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COMMERCIAL ION LINACS 
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SUMMARY 

Transfer of linear accelerator (linac) 
technology utilizing the radio frequency quad- 
rupole (RFQ) structure from the national labo- 
ratories to U.S. industry has led to their 
commercial development for a variety of prac- 
tical applications. These include medical 
applications in isotope production and cancer 
therapy and industrial applications in non- 
destructive testing and ion implantation. 
This paper brfefly describes several new com- 
mercial llnacs and a proven new rf system that 
has been developed to power them. 

INTRODUCTION 

Xon linacs have been used for physics 
research since the inventioln of the drift tube 
linac by Alvarez in 1945. However, unlike 
electron linacs, ion linacs were not quickly 
adopted for commercial use. Commerclslization 
of ion linacs was restricted due to the larger 
size, and hence cost, of “conventional” 
systems, even though research Linacs at large 
laboratories were used 
tions as early as 1972. 

f20r practical applica- 
The development of 

the RFQ structure and permanent magnet focus- 
ing has now made possible the replacement of 
conventional lfnacs with lower cost, much 
simpler and more compact ays terns that are 
better suited for commercial applications. 

ION LINAC APPLICATIONS -- 

With only a few exceptions where high 
current pulsed ion beams are required, the 
practical applications of ion linacs are the 
same as for other types of ion accelerators. 
These are generally classified as either medi- 
cal or industrial. Medical applications in- 
clude the production of radioisotopes for 
nuclear medicine and the irradfation of tumors 
by direct particle bombardment or by secondary 
particle (neutrons or pions) bombardment. 
Industrtal applications Lnclude the production 
of neutrons for non-destructive testing (i.e., 
radiography or activation analysis) and iOIl 
implantation. In many of these applications, 
the advantages offered by the ion linac are 
compactness, reliability and current capacity. 

COMMERCIAL SYSTEMS 

Ion linacs are now being designed and 
fabricated for commercial applications by 
AccSys Technology, Tnc., a U.S. company estab- 
lished for this purpose. Present products 
include a 2 MeV synchrotron-injector RPQ, an 
11 MeV isotope production linac for positron 
emission tomography (PRT), and A compact deu- 
teron RFQ for neutron production. 

The 2 M e V RFQ linac (Model PL-2) 
developed at AccSys is a conventional four 
vane cavity using a new resonant structure 
geometry which al lows repeatable precision 
alignment of the vanes and resonator, while 
eliminating all but four of the rf joints in 
the cevi ty. The operating parameters arc 
given in Table T, and the segmented resonator 
9 t r II c C u r e is shown in Fig. 1. ,This system, 
capable of accelerating either H or H- ions, 

has been tested with H+ ions as the first 
stage of the 11 MeV PRT isotope production 
linac, described below, and as the injector 
for the proton therapy synchrotron being con- 
structed by Fermi National Accelerator Labora- 
tory for t e Loma Linda Medical Center in 
California. P A photograph of the !iodel FL-2 
delivered to Fermilah is shown in Fig. 2. 

Table T. Model PI.-2 RFQ Lfnac Specfffcations. 

Accelerated particle 
Operating frequency 
Input ion energy 
Final ion energy 
Acceptance (norm.) 
Current lfmit 
Final synchronous phase 
Average bore radius 
Maximum vane modulation 
Tntervane voltage 
Maximum surface gradient 
Cavity rf power (w/o beam) 
Vane length 
Total length 
RF drive loop 
System weight (approx.) 
Vacuum pump 
Beam transmission at 30 mA 
Output emittance (norm.) 

(0.04 r cm-mrad input) 
Output energy spread (90%) 
Output phase spread (90%) 

Hf (or Ii-) 
425 MHz 
30 keV 
2.0 MeV 
0.116 n cm-mrad 
63 mA 
-30 degrees 
2.61 - 1.61 mm 
2.3 
65 kV 
35 MV/m (1.75xKP) 
175 kW 
1.595 m 
1.651 m 
3 l/8” coaxial 
1000 lbs. 
8” cryopump 
>88% 
0.06 1~ cm-mrad 

<+20 keV 
<Tl5 degrees - 

Fig. 1. Segmented RFQ Resonator Assembly. 

The Model PL-2 was initially developed ac 
the injector for an 11 MeV drift tube linac 
for PET isotope production.’ The operating 
parameters for this PET lfnac system arc 
listed i 

“5 
Table II. It has been previousl] 

described and all of the subsystems have no\ 
been prototyped. The PET linac is a descen- 
dant of medical linac technology6 developed al 
T.os Alamos fn the PICMI program. The 30 ke\ 
injector, which uses a duoplasmatton ion 
source, has been proven to be compact ant 
reliable, hut the low energy beam transporl 
system, which uses a single einzel lens, i! 
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Fig. 2. Model PL-2 RFQ System. 

unable to properly match the high current beam 
into the RFQ due to aberrations. An improved 
transport system is now being designed for use 
in future high current linac applications. 

Table II. PET Linac System Specifications. 

Accelerated particle 
Operat tng frequency 
In jet tor output energy 
RFQ output energy 
Final linac energy 
Ion source output current 
Linac output current 
Beam pulse width 
Beam repetition rate 
RF pulse width 
RF peak power (w/beam) 
Total length (w/injector) 
Average structtire power 
Total input AC power 
System weight (approx.) 

H+ 
425 MHz 
30 keV 
2.0 MeV 
11.0 ?leV 
>30 mA 
25 mA 
34 iJsec 
t-120 Hz 
50-60 iisec 
925 kW 
5.36 m 
4.7 kW 
25 kVA 
3000 lbs. 

The PET system uses a standard post- 
coupled drift tube linac with permanent magnet 
quadrupole focusing. A full size model of the 
tank, first drift tube and post coupler is 
shown in Fig. 3. The drift tubes are preci- 
sion mounted a n d removable post coupler ad- 
justment tooling has been incorporated to 
allow easy tuning Of the structure. Such 
innovations have resulted In lower fabrication 
costs and greater mechanical stability. The 
drift tube geometry was designed to optimize 
the rf efficiency. The drift tube bore is 
graduated t 0 allow the use of conventional 
small bore samarium cobalt permanent magnets 
a t the Input to the linac, while making the 
bore larger at htgher energies to avoid any 
beam sptll that mLght arise from magnet mis- 
alignment. T h t? accelerating gradient, while 
conservative wf tt1 respect to demonstrated 
sparking limits, 1 s a compromise between the 
rf power requirements and accelerator length. 
The slngl+ tank is maintained at the resonant 
frequency of the RFQ linac by the use of motor 
driven slug tliners mounted into the tank wall. 
The drift tube llnac is powered by three 240 
k W r f I) y s t t’m s A nd the RFQ 1s driven by a 
single unit. The entire Iinac system is oper- 
ated by a single microprocessor control sys- 
tem, based on the design of the secondary 
statfon from thr Natlonnl Bureau of Standards 

racetrack mtcrotrnn control system. 7 This 
s y s t c m a 1 1 c,ws the cperatcir t 0 Pad 11 y i’ont I”01 
the start-up and 0 1’ i’ I- il t I. 0 il 0 f the linsc. It 
has provlsion~ for interfacing to a larger 
control system, or for the Integration of 
target and chemf stry controls. The system 
also has several operational layers, allowing 
more knowledgeable linac operators access to 
more complex data and controls, and at the 
highest level, to programming changes. 

Fig. 3. PET Linac Drift Tube Structure. 

The innovative features of the PET system 
have been incorporated in the design of a 
compact deuteron linac system, the Model DL-1. 
This linac is one of two RFQ accelerators 
designed for the U.S. Federal Aviation Admin- 
istration (FAA) as neutron source* for an air- 
port explosives detection system. The other 
desig 
ence. 

8 is also being presented at this confer- 
The pertinent operating parameters for 

the Model DL-1 are listed in Table III and a 
drawing of the prototype being funded for 
development at AccSys by the FAA is shown in 
Fig. 4. This RFQ uses the same injection 
system as the PET linac, including the einzel 
lens, since the required RFQ input current is 
only 10 mA. The segmented RFQ resonator 
structure is also used, but with a constant 
radius of curvature vane tip 60 that a ground 
cutter can be used to quickly and easily 
machine the vane tip modulations. The RPQ, as 
well as the vacuum system, will be constructed 
from aluminum to reduce the weight of the 
accelerator and the neutron acttvation. The 
rf amplifter will be a standard AccSys 60 kW 
unit. The accelerator, rf system, cooling 
system, vacuum system and injector control 
electronics will be modular units to allow 
flexibility in the use of the linac in the 
explosive detection system. 

The RFQ resonator in the Model DL-1 has 
been optimized for minimum rf pover in order 
to reduce cooling and average power tequire- 
ments. In addition to using a low vane vol- 
tage, the resonator will incorporate resonant 
dipole mode couplers, instead of vane coupling 
rings, at the ends of the cavity to stabilize 
the field distribution from dipole modes. The 
low vane voltage not only lowers the required 
rf power but also minimizes the cavity rf 
electric surface fields, resulting in a much 
more conservative operating level. This 
allows a afder range of input power for rou- 
tine operation with no sparking. 
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Table III. Model DL-1 System Specifications 

Accelerated particle 
Operatfng frequency 
Input ion energy 
Final ion energy 
Acceptance (norm.) 
Current limit 
Vinal synchranous phase 
Average bore radius 
Maximum vane modulation 
Intervane voltage 
Maximum surface gradient 
Cavity rf power (w/o beam) 
Vane length 
Total length 
RF drive loop 
System weight (approx.) 
Vacuum pumps (2) 
Design input current 
Input emfttance (norm.) 
Beam transmission at 10 mA 
Output energy spread (90%) 
Beam pulse length 
Cavity fill time 
Pulse repetition rate 
Total rf power 
RF duty factor (max-) 

d+ 
425 MHz 
25 keV 
900 keY 
0.04 scm-mrad 
2L mA 
-28.0 degrees 
1.60 mm 
2.26 
45.0 kV 
38 MV/m (1.92xKP) 
39.5 kW 
72.6 cm 
1.016 IO 
1 5/S” coaxial 
400 Ibs 
8” cryopump 
5-15 mA 
0.02 ncm-mrad 
>90% 
<+I5 kaV 
5-15 psec 
5 JJeec 
1500 Hz 
47.8 kW 
3.0% 

Fig. 4. Cross Section of Model DL-1 RPQ Llnac. 

NEW LINAC RF POWER SYSTEMS ---- 

Auxiliary subaystems are of major impor- 
tance in the operation of a complete llnac 
system. In the commercial linacs described, 
all of the aubsystems but the rf power have 
been directly transferred or scaled from large 
linac programs. After studying all of the 
available rf systems in the frequency range 
and power needed for compact commercial ion 
llnacs, AccSys made the decision to commet- 
cially develop the parallel planar triode 
system that9had been proposed and tested at 
Los Alamos. A 240 ki? version has SUCC~BB- 
fully powered both the prototype Model FL-2 
Qvn ffit the PET linac and the second Model 

PL-2 built for Fermilab. AccSys ie currently 
building 60 and 480 kW versions of the planar 
trfode amplifier. Operating parameters for the 
three systems are given in Table IV. These 
specifications are representative of the 
design flexibility available. All have gentle 
degradation, with multiple rf tubes allowing 
the larger units to be operated at reduced 
power with one or more tubes disconnected. 
The operating parameters for these systems are 
well matched in power, pulse length and duty 
factor to the commercial ion lfnacs described 
in this paper. The operating frequency can be 
designed from about 300 MHz up to above 800 
MHz, with little change in efficiency and 
output power. These amplif iera are designed 
for operation with resonant structures and 
have phase and amplitude control built in, a8 
well as fast protection circuit6 for cavity 
breakdown. In addition, all systems are 
supplied with high power phase shifters to 
allow optimum coupling of the amplifier to the 
resonant structure. 

Table IV. AccSys Planar Triode RF Amplifier 
Specifications. 

Parameter/Model 4TW60 12TW240 24TW4ao 
Frequency (MHz) 4251850 425 350 
Output power (kW) 60 240 480 
Tuning range (MHz) t20;240 +20 +20 
NO. tube stages -3 -3 

UO. tubes total 5th 17 29 
Tube efficiency 50% 50% 50% 
Bandwidth (NAz) +5/i-10 +5 c5 
Max pulse (n eec) -253 170 150 
Duty factor (X) 0.125 1.0 1.0 
Output coax (EIA) 1 518” 3 1/e- 3 l/B" 
Amplitude control (I) +O.T 4-1.0 +1.0 
Phase control (O) 70.5 TO.5 no? used 
Cooling ciosed loop deionized H20 
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