 
Phone: +49/30/63926230 
Fax: +49/30/63926245 
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GSI - Gesellschaft fur 
Schwerionenforschung mbH 
P.O. Box 11 05 52 
D-64220 Darmstadt 
Phone: +49/6159/712598 
Fax: +49/6159/712991 

Production line: 
Research with accelerated heavy ions (0,05 to 2000 
MeV/u): nuclear physics, nuclear chemistry, atomic 
physics, material research, biophysics and plasma 
physics, accelerator development 

Exhibited products: 
Tumortherapy with ion beams is demonstrated 
with 2 modules: 
1. Therapy cave at GSI (operational in 1996) 
2. Dedicated accelerator for tumortherapy 

Contact person(s) at the stand/ 
in the enterprise: 
Mr Dr Gunter Siegert 

M A N N E S M A N N 
Hartmann & Braun 
Hartmann & Braun AG 
D-60484 Frankfurt am Main 
Phone: +49/69/7990 
Fax: +49/69/7992406 

Local Representative: 

Hartmann & Braun SA/AG 
CH-4123 Allschwil 

Technical Department: 
Av. de l'Industrie 25B 
CH-1870 Monthey 
Phone: +41/25/724242 
Fax: +41/25/724245 

Contact person(s) at the stand: 
Mr Pascal Bétrisey 

in the enterprise: 
Mr Raymond Bischoff 

Production line: 
Industrial automation, DC-Systems, Field 
Instrumentation and Gas monitoring systems, 
incl. engineering, installation, start-up, 
training and service. 

Exhibited products: 
Field instrumentation (temperature, pressure, 
indicators, recorders etc.) 

EGbJB 

H E I M A N N 
Optoelectronics 

EG & G 
Heimann Optoelectronics GmbH 
Weher Kôppel 6 
D-65199 Wiesbaden 
Phone: +49/611/9412528 
Fax: +49/611/9412578 

Contact person(s) at the stand: 
Mr Dr. Wolfgang Hennerici 

Local Representative: 

Hutmacher & Co. 
P.O. Box 
CH-5023 Biberstein 
Phone: +41/64/244413 
Fax: +41/64/249140 

Contact person(s) in the enterprise 
Mr Hutmacher, Mr Murset 

Production line: 
Flashtubes, Silicon Micromechanics, Image 
Tubes, Photoresistors, Thermopile sensors, 
Pyroelectric, Infrared Sensors, Large Area 
Electronics 

Exhibited products: 
Digital Position Sensing Detectors, Radiation 
Image Detectors 

in the enterprise: 
Mrs Jung 

K A / l 
K A B E L 
H E W - KABEL 
H. Eilentropp GmbH & Co. KG 
Gewerbegebiet Klingsiepen 12 
D-51688 Wipperfurth 
Phone: +49/2267/6830 
Fax: +49/2267/683161 

Contact person(s) at the stand: 
Mr Klaus Schwamborn, Mr Herbert Winkel 

in the enterprise: 
Mr Klaus Schwamborn 

Production line/exhibited products: 
Special cables for extreme conditions: 
Power Cables, High Temperature, Cryogenics, EMV-opti 
Data Cables, Temperature Sensing, Sensory Analysis, 
RF-Technics, Chemistry, Robotronics, Leakage Control, 
Traffic Engineering, Vehicle Engineering 
TeflonR, KaptonR, PEEK, Silicone Rubber, Elastomere 
Compounds, TPE, High Performance Thermoplastics, Glas 
Fibres, Mica, Ceramic Fibres, X L Compounds -200°C up 
to +1.200°C 
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ILK Dresden X 
Institut fur Luft- und Kàlte- Development of technologies and design/planning of 
technik Dresden components and systems for heating, ventilating and 
Bertolt-Brecht-Allee 20 air conditioning, arrangement of supply of components 
D-01309 Dresden and systems included. Especially there are complex, 
Phone: +49/351/4081510 energy optimized and ecologically friendly technologies 
Fax: +49/351/4081515 like DEC (Desiccative and Evaporative Cooling), water 

as refrigerant, cfc-changeover concepts (metamorphoses 
of refrigerants R11 or R12) a.s.o. 

Contact person(s) at the stand: 
Mr Prof. Dr.-lng. Gunter Heinrich 

in the enterprise: 
Mr Dipl.-lng. Siegfried Richter 

I N T E G R A L 
INTEGRAL Energietechnik GmbH 
P.O. Box 19 10 
D-24909 Flensburg 
Phone: +49/461/999333 
Fax: +49/461/999399 

Contact person(s) at the stand/ 
in the enterprise: 
Mr Joachim Paul 

Local representative: 

UNELCO AG 
Badener Strasse 701 
CH-8048 Zurich 
Phone: +41/1/4327733 
Fax: +41/1/4329327 

Contact person(s) at the stand: 
N.N IM.IM. 

Contact person(s) in the enterprise: 
Mr Jorg Keller 

Production line: 
Cooling (Plants) Installations 
Ice-Making Plants 
Binary Ice Systems for production of pumpable 
ice-slurry (Vacuum, FLO-ICE) 

Exhibited products: 
Binary Ice Maker (FLO-ICE) 

KABELMETAL 
kabelmetal electro GmbH 
P.O. Box 260 
D-30002 Hannover 
Phone: +49/511/6761 
Fax: +49/511/6762541 

Contact person(s) at the stand/ 
in the enterprise: 
Mr Dr.-lng. D. Gerth, Mr Dipl.-lng. K. Schippl 

Production line: 
Products for transmission and distribution of 
electrical energy 

Exhibited products: 
CRYOFLEXR Transferlines for liquid Gases 

4L 
KERAMCHEMIE GMBH 
Berggarten 1 
D-56427 Siershahn 
Phone: +49/2623/6000 
Fax: +49/2623/600788 

Contact person(s) at the stand: 
Mr Ostrowski 

in the enterprise: 
Mrs Frenz-Steudter 

Production line: 
KCH-Surface Protection Engineering: 
Corrosion protection with on-site and workshop rubber 
linings, tank rubber linings of ships, rail and road 
vehicles, synthetic resin coatings, synthetic resin 
coverings. Acidproof ceramic coverings and linings, 
sealings with elastomer and thermoplastic sealing 
sheets. Corrosion protection materials. 
KCH-Process Engineering: Pickling and recovery technology 
Installations for the chemical surface treatment of metals 
Acid recovery 
Environmental engineering Effluent treatment, waste air 
purification, decontamination of old refuse, reclamation 
Aerating and venting installations. Fans. 

KCH-Plastics Engineering: Appliances, vessels and 
pipework in thermoplastic and fibrereinforced 
duroplastic resins. 
Gratings. 
KCH-Ceramics: Domestic and industrial ceramics 
for external and internal use. Swimming pool 
ceramics. Ceramics for laboratories and 
kitchens. Laboratory gas purifier. 

Exhibited products: 
Samples, Synthetic resins coatings, photos, 
information tabloids 

LEYBOLD 
LEYBOLD VAKUUM 
Bonner Strasse 498 
D-50968 Kôln 
Phone: +49/221/3470 
Fax: +49/221/3471250 

Contact person(s) in the enterprise: 

Mr Môrsch 

Local representative: 

LEYBOLD S.A. Zweigburo Lausanne 
Route de Bassenges 13 
CH-1024 Ecublens 
Phone: +41/21/6918414 
Fax: +41/21/6916273 
Contact person(s) at the stand/ 
in the enterprise: 
Mr Fischer 

Production line: 
Vacuum-Technology, Measuring and Analytical 
Technology 

Exhibited products: 
Measuring and Analytical Instruments 
Vacuum Components 
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LINDE AG 
Werksgruppe VA Mùnchen 
Dr.-Carl-von-Linde-StraGe 6-14 
D-82049 Hôllriegelskreuth 
Phone: +49/89/74450 
Fax: +49/89/74454929 

Contact person(s) at the stand/ 
in the enterprise: 
Mr J. Lesser 

Local representative: 

Linde Kryotechnik AG 
Dâttlikonerstrasse 5 
CH-8422 Pfungen 
Phone: +41/52/310555 
Fax: +41/52/310550 

Contact person(s) at the stand/ 
in the enterprise: 
Mr A. Senn 

Production line: 
Helium liquefaction and refrigeration plants, 
Hydrogen liquefaction plants, Helium recovery 
and storage systems, Helium gas purification 
plants, Cryocomponents (Heat exchangers, 
turboexpanders, compressors, pumps, cryostats, 
dewars, tanks, containers, vacuum insulated 
transfer lines, impurity detectors) 

Exhibited products: 
- He-Turbine, dynamic gas beared 
- He-Transferline 
- Multi-component detector 

Logotron AG 
Leutschenstrasse 1 
CH-8807 Freienbach 
Phone: +41/55/473321 
Fax: +41/55/481275 

Contact person(s) at the stand: 
Guy Antal, Ognjen Paucic 

in the enterprise: 
Marta Reichlin 

represents the following German companies: 

SIEMENS 

h e r e * 

Exhibited products: 
Hybrid recorder, high-speed memory recorder, 
power supply networks distortion analyser, 
power supply, function generators, frequenzy 
meters, analog-digital oscilloscopes, spectrum 
analyzer, graphic printer, system instruments 
IEE (GPIB), 
workbenches for production, assembly, repair 
and workshop 
Transient recorders PSO systems (1 to 96 
channels); MCS systems (1 to 800 channels) 

I M G © 
MESSER GRIESHEIM 

Messer Griesheim GmbH 
Futingsweg 34 
D-47805 Krefeld 
Phone: +49/2151/3790 
Fax: +49/2151/379554 

Contact person(s) at the stand/ 
in the enterprise: 
Mr Dr. Ewald 

Local representative: 

Sauerstoffwerk Lenzburg AG 
Seonerstrasse 75 
CH-5600 Lenzburg 
Phone: +41/64/512335 
Fax: +41/64/514782 

Contact person(s) at the stand/ 
in the enterprise: 
Mr H. Kahrom 

Production line: 
Industrial and Speciality Gases 
Cryogenic Equipment 
PSA and VSA Plants 

Exhibited products: 
Liquid Helium Tanks, Superinsulated Transfer-
lines, High-Purity GasSupply Components 

M U L L Ein Unternehmen 
der Preussag 

Noell GmbH 
Alfred-Nobel-Strasse 20 
D-97080 WLirzburg 
Phone: +49/931/9031318 
Fax: +49/931/9031016 

Contact person(s) at the stand/ 
in the enterprise: 
Mr Gerd Edler 

Production line: 
Treatment of radioactive waste, reactor equipment, 
dismantling, remote handling systems, superconducting 
magnets for high energy physics and controlled fusion, 
dipoles, quadrupoles, cryostats. 
Environmental Engineering, Hydropower, Materials Handling, 
Nuclear Engineering, Advanced Technologies 

Exhibited products: 
Cross-sections and models of superconducting and normal-
conducting magnets 
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Optikzentrum NRW 
Universitàtsstrasse 142 
D-44799 Bochum 
Phone: +49/234/970700 
Fax: +49/234/9707070 

Contact person(s) at the stand: 
Mrs Stefanie Kostelnik, Mrs Andrea Zaum 

in the enterprise: 
Mrs Stefanie Kostelnik 

Optical Science and Technology Center Bochurn/Germany 

Our aim is application of modern optical technologies 
in industry and science. This includes the transfer 
of known technologies into new applications as well 
as the development of new optical processes, technologies 
and devices 
Our field of work: 
- Integration of optical measuring technology into 
industrial processes 
- Development of measuring systems and processes 
- Measuring, testing and characterisation 
- Coating and surface technology 
- Manufacture and development of optics 
- Construction/Precision Mechanics 
- Transfer of Technology/Training 

SASKIA 

SASKIA Hochvakuum-
und Labortechnik GmbH 
Am Vogelherd 3 
D-98693 llmenau 
Phone: +49/3677/6040 
Fax: +49/3677/604110 

Contact person(s) at the stand: 
in the enterprise: 
Mr Burger 
in the enterprise: 
Mr Burger, Mrs Hergenhan 

Local Representative: 

VACOTEC S.A. 
36, Av. Charles Naine 
CH-2300 La Chaux de Fonds 
Phone: +41/39/264477 
Fax: +41/39/267577 

Contact person(s) at the stand/ 

Mr Paroz, Mr d'Angelo 

Production line/exhibited products: 
Rotary Vane Vacuum Pumps, Diaphragm- and Piston 
Pumps, High Vacuum Systems, Measuring and 
Testing Devices, Small Flange Components 

SCHOTT 
SCHOTT GLASWERKE 
OPTICS DIVISION 
P. 0. Box 2480 
D-55014 Mainz 
Phone: +49/6131/663509 
Fax: +49/6131/662003 

Contact person(s) at the stand/ 
in the enterprise: 
Mr Schumann OGM 

Local Representative: 

Schott-Schleiffer AG 
Feldbachstrasse 81 
CH-8714 Feldbach 
Phone: +41/55/417141 
Fax: +41/55/424101 

Contact person(s) at the stand/ 
in the enterprise: 
M. Dr. Klaus 

Production line: 
Optical glass, Optical Filters, ZERODURR 

glass ceramic, Interference Filters, 
Cerenkov glass, Laser glass, 
Scintillating glass 

Exhibited products: 
Optical glass, Cerenkov glass, Scintillating 
glass, ZERODURR glass ceramic 

1 
D i e S p e z i a l i s t e n 

Hans Skodock GmbH 
Entenfangweg 12 
D-30419 Hannover 
Phone: +49/511/793093 
Fax: +49/511/793098 

Contact person(s) at the stand/ 
in the enterprise: 
Mr Klaus Peters 

Local representative: 

M. Hoffmann 
Kaiserstrasse 22/24 
CH-4310 Rheinfelden 
Phone: +41/61/8369070 
Fax: +41/61/8369071 

Contact person(s) in the enterprise: 

Mr Achstaller 

Production line: 
Expansion Joints 
Metal bellows 
Metal hoses 
Thin wall pipe from stainless steel 

- The application of flexible products are 
compensation elements of thermal expansion 
for pipelines 

- Maintenance - free hermetic sealing of 
valve 

- Hermetical, movable sealing of penetrations 
to rooms 

- Three-dimensionally movable pipework joint in 
appliances and assemblies 

- Nominal diameter 4 ... 2.600 mm 
- Ultra-high vacuum up to high pressure 
- Absolute zero to 1.300°C 

Reference: DESY-HERA 
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o SPINDLER 
&HOYER 

Spindler & Hoyer 
GmbH & Co. 
D-37070 Gôttingen 
Phone: +49/551/6935971 
Fax: +49/551/6935166 

Contact person(s) at the stand: 
Mr Dr. Schuhmann 

Local Representative: 

Leica AG 
Kanalstrasse 21 
CH-8152 Glattbrugg 
Phone: +41/1/8093311 
Fax: +41/1/8107937 

Contact person at the stand: 
Mr Bonzoms, Mr Pidoux 

Production line: 

Precision optics, Mechanics, Laser technology 

Exhibited products: 
Precision optics, OEM optics, optical tables, 
optical benches, optomechanical components, 
positioning systems, optoelectronics, laser 
technology 

in the enterprise: 
Mrs Hoch 

in the enterprise: 
Mr Hedinger 

S T A H L K O N T O R 
GmbH + Co. KG 

Stahlkontor GmbH + Co. KG 
Preusserstrasse 28 
D-58135 Hagen 
Phone: +49/2331/90300 
Fax: +49/2331/903030 

Exhibited products: 
Examples for application of Co2-laser-cutting and 
abrasive high-pressure water-jet-cutting in extremely 
different materials 

Contact person(s) at the stand: 
Mr Kônig, Mr Willmes, Mr Putsch 

in the enterprise: 
Mr Putsch 

STATRON-elektronik GmbH 
Ehrenfried-Jopp-Strasse 59 
D-15517 Furstenwalde 
Phone: +49/3361/6970 
Fax: +49/3361/697220 

Production line: 
Power Supply Technology 
Measuring Technology 
System Technology 

Exhibited products: 
Power Supplies 

i_y=5iin=yj 
Dr. Bernd Struck 
Backerbarg 6 
D-22889 Tangstedt 
Phone: +49/4109/550 
Fax: +49/4109/55133 

Contact person(s) at the stand: 
Mr Dr. Bernd Struck 

in the enterprise: 
Mr Ronald Ôlschlâger 

Production line: 
Electronic Instrumentation for Particle Physics Research 
Crates, DSP-Readout and Frontend-Modules and High-Voltage 
Products in Standard systems VME, VXI, Fastbus, CAMAC 
and NIM 

Exhibited products: 
- DSP based fast Readout Engines in VME, VXI and Fastbus 
- DSP Front end Modules in VME, VXI and Fastbus for Fast 

Triggering and Data Compression; DSP Add-ons for data 
stream processing of LeCroy ECLine, PCOS and FERA 
systems 

- FLASH ADC Modules and Systems, VME based, Multi 
Channel, 40Mhz, 100Mhz and 250 Mhz ; 8Bit for 
Particle Detector Readout and Accelerator Control 

- Fibre Optic parallel Data Cable Extender (20Mbyte/s) 

Struck Fastbus Master SFI with embedded VME 
Processor Unit(s) 
Fastbus Constant Fraction/Leading Edge 
Discriminator 
Large Histogram Memory Unit (up to 64 Million 
Channel, CAMAC and VME) 
Intelligent CAMAC Crate Controller with 68030 
LAN, SCSI and LYNX-OS 
VXI Resource Manager with embedded VME 6U 
Processor Unit 
Transputer/DSP Size 1 TRAM Submodule 
High Precision High Voltage Products in VME, 
NIM and Euro-Cassettes 
Features: 1 to 4kV; 1 to 6mA, single or dual 
Output; various Options 
Photomultiplier Base integrated High Voltage 
Supply 
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VAX. 
VACUUMSCHMELZE 

VACUUMSCHMELZE GMBH 
Gruner Weg 37 
D-63450 Hanau 
Phone: +49/6181/380 
Fax: +49/6181/382645 

in the enterprise: 
Mr Reinhard Dietrich 

Local Representative: 

Matthées AG 
Peter-Merian-Strasse 22a 
CH-4002 Basel 
Phone: +41/61/2712077 
Fax: +41/61/2718458 

Contact person at the stand/ 

Production line: 
Semi-finished Products, Parts, Lemination 
Packages, Superconductors, Magnetic Cores, 
Inductive Components, Magnetic Sensors, 
Rare-Earth Permanent Magnets, Magnet Systems 

Exhibited products: 
Samples and photos of superconducting wires 
and exampels of applications 

VERO Electronics GmbH 
Carsten-Dressler-Strasse 10 
D-28279 Bremen 
Phone: +49/421/8490-0 
Fax: +49/421/8490151 

Contact person(s) in the enterprise: 

Mr J.-P. Gulstorf 

Local Representative: 

VERO Electronics GmbH Buro Schweiz 
Langrutstrasse 112 
CH-8047 Zurich 
Phone: +41/1/4921950 
Fax: +41/1/4921987 

Contact person(s) at the stand/in the 
enterprise: 
Mr W. Schneider 

Production line: 
Racks, Subracks, Power Supplies, Backplanes, 
Microracks, Enclosures 

Exhibited products: 
19" cases, Racks, Subracks, Small enclosures, 
Backplanes 
(VXI, Futurebust, Multibus II, 
VME, STEbus, G64, G96, Custommade), Microracks 
(Modular Microrack System), Power Supplies 

V O N A R D E N N E 

A N L A G E N T E C H N I K 
G M B H 

VON ARDENNE ANLAGEN­
TECHNIK GMBH 
Plattleite 19/29 
D-01324 Dresden 
Phone: +49/351/4677300 
Fax: +49/351/4677308 

Contact person(s) at the stand/ 
in the enterprise: 
Mr Dr. Peter Lenk 

Local Representative: 

Balzers Hochvakuum Zurich 
Fôrrlibuckstrasse 30 
CH-8037 Zurich 
Phone: +41/1/2730055 
Fax: +41/1/2730085 

Contact person(s) at the stand: 
in the enterprise: 
Mr Andre B. Leder 

Exhibited products: 
- double-ring-sputter-source 
- pern 04 
- etcher 

-LdES-Crates. 
NIM-CAMAC-FASTBUS-VMEbi 

Wes-Crates GmbH 
Pattburger Bogen 33 
D-24955 Harrislee 
Phone: +49/461/774177 
Fax: +49/461/774141 

Contact person(s) at the stand: 
Mr Jôrgen L. Kristensen, Mr Wolfgang Kuhn 
Mr Franz von Niederhàusern, HiTech Systems, 
Geneve 

Production line: 
Powered Crates: 
- NIM-Crates: 
- CAMAC-Crates: 

- FASTBUS-Crates: 

- VMEbus-Crates: 

in the enterprise: 
Mr Jôrgen L. Kristensen, Mr Wolfgang Kuhn 

- Crates and 
Power Supplies: 

CERN Spec. 
CERN Spec. 099a, linear regulated 
CERN Spec. 336, switch mode 
CERN Spec. F6852, output up to 
3.300 W, low noise, 3-phase input 
CERN Spec. V-422 
CERN Spec. V-430 
Customer design 

Customer design, VES-Crates quality 

Exhibited products: 
Standard CERN-Spec. Crates 
Customer designed Crates 6U - 9U 
VMEbus-Crate 9U HEP-F prototype 

MAZ 
I Mikroelektronik 

Anwendungszentrum 
Hamburg GmbH 

Mikorelektronik 
Anwendungszentrum Hamburg GmbH 
Harburger Schloss-Strasse 6-12 
D-21079 Hamburg 
Phone: +49/40/766291891 
Fax: +49/40/76629199 
Contact person(s) at the stand: 
Mrs Dr. K. Uhde 

in the enterprise: 
Fr. B. Gutzki 

Production line: 
The Mikroelektronik Anwendungszentrum (MAZ) Hamburg GmbH 
is a development and systems house with focus on micro­
electronic solutions. MAZ Hamburg GmbH offers products 
and services in the application sectors of Communication 
Electronics, Electronic systems (including consultancy 
and test of electromagnetic compliance) and Industrial 
Electronics. The sector Communication Electronics focus 
on broadband applications: ATM chip design, ATM modules 
and development tools. With the Distributed ATM Switch 
(DAS) a product line of innovative ATM technology is 
available offering the integration of voice, data and 
video. The main feature of this product line is its high 
degree of flexibility together with its distributed 
control and network management concepts. 

Exhibited products: 
The ATM ICs developed by MAZ Hamburg GmbH 
provide the core components for the ATM product 
line: The ATM Interworking Unit (IWU) IC maps 
arbitrary sets of PCM channels from 2 Mbit/s 
ISDN primary rate interface onto virtual 
connections in a 155 Mbit/s ATM stream and 
vice versa. The ATM Switching Element (SE) IC 
is a 4 x 4 coupling field with 155 Mbit/s 
capacity at each port. During the exhibition, 
MAZ's ATM chips and modules will be shown which 
can be configured as ATM switch. 
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X-ray lithography can be used to make tiny 
mechanical parts. Using the LIGA (Litho­
graphic Galvanoformung und Abformung) 
technique, very small components, such as 
this fibre optic connector, can be manufactured 
using radiation from synchrotron light sources. 
(Photo Institut fur Mikrotechnik, Mainz, 
Germany) 

needed to ach ieve high product ion 
th roughputs . The smal l source s ize 
and s t rong col l imat ion of synchro t ron 
radiat ion provide good resolut ion for 
the relatively c rude opt ical conf igura­
t ions that result f rom the lack of 
mirrors or lenses at these wave ­
lengths. 

The spec t rum of synchrot ron 
radiat ion is not unl ike b lack body 
radiat ion - a peak c lose to the so-
cal led crit ical wave leng th , a fair ly 
sharp cutoff at s o m e shor ter w a v e ­
length and a longer wave leng th tai l . 
By choos ing an accelerator ring wi th 
the right crit ical wave leng th , the 
spec t rum may be matched to a 
part icular appl icat ion. For a g iven 
choice of crit ical wave leng th the 
overal l s ize of the ring scales as B _ 3 / 2 , 
where B is the bend ing f ie ld. T h u s 
there is interest in using supercon­
duct ing magne ts to p roduce higher 
f ields, and hence smal ler r ings. 

Compac tness is important in a 
semiconduc to r fabr icat ion facil i ty, 
where space is ex t remely expens ive 
and a smal l accelerator ring has to 
be del ivered as a fully commiss ioned 
and tes ted unit. 

The past 30 years have seen a 
s teady increase in the power and 
complex i ty of circuits wh ich can be 
put on a s ingle chip, main ly due to 
the progress ive reduct ion in the s ize 
of the circuit e lements f rom some 
50 microns in the 1960s to less than 
0.5 microns at present . Cont inu ing 
progress depends on the abil i ty to 
repl icate even f iner circuit pat terns. 
In mass product ion, e lectron b e a m 
'wri t ing' can a l ready produce very 
f ine pat terns, but takes a long t ime 
and is therefore better sui ted to 
mak ing the mask. L i thography is the 
mass product ion process wh ich 
produces many cop ies f rom a s ingle 
or ig inal . 

Tradi t ional opt ical l i thography 
process uses visible or near UV light 

of wave leng th 0.44 to 0.25 microns. 
As the feature s ize approaches these 
wave leng ths , di f fract ion becomes 
increasingly t roub lesome. Many 
ingenious ideas are being deve loped 
to ex tend the useful range of opt ical 
l i thography, but the ul t imate limit wil l 
a lways be higher than the absolute 
m in imum needed , perhaps a round 
0.25 mic ron . In X-ray l i thography, the 
wave leng th is a round a nanomet re 
and , even wi th s imple shadow 
pr int ing, the resolut ion can be better 
than 0.1 micron. In the longer te rm, 
project ion X-ray l i thography using 
ref lect ion opt ics p romises even better 
resolut ion. 

Because of the potent ial benef i ts of 
X-ray l i thography, many compan ies 
are now act ively pursu ing deve lop­
ment p rog rammes . IBM have the 
Advanced L i thography Facil i ty at 
East Fishki l l , New York, where the 
Oxford Inst ruments r ing, Hel ios, 
prov ides severa l beaml ines for 
l i thography. Motoro la have beaml ines 
at Wiscons in 's A ladd in ring and are 
p lanning a col laborat ive p rog ramme 
at East Fishki l l . In Japan , NTT have 
two r ings for l i thography - NAR, a 
normal magne t r ing and Super AL IS , 
a superconduct ing mach ine . 
S O R T E C , a consor t ium of govern ­
ment and semiconduc to r compan ies , 
opera tes a normal ring dr iv ing 
severa l l i thography beaml ines. 
Mi tsubishi , Sumi tomo Electr ic and 
Sumi tomo Heavy Industr ies have 
built compac t superconduc t ing r ings 
for l i thography. It s e e m s likely that 
many of the logic and memory 
semiconduc to rs of the future wil l be 
made using X- rays p roduced by 
accelerators . 

Contribution from Martin Wilson, 
Oxford Instruments, UK 

Micromachining 

A s wel l as mak ing microcircui t 
componen ts , X-ray l i thography 

can also be used to make very smal l 
mechan ica l parts, ei ther by using 
direct ly the exposed and deve loped 
photoresist , or as a mou ld to p roduce 
the componen t in another mater ia l 
such as ceramic or meta l . 

In this revolut ionary techno logy, 
metal componen ts are made v ia the 
LIGA (Li thographic Ga lvano fo rmung 
und Ab fo rmung) techn ique in wh ich 
the exposed and deve loped 
photoresist is coated wi th a conduct ­
ing mater ia l and then e lect rop lated, 
after wh ich the resist is s t r ipped 
away. 

In addi t ion to f ine size and precis ion 
resolut ion, X- rays offer the advan ­
tage of deep penetrat ion and smal l 
scat ter ing th rough the resist, so that 
pat terns may be up to a mi l l imetre 
deep, wi th very accurate s t ra ightness 
in di rect ions paral lel to the beam. 

Micromach in ing v ia L IGA w a s 
deve loped at KfK Kar lsruhe; c o m ­
mercia l izat ion and further deve lop­
ment is being v igorous ly pursued by 
the Institut fur Mikrotechnik in Mainz 
and by Micropar ts G m b H in 
Kar lsruhe. Signi f icant deve lopments 
have been made at the Synchro t ron 
Radiat ion Cent re in Mad ison , W is ­
cons in , wi th new p rog rammes start-
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Alt - Aluminium Seals and Fittings for Accelerators 

For clean, particle free vacuum with one or two bolt 
convenience, consider the ease of EVAC chain 
clamps, flanges and seals, bakeable to 150°C 

EVAC is your source for: 
Quick Release Flange Couplings, Aluminium Seals 
and Fittings from KF NW16 to ISO NW800. 

Customized Components for all applications 
including Medical Accelerators. 

EVAC chain clamps pro vide for the rapid 
interconnection of two pipes, using 
tapered flanges. Intermediate seals 
centre the flanges forming a high vacuum 
connection. 

Applications: 
• All kinds of Accelerators 
• High Vacuum and UHV 
• Process Technology 
• Cryogenics 
• Chemistry 

Advantages: 
- Time saving assembly 
- High clamping force 
- Equal distribution of tightening force 
- Usable even where access is limited 
- Especially suitable for metal seals 
- Aluminium seals bakeable to 150°C 

LBJÂÇ] 
\V )l Quick - Release 

Flange Couplings 

EVAC AG 
Postfach 3062, CH-9471 Buchs 3 (Switzerland) 
Tel: +41 81 785 29 25, Fax: +41 81 785 18 72 

& T R A V E L 

Since 1967 PROFESSIONAL TRAINING 

• INTERNATIONAL SECRETARIES 
• SECRETARY-HOSTESSES 
• TRAVEL-AND TICKET AGENTS 

English & French Sections 
Sessions of 10 or 20 months - Details on request 

ACADÉMIE DE LANGUES ET DE COMMERCE 
8, rue Winkelried-1201 Geneva-Tel . 41 22 /731 77 56 

Switzerland 

Formations professionnelles : 

Les métiers du 

Commerce International 

et du Tourisme 

• Assistantes de Direction 
• Secrétaires - Hôtesses 
• Agent(e)sde Voyages 
• Langues • Informatique 

Programme sur demande 

ri&we] Membre de l'AGEP et de la 
ÏÊtemlÊâ Fédération suisse des écoles privées 

ACADEMIE DE LANGUES ET DE COMMERCE 
8, rue Winkelried - 1201 Genève - Tel. 022 / 731 77 56 

Fax 022 / 731 28 85 

Ecole fondée 
en 1967 

Your first source 
for high-performance 

feed-throughs 
and 

coaxial cable 
assemblies 

ULTRA-HIGH VACUUM 
MICROWAVE 
FEED THROUGHS 
• Custom designs 

• 4°K to 350°C oper. temp. 

• Low reflection 

• Hermeticity 

< l x l O n cc He/sec 

• Hi-rel connector interface 

to MIL-C-39012 

EXTREME ENVIRONMENT 
MICROWAVE CABLE 
ASSEMBLIES 
• 4°K to 400°C oper. temp. 

• Low thermal properties 

• Phase stable 

• Low insertion loss 

• High power handling 

• Radiation resistant 

• Si02 dielectric 

HYPERTECH s a 
Z.A de L'Eglantier, 21 Rue des 
Cerisiers, CE. 4527 Lisses 
91045 Evry Cedex, France 
Voice (33 1) 60 86 26 91 
Fax (33 1)60 86 96 22 

K A M A N 
2500 Garden of the Gods Rd. 

Colorado Springs, CO 
80907 USA 

Voice 719-599-1779 
Fax 719-599-1823 
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In ion implantation, accelerator beams are 
used to alloy a thin surface layer with foreign 
atoms, making for dramatic improvements in 
hardness and in resistance to wear and 
corrosion. This high current industrial system 
implants chromium ions into jet engine ball 
bearings, providing corrosion protection. 
(Photo Danfysik, Jyllinge, Denmark) 

ing at S R R C (Ta iwan) , C A M D (Baton 
Rouge, Louis iana) , and L U R E 
(Paris). There is now an act ive 
European Specia l Interest Group for 
LIGA. 

Commerc ia l l y manufac tu red 
mic romach ines are start ing to be 
used in sensors and connectors . The 
abil i ty to integrate microdev ices wi th 
microelect ronics raises many inter­
est ing possibi l i t ies for the future, 
notably in medic ine and for intel l igent 
sensors . In all cases , however , 
w idespread adopt ion will be gov­
erned by the abil i ty to mass-p roduce 
cheaply , requir ing high vo lume 
product ion. The high intensit ies of 
synchrot ron radiat ion wil l assist in 
ach iev ing these large th roughputs . 

From Martin Wilson, Oxford Instru­
ments, UK 

Surface engineering by 
ion implantation 

A widespread commerc ia l appl ica 
t ion iof part ic le accelerators is for 

ion implantat ion. Accelerator beams 
are used for ion implantat ion into 
meta ls , a l loying a thin sur face layer 
wi th foreign a toms to concent ra t ions 
impossib le to ach ieve by thermal 
p rocesses, mak ing for dramat ic 
improvements in hardness and in 
res is tance to wear and cor ros ion. 

Tradi t ional harden ing processes 
require high tempera tu res caus ing 
deformat ion ; ion implantat ion on the 
other hand is a "cold process" , 
t reat ing the f in ished product . The ion-
implanted layer is integrated in the 
subst rate, avo id ing the risk of crack­
ing and de laminat ion f rom normal 
coat ing processes. Sur face proper­

t ies may be "eng ineered" independ­
ently of those of the bulk mater ia l ; the 
process does not use env i ronmen­
tally hazardous mater ia ls such as 
ch rom ium in the sur face coat ing. 

The typical implantat ion dose 
required for the op t imum sur face 
propert ies of meta ls is a round 2 x 
1 0 1 7 i on /cm 2 , a hundred t imes the 
typical doses for semiconduc to r 
process ing. W h e n sur face areas of 
more than a few square cent imet res 
have to be t reated, the implanter 
must therefore be able to produce 
high beam currents (5 to 10 mA) to 
obtain an acceptab le t reatment t ime. 
Ion spec ies used include n i t rogen, 
boron, ca rbon , t i tan ium, ch rom ium 
and tan ta lum, and beam energ ies 
range f rom 50 to 200 keV. S ince 

most componen ts are three d imen ­
s ional , it must be possib le to rotate 
and tilt t hem in the b e a m , and control 
beam posi t ion over a large area. 

Examples of industr ial appl icat ions 
are: 

- sur face t reatment of p ros theses 
(hip and knee joints) to reduce wear 
of the mov ing parts, us ing 
b iocompat ib le mater ia ls ; 

- ion implantat ion into high speed 
ball bear ings to protect against the 
aqueous corros ion in jet eng ines 
( important for serv ice hel icopters on 
oil r igs); 

- harden ing of metal fo rming and 
cut t ing tools; 

- reduct ion of corros ive wear of 
plastic mou ld ing tools, wh ich are 
expens ive to p roduce. 
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A high-current industrial ion implantation 
system used for treating metal surfaces. 
(Photo Danfysik, JyHinge, Denmark) 

Most industr ial ion implantat ion 
process ing is handled by special is t 
compan ies and the d e m a n d is 
increasing. It is a cha l lenge for the 
implanter manufac turers to sat isfy 
h igher demands for ef f ic iency, 
reliabil i ty and reduced cost . 

From Bjarne Roger Nielsen, 
Danfysik, Jyllinge, Denmark. 

Ion implantation for 
semiconductors 

Over the past two decades , 
thousands of part ic le acce lera­

tors have been used to implant 
fore ign a toms like boron , phosphorus 
and arsenic into si l icon crystal wa fe rs 
to produce special e m b e d d e d layers 
for manufactur ing semiconduc to r 
dev ices. 

Depend ing on the dev ice requi red, 
the a tomic spec ies, the depth of 
implant and dop ing levels are the 
main parameters for the implantat ion 

process; the select ion and parameter 
control is total ly au tomated . 

The depth of the implant, usual ly 
less than 1 micron, is de termined by 
the ion energy, wh ich can be var ied 
be tween 2 and 600 keV. The ion 
beam is ext racted f rom a F reeman or 
Bernas type ion source and acceler­
ated to 60 keV before mass analys is . 
For h igher beam energ ies post-
accelerat ion is appl ied up to 200 keV 
and even higher energ ies can be 
ach ieved by mass select ing mult iply-
charged ions, but with a co r respond­
ing reduct ion in beam output. 

Depend ing on the device to be 
manufac tu red , dop ing levels can 
range f rom 1 0 1 0 to 1 0 1 5 a t o m s / c m 2 

and are contro l led by implanter beam 
currents in the range up to 30mA; 
cont inuous process moni tor ing 
ensures uni formity across the wafer 
of better than 1 % . 

As semiconduc tor dev ices get 
smal ler , addi t ional sophist icat ion is 
required in the des ign of the 
implanter. The si l icon wafers charge 
electr ical ly dur ing implantat ion and 

this charge must be d iss ipated 
cont inuous ly to reduce the electr ical 
s t ress in the dev ice and avoid de­
struct ive electr ical b reakdown. 
Electron f lood guns produce low 
energy e lect rons (below 10 e lect ron-
volts) to neutral ize posit ive charge 
bui ldup and implanter des ign must 
ensure m in imum contaminat ion by 
other isotopic spec ies and ensure 
low internal sput ter rates. 

The pace of techno logy in the 
semiconduc to r industry is such that 
implanters are being built now for 
256 Megabi t circuits but wh ich are 
only l ikely to be wide ly avai lable f ive 
years f rom now. Severa l special ist 
compan ies manufac ture implanter 
sys tems, each cost ing around US$5 
mi l l ion, depend ing on the conf igura­
t ion and remote handl ing opt ions. 
Current implanter capaci t ies are 
a round 60 wafers/hr , each wafer 
being 1 5 0 m m in d iameter wi th a 
typical dop ing level of 3 x 10 1 5 cr r r 2 . 

From T. Grey-Morgan, Amersham 
International, UK 

Contraband detection 

nspect ing incoming cargo for 
drugs, exp los ives and other cont ra­

band wou ld quickly overwhe lm 
inspect ion agenc ies even if a smal l 
percen tage of the cargoes were 
manua l ly searched . Now a new 
acce lera tor -based inspect ion sys tem 
using pu lsed fast neutron analys is 
(PFNA) a l lows au tomated inspect ion 
of loaded cargo conta iners and 
t rucks. 

A co l l imated pu lsed beam of fast 
neut rons, scanned over the s ide of a 
cargo conta iner as it passes, exci tes 
the nuclei of c o m m o n e lements in 
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A new accelerator-based inspection system 
allows automated inspection of loaded cargo 
containers and trucks. A neutron beam scans 
the cargo and the detected gamma ray 
emissions can give a reconstruction with the 
appropriate signature for drug materials. 

bulk mater ia ls. The pr imary s ignals of 
interest for con t raband are g a m m a -
ray emiss ions fo l lowing inelast ic 
scat ter ing of the fast neut rons f rom 
carbon and oxygen . 

Direct imaging of the contents of the 
mater ial by t ime-of- f l ight analys is 
identi f ies the posi t ion of the interac­
t ions, whi le gamma- ray spect roscopy 
identi f ies the e lementa l g a m m a rays. 
The ratio of e lements or other comb i ­
nat ions of the e lementa l s ignatures 
are used to identify con t raband - a 
high carbon- to -oxygen ratio, for 
example , is character ist ic of drugs. 

The sys tem incorporates g a m m a 
ray detectors, and ana logue and 
digital p rocessors sort the pulses for 
posi t ion and e lementa l in format ion. 
Detect ion a lgor i thms produce three-

ln the PFNA technique for contraband 
detection, a deuteron beam is injected into a 
beamline and neutron production target 
mounted on a rotatable scan arm. The fast 
neutrons excite nucleii within the bulk material 
and analysis of the resulting gamma emission 
identifies possible illegal materials. 
(Photos SAIC, Santa Clara, California) 

d imens iona l images of possib le 
concea led con t raband. From these 
images the inspector can identify 
susp ic ious objects wi th in the cargo 
container. 

One PFNA dev ice uses a beam of 
8 MeV neutrons raster scanned 

across the face of a t ruck or con ­
tainer. The beam is p roduced by an 
80 mic roamp b e a m of 6.0 MeV 
deuterons f rom a Nat ional Electro­
stat ics Corporat ion (NEC) Pel letron 
t andem Van de Graaff. The ion 
source is a newly deve loped Toro ida l 
Vo lume Ion Source (TORVIS) based 
on a Brookhaven des ign wi th an 
output of 300 m ic roamps DC of 
negat ive ions. The deuteron b e a m is 
acce lera ted to 80 keV and then 
ana lysed in a d ipole magne t before 
enter ing the bunch ing sys tem. A 5 
MHz doub le drift buncher ach ieves a 
bunch ing eff ic iency of 4 0 % with a 
pulse wid th of 1 ns at full energy. The 
deuteron beam then enters a self-
coo led deuteron gas target , whe re 
neut rons are p roduced . 

The neutron b e a m is ach ieved by 
mechanica l ly raster ing the acceler­
ated deuteron b e a m through 90° 
using a dipole magnet , and the 
scann ing mot ion is accompl i shed by 
mount ing the dipole, the 90° beaml ine 
and deuter ium gas cell on a plat form 
wh ich rotates concentr ic wi th the 
beam axis. Dr iven by a hydraul ic 
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We deliver more 
than 100 types 
ex stock 

Cert i f ied according t o 

DIN ISO 9001 

F.u.G. 

Elektronik GmbH 

FlorianstraBe 2 

D-83024 Rosenheim 
Tel.. .49 (0)8031/2851-0 

Fax ..49 (0) 80 31 /810 99 

P o s t d o c t o r a l R e s e a r c h 
A s s o c i a t e 

P a r t i c l e P h y s i c s 
Royal Holloway, as part of the University of London, exists to 
promote education and scholarship for the public benefit. 

Applications are invited for a Research Associate post in 

experimental particle physics available from 1 October 1995. 

The Royal Holloway group has an active research programme 

as a member of the ALEPH, ATLAS and BaBar collaborations. 

The post is funded by PPARC and is available until 30 

September 1998. Applicants should have or be about to obtain 

a PhD in particle physics. 

Further details about the group can be found on World Wide 

Web (http://www.ph.rhbnc.ac.uk/research/hep/hep_home.html). 

Questions related to the post should be addressed to Dr M G 

Green, Physics Department, Royal Holloway University of 

London, Egham, Surrey TW20 OEX (phone +44 1784 443454, 

fax+44 1784 .472794, email GREEN@V1PH.RHBNC.AC.UK). 

A letter of application and CV should be sent to Mike Green 
at the above address to arrive by Friday 4 August 1995. 
Applicants should also arrange for two references to be 
provided by the same date. 

We positively welcome applications from all sections of the 
community. 

Powered Crates 
Further to all our CERN approved CERN-Spec. Crates 

NIM-, CAMAC-, FAST BUS-, VMEbus 4 2 2 / 4 3 0 
Wes-Crates supplies other Crates based upon these Systems. 

Some applications with our well known, extremely low noise and ripple, 
and electromagnetical shielded FAST BUS and VME-Power Supplies: 
Power Supply Spec: 
Input voltage: 3-phase, 4 0 0 V - 50 Hz / 200 V - 60 Hz 

l -phase 100 V / 1 2 0 V / 220 V - 240 V -
50 H z / 6 0 Hz. 

Output power: Up to 3.500 W . 
Output modules: -2 V - 5 0 / 1 0 0 / 1 5 0 A. +5V/-5,2 V -

7 5 / 1 5 0 / 2 0 0 / 3 0 0 A. +12 V/-12 V - 1 0 / 
2 5 / 4 0 A. +15 / -15 V - 10 A / 2 5 A / 3 5 A. 
Other voltage/current outputs on request. 

Output protection: Global Trip-Off of all voltage within 5msec. 
at any bad status, overload, overvoltage, 
overheat, line error and switch-off mains. 
(Outputs discharged with crowbars). 

' /FAST BUS/ 
^ p o w e r - ' 
^ s u p p l y 

O-ct r V M E - b o a r d ! 
- -' 

1 AU 
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J 
VMEbus-Crate with +5 V, -5 V, +9 V, +12 V, -12 V. 
For supply of linear voltage regulators for external amplifiers. 

VMEbus-Crate/ 
CERN-Spec. in process/VME 64 

ruftitunsiiim'irin 

-FAST BUS 
p o w e r - ' 

' supply 

kw M ° * 
N V M E - b o a r d ^ | = * 

VMEbus-Crate with +5 V, -5,2 V, -2 V, +12 V, -12 V. Slot 1-4 for 
standard VMEbus-boards, slot 5-21 for big size 9U x 460 mm. 

FAST BUS 
# / p o w e r -

'? s u p p i y 

V X I - b o a r d 

"x x D - s i z e 
J 2 V 

ï><\ 8 * 
VXIbus-Crate with +5 V, -5,2 V, -2 V, +12 V, -12 V 

Every CERN-Spec. so far 
has given rise to a CERN-
approved Crate from: 

Custom Crates and Power Supplies 
WES-Crates is flexible because of modular 
systems for crates and power supplies. 

LJes-Crates 
Telefon 0461 - 77 41 77 
Telefax 0461 - 77 41 41 
International +49 461 

Wes-Crates GmbH 
Pattburger Bogen 33 
D-24955 Harrislee/Flensburg 
Germany 

Your contact in Geneva: HiTech Systems Sa, Abenue Wendt 16, 
1203 Geneva, Tel.: 022 / 344 7 7 88, Fax: 022 / 4 5 65 51 
Your contact at PSI and ETH Zurich: Dipl.-lng. Kramert AG , 
Villigerstr. 370, CH-5236 Remigen, Tel.: 0 5 6 / 4 4 1 5 5 5 , Fax: 445055 
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Research applications 

actuator, the scann ing speed of the 
plat form is adjustable up to approx i ­
mate ly 0.25 Hz. S ince the rotat ing 
and f ixed beaml ines are one cont inu­
ous high v a c u u m sys tem, a high 
v a c u u m rotary union is needed . A 
non-mechan ica l , low vapour pressure 
l iquid (ferrofluid) v a c u u m seal is 
used. A col l imator on the scan a rm 
limits the vert ical extent of the neu­
tron beam and there is a f ixed col l i ­
mator in the hor izontal p lane. 

The PFNA concept has undergone 
numerous tests to demonst ra te its 
eff icacy for detect ing drugs and 
exp los ives. A ful l -s ized sys tem has 
been built by SA IC in Santa Clara 
and is undergo ing integrat ion test ing 
wi th a var iety of cargoes . 

Increase in wor ld t rade favours the 
use of a tool like PFNA cargo inspec­
t ion for moni tor ing incoming ship­
ments . PFNA 's abil i ty to image 
e lements can be expanded th rough 
advanced da tabases to veri fy cargo 
mani fests and to moni tor sh ipments . 
In a modi f ied fo rm, P F N A could also 
be used to examine the contents of 
sea led barrels of hazardous was te to 
avoid manua l sampl ing . 

From T.Gozzani, Science Applica­
tions International Corporation, Santa 
Clara, USA 

Synchrotron radiation is one of the most 
valuable and widely useful of all accelerator 
applications. The European Synchrotron 
Radiation Facility - ESRF - in Grenoble, 
France is a 6 GeV, third generation synchro­
tron radiation source which will provide up to 
30 beamlines for fundamental and applied 
research. 
(Photo ESRF) 

Most types of accelerator were 
original ly des igned by accelerator 
eng ineers for part icle or nuclear 
physics research. Today , there are 
some large and very sophis t icated 
accelerators ded icated to a w ide 
range of other research and deve lop­
ment work . Part icle acce lerators 
prov ide a very va luab le tool for 
s tudy ing the propert ies of matter. 

Synchrotron radiation 
research 

In the many var ied appl icat ion f ields 
of accelerators , synchrot ron radia­

t ion ranks as one of the most va lu ­
able and wide ly useful tools. Syn ­
chrot ron radiat ion is p roduced in 
mul t i -GeV electron synchro t rons and 
s torage r ings, and emerges tangen-
tially in a narrow vert ical fan . 

Synchrot ron radiat ion has been 

used extensively for basic s tudies 
and , more recently, for appl ied 
research in the chemica l , mater ia ls , 
b io technology and pharmaceut ica l 
industr ies. 

Initially, the radiat ion w a s a by­
product of high energy phys ics 
laborator ies but the high d e m a n d 
soon resul ted in the const ruct ion of 
ded icated electron s torage r ings. The 
accelerator techno logy is now wel l 
deve loped and a large number of 
sources have been const ruc ted , with 
energ ies ranging f rom about 1.5 to 
8 G e V including the 6 G e V European 
Synchrot ron Radiat ion Facil i ty 
(ESRF) source at Grenob le , France. 

A modern th i rd-generat ion synchro­
tron radiat ion source has an electron 
s torage ring wi th a comp lex magne t 
lattice to produce ul tra- low emi t tance 
beams , long stra ights for ' insert ion 
dev ices ' , and 'undulator ' or 'wiggler ' 
magne ts to genera te radiat ion wi th 
part icular propert ies. Large b e a m 
currents are necessary to give high 
radiat ion f luxes and long beam 
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Synchrotron radiation is often used for material 
research in industry - raw data from a time-
resolved X-ray diffraction study of the anneal­
ing of a sample of a high performance 
polymer. 
(Photo Keele University, UK) 

l i fet imes require ultra high v a c u u m 
sys tems. 

Industr ial synchrot ron radiat ion 
research p rog rammes use ei ther X-
ray dif fract ion or spec t roscopy to 
de termine the st ructures of a w ide 
range of mater ia ls. Biological and 
pharmaceut ica l appl icat ions s tudy 
the funct ions of var ious prote ins. 
Wi th this knowledge, it is poss ib le to 
des ign molecu les to change protein 
behav iour for pharmaceut ica ls , or to 
conf igure more act ive prote ins, such 
as enzymes , for industr ial p rocesses . 

Recent advances in molecu lar 

b io logy have resulted in a large 
increase in protein crysta l lography 
s tud ies, wi th researchers using 
crysta ls wh ich , a l though smal l and 
weak ly di f f ract ing, benefi t f rom the 
high intensity. Examples wi th c o m ­
mercia l s igni f icance include the s tudy 
of HIV proteins and inhibitors, the 
SV40 vi rus (which can induce tu ­
mours ) , proteins involved in the 
metabo l i sm of s leeping s ickness 
parasi tes, and the invest igat ion of 
xy lose isomerase, used industr ial ly to 
conver t sugar to syrup. 

Dif fract ion techn iques are wide ly 

used in industry for the ident i f icat ion 
of phases and the analys is of 
s t resses in mater ia ls such as thin 
f i lms. Synchro t ron radiat ion tech­
n iques increase the range and 
complex i ty of mater ia ls that can be 
s tud ied, such as po lymers and 
thermoplas t ics , and improve per form­
ance . For examp le Boeing were able 
to save 3 0 % in weight in their 757 
aircraft, and a larger reduct ion in 
cost , by replacing a lumin ium with 
glass-f i l led poly-ether-ether ketone 
(PEEK) resins. 

Us ing synchro t ron radiat ion, powder 
di f f ract ion can be used to de termine 
st ructure and assist in unders tand ing 
mater ia l behaviour , fo l lowing very 
rapid t ransformat ions. O n e examp le 
is the energy-d ispers ive rapid diffrac­
t ion s tudy of the synthes is of z i rconia; 
compos i te ceramics based on this 
mineral are used for high tempera ­
ture mechan ica l appl icat ions, and 
part ial ly stabi l ized te t ragonal z i rconia 
powder d ispersed in a compat ib le 
matr ix such as a lumina or magnes ia 
can impart toughness by arrest ing 
micro-crack deve lopment . Dynamic 
" in-si tu" s tud ies wi th synchrot ron 
radiat ion have shown that crystal l iza­
t ion and t ransformat ion tempera tu res 
depend on the mater ia l 's thermal 
history and on the chemica l state of 
the initial z i rcon ium hydrox ide. 
Crystal l izat ion and t ransformat ion 
tempera tu res vary widely, so this 
in format ion helps chemica l eng ineers 
obta in the required degree of 
metastabi l i ty in z i rconia powders for 
each appl icat ion. 

Whi le X- ray crysta l lography can be 
used for wel l -ordered crystal l ine 
subs tances , other mater ia ls often do 
not have the long range structural 
order for this techn ique to be suc­
cessfu l . In such cases , X- ray 
spec t roscopy can be effect ive and X-
ray absorp t ion in matter and absorp­
t ion spec t ra reveal sharp s tep in-

CERN Courier, July/August 1995 21 



creases at certain energ ies corre­
spond ing to the eject ion of a bound 
electron f rom an a tom. In condensed 
matter there are usual ly smal l osci l la­
t ions super imposed on the top of 
these edges . These Ex tended X-ray 
Absorp t ion Fine Structures (EXAFS) , 
ar is ing f rom interact ions of the 
outgo ing electron with the sur round­
ing a toms, can be ana lysed to g ive 
informat ion on the immedia te sur­
roundings. Industr ial users of E X A F S 
faci l i t ies at the Daresbury Synchro­
tron Radiat ion Source are usual ly 
f rom the chemica ls industry, and the 
work focuses on the behav iour of 
cata lysts. 

In the g lass industry, the atomic 
st ructure of intr insical ly d isordered 
sys tems cannot be prescr ibed by 
dif fuse dif fract ion techn iques and 
again E X A F S is a powerfu l too l , 
leading to new insights into st ructure 

and propert ies. Combin ing E X A F S 
with reflectivity measuremen ts has 
been important at looking at the 
sur face layers for manufac turers 
such as Pi lk ingtons and Schott . 

The number of synchrot ron sources 
a round the wor ld is increasing 
rapidly, wi th two large faci l i t ies 
short ly to become operat ional in the 
USA and Japan ; e lsewhere, smal ler 
sources are p lanned. The require­
ment for synchrot ron is certain to 
grow for both academic research and 
mater ia ls deve lopment in industry. 

From N. Marks, Daresbury and 
Rutherford Appleton Laboratories 

Synchrotron radiation X-ray diffraction patterns 
such as these lead to the improvement of 
industrial material such as polymers. 
(Photo ICI pic, UK) 
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Positron sources 

Normal ly posi t ron sources are 
precursors for accelerator 

sys tems in h igh-energy part icle 
physics; however very low energy 
posi t rons are common l y used to 
s tudy the physics of a tomic and 
condensed matter. 

In these exper iments low energy, 
monoenerget ic posi t ron beams are 
p roduced f rom high energy posi t rons 
by thermal izat ion in specia l sol id 
moderators . Due to intensity l imita­
t ions on h igher-energy posi t rons 
avai lable f rom radioact ive sources, 
e lectron l inacs have been adapted 
for this purpose. High energy elec­
tron beams bombard thick, h igh-Z 
targets, where bremsst rah lung and 
subsequent pair product ion create 
e lectron-posi t ron pairs. These high 
energy posi t rons are injected into a 
modera tor (usual ly tungsten foils) 
and emerge at a few eV. The low 
energy posi t rons are electrostat ical ly 
ext racted and gu ided magnet ica l ly 
using low field so leno ids. A l though 
the eff ic iency of the moderat ion 
process is a round 1 per 10 6 , up to 
10 9 s low posi t rons per second have 
been ach ieved using l inacs wi th 
energ ies up to 100MeV and currents 
of 200 mic roamps . 

These high intensity s low posi t ron 
beams are used for condensed 
matter s tudies and atomic physics 
research, part icular ly w h e n t ime 
correlat ion is needed be tween the 
posi t ron beam and the measured 
s ignals or other pu lsed dev ices such 
as lasers. 

In condensed matter research, 
important results have been obta ined 
f rom the measu remen ts of the two-
d imens iona l angular correlat ion of 
annihi lat ion g a m m a rays of posi t rons 
at sur faces f rom veloci ty 
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spect roscopy, and using pos i t ron ium 
t ime-of-f l ight measuremen ts . Th is 
has led to a better unders tand ing of 
the populat ion of e lectron states at 
sur faces. 

For a tomic physics research, 
fundamenta l exper iments include 
col l is ion rate measu remen ts for 
posi t rons with gas a toms , measure ­
ments on the exci ted states of 
pos i t ron ium etc.; all these d e m a n d 
high posi t ron intensit ies because of 
the low react ion rates. Compar i sons 
wi th simi lar e lectron measu remen ts 
prov ide crucial tests of quan tum 
e lec t rodynamics . 

A few l inac-based b e a m s are 
avai lable in Ghent , Be lg ium; Law­
rence L ivermore, Cal i forn ia; 
Tsukuba , Japan and e lsewhere . In 
Japan , there are projects for even 
higher intensit ies - above 1 0 1 0 s low 
posi t rons per second . For these 
higher intensit ies, remodera t ion and 
br ightness enhanced s tages can be 
incorporated to reduce the b e a m 
d iameter to mi l l imetre s izes or lower. 
Puls ing sys tems (in the MHz region) 
for the s low posi t rons can be in­
stal led for posi tron l i fet ime measure ­
ments and depth prof i l ing analys is of 
sol ids. Posi tron Annih i la t ion induced 
for Auger Electron Spec t roscopy 
(PAES) can also benef i t f rom high 
intensit ies for posi t ron microscopy. 

From D Segers, University of Ghent, 
Belgium 

Accelerator mass spectrometry detects tiny 
concentrations of long-lived radioisotopes in 
the presence of much larger quantities of their 
stable isotopes. The original impetus was to 
detect radiocarbon (carbon-14, with a half-life 
of 5730 years) to accurately establish the age 
of ancient artifacts, such as this bust of a 
daughter of the Egyptian king Akhenaton 
(1350 BC). 

Accelerator mass 
spectrometry 

A ccelerator mass spect rometry 
(AMS) w a s invented in 1977 as a 

means of directly detect ing long- l ived 
radio isotopes at very low concent ra­
t ions in the presence of much larger 
quant i t ies of their stable isotopes. 
Its sensit iv i ty depends on the fact 
that the radioisotope is measured , 
not by its radioact ive decay, but by 
determin ing its atomic number and 
mass (Z and A) . The original impetus 
w a s to detect radiocarbon (carbon-14 
wi th a half-l ife of 5730 years) in 
organic mater ial to establ ish its age. 
A M S required a thousand t imes less 
mater ia l than the Libby decay count­
ing method . 

Very soon it was real ized that many 
other long- l ived radio isotopes of 
cosmogen ic , anthropogenic or 
natural origin could also be readi ly 
measu red for a wide var iety of 
purposes. These included bery l l ium-

10, a lumin ium-26, ca lc ium-36 and 
iod ine-129 with half- l ives of up to 
15.9 mil l ion years . A M S could also 
be used to measure t races of s table 
isotopes. 

A M S measuremen ts are often 
carr ied out wi th tandem electrostat ic 
acce lera tors , many des igned for 
nuc lear phys ics research. The 
samp le is inserted as a sol id in the 
samp le whee l of the ces ium sputter 
ion source . S ing ly-charged negat ive 
ions are p roduced by bombard ing the 
mater ia l wi th 20 keV ces ium ions. 
(The neutral a tom of most e lements 
wil l b ind an extra electron to fo rm a 
negat ive ion.) These 20 keV negat ive 
ions are m o m e n t u m ana lysed in a 
magnet , fur ther acce lerated through 
150 keV and injected into a t andem 
electrostat ic accelerator . They are 
then acce lera ted to the terminal in 
the cent re of the accelerator th rough 
a vo l tage that var ies f rom 2 to 10 MV. 
A foil or dif ferential ly pumped gas cell 
in the terminal str ips the ions of 
severa l e lect rons and d issociates 
molecu les . 

The latter is one of the most impor­
tant funct ions of the tandem - if three 
or more e lect rons are st r ipped f rom a 
neutral molecu le , it is d issociated and 
its f ragments lost in the second half 
of the accelerator . In this way mol ­
ecu les of the s a m e mass as the 
e lement to be detected (molecular 
inter ference) are e l iminated. 

The requi red mult iply-posit ively 
charged ions are accelerated th rough 
the second half of the tandem where 
a combina t ion of magnet ic and 
electrostat ic def lectors select ions 
wi th a speci f ic mass /charge ratio. 

A l imitat ion of A M S is its relat ively 
low mass resolut ion - only one part in 
a few hundred . Hence if a radioiso­
tope has a stable isobar, the two 
cannot be mass separa ted . In s o m e 
cases the stable isobar does not fo rm 
a negat ive ion (n i t rogen-14 in the 
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case of carbon-14 studies) , but for 
bery l l ium-10 and chlor ine-36 the 
stable isobars boron-10 and sulphur-
36 form negat ive ions, so for bery l ­
lium-"! 0 an absorber can stop the 
boron. For chlor ine-36 careful chemi ­
cal p rocedures can min imize the 
su lphur and measu remen ts of the 
rate of energy loss in the f inal ioniza­
t ion detector can separate chlor ine 
f rom sulphur if the final energy of 
ions is suff iciently high (100 MeV or 
so) . 

A measure of the sensit iv i ty of A M S 
can be judged f rom the detect ion 
limits on the ratio of the radio isotope 
to stable isotope that can be meas ­
ured. For carbon-14 and chlor ine-36 
it is better than one part in 1 0 1 5 The 
improvement factor over decay 
count ing in these two cases is about 
10 5 and 10 6 respect ively. 

Appl icat ions of A M S are d iverse -
determin ing the ages of ancient 
art i facts (the Tur in shroud was dated 
by A M S to 1325± 33 AD) and the 
epoch of the Meteor Crater in Ar i ­
zona (55 mil l ion years ago) , identify­
ing the leakage of radioact ive was te 
f rom former nuclear fuel reprocess ing 
si tes, and measur ing the di f fusion of 
chlor ine in si l icon wafers used for 
sol id state dev ices, and the neutron 
f luence produced by the nuclear 
w e a p o n detonated over Hi rosh ima, 
and many more . In the case of 
H i rosh ima, the measuremen ts 
proved that up to 7 0 % of radiat ion 
d a m a g e to humans w a s f rom neu­
t rons rather than g a m m a rays as 
previously be l ieved. 

An appl icat ion of A M S likely to 
become more important in the future 
is in the f ield of b iomedica l research. 
One examp le is a s tudy of how 
carc inogens label led wi th carbon-14 
are metabo l ized. Wi th A M S the 
doses are be low permiss ib le l imits 
and the t issue samp les themse lves 
are very smal l . 

At present there are s o m e 40 
laborator ies wi th t andem electrostat ic 
accelerators th roughout the wor ld 
engaged ful l - or part - t ime in A M S 
measurements . Internat ional sympo­
sia on A M S are held every three 
years ; the seventh in the ser ies wil l 
take p lace at the Universi ty of Ar i ­
zona in 1996. 

From H E Gove, Department of 
Physics, University of Rochester, NY. 

Ion beam analysis is used in the study of 
materials and the structure of matter. 
The accelerators, not generally installed at 
specialist accelerator laboratories, have to be 
easy to maintain and simple to operate. 
This shows an ion beam analysis experiment 
using an electrostatic accelerator producing 
milliamp beams with energies of a few MeV. 
(Photo Institut fur Kernphysik, Frankfurt am 
Main, Germany) 

Ion beam analysis 

Ion beam analys is is an accelerator 
appl icat ion a rea for the s tudy of 

mater ia ls and the structure of matter; 
electrostat ic accelerators of the Van 
de Graaff or Dynami t ron type are 
often used for energ ies up to a few 
MeV. T w o types of mach ines are 
avai lable - the s ing le-ended acce lera­
tor type wi th h igher beam currents 
and greater f lexibi l i ty of beam m a n ­
agement , or the t andem accelerator , 
l imited to a tomic spec ies with nega­
t ive ions. 

The accelerators are not general ly 
instal led at special ist accelerator 
laborator ies and have to be easy to 
mainta in and s imple to operate. The 
most c o m m o n techn ique for industr ial 
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DESY announces several 

'DESY Fel lowships' 

for young scientists in experimental particle physics to 
participate in the research mainly with the HERA collider 
exper iments H1 and ZEUS or with the f ixed target 
experiments HERA-B and HERMES. New fellows are 
selected twice a year, in April and October. 

DESY fellowships in experimental particle physics are 
awarded for a duration of two years with the possibility for 
prolongation by one additional year. 

The salary for the fellowship is determined according to 
tarifs applicable for public service work (BAT II a). 

Interested persons, who have recently completed their 
Ph.D. and who should be younger than 32 years, are invited 
to send their application including a résumé and the usual 
documents (curriculum vitae, list of publications, copies of 
university degrees) until 30. September 1995 to DESY, 
Personalabteilung -V2-, Notkestr. 85, D-22607 Hamburg. 
They should also arrange for three letters of reference to 
be sent until the same date to the address given above. 
DESY encourages especially women to apply. 

As DESY has laboratories at two sites, in Hamburg and in 
Zeuthen near Berlin, applicants may indicate at which 
location they would prefer to work. 

UNIVERSITY OF FLORIDA 

HIGH ENERGY EXPERIMENTAL PHYSICS 

RESEARCH SCIENTIST AND 
POST-DOCTORAL RESEARCHER 

As part of a major expansion of the experimental high 
energy physics group, the Department of Physics at the 
University of Florida is seeking highly qualified applicants 
to fill two new positions in collider physics: 1) a research 
scientist (non-teaching faculty), and 2) a post-doctoral 
associate. The successful candidates will participate in the 
detector development effort for the CMS project at CERN 
and take part in on-going experiments at CERN and 
Fermilab. The positions are supported jointly by the State 
of Florida and by external funding, and could be filled as 
early as October 1995, subject to the availability of funding. 
Interested persons should submit a resume, a list of 
publications, and three references to Professor Guenakh 
Mitselmakher, HEE Search Committee, Department of 
Physics, University of Florida, P.O. Box 118440, 
Gainesville, FL 32611, USA. Applicants with questions 
may contact the Search Chair by mail or by email at 
Mitselmakher@phys.ufl.edu or by phone at 904/392-9237. 
The University of Florida is the largest university in the 
state and a major research institution currently expanding 
the program in accelerator-based high energy physics. 
Successful candidates will have an opportunity to play a 
major role in establishing new programs. 

Closing date for receipt of applications is September 15, 
1995. The University of Florida is an equal employment 
opportunity/affirmative action employer. Anyone requiring 
special accommodations to complete applications should 
contact the Search Committee Chair. 

COOLING OF 
MICROSYSTEMS 

Having problems with 

0 S p a c e ? 

0 F l o w - R a t e s ? 

S Pressure ? 

0 C a p a c i t y ? 

S T e m p e r a t u r e ? 

Pumpable Ice (BINARY ICE™, FLO-ICE™) is 
an ultra efficient high performance cooling fluid 
replacing directly evaporating refrigerants or 
inefficient brines. 

It is a two-phase liquid containing latent energy 
of ice crystals made from water and is available 
from approx. -4°C to -40°C (or even lower) for 
any capacity and with uniform temperature. 

Pressure can be adjusted to your needs. Flow 
rates are small. System presents no hazards to 
the environment. 

Binary Ice can even be used for retrofitting 
existing installations which operate presently 
with refrigerants or brines. It is proven that it can 
be pumped through very small channels with 
diameters much below 1 mm. 

This Liquid Ice is a perfect solution for cooling 
your sensitive equipment. 

I t 's s e n s i b l e , i t ' s t e s t e d , i t p e r f o r m s ! 

Y o u n a m e i t , w e c o o l i t ! 

Further information from 

I N T E G R A L E n e r g i e t e c h n i k G m b H 
P.O. Box 1910, Lise-Meitner-Str. 2 

D-24909 Flensburg/Germany 
Tel.: +49 - 461 - 999 333, Fax: 999 399 

References: 
Apsimon, R.J. and G.J. Tappern: Binary Ice as 

Coolant for the ATLAS Silicon Tracker. 
Proceedings WELD EC Int. Workshop, Univ. 

Lausanne & CERN (October 1994), p. 197-204 
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The future 

research is Ruther ford Back Scatter­
ing Spect romet ry (RBS) . Hel ium ions 
are the preferred project i les, s ince at 
e levated energ ies (above 3 MeV) 
nuclear resonance scat ter ing can be 
used to detect photons assoc ia ted 
wi th target molecu les conta in ing 
e lements such as ca rbon , n i t rogen or 
oxygen . 

Due to the large amoun t of avai l ­
able data on nuclear react ions in this 
energy range, act ivat ion analys is 
(detect ing t race e lements by irradiat­
ing the sample) can be per fo rmed 
with charged part ic les f rom accelera­
tors over a wider range of a toms than 
wi th the convent iona l use of neu ­
t rons, wh ich is more sui ted to light 
e lements . Resonance react ions have 
been used to detect t race meta ls 
such as a lumin ium, t i tanium and 
vanad ium. 

Hydrogen a toms are vital to the 
mater ial per fo rmance of several 
c lasses of mater ia ls, such as sem i ­
conductors , insulators and ceramics . 
Prudent select ion of the project i le ion 
aids the analys is of hydrogen c o m p o ­
si t ion; the techn ique is then a s imple 
measuremen t of the emi t ted g a m m a 
radiat ion. Solar cell mater ia l and 
glass can be ana lysed in this way . 

On a wor ld -w ide basis, numerous 
laborator ies per form ion beam 
analys is for research purposes ; 
cons iderab le work is carr ied out in 
cooperat ion be tween scienti f ic 
laborator ies and industry, but only a 
few laborator ies provide a complete ly 
commerc ia l serv ice. 

From K. Bethge, Frankfurt am Main, 
Germany 

P art icle accelerator deve lopment 
must rank as one of the major 

scienti f ic ach ievements of the twent i ­
eth century. Progress in comput ing 
methods , eng ineer ing des ign tech ­
n iques and advances in mater ial 
sc ience have all cont r ibuted to 
today 's h igh ly -deve loped, precis ion 
techno logy whe re smal l versat i le 
mach ines are used for a w ide range 
of appl icat ions. 

The accelerator commun i t y has 
opportuni t ies to expand the range of 
appl icat ions in industry and medic ine, 
part icular ly by increasing beam 
intensit ies. In s o m e cases , the 
required ' technology-s tep ' improve­
ments can be ach ieved by employ ing 
exist ing mater ia ls and present day 
techn iques. 

Medicine 

In the compet i t ive commerc ia l wor ld 
of rad iopharmaceut ica ls , the t rend is 
to emp loy higher intensity acce lera­
tors for lower-cost product ion of 
isotopes and to operate these ma­
ch ines under increasingly more 
str ingent radiological contro ls. 

Severa l accelerator manufac turers 
are deve lop ing higher current ma ­
ch ines in the range 500 to 1000 
mic roamps, demand ing product ion 
targets better sui ted to handl ing heat 
product ion. One company , IBA in 
Be lg ium, has a l ready suppl ied 2 mA, 
18 MeV posi t ive- ion cyc lot rons wi th 
internal targetry for the commerc ia l 
product ion of a new therapeut ic 
isotope, pa l lad ium-103, for cancer 
brachytherapy. In Canada , E B C O 
Industr ies together wi th T R I U M F 
have announced the deve lopment of 
1000 mic roamp extract ion f rom their 
exist ing 30 MeV cyc lo t ron. 

The isotope product ion industry is a 
major oppor tuni ty for accelerator 
technology. Historical ly, mater ia l -

test ing reactors have a lways pro­
v ided low-cost isotopes to the indus­
try and to medica l compan ies ; 
however many of these reactors are 
reaching the end of their l ives and 
are not be ing rep laced. 

Dimin ishing research in nuclear 
power generat ion and fuel test ing, 
comb ined with the d i l emma on was te 
d isposal , has made f iss ion-based 
reactors less at tract ive. High intensity 
accelerators wi th appropr ia te targetry 
could be const ruc ted to produce the 
necessary neutron f luxes in the 
range 1 0 1 4 1 5 c m 2 s 1 (e.g. spal lat ion 
sources at 500 to 1000 MeV wi th 
intensit ies of a few mA) . Wi th no 
crit icality issues and no fuel manage ­
ment p rob lems, this type of acce lera­
tor cou ld replace nuclear reactors for 
this purpose; so far no laboratory has 
p roduced such p lans. 

Of the present day reactor-gener­
ated isotopes, mo lybdenum-99 
remains the most c o m m o n medica l 
isotope and is p roduced by f iss ion of 
enr iched uran ium-235 in thermal 
neutron reactors. A proton-dr iven 
intense subcri t ical neutron source 
has been proposed recent ly by Yves 
Jongen of IBA where a 150 MeV, 
1.5 m A proton beam f rom a cyclot ron 
wou ld str ike a mol ten lead target, 
su r rounded by a water and graphi te 
reflector, to p roduce neut rons by 
spal lat ion. These pr imary spal lat ion 
neut rons wou ld str ike secondary 
targets conta in ing subcr i t ical 
amoun ts of u ran ium-235, produc ing a 
thermal neutron f lux up to 2 x 1 0 1 4 

and a f ission power of over 500 kW. 
Manufac turers could then posi t ion 
their o w n mo lybdenum-99 product ion 
targets in this mach ine and cont inue 
to p roduce a rad iopharmaceut ica l 
g rade product wi thout the need to 
access a nuclear reactor. Th is smal l 
dev ice wou ld cost much less than a 
new research reactor. 

The acce lera tor -based free electron 
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To avoid proliferation of uranium and long-term 
transuranic radioactive waste, new power 
generation ideas propose using accelerator-
driven systems for fission using fuels such as 
naturally occurring thorium. This is a sche­
matic of an idea suggested by Carlo Rubbia 
and his collaborators at CERN, using an 
accelerator beam to bombard a target 
assembly containing nuclear fuel and moderat­
ing material. 

I. ueartr 
' 1 - de^oi; 

laser (FEL) at Vanderbi l t Universi ty, 
Tennessee , has been built for re­
search appl icat ions in med ic ine and 
biology. Early results are promis ing 
for the target ing of FEL radiat ion to 
the amide II band of prote ins leading 
to t issue ablat ion wi thout substant ia l 
damage . The free e lectron laser 
cou ld provide a wave leng th scalpel 
for precis ion surgery. 

Power generation 

New concepts of power generat ion 
using accelerator-dr iven sys tems for 
f ission have been p roposed using 
fuels such as natural ly occurr ing 
thor ium. Successfu l imp lementa t ion 
of this techno logy wou ld lead to less 
prol i ferat ion of u ran ium and less 
long- term t ransuranic radioact ive 
was te . 

At C E R N , Car lo Rubb ia and his 
co l laborators have sugges ted e m ­
ploying an accelerator to p roduce a 1 
GeV, 7 mA beam to bombard a 
target assembly conta in ing nuclear 

fuel and moderat ing mater ia l . 
Thor ium wou ld be used to breed 
f issi le u ran ium-233 and to susta in 
stable energy product ion. Carefu l 
des ign of the fuel wou ld ensure 
subcr i t ical operat ion wi th a thermal 
neutron f lux of 1 0 1 4 c m 2 s 1 , and a 
prototype 'energy ampli f ier ' cou ld 
genera te electr ical power in excess 
of 100 M W . Interestingly, the thermal 
neutron f lux level of this dev ice is 
c lose to that required for isotope 
product ion. 

The or iginal Los A lamos proposal 
for accelerator-dr iven t ransmutat ion 
techno logy (ADTT) inc luded a 
p rog ramme for energy product ion 
where the fuel wou ld be thor ium and 
the assemb ly wou ld remain 
subcr i t ical . 

The fuel wou ld be e m b e d d e d in a 
l i th ium-beryl l ium f luoride mol ten salt 
to faci l i tate eff icient high tempera ture 
operat ion . The advanced s tudy at 
Los A lamos has highl ighted not only 
the demand ing requi rement for a 
high intensity accelerator but a lso the 
ex t reme per formance levels required 
for the mater ia ls emp loyed . Simi lar 
s tudy p rog rammes are progress ing in 
laborator ies in Japan , Russia and 
e lsewhere . 

Power generat ion by inertial ly-
conf ined fus ion is another possibi l i ty 
and severa l accelerator g roups are 
invest igat ing the s tandard deu te r ium-
tr i t ium react ion; the react ion of 
protons on boron-11 also invites 
at tent ion. 

Pellet des ign can benefi t f rom ear ly 
laser invest igat ion but to raise the 
tempera tu re above the Lawson 
cr i ter ion - 1 0 MJ energy wi th in 15 
nanoseconds - the d e m a n d on the 
accelerator sys tem will be ex t reme. 
Prel iminary studies on a l inac-
s torage ring complex have a l ready 
been carr ied out at the GSI Labora­
tory, Darmstadt . 

The environment 

Acce lera tor techno logy could benefi t 
the env i ronmenta l managemen t of 
the p lanet in the t ransmutat ion of 
nuc lear was te . Used nuclear fuel 
conta ins highly radioact ive was te 
products including long-l ived act in ide 
isotopes and long- l ived f ission 
products such as iodine-129 (half-l ife 
1.6 x 1 0 7 years) . Storage of this 
mater ia l remains a ser ious publ ic and 
poli t ical concern . Accelerator-dr iven 
t ransmuta t ion of was te (ATW) offers 
a so lu t ion. 

The A T W concept p roposed by Los 
A l a m o s requires a 100 - 200 mA 
b e a m of protons or deuterons at up 
to 1.6 GeV. By interact ion wi th a 
spal la t ion target, up to 50 fast neu­
t rons per incident part icle are gener­
a ted and conta ined inside a moderat ­
ing b lanket . The high neutron f lux of 
1 0 1 6 c r r r 2 s~1 is thermal ized to p roduce 
a thermal neutron f lux suff icient to 
conver t act in ide products such as 
nep tun ium-237 (half-l ife 2.1 x 10 6 

years) to the f issi le neptun ium-239 
and f iss ion product technet ium-99 
(half-l i fe 2.1 x 10 5 years) to stable 
ru then ium-100. 

Whi le accelerator-dr iven neutron 
sources do al low t ransmutat ion of 
most of the very long-l ived 
radionucl ides, the accelerator faci l i ­
t ies and handl ing operat ions will 
inevi tably be expens ive . 

Smal ler accelerators can also assist 
in env i ronmenta l control and a l ­
though their appl icat ion has been 
l imited so far, the use of env i ronmen­
ta l ly- invasive chemica l methods is 
becoming less attract ive and cost 
ef fect ive. Acce lerator techno logy can 
be appl ied to water and was te 
t reatment , s ludge steri l izat ion and 
combus t ion f lue gas t reatment in 
large industr ial p lants. The e l imina­
t ion of pa thogens and toxins are 
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attract ive openings for env i ronment 
research using smal ler accelerator 
dev ices. 

This 10 MeV, 10 milliamp electron beam 
accelerator (the Rhodotron) is an example of a 
new generation of machines, purpose-
designed for future industrial users, in this 
case for applications such as industrial 
irradiation and sterilization. 
(Photo IBA, Louvain-la-Neuve, Belgium) 

Guest editor 

Guest Editor for this special issue of 
the CERN Courier on the applica­
tions of accelerators was Dewi M. 
Lewis of Amersham International pic, 
UK. 

Dr. Lewis was educated at the 
Physics Department, University of 
Wales, Swansea, and learnt his 
accelerator physics as Engineer-in-
Charge at the CERN Intersecting 
Storage Rings before joining industry 
in 1979 at the beginning of the boom 
for commercial cyclotrons. Having 
managed the installation of 
Amersham's second and third iso­
tope production cyclotrons in the UK, 
his industrial experience encom­
passed isotope manufacturing and 
business management in radio­
pharmaceuticals and organization of 
joint ventures. Following closure of 
several research reactors in 1990, 
his responsibilities extended to 
reactor isotope production as well as 
technology transfer with international 
laboratories. He was responsible for 
creation of the first Russian 'weapons 
to ploughshares' joint venture with 
the Radioisotope Association, Mayak 
and the Russian Atomic Energy 
Ministry. Dr. Lewis currently chairs 
the European Radiopharmaceutical 
Industry's committee on future 
reactor isotopes and is currently 
involved in the technical development 
for accelerator technology. 

Amersham International is one of 
the world's leading isotope compa­
nies, engaged in development, 
manufacturing, international sales 
and distribution of radioisotope 
products in markets for healthcare, 
research compounds and industrial 
products. Formerly part of the United 
Kingdom Atomic Energy Agency, 
Amersham was one of the first 
companies to be privatized in 1982 
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PAUL SCHERRER I N S T I T U T 

Das PSI istein nationales, multidisziplinâres Forschungszentrum. 
Fur das Projekt 'Pion-Beta Experiment' suchen wir auf vertraglicher 
Basis eine/n 

Postdoktorandin/Postdoktoranden 

(Experimentalphysik) 

Ziel dieses Projektes ist die Prâzisionsmessung der Zerfallsrate 
TI+ —» 7i° e + v e des Pions. Fur dieses Experiment wird ein neuer 
Detektor am PSI aufgebaut. 

AUFGABEN: 

• Leitung des Aufbaus und der Inbetriebnahme des Pion-Beta 
Detektors (Tr iggerelektronik, Csl-Kalor imeter , Vieldraht-
kammern) 

• Datenaufnahme und -auswertung nach Fertigstellung des 
Detektors 

Wir setzen Erfahrungen beim Aufbau von kernphysikalischen 
Detektoren sowie experimentelles Geschick voraus. 

Fur weitere Auskùnfte steht Ihnen Herr Dr. S. Ritt, 
Tel. 0041 56 99 37 28, gerne zur Verfugung. 

Ihre schriftliche Bewerbung mit den ublichen Unterlagen senden 
Sie bitte an das 

PAUL SCHERRER INSTITUT, WURENLINGEN UND VILLIGEN, 

PERSONALDIENST, KENNZIFFER 1111 A, 5232 VILLIGEN PSI, SCHWEIZ. 

UNIVERSITY OF COPENHAGEN 

Niels Bohr Institute 
for 

Astronomy, Physics and Geophysics 

ASSISTANT RESEARCH PROFESSORSHIP 

IN EXPERIMENTAL PARTICLE PHYSICS 

A position as assistant research professor (forskningsadjunkt) in 
experimental particle physics at the Niels Bohr Institute for Astronomy, 
Physics and Geophysics (NBIfAFG) will be open from January 1,1996. 
The duration is for two years with a possibility for an extention. 
The NBI group is involved at CERN in the ALEPH and DELPHI 
experiments at LEP and the future experiment ATLAS at LHC and in 
HERA-B at DESY. In addition to physics analysis the group contributes 
to the hardware and software. 
While based in Copenhagen, the chosen candidate is expected to 
work in one of the LEP experiments and one of the future experiments. 
The chosen candidate is expected to participate in the University 
teaching program at all levels. The language of undergraduate 
instruction is Danish, but English will be accepted. 
The application must include a curriculum vitae and a complete list of 
publications indicating which publications are considered most rele­
vant for this position. The publications should not be sent. 
The applicants' qualifications will be evaluated by an Evaluation 
committee, and the enitre report of the Committee will be sent to all 
applicants. The Evaluation Committee may ask for supplementary 
material. 
The position will be under the agreement between the Confederation 
of Professional Associations and the Ministry of Finance. 
Salaries are determined by seniority. For example the annual salary 
for a candidate four years after Masters' Degree is appr. 245,000 DKK 
after contributions to the pension scheme, but before tax. 
The application, written in English, must be mailed to Professor Jorn 
Dines Hansen, Niels Bohr Institute for Astronomy, Physics and 
Geophysics, Blegdamsvej 17, DK-2100 Copenhagen 0 , Denmark; tel: 
+45 35325293, fax: +45 31421016, E-mail: dines@nbi.dk, from whom 
more information can be obtained. In order to be considered, 
applications must have been received no later than August 25,1995. 

LABORATORY FOR NUCLEAR SCIENCE 

Postdoctoral Associate/ 
Research Scientist 

Experimental Accelerator Physics 

The MIT Bates Linear Accelerator Center operates a I GeV 
electron linear accelerator-recirculator system for nuclear physics 
research and has recently completed a pulse stretcher/storage ring 
for delivering high duty factor beams to internal and external target 
experiments. We are seeking applicants for a Postdoctoral Associate 
or Research Scientist position working in the accelerator physics 
group. Responsibilities include taking part in planned upgrades and 
improvements to the linac and recirculator, which will enhance 
operational efficiency.This will include working with accelerator 
operations during experimental runs, and taking an active part in the 
commissioning of the new ring. 

Requirements: a Ph.D. and experience in experimental accelerator 
physics. 

Please send a letter of application, resume, and the names of three 
references to: Prof. Stanley Kowalski, MIT Bates Linac, | 
P.O. Box 846, Middleton, M A 01949. MIT is an Equal 
Opportunity/Affirmative Action Employer and encourages applica­
tions from women and minorities.This position is located in 
Middleton, MA. MIT is a non-smoking environment 

1ASSACHUSETTS INSTITUTS OF TECHNOLOGY 

U n i v e r s i t y o f 

O x f o r d 
Univers i t y L e c t u r e r s h i p in 

Expe r imen ta l Par t i c le Phys i cs 
in assoc i a t i on w i t h C o r p u s Chr is t i Co l l ege 

Applications are invited for the above post which becomes available from 
1 January 1996. Stipend according to age on the scale £15,154 - £28,215 
per annum. The successful candidate may be offered a tutorial fellowship 
by Corpus Christi College, for which additional emotuments would be 
available. Further particulars (containing details of the duties and full 
range of emoluments and allowances attaching to both the university and 
college posts) may be obtained from the Deputy Administrator, 
Department of Physics, Nuclear & Astrophysics Laboratory, Keble Road, 
Oxford OX1.3RH, UK. 

The present experimental Particle Physics research programme includes 
the DELPHI experiment at LEP (CERN) and ZEUS experiment at HERA 
(DESY); the SOUDAN2 and MINOS experiments (USA); the Sudbury 
Neutrino Observatory project (Canada); the development of cryogenic 
detectors and the CRESST experiment (Gran Sasso) plus the development 
of the ATLAS/LHC experiment in high energy pp physics. The appointee 
would be expected to participate in some of the above programmes, or 
possibly develop new initiatives associated with other projects. 

Applications (eight copies except in the case of overseas candidates 
when only one is required) should be sent to arrive no later 
than 31 August 1995. The applications should include a curriculum 
vitae, list of publications, a statement of research interests and 
teaching experience plus the names of three referees. Referees 
should be asked to send references to Dr G Myatt, Acting Head of 
Particle and Nuclear Physics at the above address by the closing date. 

It is expected that shortlisted candidates will be interviewed in 
Oxford in October 1995. All applicants are asked to indicate an email 
address or fax or telephone number where they could be contacted 
during September 1995. 

The University exists to promote excellence in teaching and r e s e a r c h , 
and is an equal opportunities employer. 
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by the Thatcher Government and 
went on to enjoy considerable com­
mercial success. 

In the 1960s, Amersham was also 
the first company to purchase a 
cyclotron solely for commercial 
purposes, and is now the largest 
operator with seven production 
cyclotrons at sites in the UK and at 
its subsidiary, Medi+Physics in the 
USA. 

Products have been developed with 
appropriate pharmaceutical licences 
for isotope products for myocardial 
perfusion imaging (heart), cerebro­
vascular disease (stroke), pain 
palliation for prostatic cancer and for 
infection imaging. 

The Editor of the CERN Courier 
would like to thank 

- CERN Courier Advisory Com­
mittee Chairman Ted Wilson for 
suggesting the idea of a special 
issue on accelerator applications 
with a Guest Editor; 

- Dewi Lewis for such an agree­
able and educational collabora­
tion; and 

- all contributors. 

Guest Editor for this special issue was Dewi 
M. Lewis of Amersham International pic, UK. 

F A C U L T Y P O S I T I O N 
H i g h / I n t e r m e d i a t e E n e r g y P h y s i c s 

I n d i a n a U n i v e r s i t y 

The Department of Physics at Indiana University-Bloomington invites applications for a tenure-track faculty 
position at the assistant or associate professor level for an appointment to begin in Spring, 1996 or later. The 
Department has an established graduate program and is inviting applications from Ph. D. physicists to work 
with our group involved in light-quark meson spectroscopy studies and fundamental symmetry tests. 
Currently the group, consisting of senior faculty and scientists, engineers, technicians and graduate students, 
is using the Multiparticle Spectrometer at Brookhaven to search for non-qq mesons. The Indiana group was 
responsible for the design and construction of a 3000-element lead-glass detector, including the read-out, 
calibration, monitoring and triggering system for this experiment (E852). The group has also succesfully 
proposed an experiment at CEBAF to study the rare radiative decays of the 0 meson. This experiment will 
explore issues in light-quark meson structure and fundamental symmetry tests. There is also the possibility of 
extending this program to complement the physics of a 0-factory and/or to use photoproduction to search for 
exotic or hybrid mesons. Our group also places emphasis on the strong involvement of undergraduate 
students in our research program. Responsibilities include teaching, supervising graduate and undergraduate 
students in research, participation in current experiments and planning for future experiments. To apply 
please send a complete vitae (including a description of research interests, accomplishments and a list of 
publications) to Professor Alex R. Dzierba, Chair, Search Committee, Department of Physics, Indiana 
University, Bloomington, IN 47405 USA. Applications must be received by the closing date of August 31, 
1995. For more information please contact Alex Dzierba at (812)855-9421 or by e-mail (dzierba@indiana.edu), 
or consult our home page on the World Wide Web (http:/ /anthrax.physics.indiana.edu/). Indiana University 

is an Equal Opportunity/Affirmative Action Employer. 
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L A N C A S T E R 
U N I V E R S I T Y 
School of Physics and Chemistry 

Lectureship in Physics 
Appl icat ions are invited for a Lecturesh ip in Phys ics 
start ing f rom 1 March 1996. Th is is a tenure t rack 
facul ty posi t ion. 
The appl icant should have a PhD in physics and have 
r e s e a r c h i n te res t s in E x p e r i m e n t a l E l e m e n t a r y 
Part icle Physics. The Part icle Phys ics Group in Lan­
cas te r has a subs tan t ia l research p r o g r a m m e at 
C E R N and at DESY. T h e person appo in ted will be 
expec ted to be an act ive researcher and to teach at 
undergraduate and pos tgraduate levels. 
For fur ther detai ls and appl icat ion fo rms p lease c o n ­
tact Personnel Serv ices, quot ing reference no. L358, 
Bow land Col lege, Lancaster Universi ty, Lancaster 
LA1 4YT, UK. (Telephone (24 hours) : 01524 846549) . 
Appl icat ions fo rms shou ld be returned to Personnel 
Serv ices by 11 Sep tember 1995. 
Further informat ion about this post can be obta ined 
f rom P r o f T S I o a n (ema i l :TS@LAVI .LANCS.AC.UK) . 
The Universi ty of Lancaster is an equal opportuni ty 
employer. 

The Max-Planck-Institut fur Physik, 

Munchen, offers the position of an 

experimental physicist (Ph .D. ) 

with experience in high-energy particle physics 

and detector development. The applicant is ex­

pected to participate at MPI in the preparation 

of the STAR heavy-ion experiment for RHIC. 

The main activity will be the development of 

Micro Strip Gas Chambers (MSGC) to read out 

Time Projection Chambers (TPC). 

The contract will initially be limited to two years 

with the possibility of an extension. 

Applications, together with a curriculum vitae, 

a list of publications and two references, should 

be sent as soon as possible to 

Prof. N. Schmitz 

Max-Planck-Institut fur Physik 

Fôhringer Ring 6 

80805 Munchen 

Germany 

B E R Y L L I U M VACUUM BARRIERS 
Front-end Beamline Components 

Actively Cooled 
UIIV Chamber and Systems 

Windows: X-ray, Cryostat, Formed, Hemispherical 

INTERACTION CHAMBERS 
Actively Cooled, Cylindrical, Elliptical 

CRYSTALS - X - R A Y and SR 
Symmetrical, Asymmetrical, Channel Cut 

Analyzer and Sample Crystals 
Crystals for Various keV ranges - Miscut 

X - R A Y and SR INSTRUMENTATION 
Single and Double-Crystal Monochromators 

Focusing Monochromators 
Goniometers: 5-, 4-, 3-, 2-, 1-Circle 
High Precision Torsion Goniometer 

Sample Holders, Slit Systems, Diffractometers 

K-TEK International, Inc 
7000 SW Hampton, Suite 101 
Portland, Oregon 97223 USA 

Tel: 503-624-0735 Fax: 503 -624-0315 
P00143@PSILINK.COM 

BIMETALLIC 
TRANSITION JUNCTIONS 
THE T+C/CEA KNOW-HOW : 

for the assembly of different 
metals under stringent reliability 

/// 

VARIOUS APPLICATIONS 

Class 1 • Normal Cryogenics 
Class 2 • Advanced Cryogenics 
Class 3 • Space, nuclear, chemicals 

STANDARD TRANSITION O N STOCK 
QUALITY ASSURANCE 

OM/m, , -, , — «te — /*-*\ 

mmm <Mj^ s D S b ^ 
mm^m^m i 1 -jzzu DANSKSTANDARD V~JV CALL FOR DETAILS 

A. PI NET Consulting Engineer 
Phone : (33) 72.02.68.00 
Fax : (33) 72.02.68.01 

THEVENET + CLERJOUNIE 
2 2 , a v e n u e F r a n k l i n R o o s e v e l t - 6 9 5 1 7 V A U L X - E N - V E L I N (France) 

mailto:TS@LAVI.LANCS.AC.UK
mailto:P00143@PSILINK.COM


R5600 SERIES 
The smallest photomultiplier tube in the world 

(Diameter: 15mm, Length: 10mm, Weight: 4.1 g) 

Current Amplification: 3 x 10 5 (Supply Voltage 800V) 

Time Response: 0.65nsec. Pulse Linearity: 30mA 

METAL PACKAGE 
R I V I T 
PHOTOSENSOR MODULES 

Left :H5783 (cable output type) Center: H5773 (on-board type which allows 
to mount directly on a printed circuit board) Right: H5773 with fiber connector 

HAMAMATSU PHOTONICS K.K., Electron Tube Center 
314-5 , Shimokanzo, Toyooka-village, Iwata-gun, Shizuoka-ken, 438-01 Japan. T E L : 8 1 - 5 3 9 - 6 2 - 5 2 4 8 FAX:81-539-62-2205 T L X 4 2 8 9 - 6 2 5 

U.S.A. : Hamamatsu Corporation. TEL: 1-908-231-0960 FAX: 1-908-231-1218 
Germany : Hamamatsu Photonics Deutschland GmbH. TEL: 49-8152-3750 FAX: 49-8152-2658 

France : Hamamatsu Photonics France S.A.R.L. TEL: 33-(1) 49 75 56 80 FAX: 33-(1) 49 75 56 87 

United Kingdom : Hamamatsu Photonics UK Limited. TEL: 44-81-367-3560 FAX: 44-81-367-6384 
North Europe : Hamamatsu Photonics Norden AB. TEL: 46-8-703-2950 FAX: 46-8-750-5895 

Italy : Hamamatsu Photonics Italia S.R.L. TEL: 39-(02)935 81 733 FAX: 39-(02)935 81 741 
Spain : Hamamatsu Photonics Espana S.L. TEL: 34-3 699 65 53 FAX: 34-3 588 19 66 


