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1. ln t roduct  ion 

For r a d i a t i o n  p r o t e c t i o n  purposes around high-energy e l e c t r o n  accel-  

e r a t o r s ,  it i s  of in te res t  t o  know t h e  dose r a t e  which r e s u l t s  from a f l u x  

dens i ty  of high-energy e l e c t r o n s  and photons’). An IBM code f o r  t h e  s tudy  

of t h e  l a t e r a l  and l o n g i t u d i n a l  development of e lectromagnet ic  cascades in-  

duced i n  matter by high-energy e l e c t r o n s  and photons has  prev ious ly  been 

w r i t t e n  by C .  D. Zerby and H. S .  M ~ r a n ~ - ~ ) .  

wi th  t h i s  code on energy depos i t i on  i n  w a t e r  slabs by high-energy normally 

inc iden t  e l e c t r o n s  and photons are presented .  

I n  t h i s  paper r e s u l t s  ob ta ined  

2 .  Ca lcu la t iona l  details and r e s u l t s  

The electron-photon cascade code has  been descr ibed  i n  d e t a i l  e l s e -  

 here^-^) and w i l l  not  be d iscussed  he re .  

ou t  f o r  i nc iden t  e l e c t r o n s  of energy 0 .1 ,  0 .2 ,  0 . 5 ,  1, 5.2 ,  10 ,  and 20 GeV,  

and for i nc iden t  photons of energy 0.01, 0.02, 0.05, 0.1, 0 . 2 ,  0 .5 ,  1, 5.2,  

10 ,  and 20 GeV.  The geometry considered i s  t h a t  of a broad beam of mono- 

e n e r g e t i c  p a r t i c l e s  normally inc iden t  on s e m i - i n f i n i t e  slabs of water of 

s p e c i f i e d  th i ckness .  Calcu la t ions  have been c a r r i e d  out  us ing  slab th ick-  

nesses  of 7.5, 15,  22.5,  and 30 em, and it has been assumed t h a t  t h e  energy 

depos i ted  i n  a slab of th i ckness  x i s  t h e  same as t h a t  which would be de- 

pos i t ed  i n  th i ckness  x of a s l a b  of  t h i ckness  y ( > X I .  This  i s ,  of course ,  

only approximately true s i n c e  t h e r e  is some backsca t t e r ing ,  b u t  i n  t h e  re- 

s u l t s  presented  he re  t h e  error i s  not thought t o  be  apprec iab le .  

i ng  out  t h e  c a l c u l a t i o n s ,  photons were t r anspor t ed  u n t i l  t h e i r  energy f e l l  

below 0.01 MeV,  and charged p a r t i c l e s  ( e l e c t r o n s  and p o s i t r o n s )  were t r ans -  

po r t ed  u n t i l  t h e i r  energy f e l l  below 2 MeV. 

with  energ ies  of less  than  t h e s e  c u t o f f  va lues  were assumed t o  depos i t  t h e i r  

Calcu la t ions  have been c a r r i e d  
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energy l o c a l l y .  

equivalent  ma te r i a l  by 5.2-GeV inc iden t  e l e c t r o n s .  The ca l cu la t ed  r e s u 1 . t ~  

are compared wi th  t h e s e  experimental  measurements i n  F ig .  1. In  t h e  f i g u r e  

t h e  s o l i d  histogram rep resen t s  t h e  c a l c u l a t i o n s  while t h e  p l o t t e d  po in t s  

represent  t h e  experimental  da t a .  'rine ca l cu la t ed  values  a r e  s l i g h t l y  I-ower 

than  t h e  experimental  values  a t  almost a l l  depths .  

K.  Teschl )  has  measured t h e  energy depos i ted  i n  t i s s u e -  

The r e s u l t s  of  a l l  of t h e  ca l cu la t ions  for i nc iden t  e l e c t r o n s  and 

photons a r e  given i n  Tables l and 2 ,  r e spec t ive ly .  The values  given i n  

t h e  t a b l e s  are i n  a l l  cases  averaged over depth i n t e r v a l s  o l  7.5 cm. S t r i c t l y  

speaking, t h e  values  i n  t h e  t a b l e s  a r e  for t h e  absorbed dose ( r a d )  s i n c e  no 

q u a l i t y  f a c t o r  w a s  used i n  t h e  c a l c u l a t i o n s .  I n  t h e  present  i n s t a n c e ,  how- 

eve r ,  a q u a l i t y  f a c t o r  of  un i ty  i s  very reasonable ,  so  t h e  values  i n  t h e  

t a b l e s  can be taken t o  represent  t h e  dose equiva len t  ( r e m ) .  

t h e  va lues  i n  t h e  t a b l e s ,  it must be remembered t h a t  t h e  c a l c u l a t i o n s  are 

s t a t i s t i c a l ,  and t h e r e f o r e  t h e  r e s u l t s  con ta in  s t a t i s t i c a l  f l u c t u a t i o n s .  

Furthermore, t h e  code of  Zerby and Moran w a s  p r imar i ly  intended f o r  use a t  

high energy, and t h e  approximations used a r e  not equal ly  v a l i d  over t h e  

e n t i r e  energy range considered.  I n  gene ra l ,  t h e  r e s u l t s  for t h e  lower in- 

c ident  energ ies  must be considered more approximate than  those  f o r  t h e  

h igher  inc ident  ene rg ie s ,  and, i n  p a r t i c u l a r ,  t h e  r e s u l t s  f o r  t h e  low-energy 

inc iden t  photons must be considered t o  be very approximate. 

I n  cons ider ing  

For r a d i a t i o n  p ro tec t ion  purposes,  it i s  convenient t o  have t h e  in-  

c ident  f l u x  dens i ty  of p a r t i c l e s  such t h a t  t h e  maximum dose ra te  a t  any 

depth i n  t h e  slab does not  exceed Lhe t o l e r a n c e  dose ra te  of 2 . 5  mi l l i rem 

pe r  hour.  By drawing smooth curves through t h e  histogram values  given i n  

Tables 1. and 2 ,  t h e  maximum dose ra te  p e r  u n i t  i nc iden t  fl-ux dens i ty  a t  any 
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Fig. 1. Dose from 5.2-GeV electrons vs depth i n  t issue.  
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Table 1 

Dose ra te  from inc iden t  e l e c t r o n s  

Dose r a t e  
Inc ident  
E l  e (3 t r on Averaged over i nd ica t ed  depth i n t e r v a l  

Energy ( rad /h) / (e lec t ron/em’  s e c )  

( GeV) 0-7.5 cm 7.5-15.0 cm 15.0-22.5 cm 22.5-30.0 cm - -I 

0.100 1.6 1.6 1.4 1.0 

0.200 1.6 1.8 1.9 

0.500 1.8 2*0 2.2 

1.8 

2.5 

1.. 00 1.8 2.1 2.5 3.2 

5.20 2.0 2.5 3.6 
10.0 2 . 1. 2.7 3.7 

4.2 

4.9 
20.0 2.2 2.8 4.3 5.7 

Table 2 

Dose ra te  from i nc iden t  photons 

Dose ra te  Incident ___ 
Phot on Averaged over i nd ica t ed  depth i n t e r v a l  
Energy 

lo-‘+ ( rad/h) / (photon/cm2 s e e )  

( GeV 0-7.5 em 7.5-1.5.0 cm 15.0-22.5 C D ~  22.5-30.0 cm 
-~ 

0 .OlO 0.07 0.09 0.07 0.07 

0.020 0.10 0.15 0.12 0.13 

0.050 0.13 0.30 0.32 0.28 

0.100 0.16 0.42 0.51 0.65 

0.200 0.19 0.49 0.77 0.35 

0.500 0.21 0.62 0.92 1.4 
1.00 0.23 0.63 1.2 1.6 
5.20 0.26 0.81 1.4 2.2 

10 .o 0.29 0.8% 1.6 2.4 

?O.O 0.30 1.0 1.5 2.6 
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depth i n  t h e  slab has  been estimated, and t h e  maximum inc iden t  flux dens i ty  

of e l e c t r o n s  and photons such t h a t  t h e  maximum dose rate does not  exceed t h e  

t o l e r a n c e  dose r a t e  has  been obta ined ,  These maximum permiss ib le  i n c i d e n t  

f lux d e n s i t i e s  are shown as a func t ion  of inc iden t  energy i n  Fig.  2. Also 

shown i n  t h e  f i g u r e  f o r  comparison purposes are t h e  e s t ima tes  prev ious ly  

given by Tesch’ ) . 
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Fig. 2. Flux density to produce a maximum dose rate of 2.5*10-3 rern/hr. 
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