
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 Rontgen 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 
Rontgen'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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