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DIGITAL BEAM PROFILE AND ENERGY RANGE CONTROLLER TO ELIMINATE EDGE 
EFFECTS WITHOUT REQUIRING SPECIAL TABLE MOTION 

Based on co l lect fve discussfons, a more de f l n l t i ve  descrfpt ion o f  
the beam p r o f l l e  and energy range control system can now be made. The 
mort a t t rac t i ve  system appears t o  require the d l g i t a l  actuator descrlbed 
In Ref. 1 but I n  a modified form a's suggested by the fol lowing consld- 
era ti ons . 
Enerqy Range Control ler: lo achieve uniform dose i n  a volume o f  tissue, 
the energy o f  the beam, ex ressed i n  terms o f  depth o f  the 8ragg Peak, 

(Ref. 2). This condit?on applies i f  the Bragg Peak Is not at tewated 
wi th  depth and i s  very t h i n  so that  the dose d i s t r i bu t i on  Is as shown 
as curve (a). 

as a funct ion o f  time shou ?l d f o l l o w  the sweep shape shown i n  FIg.  

The undesired dose i s  given by the plateau reglon o f  the 
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Fig. 1. 

and the step slze A Is a function o f  the peak t o  plateau 
< 
e 

2 
E Since the Bragg Peak width Increases wlth depth, an "edge-affect" 

due t o  ve r t l ca l  osc i l l a t i on  appears (Ref. 3) which becomes large a t  the '4 

t 

b , causing the a f fec t  shown by curve (b). Due t o  peak attenua- 
epth, an addit ional non-uniformfty shows up as curve (c). 

An addi t ional  consideration i s  the undesired dose region which actual ly  has 
the RBE character is t ic  shown as curve ( d )  and which may be decreased i n  
a given volume of healthy t issue by treatSng f r o m  several direct ions. 
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An' effective way of minimizing the "edge-effect" is  to control energy 
(depth) i n  a quasi-stepwise manner shown in Fig. 2, To account for 
the peak attenuation, a combfnatlon of  the high R and low R (peak t o  
plateau r a t fo )  curves given in Ref. 2 should be used establish the 
base curve. 

TIME 

Fig. 2. 

How can this be done? A simple method i s  to use graduated poly- 
ethylene (or equivalent material) slabs as shown i n  Fig. 3, where the 
graduation I s  deternined by an approximation to the manner i n  which the 
Bragg Peak varies with depth. To change the depth of  the peak, the 
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Fig. 3. 
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appropriate number o f  slabs are auickly inserted or  extracted by power- 
f u l  hydraulic actuators so t h a t  the peak effectively follows the time 
response of F i g .  2. For example, i f  the peak is 2-cm w4de a t  the deep- 
est  par t  o f  the tumor, then enough o f  the 1/2=cn- and 1-cm-group slabs 
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TO : R. A. Janeron -3- October 26, 1972 

I arc' rcmoved t o  place the distal (far) side of the peak a t  the very base 
of  the volunc which corresponds t o  time t o  of  Fig. 2. The peak remains 
there for period At, which  fs determined by the optinlzed sweep curve, 
The process contjnues w i t h  diminishing step sizes dawn to 1/2 cm as 
shown i n  Fig, 4. 'This  automatically follows the var ia t ion in Bragg 
Peak width with depth. 

Fig. 4. 

Obvlously any conbination o f  step sizes of 1/2-m granular i ty  
can be comnanded to cover volumes o f  any size from the surface down 
t o  25 an. The l/2-cm width i s  considered the minimum deflnable prac- 
tical wid th  o f  the Bragg Peak. T h i s  method should ideally eliminate 
the "edge-effect" due t o  vertical oscillatlon while a properly chosen 
base curve for sweeplngthe energy should reduce the effect o f  peak 
a t tenua t 1 on. . 

All o f  this occurs during a slngle sweep o f  energy range, o r  
several sweeps could be made if this is more desirable. In t l ther  case 
the table on which the patient l ies  or s i t s  would be stationary so t h a t  
a 1.5 cm or so vertical s l ice  o f  tumor equal t o  the width o f  the beam 
i n  the direction o f  table motion is treated as shown i n  Fig. 5. 

The table i s  then incremented *I 1.5 cm i n  the + x-dfrection t o  
place the treatment volumes edge t o  edge. This will reduce or essenti- 
ally eliminated the "edge-effect" due t o  patient motion since each tumor 
sectional volume is equally treated. 

Beam Profile Control: ,As the depth o f  the peak varies i n  Fig. 5, the 
treatment length a - a , which i s  defined a t  the Y-position o f  the 
Bragg Peak, also varies. The beam can be collimated i n  length by absorb- 
ers inserted in the x-direction as shown I n  Fig. 5. Choice o f  absorber 
motion parallel t o  table motion i s  based on the desire t o  protect regions 
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TO : R. A. O m s o n  -6 - October 26 , 1972 

wlthin  the tunor fron damage as shown by the single absorber inserted 
Into the bean length. Obviously, while a l l  tissue above the protected 
area can be treated by this method, regions below are untreated w i t h  the 
slabs inserted. Possibly protection from the peak might  be sufficient 
for h igh  R radiation SO t h a t  the dose from the plateau could be toler- 
ated. Y-direction might be 
a rolutfon. Flg. 5 ppin ts  ou t  an addi t ional  "edge-effect" due t o  t m r  
shape a t  points  a - a which cannot be eliminated with greater precision 
than the minimum s lab  thickness, presently 1/2 cm. Compared to  the 
other assumptions inherent in deep-seated therapy of this type, this 
effect I s  small. 

If not, then treatment from the negative 

f t a l  Actuator: A sketch of the hardware required I s  shown I n  more 
etail i n  Fig. 6'. The relative orientation i s  a s  prescribed i n  Ref. 4 

I believe the package as which Indicates an  available space o f  32 cm. 
deocrlbcd wlll easily f i t  i n  thSs depth. 

wfder than  i n  the tumor due t o  an  approximately 70-mr divergence, the 
stroke befng allowed for the slabs and the collimators is 3 t n .  A 
hydraulic cylinder of adequate capacity with a b u i l t  i n  solenold t o  
provide this stroke i s  over 9-in. long. Allowing 6 i n .  for movement 
of the slabs and 9 i n .  for the cylinders, the length o f  the package i n  
the x-direction will be about 18 in. External connections will be 
hydraulic fluid, alr or  o i l ,  t o  a manifold and leads to  the cylinder 
solenoids. If the collimating s labs  are 1/2-cm thick and the beam 15- 
cm long, 20 cylinders are re uired to actuate them. 

45 or  50 cylinders. This poses packaging problems b u t  good design can 
solve them. 
so I s  ideal from the controls p o i n t  o f  view. 

The concept described above is  presently being prototvped f n  
modei form and a number o f  hydraulfc cylinders w i t h  3-in, strokes are 
on order. They can be operated w i t h  a i r  or o i l .  T h i s  way we can 
estimate noise levels and choose the mode which i s  mast CA. 

Since the beam a t  the position of the plastic slabs i s  quite a b i t  

If another 15 or 

The array size i s  elementary for the computer t o  control 

so plastic slabs are require 9 for range control, we have an array of 

Dm1 LyL 
Don Liska 

DL :md j 

cc: Dfstribution* 
MP-9, File 

References: 1. 0. J. Liska and J.  D. Wallace, "Bicnned Pion Energy 
Control Actuators" Los Alamos Scientific Laboratory, unpublished re- 
port , September 1 , 1972. 
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2. Don Llska, nDetennination o f  the Optimum Shape of Sweep 
Curve for the Eiomcd Energy Absorber t o  give Unlfonn Dose with 
Depth", Los Alamos Sc ien t i f i c  Laboratory, unpublfshed report, 
October 12, 1972, 

3. Erfc Rogers, "A Suggested Plan for Treatment w i th  the 
LAMPF Negative Pion Beam", Los Alamos Scfent i f lc  Laboratory, 
unpublished report, October 18, 1972. 

4. Arvid S. Lundy, "Space Considerations a t  the End of the 
Biomedical Channel", Los Alamos Scient i f ic  Laboratory, unpublish- 
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