
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 - dci'ii; 

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 m 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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