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a b s t r a c t

The Monte Carlo (MC) method has become an indispensable part of the nuclear radiation research field.
Several widely used and well-known MC packages were developed for simulation of radiation transport
and interaction with matter. All these MC packages require users to prepare an input script. The input
script can become lengthy for complex models. The process of preparing these input scripts is time-
consuming and error-prone. In the present work, we have developed an open-source GUI computer
program for modelling radiation transport and interaction in multi-segmented slab phantoms using grid-
based system for the widely used PHITS MC package. The developed tools would be useful for future
users of PHITS MC package and particularly inexperienced users. The present program is distributed
under GPL license and all users can freely download, modify and redistribute the program without any
restrictions.
© 2022 Korean Nuclear Society, Published by Elsevier Korea LLC. This is an open access article under the

CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

The use of multi-segmented (homogenous or inhomogeneous)
targets in radiation therapy was found to be promising, particularly
when studying the interaction of radiation and activation of ma-
terials in biological targets [1e5]. These multi-segmented slabs
were found to be useful in a variety of applications, such as radia-
tion dosimetry, range verification and validation, benchmarking
numerical models etc., as they tended to resemble the layered
structure of the human body. Previously, Attanasi et al. [1]
employed a five-segment slab phantom to study the dose distri-
bution and yield of positron produced by impinging protons. In
another study, Jia et al. [6] modelled a six-segment slab head
phantom to evaluate energy deposition and the production of
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secondary particles in proton therapy. The modelling of heteroge-
nous slab phantom in radiation dosimetry has also been performed
[7], which is another type of multi-segmented slab phantom.
Studies involving multi-segmented phantoms show the impor-
tance of using these models in investigating interactions of ionizing
radiation with matter.

There are several well-established Monte Carlo (MC) packages
beingwidely used formodelling radiation interaction and transport
in matter. Some well-known MC packages are; Monte Carlo N-
Particle (MCNP) (https://mcnp.lanl.gov/), Geant4 (https://geant4.
web.cern.ch/), FLUKA (http://www.fluka.org/fluka.php) and the
Particle and Heavy Ion Transport code System (PHITS) (https://
phits.jaea.go.jp/). These MC packages have their own specific syn-
taxes for preparing the input script. In addition, as the complexity
of the modelled system increases, the length of the input script
would also increase. The preparation of lengthy input scripts would
be tedious, time-consuming and error-prone for both new and
experienced users. Recently, we have developed a GUI program for
simulation of positron emitting radioisotopes which makes the
modelling task easier for the users [8]. Considering the multi-
en access article under the CC BY license (http://creativecommons.org/licenses/by/
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segmented phantoms, preparation of their input script would be
particularly tedious, mainly due to the presence of multiple do-
mains with different sizes and material compositions.

In the present work, we have developed an open-source
graphical user interface (GUI) program for PHITS MC package for
modelling the irradiation of complex multi-segmented (i.e., inho-
mogeneous) phantoms. Using the present program, no scripting
would be required, which helps users simulate multiple irradiation
scenarios in an interactive manner in a few seconds. The present
program and the developed method would be useful for students
and researchers in the field of radiation physics, protection and
therapy.
2. Materials and methods

The present program has two main parts, namely, the (1) GUI
and (2) script maker module. The GUI was developed using QT5
(https://www.qt.io/) libraries and written in Cþþ programming
language, having ~4200 lines of code. The script maker module was
written using FORTRAN90 programming language, having ~1000
lines of code. The program uses a grid (i.e., mesh) based system to
enable users to model multi-segmented rectangular parallelepiped
(i.e., slab) phantoms. The grid sizewas set to be 10� 20 andmeshed
using squares with user-defined length. The number of segments
(i.e., domains) would be defined by the user. Using the grid-based
method developed in the present work, users can choose the
location of different segments by defining segment number on the
10 � 20 grid and define the mesh size. The grid-based system has a
similar concept as meshing geometries using finite sized elements.
The concept of grid-based system is shown schematically in Fig. 1.
The segment number would be chosen by the user over the grid
and the program automatically assembles these into a seamless
domain.

The snapshot of the program in action is shown in Fig. 2. The
current version of the program has four different materials that
users can choose from, namely, (1) PMMA, (2) water, (3) lung and
(4) bone equivalent. Most commonly employedmaterials in studies
involving radiation interactionwith biological materials considered
water, PMMA, lung, and bone equivalent materials [1]. The den-
sities and material composition are shown in Table 1. The densities
and material composition were taken from Refs. [9-11].

There are six different types of ionizing radiation that users can
choose using the drop-down menu, namely; (1) proton, (2)
neutron, (3) electron, (4) photon, (5) alpha particle and (6) 12C
incident beam. The generated phantom will be irradiated using a
mono-directional disk source along the positive z-axis. The inci-
dent beam energy, source to target distance, ambient air dimen-
sion, number of batches (maxbch) and histories per batch (maxcas),
number of tallies and particles to tally are all user-defined through
the GUI (see Fig. 2). The program generates inputs for PHITS run
based on the inputs from the user. In addition, users can initiate
PHITS run using the present program, given that PHITS is installed
Fig. 1. Schematic representation of grid-based system an
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on their systemwith the default system path. The present program
was compiled on both GNU/Linux and Microsoft Windows oper-
ating systems. We have used GCC compiler package 4.8.5 (https://
gcc.gnu.org/) to compile the present program. The source code
and the Microsoft Windows compatible executable can be down-
loaded from: https://figshare.com/articles/software/Development_
of_an_open-source_GUI_computer_program_for_modelling_
irradiation_of_multi-segmented_phantoms_using_grid-based_
system_for_PHITS/20408070.

The present program is distributed under GPLv3 license and
users can freely download, modify and redistribute the program
without any restrictions. We have developed a custom file exten-
sion “.inhm” so that users can save their full simulation configu-
rations. Similarly, the the saved .inhm files can be opened in the
program GUI; this would be very useful for saving complex models,
data sharing and reproducibility between researchers in the field.
The program can generate user-defined models in the range of
milliseconds, depending on the complexity of themodelled system.

The present program detects those six incident primary parti-
cles that are, (1) proton, (2) neutron, (3) electron, (4) photon, (5)
alpha particle and (6) 12C using a subroutine and the program
would assign T-Deposit tally to score these in the modelled struc-
ture. Other particles that would be tallied such as secondary
generated radionuclides would be treated as “non-incident parti-
cles” in the same subroutine and therefore the program would
assign T-Product tally for these secondary radionuclides. Some
examples for proton, alpha particle, neutron and electron irradia-
tion of multi-segmented phantoms modelled using the present
program are shown in this paper. A total of four different examples
were shown, namely, (1) 160 MeV proton irradiation of a 10-
segment phantom, (2) 60 MeV alpha particle irradiation of a 4-
segment phantom, (3) 0.01 MeV neutron irradiation of a 4-
segment phantom and (4) 10 MeV electron irradiation of a 6-
segment phantom. All examples, including the generated input
codes, the output results and original figures can be downloaded
from: https://figshare.com/articles/software/Development_of_an_
open-source_GUI_computer_program_for_modelling_irradiation_
of_multi-segmented_phantoms_using_grid-based_system_for_
PHITS/20408070.
3. Results and discussion

To demonstrate the capability of the present program, four
different examples were used. The results of 160 MeV proton
irradiation of a 10-segment phantom are shown in Fig. 3. The dose
deposition from primary protons and secondary alpha particles
were tallied over the modelled 10-segment phantom. During the
interaction of protons with the modelled phantom, secondary
alpha particles would be generated as a result of 16O (p,a)13N and
14N (p,a)11C nuclear reaction. The variation in the dose deposition at
the interface of materials in this multi-segmented phantom can be
clearly seen in Fig. 3. The variations in the deposited dose by
d final assembly into a multi-segmented phantom.
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Fig. 2. The developed GUI of the present program in action on GNU/Linux system. The arrow shows the center and the direction of the source.

Table 1
Densities and material compositions (shown in weight percent) used in the present program.

Material Density (gcm�3) 1H 12C 14N 16O 23Na 24Mg 31P 32S 40Ca

Water 1.000 11.10 - - 88.90 - - - - -
PMMA 1.180 8.050 59.99 - 31.96 - - - - -
Lung equivalent 0.2600 10.30 10.50 3.100 74.90 0.2000 - 0.2000 0.3000 -
Bone equivalent 1.8500 3.400 15.50 4.200 43.50 0.1000 0.1000 10.30 0.3000 22.50

Fig. 3. Irradiation of a 10-segment phantom using 160 MeV incident proton beam. The contour plot shows the dose deposition of primary protons and secondary alpha particles
over the modelled phantom. (Note: The height of the phantom was set to be 20 cm).
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primary protons and secondary alpha particles are mainly due to
changes in the density, material composition and the size of each
segment.

The next example reveals the results from 60MeV alpha particle
irradiation of a 4-segment phantom as shown in Fig. 4. From the
results of alpha particle irradiation, it can be noted that at the
interface between PMMA (segment 2) and bone equivalent
(segment 3), the alpha particle dose deposition splits into two
375
parts; this is mainly due to the fact that the bone equivalent ma-
terial has higher density and stopping power when compared to
PMMA. Therefore, alpha particles stop at lower depth in segment 3
when compared to segment 2.

Another example gives the results from 0.01 MeV neutron
irradiation of a 4-segment phantom as shown in Fig. 5. The 4-
segment phantom used in this example has a similar arrange-
ment as shown in Fig. 4 but with different dimensions. The



Fig. 4. Irradiation of a 4-segment phantom using a 60 MeV alpha particle beam. The
contour plot shows the dose deposition of alpha particles over the modelled phantom.
(Note: The height of the phantom was set to be 10 cm).

Fig. 5. Irradiation of a 4-segment phantom using a 0.01 MeV neutron beam. The
contour plot shows the dose deposition of neutrons over the modelled phantom.
(Note: The height of the phantom was set to be 10 cm).

Fig. 6. Irradiation of a 6-segment phantom using a 10 MeV electron beam. The contour
plot shows the dose deposition of electrons over the modelled phantom. (Note: The
height of the phantom was set to be 20 cm).
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variation in the neutron dose in different segments can be seen in
Fig. 5. A smaller beam radius of 0.2 cm was used in this example,
that exhibits the behavior of a pencil beam. The neutron beam
passes through the water segment, then splits into two parts at the
376
interface between PMMA and bone equivalent in segments 2 and 3,
respectively. The variation of neutron dose deposition at the
interface between PMMA and bone equivalent is more subtle when
compared to the densely ionizing and charged protons and alpha
particles shown in Figs. 3 and 4, respectively. This is mainly due to
the fact that neutrons are indirectly ionizing, and they do not have a
discrete range in matter unlike protons and alpha particles. The
deposited neutron dose tends to reduce with depth as the neutron
fluence and energy decrease after propagating through the seg-
ments of the modelled phantom and spreads over the tallied
region.

The last example which we have used to demonstrate the ca-
pabilities of the present program is the irradiation of a 6-segment
phantom with a 10 MeV electron beam. The results from this
irradiation are shown in Fig. 6. The variation of electron dose can be
seen clearly at the interface between PMMA and lung equivalent
material in segments 2 and 3, respectively. The spreading of the
electron beam, which is mainly due to scattering of electrons, can
also be observed. As a result of the interface between PMMA and
lung equivalent segments, the spreading of dose deposition in
segment 4 (i.e., bone equivalent) exhibits a rather asymmetric
distribution; this is mainly due to the difference in the stopping
power of electrons in PMMA and lung equivalent material in seg-
ments 2 and 3, respectively.
4. Conclusion

The examples shown in the present work demonstrate the
capability of the present program in modelling the irradiation of
multi-segmented phantoms. The use of grid-based method that
was developed and implemented in our program was found to be
successful in modelling complex inhomogeneities and interfaces
between each segment. Complex geometrical features can be
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modelled, thanks to the grid-based system introduced in this work.
One must break the complex geometry into smaller segments
(similar to the concept of meshing) and assign appropriate mate-
rials to these segments. We encourage the readers to download
configuration files and examples for some complex geometries that
we have modelled from the same download link provided in this
paper. The developed program would be a useful tool for future
investigators. In future versions of this program, we aim to add a
larger material pool for the users.

Data availability

All source codes, executable programs, example files, output
files and all original figures can be downloaded from: https://
figshare.com/articles/software/Development_of_an_open-source_
GUI_computer_program_for_modelling_irradiation_of_multi-
segmented_phantoms_using_grid-based_system_for_PHITS/
20408070.
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