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Dr. I. W. Armrtrong 
Neutron Phyaica Divbion 
OTNL 
Oak Ridge, Tennc8arc 37830 

Dear Tony: 

I've outlfrred below three addi t ional  cares of pion8 incident 
on t i r suc  f o r  geomatriea In which H. Kligerman is interested.  

The f i r s t ,  ahown i n  Pig. 1, io the case of an i n f i n i t e  s l a b  of 
bone 4-g/cm2-thick imbedded i n  a o f t  t i r a u e  such t h a t  the top surface 
of the bone is 1 cm below the  r o f t  t i r r u e  rurface. 
hole of radium r i r  placed through the  bone and i s  centered on the 
U r i 8  of the cy l ind r i ca l  geometry 86 defined f o r  the problem. 
pion energy I8 53 MeV (Range in t i e o u t  = 10 g/cm2) and the beam l e  
cy l ind r i ca l  with rome radius R much that R > r. Two question8 would 
be answered by t h i a  calculation. For those pions incident w e l l  out- 
a ide the  edge of the  hole, we can compare the cha rac t e r i s t i c8  of the 
energy deposit ion with t h e  rame cha rac t e r i a t i c r  as shown i n  your 
recent progres. report  f o r  the care of only 2 g/cm2 of bone. Secondly, 
t h i a  ca l cu la t ion  would i l l u r t r a t e  the dose d i s t r ibu t ion  In 'the v i c in i ty  
of a bone edge. 
the two prcvfour 53-MeV cases that you did and gain a feel ing f o r  vhat 

estimate the  c f f e c t r  of s ca t t e r ing  i n t o  and out of the  bone edge and 
that a de ta i l ed  calculat ion i s  In order. 
t he  computing t h e  necescary t o  do thiB c86e with good s t a t l e t i c a .  
The computing time might i n  f a c t  be prohibi t ive but f o r  our purposes 
we f e e l  that thla  case r a n b  at  the top. 

A cy l ind r i ca l  

The 

I 

It can be argued that one can in t e rpo la t e  between 

happens near the bone edge. I am concerned t h a t  we cannot accurately t 

You expressed concern about 

I For thla  reason we hope tha t  
you w i l l  give i t  rer ious thought. I 

I 
A few more words about t h e  geometry of the  problem. Since the 

tms def l ec t ion  a t  the end of the range due t o  multiple s ca t t e r ing  is 
approxlmately 0.6 ca f o r  the case of a l l  s o f t  t i s sue ,  I t h i n k t h a t t h e  
hole radiue should be two or three times th i e  I f  we are t o  expect the 
dose d i s t r ibu t ion  near the center  of the hole t o  be e s s e n t i a l l y  the  
same as f o r  the came of ao f t  t i s r u e  alone. By 8 similar argument the 
beam radius R should be two or three tines 0.6 cm larger  than the hole 
radius  r. For ease i n  in t e rp re t ing  the data i t  might be advisable t o  
u k e  t he  t o t a l  beam f l u x  the  same f o r  u c h  Increment of radius,  i . e . ,  
t he  beam in t ens i ty  should be lnverrelg proportional t o  the radiur 
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The recond case conceraa the  mimulation of i r r a d i a t i o n  through 
lung* 
the  voltme of lung tiooue. 
53 MeV would be an appropriate energy. 

T h i ~  vould involva positioning the  rtopping rcuion j u s t  beyond 
Again Figure 2 i l l u t r a t u  the  geometry. 

Final ly ,  we a r e  intareaced i n  w h a t  i f f e c t  an a i r  cavi ty  would 
A have on the depth dore Character is t ic8 of 8 mooenergetic beam. 

suggested geometry f o r  t h i s  case l a  ahown in Fig. 3 .  
t i on  i e  aimilar to tha t  for the lung geometry. 

ThL8 configura- 

It would be surpr i s ing  t o  f ind anything unusual fo r  the 3as t  two 
cas-. I would guess that, am wad i l l u e t t a t e d  by your o r ig ina l  bone 
ca lcu la t ion ,  the d i s t r ibu t ion  of cnersy deposition would depend only 
on the  depth In g/cm*. Since you polnted out  that there might be some 
change i n  rurvival probabi l i ty  d i s t r ibu t ions  when a bone s l ab  is present 
i t  would be i n t e re s t ing  t o  aee i f  such e f f e c t s  appear when lung o r  air 
cavi t ien  are present. 

Radial distribution. away from thebeam axir ar:. a l s o  of interart 
BO t h a t  we can ace i f  there  are s igni f fcant  change8 when bone, lung, 
or air is introduced i n t o  the  seamt ry .  

I think our des i r e s  for  addi t iona l  calculat lona are f a l r l y  
completely deocribed i n  t h i s  l e t t e r .  
me call. 

If  you have m y  queetionr give 

I'm r t i l l  try- t o  arrange a t i m e  when n i g 8 N n  could t a l k  
with you. I w i l l  keep you informed of any developmentr. 

S incercly,  

LLIL 
RICHARD msola 

mi : p8t 
A t t a c b n t s :  Figurar 1-3 
cc: Mail and Ihcordr, w/o 

MP-Do, wlo 
Re Hutson, MP-3, w/ 
Fi l e ,  w/ 
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