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Summary

The Monte Carlo simulation technique has been used for calculating radiation transport in materials since
the 1950°s, and was highlighted with the recent progress of computer technology.

The Monte Carlo simulation, in the medical field, was used for solving various problems, such as dose
evaluations in the human body irradiated externally or internally, and analysis of X-ray image formation-
process, measurements of which were very difficult or impossible.

In this report, the principle of the Monte Carlo simulation and an example of its application in the field
of radiological technology are described.

When the beam size of high-energy X-rays utilized in radiotherapy become smaller, in addition to a
decrement of the scattered doses, the primary doses on the beam axis in the irradiated body begin to decrease
with a threshold beam size. The cause of this phenomenon is the failure of the electronic equilibrium in the
direction perpendicular to the beam. And, the doses in such cases cannot be evaluated accurately using the dose
calculation methods which commonly used in radiation treatment planning. For such cases, it is necessary to use
a dose calculation method, which takes into account the transport of secondary electrons.

For this purpose, we originated a new concept, that the differential primary dose (dPD) and the differential
scattered dose (dSD), and calculated these data for high-energy X-rays by means of the Monte Carlo simulation.
And, a new three-dimensional dose calculation method, which utilized the dPD and the dSD data, was derived.

Using this dose calculation method, doses at any points, even though the electronic equilibrium is not
attained, are obtained correctly.
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Fig.1 An example of flow chart of a Monte

Carlo simulation.
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Fig.3 Graph showing the probability of free

path length in water for monoenergetic
photon beams. Solid lines: obtained
from theoretical calculation. Dots:
obtained by random samplings with the
direct method.
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Flow chart of Kahn's technique for sam-
pling scattered photon energy and scat-
tered angle at the incoherent scattering
effect.
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Fig.6 Graph showing angular distributions of

photon incoherent scattering. Solid
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ing functions.

Dots: obtained by random samplings
with the Kahn's rejection technique.
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Fig.7 Graph showing Tissue-Maximum ratios

in an inhomogeneous model phantom for
10 MV X-rays. The inhomogeneous
model phantom was constructed from
three layers of water-equivalent material
with different densities.
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Fig.9 Graph showing the variation of doses at
5cm depth in water with beam sizes.
Incident photon fluence are constant.
Normalized by the maximum dose in
10X 10 em field.
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Fig. 10 Graph showing the variation of primary
and scattered dose components of the
percentage depth doses in water irradiat-
ed by 10MV X-ray narrow beams.
Normalized by the maximum dose in
10X 10 cm field.
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Fig. 11 Schematic diagram to illustrate the elec-
tronic equilibrium phenomenon in direc-
tion of parallel (left hand) and perpen-
dicular (right hand) to the X-ray beam.
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Fig.12 Geometrical diagram to illustrate the
definition of the differential primary dose
and the differential scattered dose.
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Fig. 13 Geometrical diagram to illustrate the
unit ring, in which energy deposit were
scored for obtaining the differential pri-
mary dose data.
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Fig.14 Graph showing the spectra of high-
energy X -rays used in calculating
differential primary and scattered dose
data.

Distribution of the differential primary dose,
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Fig. 15 Distributions of the differential primary
doses presented as 27x+dPD (x, z) for
4 MV, 6 MV and 10 MV X-rays.
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Fig. 16 Schematic diagram to illustrate the cal-
culation method of primary and scat-
tered doses at D in a water phantom and
in an inhomogeneous media.
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Fig. 1713, Fig. 7R ULy F o4 v FE2TAI210
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BLAERTHL, BHBFRSX5cm T, BLEOEE
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B—HLTWw3, 1XE2ZEBEIFYEROEROERAT
ETOBELZEU TS, ARKREOFEOELVRT v
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10KY X-ray 5% 5¢cm TNR ,f."\\\
[ Primary h\
0.5 g
by ‘lllo.n‘t‘e. .Carlo method p=0.2
by dPD. dSD method '
Scatter
0
1.0 \ - - :
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Fig.17 Graph showing primary and scattered
doses in an inhomogeneous model phan-
tom irradiated by 10 MV X-rays, calcu-
lated by the Monte Carlo simulation
(solid lines) and by means of the
differential primary and scattered dose
method (dots). Field size is 5X5cm

constant.
i.¢ N{;\‘ B
10MV X-ray 0 =0.2 \\_’\ -
by Monte Carlo method 0.5 5% 5cm

‘M — :

//

20x 20cm -

0 10 Depth 20cm 0 10

Depth 20cm

Fig. 18 Graph showing primary and scattered
doses in an inhomogeneous model phan-
tom, calculated by the Monte Carlo simu-
lation (solid lines) and by means of the
differential primary and scattered dose
method (dots). Density of second layer
is 0.2 constant.
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Fig.19 Graph showing primary dose components
of the TMR in water phantom irradiated
by 10 MV X-rays with beam sizes of 10X
10cm, 1.0cm¢ and 0.6 cmg. Normal-
ized by the maximum dose in 10X10 cm
field.
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