
A L G O R I T H M S  F O R  M O D E L I N G  T H E  R A N D O M  W A V E L E N G T H  

OF C O M P T O N  T - P A R T I C L E  S C A T T E R I N G  

O.  S. M a r e n k o v  

The solution of T- t ranspor t  problems in mat te r  by the Monte Carlo method involves multiple model-  
ing of Compten scat ter ing.  As the energy charac te r i s t i c  of the quantum it is advisable to use the wave- 
length in Compton units ~ since all the formulas for the Compton p rocess  have the s implest  and therefore  
the most  economical  fo rm from the viewpoint of computer  time expenditure. 

As is known, the random wavelength X n of the n-fold scat tered ~/-particle is defined on the basis of 
the K l e i n -  Nishina distribution. To calculate ~n f rom given ~n-I and ~ (random number) it is necessa ry  
to solve a transcendental  equation, which is a very  uneconomical operat ion even with the use of high speed 
computers .  The approximation of the functional relat ion )~n = f  ( ~ - l ,  4) in bounded intervals  of ~ variat ion 
by cer ta in  uncomplicated formulas  of the polynomial approximation type in Xn-1 and ~ is possible.  How- 
ever ,  it is c lear  that use of the exact techniques for calculating ~n is advisable in o rder  to improve the 
quality of the s tat is t ical  simulation. 

The exact economical  a lgori thms of modeling )~n are  based on the use of the so-cal led  random 
~rejeetion" or  exclusion technique. The Kahn algori thm [1] and the algori thm based on the use of the 
very  simple random exclusion technique (see, for example [1]) and rea l ized in ~ = ~-I units in [2] a re  
known. 

We shall rea l ize  the second algori thm in ~ units. To this end we must  determine the absolute 
maximum of the probabil i ty density function on the argument  variat ion interval .  It can be shown that the 
maximal value of the K l e i n -  Nishina probabili ty density function 

on the interval ~n-i -< 
for modeling k n is: 
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Fig. 1 

~n -< Xn-t + 2 equals 2 and is reached for Xn = Xn-l. In this case the alogri thm 

a) we select  two random numbers  ~l and 42 and calculate 

An ~ ~'n-1 -~ 2~i ; 

b) we check the inequality 

2~ ~ h. (~,~-1, An) 

If the inequality is satisfied, then ~n = An- Otherwise ~1 and ~2 are  
re jec ted  and the procedure  is repeated with a new pair  of random numbers .  

It is of pract ical  in te res t  to compare  the effectiveness of the Kahn 
algori thm (denoted I hereaf ter)  and the above algori thm (denoted II h e r e -  
after) over a broad energy interval .  This was accomplished direct ly on the 
computer  with determination in the multiple Compton scat ter ing process  
of the mean time t for degradation of the par t ic le  energy f rom the initial 
~0 to the final emin = em, i.e~ we modeled only the "re tardat ion" process  
and not the part icle  t r a jec to ry  as a whole. We followed no le s s  than 1000 
such retardat ions  for each set of e0 and era. 

Leningrad.  Transla ted  f rom Zhurnal Prikladnoi Mekhaniki i Tekhnicheskoi Fiziki,  Vol. 10, No. 5, 
pp. 128-129, September-October ,  1969. Original ar t ic le  submitted January  20, 1969. 

�9 1972 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York~ 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever wibhout 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

808 



F o l l o w i n g  a r e  t he  r e s u l t s  of  d e t e r m i n a t i o n  of  the  r a t i o  7 = t i / t l i  f o r  t he  v a l u e s  c m = 0 .02,  0 .05,  0.13 

MeV a s  a f u n c t i o n  of  t h e  v a l u e s  of  t0,  M e V .  

eo = 'I0 8 6 4 3 2.6 2 i (era = 'q .02) 
v= 0.79 0.93 0.95 0.96 0.97 i 1.05 i.12 
eo= 0.8 0.6 0.4 0.2 0. [ 0.03 0.(16 0.94 (em = 0.02) 
T= I.'17 i.19 i.22 '1.32 1.35 i.37 1.33 i.40 
eo= C0 8 6 4 3 2 t 0.8 (era = 0.05 ) 
~= 0.6i 0.62 0.64 0.66 0.72 0.75 0.83 0.90 

80= 0.6 0.5 0.4 0.32 0.2 O.i 0.08 0.06 (era ----- 0.05) 
T =  0.92 0.95 0.97 1 i.07 i . i7  '1 .30 1.37 

so = C0 8 6 4 3 2 (era = 0.i3) 
T = 0.34 0.6i 0.45 0.47 0.52 0.57 

So = 1 0.8 0.6 0.4 0.3 0.2 (e,~ = 0.i3) 
"~= 0.62 0.69 0.75 0.86 0.89 0.98 

T h e  e c o n o m y  of the  a l g o r i t h m s  I and  I I  d e p e n d s  s i g n i f i c a n t l y  on c 0 and  c m .  If  e m >- 13 M e V ,  t h e n  f o r  

a n y  c 0 a l g o r i t h m  I i s  m o r e  f a v o r a b l e  t h a n  a l g o r i t h m  II (1- _< 1). F o r  e a c h  v a l u e  Cm < 0.13 MeV t h e r e  e x i s t s  

a v a l u e  c 0 = C0e f o r  w h i c h  b o t h  a l g o r i t h m s  a r e  e q u a l l y  e c o n o m i c a l  (7 = 1). W i t h  i n c r e a s e  of  c m the  v a l u e  of  

e0e s h i f t s  in  t he  d i r e c t i o n  of  l o w e r  e n e r g i e s .  In t h e  c a s e  t 0 -< C0e i t  i s  n e c e s s a r y  to u s e  t he  a l g o r i t h m  

I I ( ~ >  1). 

T h e  da t a  s h o w n  in  t he  f i g u r e  m a k e  i t  p o s s i b l e  to  f ind  the  v a l u e  of  C0e a s  a f u n c t i o n  of  c m < 0.13 M e V .  

I t  i s  o b v i o u s  t h a t  in t he  c a s e  c 0 > 80e s e q u e n t i a l  u s e  of  a l o g r i t h m s  I and  I I  r e s p e c t i v e l y  i s  a d v a n t a g e o u s ,  

p a r t i c u l a r l y  f o r  c 0 >> e0 e and  r e l a t i v e l y  s m a l l e r  c m .  
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