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PHYSICAL PROPEHTUX of the PION DOSE DISTRl6U?ION 
and 

BEHAVIOUR of the BEAM in TISSUES 
Chaim Richman 

Objective: The purpore of there experiment8 is the following: 1) To determine I 

the fractionr of electron and muon contaminations of the therapeutic pion beam. 
I 

2) To determine the high LET dore in the plateau region of the beam. 

termine the dirtribution of the rtar dore in the peak region. 

attenuation of the beam in bone, muscle and fat. 

the beam around tirrue inhomogeneitier. 

ing of the beam. 

Background: 

a re  uaed to produce pion heamr, muon and electron fractionr are alro produced. 

There can be amall or large, depending on the geometry and magnetic para- 

meterr of the beam line. 

3) To de- 

4) TO rtudy the 

5) To rtudy the behaviour of 
! 

6 )  To rtudy collimation and field rhap- 

Experiment0 for the part ten yearr have rhawn that when protons 

The pion har one-sixth the maor of the proton and interact8 strongly, 

both in flight and when it comer to rert. The phyrical product, of there inter- 

actions determine eventually the biological responrer of different t isruer,  and 

the scattering determiner the behaviour of entire beams. 

Mtthodr of Procedure: The lithium-drifted iemiconductor detector ir a small 

probe which ir well known to faithfully (linearly) rerpond to energier dtporited 

by charged particles. Uring the electronic module, which are available for the 

handling of logic and linear pulrer, the ryrtem can be ured to map a radiation 

field and to determine the high and low LET componentr of the field, 

tem will be ured in different phantoqr and with different configuration8 to lay 

the phyrical groundwork for therapy. 

Significance: In preparation for both the radiobiological rtudier and the thcra- 

peutic urer of pionr, it ir not rufficient to meaaure the total dore with ionication 

chambers. One murt know the detailed physical component8 of the beam: The 

fractionr of low and high LET components produced by the contarninantr, the 

ohr t ic  and reaction rcattorinp of pionr in tirruer, and finally tho nature of the 

#tar product.. There phenomena wil l  be romewhat different in different tirruer 

8nd murt be fully underrtood before therapy can begin. 

! 

This ryr-  
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SITE VISIT PRESENTATION 
CELL BIOLOGY - PERSPECTIVE 

I w i l l  give a br ie f  summery on the work tha t  vat3 done on pion radiobiology 
and out l ine  some of the  charac te r ie t ics  of pion beams tha t  neccasi ta te  extensive 
prethcrapeutic pion radiobiology. 

dorc di r t r ibu t ion .  The beam had a contamination of 25% electrons and 10% p-. 
Tables 1 8 n d  If show the  r e s u l t s  of RBE and OER. The dose rate was about 0.5 

r a d h i n .  Besides these 

Radiobiology of pions a t  Berkeley was done mostly a t  the peak of depth- 

Hence some of these reeul te  are dose r a t e  dependent. 
. r e s u l t s  being dose rate dependent, these numbers will not qu i te  be the  eame for  

therapeut ical ly  useful  beam6 but these r e s u l t s  cer ta in ly  give some idea of w h a t  

t o  expect f o r  therapeutic beams. 

L e t  u s  conrider 8 therapeutic s i tua t ion  ouch as a treatment volume of 
thickness 10 EIP. 

about 3 h V / y  at  the  Region 2. 

8re expected In  the  intervening normal t i s sue  Region 1 - 2.  

the  recent  calculat ions by Armstrong et  a l .  from Oak Ridge National Laboratory 
Indicate  that a s igni f icant  f r ac t ion  of dose is deposited by nuclear interact ions 
In the  Region 1 - 2 and par t  of t h i s  dose is due t o  high LET. 
mearurementr 80 f a t  did not Indicate  any signif icant  increase i n  biological  
e f f e c t s  but t h i s  has t o  be careful ly  looked into.  

The LET in the  Region 1 is  about 0.3 keV/u and Increases t o  

Hence no s igni f icant  changes i n  biological  e f f ec t s  
However, some of 

QER ~ d i o b i o l o g i c a l  

The dose due t o  stare incrcaees 8s we go from Position 3 - 5, Our previous 

RBE measurements correapond roughly t o  Posit ion 5 and hence they are upper l i m i t s .  

When two opposed f i e l d r  are-used the var ia t ion i n  biological  e f f e c t s  such as I n  
RBE and OER ge t s  reduced 8nd nearly the same as i n  Posit ion 4. 

RBE decreases considerably and OER increases s l i g h t l y  w i t h  Increasing 
width of the  peak becaure with increasing width, the dose f rac t ion  due to  s t a r s  

ge ts  reduced. 
expacted t o  dtpcnd upon the depth a t  which these peaks a r e  located. 

Thia I s  i l l u s t r a t e d  i n  the figure.  The biological e f f ec t s  a r e  not 

The next r l i d e  i l l u e t r a t e s  schematically what t o  expect when biological  
8ymtemo are exposed a t  peaks of d i f fe ren t  widths t o  multiple doses. -. 

Hence, radiobiological measurements w i t h  d i f fe ren t  eyrtem8 have t o  be 
repeated for d i f f e ran t  peak vidtha corresponding t o  d i f fe ren t  thicknesses of 
treatmtnt volumes f o r  s ing le  and fractionated doeea. 

peut ic  r8diobiology I 8  =re Involved than even f a s t  neutrons. 

Thus fo r  pions prethera- 
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SITE VISIT PRT,SENTATION 

The W- beam vi11 be monitored by uring para l l e l  p l a t e  ionization chamberm. 
The abr0rb.d dore in the region of i n t e r e r t  w i l l  be measured by uring a t i rsue-  
rquivalmnt foni ta t ion  chamber 

The comporition of t i r r u e  equivalent plartic i r  not very c r i t i c a l  a t  the  

p b t u u  ?OgiOn a8 AD the  care for other charged pa r t i c l e r  ruch aa electron. and 
protonr, s ince  the  ionization i n  that region i r  mainly due t o  d i r ec t  ionization 
in tha  gas ra ther  than the contribution from the  w a l l .  
stopping region the  p l a s t i c  comporition i r  important 8nd the dosimetry problems 
in the  region are rfmilar t o  t h a t  of f a a t  neutrons becau8c the If star component8 
a r e  q u i t e  # h i l a r  t o  that of coqonentr  a r i a i ag  out of f a r t  neutron interact ion.  
It i a  not poaaible to have the  ume amount of oxygen i n  any plastic material  a s '  

there  18 in t i r rue .  
oxygen. Fortunately for  lr meronr, the r t a r  component8 .ad t h e i r  energy d i r t r i -  
butionr are quftc  rimilar in carbon, nitrogen 8nd oxygen. 

e d d  war w a d  by the late Dr. Shonka t o  experiment v i t h  piona, ) y  taking pion inter-  
action6 i n t o  conridcratiou, Th i s  p l a r t i c  contains lem oxygen and more nitrogen 
than ICRU muacle. To aee i f  there  w i l l  be r lgn i f icant  var ia t ions in depth-dore 
d i r t r i b u t i o a  of lr meaon6, depending on t h e  type of p l a s t i c  used a8 a material  
fo r  an ionir8t ion chamber, depth-dore diotr ibut ion8 were measured a t  Berkeley 
by uring thlmble-type ion chaaberr made out of TE 150 plastic which is  tissue- 
equivalent fo r  neutronr and the  rpecial  p l a s t i c  that is made. 

differences in depthdore  d i r t r i bu t ion r  were found. 
ment carefu l ly  a t  LMPP and if these r e s u l t s  are confirmed again, we w i l l  use  
wrc le -equiva lmt  p l a s t i c  (A 190) material f o r  ionization chambers (for neutrons). 

iiowever, in the pion 

Hence, elemerita ouch a r  carbon have t o  be rubrt i tuted for 

A npeci.1 plart ic 

No s igni f icant  
We will  repeat t h i s  experi- 

It would be more convenient if we could use a i r  in the  ionization chambers 
rather than t l r r u e ~ q u i v a l e n t  gar. 

ber. 
mururad with chamber8 f i l l e d  with a i r  and with ti6rue-equivaleat gar for neu- 

do siailar maaouremants fo r  w= waonr sad i f  wm do not find r fgni f ic rn t  d i f fe r -  
mcea, then vc w i l l  uae a i r  f i l l e d  ionization cbmberr. 

We vi11 have our Ionization chamber cal ibrated with "Co y ray8 a t  h3S. 

The r a t i o  of rtopping powarr f o r  t l a ruc  and air for "Co (1.35) 8nd for n' meson6 

A i r  Introduce6 inhomogeneities i n  the  cham- 
Hovevet, Almond found no r ign i f icant  differences between neutron doses 

' t r o n a  produced by 30 MeV and 50 MeV deuteron8 on a beryllium target .  We w i l l  
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of about 80 MeV enerm (1.33) 8re withla 2%. 
f o r  8 XeV alpha p a r t i c l a r  and 1 MeV 6 meion8 i r  about 1.2. 
t o  changes in energy 108r8S a t  the plateau and peak amount t o  about 7X. 
b i l i t y  is the  wrt important c r i t e r i a n  ue w i l l  ure fo r  the ionization chamber used 

la dore measurement. 
be cal ibrated aguinst  abrolute  pion dore musurcplantr in collaboration with NES, 
Hmtorial Hospital and the  H. D. Anderson Hoapital. 
ion Hospital $8 par t icu l8r ly  valuable becaure they are having a therapeutic pro- 
8r.m with f a r t  neutronr. We w i l l  a h a  plan t o  have in te rca l ibra t ionr  w i t h  other 
pion f a c i l l t i e 8  ruch 8s Stanford and Vancouver. 

of convenience. 
mentioned before, r a fa r  products i n  oxygen are not very d i f f e ren t  from carbon 

and nitrogen. We w i l l  uae depth-doee measurement8 in addition t o  beam diagnortfc 
~rururexnents as outllned by Arvid Lundy for  opt inizing various parameters fo r  
beam tunlag 8UCh as magnet r c t t l ngs ,  wedge ret t fngs,  etc., to  Bet 8 derired beam. 

Experimental depth-dose d is t r ibu t ionr  were made moutly a t  Berkeley and 
CERN. HontrC.rlo calculationo fo r  pion depthdose d ie t r ibu t ionr  were developed 

a t  Oak Ridge Natiorul laboratory and they have compared with the  awperimcntal 
mearurauenta at Berkeley and at  CERN. 
r u l t r  with experimental r e s u l t s  at CEW. 

good agreement. 
exper iwnta l  mururementr a t  Berkeley. 
be pointed out t h a t  no detai lad bum diagnostic measurementi such as energy and 
enrrgy rpeed were avai lable  fo r  both the  pion beam0 ured a t  Berkeley and at CERN 
and hence, i n  comparing with there experfmental r e r u l t r  with calculations,  a l igh t  
adjurtmmto in anergy a p r u d  and contamination i n  the  beam were mada. 
cannot conclude from there resultm, we have perfect  agreement between theory and 
experimental ra8ul t r .  
w i t h  experimental marureaentr  f o r  beams with precise  information on energy and 
energy spread. 

d e t a i l  both by Honte-brlo method8 as w e l l  81 w i n g  r e l a t ive ly  r h p l c  calculations 
tha t  do not take too much computer time. After obtaining 8006 agreements between 

calculat ionr  m d  experimental remfts, we a l r o  propore t o  provide extensive dosl- 
metric information f o r  a l l  the  radiobiological ucpo8urer in addition t o  the c r u c l d  
utperimmtal dore measu~ement~. 

The rahtive YOI rtopping pover 
Hence, error. due 

Reproduci- 

A t  the earliest opportunity our ionization chambers will 

Colhbor8tion v i t h  H. D. Ander- 

Pion depthdose  ~ u r u r ~ m e n t r  w i l l  be carr ied out in a water phantom because 
For pIOll8 water 1s a good a p p r o x h t i o n  for  t i r s u t  because as I 

The first  s l i d e  rbowr the  calculated re- 
As you could see there  ir  a reasonably 

The r e c o d  r l i d e  mhowa the theore t ica l  calculationm compared with 
The agreement here a l r o  is good. It must 

Hence we 

We propore t o  do de ta i led  ver i f ica t ion  of these co1cuht ionr  

Dr. Hutron W i l l  be presenting t o  you on pion depth-dose C~1CulatlOnS in 
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The d r p t h d o r e  rururaea t r  along with the r 8 d i o b i o l o ~ i c a l  infomation 

become the  input da ta  for treatment planning and hence the  depth-dorc mearuring 
rpp8r8tur w i l l  h8ve dfrec t  computer Ont- through 8 CAXAC iLLterface. 

cent dorlmeterr, etc., will be investigetad f o r  t h e i r  use with pionr. 
h v e  l imited appl icat ionr  beceuee of t h e i r  LET dependence. 

Other do r i ac t r i c  ryetear  ruch ar miniature r i l l con  dioder, thermoluminer- 

LIP may 

Isodose P.ewr.untr  f o r  pion6 w i l l  be made by uring probably commercial 
i rodorr  macbnicrl devicer. 
coll imating ryrtamr, wedging techniquer, beam blocks, etc, 

8earurementr by theaselver will not be very runingful for treatment plnnnlng 
becnuae of s ign i f icant  warlation i n  biologic81 effect6 8r function of depth. 

There mearurementr a r e  very necereary fo r  c v d u t i a g  
Rowever, i80d08e 

Dr .  R f c h n  w i l l  be ta lklng regarding other dosimetric work. 

I 
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