APPLICATION OF THE MONTE CARLO METHOD FOR
CALCULATING THE SHAPE OF THE HEAT SOURCE
GENERATED BY THE ACTION OF ELECTRON
BEAMS ON A SUBSTANCE
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The space distribution of energy absorbed in a substance during the passage of an electron
beam has been determined with the aid of the Monte Carlo method.

The problem in determining the shape of a heat source reduces to calculating the space distribution
of energy absorbed in a substance during the passage of an electron beam.

In the Monte Carlo method of solution a complex stochastic process is treated as a sequence of ele-
mentary events, In view of the long machine time involved, however, in problems related to the transit of
electrons the playout of parameters from the distributions characterizing a single interaction event is re-
placed by the playout of parameters from distributions describing multiple scatter [1-3],

The direction of electron travel is played out at the end of some interval taksn from the Haudsmith
~Saunderson distribution:
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The recurrence relations for calculating the functions P(—2, I) and P(—3/2, ) as well as values of
cosy = f(Z/137B) are given in [1, 4].

The ti~interval is calculated by the Berger meth-
od [1] or is taken as 1/m-th of the total electron transit

500 time (m denotes the number of intervals). The number
S of terms in series (1) is selected in accordance with
3 the behavior of function G;(t) [5].

The energy of an electron at the end of the inter-
val is calculated by the Bethe equation of continuous
losses
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Considering the energy losses on plasma oscillations,
we have
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Fig. 1. Contour lines of equal energy losses
|—dEx/AV|/|-dEg/AV],, |-dEg/AV|; = 10° [#dER
MeV/cm?. dt

— 0.3066 —— 1n309.3 ¥ Ex
Ap? @

Institute of Heat and Mass Transfer, Institute of Nuclear Power, Academy of Sciences of the BSSR,
Minsk. Translated from Inzhenerno-Fizicheskii Zhurnal, Vol, 22, No. 6, pp. 1110-1113, June, 1972, Orig-
inal article submitted June 7, 1971.

© 1974 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011.
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means,
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A

copy of this article is available from the publisher for $15.00.

772



TABLE 1. Space Distribution of Energy Lost by an Electron in a
Semiinfinite Aluminum Plate |~dEy/dV|-107¢ MeV/em? (Initial elec-
tron energy E, = 128 keV, totval transit range r, = 0.0104 cm)

r
‘ 0,1 1,2 2,3 3,4 4,5 5,6 6,7 7.8 8,9 9,10 10,11 § 11,12
0,1 19,28]|0,1510,13]0,09|0,08!0,052{ 0,050,041 0,03|0,02¢0,01 10,01
1,2 19,83 |0,84|0,20| 0,15 0,12 10,1 0,08 | 0,05 | 0,04 | 0,03 | 0,02 | 0,02
2,3 | 8,1710,910,33]0,22|0,17 0,129 0,10 | 0,08 | 0,05 | 0,04 | 0,03 | 0,03
3,4 5,1 1,61 10,52 | 0,30 | 0,22 |0,161} 0,12 | 0,10 | 0,06 | 0,05 | 0,03 | 0,03
4,5 {3,08|1,5 10,681]0,37)0,240,187| 0,14 | 0,10 | 0,08 | 0,06 | 0,03 | 0,04
5,6 11,64|1,1810,670,43/0,30/0,216} 0,15 (0,12 | 0,08 0,06 | 0,04 | 0,04
6,7 11,1510,8 | 0,54 | 0,40 | 0,28 {0,211| 0,16 | 0,12 | 0,08 | 0,06 | 0,04 | 0,03
7,8 10,71 10,6310,5 10,37 0,27 {0,204 0,16 | 0,11 | 0,07 { 0,05 | 0,04 | 0,03
8,9 10,52 10,45}0,4 |0,340,270,209| 0,15 | 0,11 | 0,08 | 0,05 | 0,03 | 0,02
9,10 | 0,46 } 0,39 | 0,32 | 0,29 | 0,23 0,196} 0,14 | 0,09 | 0,07 | 0,04 | 0,02 | 0,01
16,111 0,3 10,31 0,28,0,22 | 0,21 |0,156] 0,11 | 0,08 | 0,05 | 0,04 | 0,01 | 0,01
11,12 1 0,26 | 0,23 | 0,21 | 0,17 | 0,16 {0,114} 0,09 | 0,06 | 0,04 | 0,02 | 6,01 0,00
12,131 0,21 10,19 | 0,15 } 0,14 | 0,12 0,077 | 0,06 | 0,03 | 0,02 | 0,01 | 0,00 | 0.00
13,14 1 0,08 } 0,1 | 0,10 0,10 0,06 |0,05 | 0,03 | 0,02 0,00 | 0,00 0,00 | 0,00
14,15 1 0,03 | 0,06 | 0,05 | 0,05 | 0,04 {0,027} 0,01 | 0,00 | 0,00 | 0,00 | 0,00 0,00
15,16 | 0,05 | 0,04 | 0,03 | 0,02 | 0,02 [0,012] 0,04 | 0,001 0,00 | 0,00 { 0.00 | 0.00
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As a result of calculations, we have obtained the distribution of energy losses in a semiinfinite alu-
minum plate for electrons with a 128 keV energy and normally incident at point (r = 0, z = 0)., Numerical
values of the distribution density MeV/cm? in space intervals [jd <z < G+ D4, id<r<({i+1)d], d=r,20
are given in Table 1 without losses on plasma oscillation and in Table 2 with losses on plasma oscillation
taken into account,

It is to be noted that the main source of error in this method of calculation lies in the use of the Bethe
equation (3) for determining the energy losses per interval, Formula (4) agrees with the experiment by
5-10% better and its use improves the accuracy of calculations.

A distribution corresponding to the data in Table 2 is shown in Fig, 1. The equipotential lines plotted
to a logarithmic scale illustrate the tendency of the distribution to taper off exponentially with increasing
distance from the maximum-density point in a § < 90° direction (approximate value of the exponent is here
641). As the surface is approached, the distribution deviates more from an exponeatial one.

TABLE 2. Space Distribution of Energy Lost by an Electron in a
Semiinfinite Aluminum Plate |-dEg/dV]-10~¢ MeV/em?, with Losses
on Plasma Oscillation Taken into Account (Eq = 128 keV, r;=10.0135

cm)
r

‘ 0,1 1,2 2,3 3,4 4,5 5,6 6,7 7.8 8,9 9,10 10,11 11,12
0,1 |5,2010,0910,06|0,050,0590,030,02]|0,02|0,01|0,01}0,00]| 0,00
1,2 |4,2910,20,12|0,10|0,07|0,05|0,04 | 0,04 {0,02! 06,001 0,0l | 0,00
2,3 13,09]0,60/0,20|0,i4 0,10 0,06}0,05|0,040,03!0,01]0,0t] 0,01
3,4 11,9]0,77 0,31 | 0,17} 0,12 | 0,08 0,00 0,05 0,04 | 0,02 0,01 | 0.0t
4,5 10,88 10,58 0,33 |0,19| 0,13} 0,09 |0,07 | 0,05{0,04|0,03{0,00 | 0,0
5,6 |0,560,43}0,30|0,19)0,13|0,09|0,07|0,05]|0,04|0,02]0,01 | 0,0
6,7 10,3910,3210,26]0,20]0,15/0,09!0,06!0,05|0,04|0,02]0.,00] 0.0
7,8 10,2610,24(0,20!0,16[0,12 0,09 0,05/ 0,05|0,03]0,02]|0.00  0.00
8,9 {0,17:0,17|0,16{0,12 10,11 | 0,07} 0,05 0,05 0,03 | 0,02 | 0,01 | 0,00
9,10 1 0,11 | 0,12 | 0,11 1 0,11 } 0,08 | 0,05 | 0,04 | 0,03 | 0,02 | 0,01 | 0,00 { 0,00
10,11 [ 0,07 1 6,9 | 0,09} 0,07 | 0,06 | 0,05 | 0,03 | 0,02 | 0,01 { 0,00 | 0,00 | 0.00
11,12 10,05 { 0,6 | 0,06 | 0,05 | 0,04 { 0,03 | 0,02 | 0,02 | 0,01 | 0,00 | 0,00 | 0.00
12,13 { 0,05 | 0,5 | 0,03 | 0,03 | 0,02 0,0 |0.01|0,00]|0,00]0,00|0,00]| 0,00
13,14 10,04 | 0,2 | 0,00 | 0,01 | 0,01 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00
14,15 1 0,0L | 0,00 | 0,00 { 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0.00
15,16 | 0,00 [ 0,00 | 6,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,006 | 0.00 | 0.00
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Calculations were made on a Minsk-22 computer, A tofal of 500 games was played out, The com-
puter time was 3 h, The accuracy of this calculation was the same as that of analogous one-dimensional
solutions to (1)~(3), where the nature and magnitude of errors were analyzed.

NOTATION
fH-8 is the density of Haudsmith—Saunderson distribution;
P (cos 0) are Legendre polynomials;
z, A are the atomic number and atomic weight of an element;
B=v/e is the ratio of electron velocity to velocity of light;
Ex is the kinetic energy of an electron, MeV;
I(z) is the mean ionization potential of atoms in the medium;
AE is the plasmon energy;
ke is the wavelength corresponding to effective interception;
a, is the Bohr radius;
m, is the quiescent mass of an electron;
0 is the deflection angle of electron within an interval,
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