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Fig. 2. The percent difference of stopping power for the electron in a) the water b) the bone and c) the adipose tissue. The value of vertical axis indicates
the percent difference between stopping power of each version and NIST data on the low energy physics model.
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The percent difference of CSDA range for the electron in a) the water b) the bone and c) the adipose tissue. The value of vertical axis indicates
the percent difference between CSDA range of each version and NIST data on the low energy physics model.
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Indicate the Difference Between Percent Difference of Stopping Power of Version 9.3 and 9.2 on The Low Energy Physics Model.

Atomic Material
Energy (MeV)
Be Al Fe Ge Ag Au Pb U
10 3.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00
100 -3.73 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1000 12.59 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Table 3. The Percent Difference of Stopping Power for Alpha Particle with Energy of 10 MeV, 100 MeV and 1000 MeV in the Aomic Materials. Values

Indicate the Difference Between Percent Difference of Stopping Power of Version 9.3 and 9.2 on The Low Energy Physics Model.

Atomic Material
Energy (MeV)
Be Al Fe Ge Ag Au Pb U
10 0.40 0.14 0.32 -0.34 0.29 0.69 1.77 0.80
100 0.07 1.00 1.18 1.53 1.35 1.63 271 3.23
1000 0.49 -0.08 -0.15 0.71 0.21 -0.05 0.67 -0.18
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Table 4. The Percent Difference of Stopping Power for Proton with Energy of 10 MeV, 100 MeV and 1000 MeV in the Aomic Materials. Values Indicate
the Difference Between Percent Difference of Stopping Power of Version 9.3 and 9.2 on The Low Energy Physics Model.

Atomic Material
Energy (MeV)
Be Al Fe Ge Ag Au Pb U
10 -0.89 -0.27 -1.39 -2.52 -1.62 -4.17 0.89 0.46
100 -0.77 -0.52 -1.09 0.24 0.52 -2.08 0.77 -1.39
1000 0.39 0.15 -0.31 -0.59 0.51 0.08 0.39 0.08
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Fig. 8. The percent difference of stopping power for the electron in atomic materials (Be, Al, Fe, Ge, Ag, Au, Pb and U). The vertical axis indicates the
difference between percent difference of stopping power of version 9.3 and 9.2 on the low energy physics model.

10 4
(9A) (9B)
o
e =]
A 2L o
6l W = =
— - o
g 4l E g X ¥ ¥ v
- * g & &
§ o v § ! w) i
g 2 i Y o E v
5 & = ¥ 2. 2 &
0 ¥
v -2 - v
v
2L
a4 ' y . \ 4 . . ; ;
0.00 ooz 004 0.06 0.08 010 0.2 04 08 08 1.0
Energy (MeV) Energy (MeV)

90

Difference (%)
o
P VI,
= o
|
-

fa
T

O Be © Al & Fe v Ge
A Ag ¥ Au - Pb 1 U

- L L L L L

Energy (MeV)
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Table 5. The Percent Difference of CSDA Range for Electron with Energy from 0.01 MeV to 1000 MeV in the Aomic Materials. Values Indicate the
Difference Between Percent Difference of CSDA Range of Version 9.3 and 9.2 on The Low Energy Physics Model.

Energy Atomic Material
(MeV) Be Al Fe Ge Ag Au Pb U
0.01 0.6 0.1 0.0 0.1 0.2 -0.7 0.6 -0.9
0.03 0.1 0.1 0.1 0.1 0.6 0.2 0.3 0.3
0.05 -0.2 0.1 0.0 0.0 0.2 0.4 0.1 0.0
0.07 0.0 0.1 0.1 0.2 0.3 0.5 0.6 0.3
0.09 0.8 0.0 0.4 0.0 -0.3 0.0 0.0 0.4
0.10 0.7 0.1 0.6 0.3 0.5 -0.3 -0.3 0.2
0.15 0.2 1.6 0.2 0.1 0.4 0.4 -0.3 0.4
0.30 0.1 0.3 0.5 0.7 16 0.6 17 0.6
0.45 1.9 0.0 15 15 -0.2 1.6 15 15
0.60 0.6 0.9 0.3 0.2 0.0 -1.2 2.9 -0.9
1.00 12 0.9 0.6 -35 0.9 0.7 0.2 22
5.00 0.2 12 0.2 15 -1.8 0.5 2.3 -15
10.0 0.2 19 0.4 1.6 1.8 -3.4 1.8 -25
80.0 11 -0.6 0.7 0.5 1.0 0.4 14 15
100 0.9 -1.2 0.0 0.5 13 16 33 -1.6
150 -1.0 0.1 0.1 2.1 -0.6 17 1.0 -3.0
175 0.7 0.3 -0.9 2.2 1.0 -4.8 44 2.2
200 0.6 0.8 1.9 0.2 -0.5 -4.6 13 -1.8
250 21 18 0.1 -1.6 0.9 5.3 42 11
500 1.1 0.5 -0.9 -1.8 -0.4 -6.8 0.4 2.0
1000 2.7 1.9 -1.7 0.2 -0.9 1.7 24 -4.5
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Table 6. The Percent Difference of CSDA Range for Alpha Particle with Energy from 0.01 MeV to 1000 MeV in the Aomic Materials. Values Indicate
the Difference Between Percent Difference of CSDA Range of Version 9.3 and 9.2 on The Low Energy Physics Model.

Energy Atomic Material
(MeV) Be Al Fe Ge Ag Au Pb U
0.01 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.03 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.05 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.07 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.09 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.45 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.60 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5.00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
10.0 0.0 0.0 0.1 0.1 04 0.7 0.7 0.7
80.0 0.9 0.7 19 35 7.8 13.6 -13.0 -13.1
100 1.0 0.9 -1.9 35 7.9 13.6 -13.1 -13.4
150 0.7 1.0 1.9 -3.8 -7.8 13.3 -12.8 -13.0
175 0.8 0.9 1.8 34 -1.7 -13.0 12.4 -12.6
200 0.8 0.8 1.8 34 75 12.7 12.1 -12.3
250 -0.9 0.7 -1.9 34 7.3 -12.3 7.8 2.1
500 -0.7 0.7 1.6 -3.0 6.5 10.7 -10.1 10.1
1000 0.4 -0.7 -1.6 -2.6 5.5 8.8 8.2 8.2

Table 7. The Percent Difference of CSDA Range for Proton with Energy from 0.01 MeV to 1000 MeV in the Aomic Materials. Values Indicate the
Difference Between Percent Difference of CSDA Range of Version 9.3 and 9.2 on The Low Energy Physics Model.

Energy Atomic Material

(MeV) Be Al Fe Ge Ag Au Pb U
0.01 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0
0.03 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0
0.05 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0
0.07 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0
0.09 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0
0.10 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0
0.15 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0
0.30 0.0 0.3 -0.1 0.0 0.0 0.0 -0.1 0.1
0.45 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0
0.60 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0
1.00 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0
5.00 0.2 0.3 0.8 1.6 24 -3.2 -6.3 4.5
10.0 0.1 0.5 1.2 -2.9 53 8.1 -10.4 -9.0
80.0 0.0 -0.1 15 -3.1 6.2 -1.6 -10.4 -10.7
100 -0.1 0.7 1.6 -3.1 5.7 -1.2 -9.8 -9.8
150 0.0 0.3 -1.7 2.6 -6.3 0.6 -9.2 -8.6
175 0.1 0.2 1.6 2.6 5.1 0.9 8.5 8.4
200 0.2 0.5 -1.4 2.3 5.1 0.7 -8.4 -8.0
250 0.0 0.1 -1.5 -2.6 4.6 0.8 -1.5 7.2
500 0.4 0.6 0.7 18 3.1 0.5 5.9 5.2
1000 1.0 0.5 0.5 1.6 1.8 -3.7 4.7 3.3
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Comparison Study on Low Energy Physics Model of GEANT4
So-Hyun Park™", Won-Gyun Jung™ ", and Tae-Suk Suh™*

“Department of Biomedical Engineering, the Catholic University of Korea,
"Research Institute of Biomedical Engineering, the Catholic University of Korea

Abstract : The Geant4 simulation toolkit provides improved or renewed physics model according to the version. The latest Geant4.9.3
which has been recoded by developers applies inserted Livermore data and renewed physics model to the low energy electromagnetic
physics model. And also, Geant4.9.3 improved the physics factors by modified code. In this study, the stopping power and
CSDA(Continuously Slowing Down Approximation) range data of electron or particles were acquired in various material and then,
these data were compared with NIST(National Institute of Standards and Technology) data. Through comparison between data of
Geant4 simulation and NIST, the improvement of physics model on low energy electromagnetic of Geant4.9.3 was evaluated by
comparing the Geant4.9.2.

Keywords : Geant4, Electromagnetic Physics, Stopping Power, CSDA Range
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