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An important aspect of pion radiotherapy is the ability to visualize 
the spatial distribution of stopping pions. The proposed experiment will 
evaluate the suitability of using sclccted y rays resulting from the  pion 
capture process for routine on-line monitoring of t h e  stopping distribution. 
The equipment to be used consists of multiwirt proportional chambers with 
electromagnetic delay line readouts. honeycomb structures to convcrt the 
y rays into charged particles, and, i n  some cases, Pb collimrtors. This 

equipment has been successfully u s e d - i n  a variety of imaging applications 
in nuclear medicine. 

. _  
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PROPOSAL 1NF'ORW.i ION 

Experimental Area: Biomed channel 

Beam Requirements: 

Particle typc:  Negative pions 

Beam quality: Standard channel t u n e  

P'rinury Beam ReQuirtmCntS: None 

Running Time Required: 

Instillation: 8 hours 

Tuncup and system checkout: 

D8ta collection: 80 hours 

16 hours 

Scheduling: All experimental apparatus available by I July 1975. 

Experiment can be scheduled as soon as convenient. 

Shielding and enclosures: 

Special service: None 

Space required: 

No spec ia l  requirements 

as available at  biorncd c h m n e l  
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I. INTRODUCTION 

An important aspect of pion radiotherapy is the ability to visualize.the 

spatial distribution of stopping pions. 

is especirlly important in view of the uncertainties associated wi:h density 

inhomogeneities within the patient. 

spatial distribution have been discussed’ and tested.” ’ 
technique; are now available which should be cvaluatcd for use in routine on- 

line monitoring of the pion stopping distribution in the LAJ4PF radiotherapy 

Monitoring the  depth distribution 

Several methods for mapping the pion 

Improved detection 

program. This monitoring should be performed throughout the patient treat- 

ment; i f  possible the technique should allow rcasonable spatial resolution 

to be obtained with 1-S% of the total dose so that an initial check of the 

distribution can be performed with subsequent modification of the beam par=- 

eters  if necessary, 

The proposed experiment involves using multiwire proportional chambers 

l?lMWpC) to detect electrons produced by y rays in two energy ranges emitted as 

a result of n- capture in tissue nuclei. 

contains y rays resulting f r o m  pion radiative capture (- 2% of the capture 

events), decay of some excited rcsidual nuclei, and decay of neutral pions 

f o m d  as a result of charge exchange. The second energy range, near 0.5 MeV, 

contains gammas resulting from the annihilation of positrons emitted by some 

of the unstable residual nuclei fDIlouing pion capture. 

ess results in two 0.S-MeV y rays emitted back-to-back. 

The first energy range, 5 to 100 MeV, 

This annihilation proc- 

11. APPARATUS 

The experiment involves using one OT more MWPC’s w i t h  electromagnetic 

ciclay linc rcaclouts to cstabIisn :hc cooruinatcs of the y rays by their 



interaction with thin lead convcrtcrs  p l aced  on the faces of the chamber. 

In order to obtain reasonable efficiencies t h e  Icsd  converters are made in 

a square honeycomb-like structure which intrcases the effective surface area 

and also permits the application of a drift field to extract the electrons 

into the active area of t h e  MWPC. These chambers and honcycomb conveflcrs 

have been used in srvcrrl physics and nuclear medicine applications. 4 r 5  n e  

y-ray dirrction is determined using a collimator or coordinate information 

from t w o  Hwpc. Using this digitized information the two dimensional projcc- 

tion of the spatial distribution of :hc stopping pions can be obtained using 

straightforward numeric81 techniques. This can be done on-line with a small 

computer; reconstruction of the stopping region using only hardware also 

appears possible. 

a linear MWPC which will provide the stopping distribution in depth ( t h i s  

relatively simple system may be sufficient for static beoms applied t o  small 

Two types of MWK will be employed in the measurements: 

deep-seatd tumors) and a rectangular MWPC with dimensions 50 x 25 cm which 

w i l l  eventually be required f o r  large volume i rrad ia t ions  rquiring bem and 

patient scanning. 

111. EXPERfMEKTAL APPROACH 

The specific experimental approaches to be evaluated include: 

1. Detection of y rays in the 5-100 MeV range using one MWPC and a 

lead colSimtor-converter system to define the y direction. 

2. Detection of y rays in the 50-140 MeV range using a honeycomb 

converter and two MWPC’s to define the y direction. 

3. Detection of the two 0 . 5  MeV y rays from positron annihilation in 

coincidence using two MWPC-honeycomb convcr tc r  combinations 1oc.i tcd on 

O ~ Q O S Z Z C  sidcs of thc  stopping vr11umc. 

4. nctection of onc 0 . 5  McV -f ray us in^ one. !+IY-honcy~ wnh L ~ ) i i v ~ f t ~ r  

+ .  .... 
Q ”  I -J2 2nd a Pb collimator t o  d c f i n c  * h v  Jlrection. 
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me y's de tec t ed  i n  1) and 2 )  o r i g i n a t e  from a v a r i e t y  of proccsscs. I t  

is likely t h a t  the background can be reduced and s p a t i a l  r e s o l u t i o n  increased 

i f  a low energy cu to f f  f o r  the.y's is established. 

d e t e c t i o n  of the conversion e l e c t r o n s ,  af ter  their  t r a v e r s a l  of t h e  MWPC and 

an A 1  absorber, i n  s c i n t i l l a t o r s .  Using a s c i n t i l l a t o r  - MWC coincidence,  

one can vary t h e  cutoff energy of t h e  e l ec t rons .  and thus  t h e  c u t o f f  energy 

of the Y xayt, by changing the th ickness  of the A 1  absorber .  

This will be done by 

For methods 3) and 4) it is p o s s i b l e  t o  decrease t h e  background of charged 

particles by gat ing  the d e t e c t o r s  and counting only dur ing  t h e  o f f  periods of 

t h e  beup c y c l e  ( s ince  the unstable nuc1ci have lifetimes ranging from a few 

msec t o  20 minutes) .  

time l a g  i n  response i f  the beam c h a r a c t e r i s t i c s  should change during the 

irtadirtion. 

by other monitor ing systems i n  t h e  biomedical channel. 

These methods have the p o t e n t i a l  disadvantage of a long 

However, unplanned changes a r e  expected t o  be r a p i d l y  de tec ted  

IV. SENSITIVITY ESTIMATES AND BEAM REQUIREMEhTS 

Using mailable apparafus, placed  about 40 cm from the s topping  volume 

it is estimated tha t  t h e  count r a t e  p e r  stopped pion w i l l  range from 3 x 

to 5 x 10'' for the nethods descr ibed  above. 

the use of converters th in  enough (40  urn) t o  permit a t h e o r e t i c a l  s p a t i a l  

These estimates are  based on 

r e s o l u t i o n  of S 1 cm. 

t h e r a p e u t i c 8 l l y  useful beam of about - 10 pions sec-l which would r e s u l t  

i n  at  least 30 counts per second. 

t h e  spatial  r e s o l u t i o n  of each of t he  var ious  approaches should be obtained 

i n  several hours of beam time. 

t h e  effects of d i f f e r e n t  A 1  absorbers  i n  aethods I and 2 .  

A t  10 uA proton  cu r ren t  t h e  biomed channel d e l i v e r s  a 

7 

S u f f i c i e n t  recorded events  t o  determine 

About three s h i f t s  w i 1 1  be requi red  to asses s  

Setup cimc and 

systern checkout is es t imated  t o  require t x o  shifts 

00133381 006 



V.  TIME SCHEDULE 

All necessary equipment u i l l  be available by July 1975. Since a 

practical visualization system' for routine K S C  i n  the W P F  radiotherapy 

pt0gm.m would be highly desirable by January 1976 it it important to per- 

form the preliminary experimcnts for defining the most appropriate techniques 

as soon IS possible after experimental bcam it available. 

V I .  REUTEb U P F  PROPOSALS 

Expedmmts #8S and e196 also involve evaluating visualization methods 

with WWPC't. 

of  honeycomb converters which have proved to bo very effective i n  other 

app 1 icrt ions. 

Heuever, neither experiment involves the use of collimators 
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L. KauZhun, V. Percz-Mendcz, U C P I ~ ~ ~ O O : ,  i iuc.  I n s t .  dr Nethods 2, 105 
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-. On the Use of -0u. Semi-Conductors in Partic> Rtccton with High 

Spatial  Resolution Over a Large Area, Victor Perez-Mendez, mu>-3319 (Feb. 
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September 196% 
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