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I Introduction

Geantd provides packages specialized for
modeling electromagnetic physics interactions. In
order to have reliable simulations, the accuracy of
physics parameter for particle is important and
the physics content of the toolkit must be as
solid and accurate as possible. It is hence of
paramount importance to verification all the
models by comparing them with well-established
experimental data. This paper presents the results
of the verification of Geantd electromagnetic
models with respect to recognized reference data :
National Institute of Standards and Technologies
(NIST). The aim is to demonstrate the accuracy
and reliability of the Geant4 9.2 electromagnetic
physics models by concerning the physics
parameter of proton.

I Materials and Methods

. The verification was performed both
standard and low energy electromagnetic packages
[Fig 1]. The reference data adopted in present
study were NIST.

II. The geometrical set-up of the simulation
consists of a box of selected material : water,
bone, adipose tissue, beryllium, aluminum, iron,

germanium, silver, gold, lead and uranium. Proton
was generated with random direction at the center
of the box, with energy between 1.0 keV and 10
GeV. We simulated the stopping power and
CSDA(Continuous  Slowing Down Approximation)
range by electromagnetic physics models.

II. Comparison between reference data and
Geant4d simulation data have been performed by
means of Kkolmogorov-smirnov Goodness-of-fit
test, specialized in the comparison of data
distributions.  The  Goodness—of-fit  statistical
analysis return the p-value of the comparison.
P-values higher than the confidence level a=0.05
set lead to the acceptance of the null hypothesis,
stating the equivalence between reference data
and Geant4 simulation data.
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Fig 1. Construction of Genat4 Electromagnetic physics

model.

I Results and Discussion

For all the physical quantities considered,
Geant4 is able to reproduce with high accuracy

the reference data with any  physical
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electromagnetic model. [Table 1] represents the
Goodness-of-Fit test results that all the Geant4
electromagnetic packages for water, bone and
adipose tissue. All the statistical comparisons led
to the acceptance of the null hypothesis, stating
that there is not statistical difference between
reference data and the Geantd simulation data.
[Fig 2] and [Fig 3] represent statistical results of
stopping power and CSDA range respectively as
a function of the atomic number Z of the selected
elements. All the p-values obtained are higher
than the confidence level set (a=0.05).

Table 1. Goodness—of-Fit test results concerning the
CSDA range and stopping power about water, bone
and adipose tissue. All the p-value obtained are higher

than the confidence level set (a = 0.05).

p-value

Material Low Energy

Standard Energy
ICRU49 ZieglerT7 Zieglerss
Water 1 1 1 1
CSDArange Bore 1 1 1 1
Adipose tissue 1 1 1 1
Water 0999 1 0.999 0.999
Stopping
Bore 0990 1 0.990 0.990
power
Adipose tissue 0839 1 090 030
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Fig 2. Goodness-of-Fit test results concerning the

stopping power plotted as a function of the atomic
number of the selected elements. All the p-value
obtained are higher than the confidence level set (a =
0.05).

CSDA range

o ER) a0 B} i

Atomic Number
Fig. 3

CSDA range plotted as a function of the atomic

Goodness—of-Fit test results concerning the

number of the selected elements. All the p-value
obtained are higher than the confidence level set (a =
0.05).

I Conclusion

The verification of Geant4 simulation results
versus NIST data for MeV proton beams in
different media has been performed. Standard
package and three models for the low energy
package were exercised. Results of simulation
exhibited a good agreement with NIST data over
the whole energy range. Therefore we could
evaluate that the electromagnetic physics of Geant4
1s accuracy and reliable physics model for physics
parameter of proton. The precision verification of
physics models concerning the physics parameter
are very important for reliahility of simulation.
Because precision tests are especially relevant for
critical applications medical physics.
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