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Summary 

Accelerators and accelerator technology has rapid- 
ly expanded into Kedicine and Industry. The 2500 accel- 
erators in the USA, which represent about 2/3 the 
worldwide census of accelerators are primarily devoted 
to practical applications, although the major impact 
on technology has been produced by a relatively few 
excellent facilities. Approximately 80% of the current 
accelerators in the USA are found to be in medical and 
industrial use representing a capital investment by 
industry of $200,000,000. 

Of greater importance is their impact on the 
treatment of cancer, and the improvement or creation 
of better products for industrial and consumer use. 

The development of new accelerators and techniques 
are required in order to insure continuing benefits to 
the public. 

Introduction 

The ultimate use of an ion or particle depends 
to a great extent on the energy, mass, and charge 
state of the particle. The usefulness depends largely 
on the intensity, energy resolution, control, and 
stability of the beam produced. 

The progression of devices to accelerate ions, in 
order to satisfy man's insatiable curiosity about the 
nature of matter, 1 started with Crookes, Thompson, and 
others. Coolidge's development of the x-ray tube in 
1921 signaled the beginning of a multi-hundred million 
dollar industry which would provide untold benefits to 
mankind. 

The remarkable decade of the 1930's provided the 
scientific genius and experimental development of 
accelerators. Corkroft-Walton and their d-c acceler- 
dtor, Lawrence2 and the cyclotron, the electron linear 
accelerators, the positive ion linear accelerator by 
Alvarez, ';;an de Graaff, and the electrostatic accel- 
erator provided the basic instruments necessary to 
open the doors into new worlds of discovery. The in- 
tellectual pursuit of the knowlcdgc of the structure 
13f the nucleus, nature of matter, and origin of the 
Universe now was possijle. 

The nuclear age was born during the second world 
ccnflict. Early in the 1950's, a concentrated effort 
(>n the pe,lc<eful uses of atomic energy, unnoticed by 
the public, brought Forth new research, development, 
,ind ir.dur;tries devoted to providing social and eco- 
nonic benefits through the use of particle accelerators. 

Accelerator Census ~-____- 

A recent survey GE accelerator manufacturers and 
users lens been nccomplished in order to determine the 
C~pplicntion of accelerators and their impact on tech- 
nology. 

Industry estimates indicate tiat accelerators and 
accelerator technology have continued their rapid ex- 
pansion into industry. A survey by E. A. Burril13in 
1968 indicated approximately 1,083 accelerators in the 
United States. In Figure 1 is shown the current esti- 
mated census of accelerators in the United States as of 
1972. These accelerators represent approximately 2/3 
of the world's population and does not include acceler- 
ators phased out due to age and obsolescence. 

The largest increase in low energy accelerators 
in industry is due to the inclusion in this survey of 
electron beam welding devices, however, the rapid ex- 
pansion of accelerators in petroleum exploration and 
increased activity in ion implantation contribute sig- 
nificantly to the low energy region. A large increase 
is noted in accelerators in the range of 3 to 10 MeV 
and is primarily due to the increase in medical radio- 
therapy units and electron processing accelerators for 
industry. The total number of accelerators estimated 
to currently be in use is 2,599 which represents a 
capital investment by industry of approximately 200 
million dollars. If productivity is assumed to be 10 
times the capital investment, one may conclude that the 
accumulative associated gross national product is in 
excess of 2 billion dollars. 
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Accelerator Applications 

The large number of applications in which accel- 
erators and accelerator technology may be used indi- 
cates their extreme versatility. Figure 2 shows 7 
representative number of accelerator applications: but 
is not inclusive of all applications since new tech- 
niques and processes are being discovered at a rapid 
rate. 

In particular, this preliminary survey indicates 
the most vivid impact of accelerators on tech- 

-‘:y has been in the areas of geophysics and in 
. icular, petroleum exploration, radiation processing 

for the improvement or production of materials, elec- 
tron beam xelding of refractory metals, ion implanta- 
tion for the production of semiconductors and high 
energy radiation therapy for the treatment of cancer. 

The average time in for a newly discovered tech- 
nique to move into industry and become a viable ana- 
iytical tool is approximately eight years, and to be- 
come a standard production tool in industry is approx- 
imately fifteen years. Therefore, many of the accel- 
erator applications which are now new and unique will 
in time find their way into routine industrial and 
medical applications and provide a greater impact on 
technology. In particular, air and water pollution 
analysis as conducted by the observation of x-rays 
stimulated by charged particle excitation or proton 
rlicrobrams for scanning x-ray analysis or for micro- 
surgery or even the recent observation of the Lymann 
series from highly excited oxygen atoms and specifically 
the advances in ion implantation and ion channeling, 
may eventually create completely new processes in semi- 
conductor production. 
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Impact on Techno* 

Certain areas are striking examples of the inpact 
of accelerators on technology and have produced a sig- 
nificant economic and social impact. 

Geophysics and Petroleum Exploration 

The recent energy crisis has created the need for 
newer and more reliable methods of exploration for 
petroleum and other energy resources. Within the last 
few years accelerator technology involving pulsed beams 
to produce neutron burst and the studies related to 
shielding and reactor design involving neutron thermsl- 
ization time has r$pidly moved into the area of explor- 
ation of petroleum. The physics application is using 
an accelerator in a borehole in order to locate the 
exact strata containing petroleum through a study of 
thermalization time. Short bursts of neutrons are pro- 
duced which immediately move out into a heterogeneous 
strata containing salt water, fresh water, or petroleum 
and are rapidly thermalized, and after diffusion are 
detected at the borehole. Figure 3 shows the observed 
die away curve. The observation of the die away time 
at various intervals gives a clear indication between 
fresh water, salt water, and hydrocarbons as shown in 
Figure 4. It is currently estimated that approximately 
175 such accelerators are in use and are constructed 

6 into logging tools for use in petroleum exploration. 
Although neutron-gamma logging has long been known and 
utilized in geophysical exploration, the die away tech- 
nique due to accelerator technology has completely 
revolutionized the field of exploration. 

The cost of logging a well may be of the order of 
several dollars per foot and the well may be of the 
order of 5 to 10 thousand feet and several thousand 
logs are made annually. The economic impact is immedi- 
ately obvious and in excess of 100 million dollars annu- 
ally. Readily discerning the differences between water 
and hydrocarbons greatly increases the reliability of 
petroleum discovery. 
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Fig. 4. Neutron tig of Borehole 

Radiation Processing 

Radiation processing using electron beams or high 
energy radiation produced by electron accelerators for 
the purpose of cross-linking plastics, radiation ster- 
ilization, and changing the physical properties of 
plastics is a direct result of accelerator technology. 
Industry estimates approximately 60 accelerators are 
providing electron beams for material processing7as 
schematically shown in Figure 5. Although this repre- 
sents only a 50% increase in the number of accelerators 
the power specifications of recent accelerators have 
increased such that approximately a thousand kilowatts 
cf radiation processing power is currently in use, and 
produces 140 million dollars of radiation processed 
products. 

Industry anticipates that accelerator technology 
applied to this area will ccntinue to accelerate as 
products such as heat shrinkable plastic, radiation 
polywrized paints, high temperature plastics, and 
"Permapress" clothing enjoy greater and greater market 
,1ccrptnnce. 

Electron Bedin iielding 

The current survey has included electron beam 
welding accelerators in the energy region of 30 keV 
to 300 key,'. Electron beam welding may be considered 
a direct spinout of nuclear and space physics. Indus- 
try t,stimates there are approximately 1000 electron8 
bran weldin,: units with an average welding capacity of 
80 kilcwatts and costing between 30 thousand and 100 
thousand dollars. Electron beam vclding is primarily 
center?d in ttii' refractory inetdl industry .ind permits 
tte welding L>f titanium, zirconiun:, zircalloy, molyb- 
ii L' 1, ul3 , nnd tungsten in a vacuum or inert gas atmosphere 
,iieir primary use is in welding nuclear flip1 rod, jet 
encinc ca:nponents, :ind rocket !1~3zzles. Industry anti- 
cip‘lites this process will mow into the steel and auts- 
rlotivc: n?,l rke t . 
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Pig. 5. Schematic cf Radiation Processing Accelerat,or 

Ion Implantation 

Accelerators combined with new and improved ion 
sources have rapidly penetrated the ion implantation 
market for the production of semiconductors. In 1968, 
there were approximately eight accelerators involved 
in ion implantation on an experimental basis. At the 
end of 1972, industry estimated in excess of 100 accel- 
erators as shown in Figure 6 as being employed in ion 
implantation of boron, phosphorous, or arsenic for the 
production of semiconductoQr diodes, solar cells, FET 
switches, and MOS devices. Improved ion sources com- 
bined with masking techniques to produce YOS, MOS-LSI 
chips is projected to be the most frequent use of 
accelerators in ion implantation techniques. Total 
semiconductor production by this technique is not avail- 
able, but reportedly one user produced 500,000 devices. 
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Radiation Therapy 

Pi-g. T. Si2e Coupled Cavity Linear Accelerator 
Electron Prototype of ,800 MeV Protron 
Accelerator 

71; - 
L-F. ,-. Xr-dicH: Linenr Acceleratfir 

The most dramatic advance in accelerator utilixa- 
tion has been in the area of super high valEage x-ray 
radiation therapy in the treatment cf cancer. In rhe 
late 1960's the develcpment sf d side coupled cavity 10 
electron linear accelerator, as shown in Figure 7, at 
Los Alamos accelerated the development of electron and 
x-ray radiation medical therapy accelyfatars. The 
electron linear accelerator or CLINAC increased from 
79 units in 1968 to 193 units in 1972. A ;Ypical unit 
is shown in Figure 5 and is capable of 360 rotation 
about the patient. It is estimated that over a million 
people will have detected cancer in 1973 and 50% will 
undergo some form of chemotherapy plus radiation thera- 
PY* These radiation treatments will entail souse 5 
million individual irradiations at an estimated total 
annual cost of 500 million dollars. Hare impressive 
is the fact that combined radiation therapy and chemo- 
therapy can more than double the five year life expec- 
tancy for persons with certain types of cancer. The 
increased productivity due to doubling the five-year 
life expectancy of this group of people is difficult 
to estimate but is possibly in the tens of billions of 
dollars. 

Conclusion 

Accelerator technology definitely has had impact 
both economically and socially and can so be demon- 
strated. New developments in accelerator technology 
and instrumentation is bound to have a continuing im- 
pact on technology as directly related to the intellec- 
tual social and economic benefit of nankind. 
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