ALGORITHMS FOR MODELING THE RANDOM WAVELENGTH
OF COMPTON v-PARTICLE SCATTERING

0. 8, Marenkov

The solution of y-transport problems in matter by the Monte Carlo method involves multiple model-
ing of Compton scattering., As the energy characteristic of the quantum it is advisable to use the wave-
length in Compton units A, since all the formulas for the Compton process have the simplest and therefore
the most economical form from the viewpoint of computer time expenditure.

As is known, the random wavelength A, of the n—fold scattered +v-particle is defined on the basis of
the Klein— Nishina distribution, To calculate Xy from given M-y and £ (random number) it is necessary
to solve a transcendental equation, which is a very uneconomical operation even with the use of high speed
computers., The approximation of the functional relation M =f (My-y, £) in bounded intervals of A variation
by certain uncomplicated furmulas of the polynomial approximation type in An—y and & is possible, How-
ever, it is clear that use of the exact techniques for calculating A, is advisable in order to improve the
quality of the statistical simulation.

The exact economical algorithms of modeling X, are based on the use of the so-called random
"rejection™ or exclusion technique. The Kahn algorithm [1] and the algorithm based on the use of the
very simple random exclusion technique (see, for example [1]) and realized in & = A™! units in [21 are
known,

We shall realize the second algorithm in A units, To this end we must determine the absolute
maximum of the probability density function on the argument variation interval. It can be shown that the
maximal value of the Klein— Nishina probability density function
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on the interval M-y = M = M- + 2 equals 2 and is reached for A = M—¢. In this case the alogrithm
for modeling Ay, is:

a) we select two random numbers £; and & and calculate
Ap=h,, +28 5
" b) we check the inequality
2% < k(A
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If the inequality is satisfied, then N, = A,. Otherwise &; and &; are
rejected and the procedure is repeated with a new pair of random numbers.

74 It is of practical interest to compare the effectiveness of the Kahn
\ algorithm (denoted I hereafter) and the above algorithm (denoted II here-
after) over a broad energy interval, This was accomplished directly on the

P computer with determination in the multiple Compton scattering process
20z 0.06 a1 ¢y of the mean time t for degradation of the particle energy from the initial

Fig, 1 £y to the final €yipn = €y, i.€., we modeled only the "retardation" process
and not the particle trajectory as a whole. We followednoless than 1000
such retardations for each set of £ and €4y,
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Following are the results of determination of the ratio 7 = ty/t1 for the values €py = 0,02, 0.05, 0,13
MeV as a function of the values of £y, MeV,

go= 10 8 6 4 3 2.6 2 L ey =0.02)
= 0.79° 0.93 0.95 .96 0.97 1  1.05 1.12

go= 0.8 0.6 0.4 0.2 0.1 08 0.6 0.94 (g =0.02)
t—= 147 1.9 1.22 1.82 1.35 1.37 1.33 1.40

go= 10 8 6 4 3 p) 1 0.8 (e=0.05)
v= 0.61 0.62 0.64 0.66 0.72 0.75 0.83 0.90

go= 0.6 0.5 0.4 0.32 0.2 0.4  0.08 0.06 (8,==0.05)
v= 0.92 0.95 0.97 1 1.07 1.7 1.30 4.37

go= 10 8 6 4 3 2 (em = 0.13)
T—= 0.3% 0.61 0.45 0.47 0.52 0.57

go= 1 0.8 0.6 0.4 0.3 0.2 (Bm =0.13)
T= 0.62 0.69 0.75 0.86 0.89 0.08

The economy of the algorithms I and II depends significantly on €4 and €y,. If ey =13 MeV, then for
any £ algorithm Iis more favorable than algorithm II (7 = 1), For each value €y < 0,13 MeV there exists
a value € = £g¢ for which both algorithms are equally economical (7 = 1). With increase of €., the value of
&g shifts in the direction of lower energies. In the case €) = £ it is necessary to use the algorithm
(> 1),

The data shown in the figure make it possible to find the value of €y, as a function of £y, < 0.13 MeV,
It is obvious that in the case €(> £y, sequential use of alogrithms I and II respectively is advantageous,
particularly for €y » €y, and relatively smaller €m.
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