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Abstract

Previously, we have developed DynamicMC for modeling relative movement of Oak Ridge National Laboratory phantom in
a radiation field for the Monte Carlo N-Particle package (Health Physics. 2023,124(4):301–309). Using this software, three-
dimensional dose distributions in a phantom irradiated by a certain mono-energetic (Mono E) source can be deduced through
its graphical user interface. In this study, we extended DynamicMC to be used in combination with the Particle and Heavy Ion
Transport code System (PHITS) by providing it with a higher flexibility for dynamic movement for an anthropomorphic phantom.
For this purpose, we implemented four new functions into the software, which are (1) to generate not only Mono E sources but
also those having an energy spectrum of an arbitrary radioisotope (2) to calculate the absorbed doses for several radiologically
important organs (3) to automatically average the calculated absorbed doses along the path of the phantom and (4) to generate
user-defined slab shielding materials. The first and third items utilize the PHITS-specific modalities named radioisotope-source
and sumtally functions, respectively. The computational cost and complexity can be dramatically reduced with these features.
We anticipate that the present work and the developed open-source tools will be in the interest of nuclear radiation physics
community for research and teaching purposes.

Introduction

Ionizing radiations can have detrimental effects on
the health of human and living organisms(1–5); these
are due to the energy deposition and subsequent
damages that could be induced as a result of interaction
of ionising radiations. Considering this, radiation
dosimetry is an important yet tedious task when
dealing with organs in the human body. In a recent
study, Aghaz et al.(6), performed an extensive study

regarding patient-specific dose assessment using Cone-
Beam Computed Tomography images and Monte
Carlo computations; this highlighted an important
methodology in the use of Monte Carlo method
to perform patient-specific dose calculation using
DICOM images, which, in turn, provided valuable
insights for our study. It needs to be noted that
several factors can impact the dose deposition in
different organs, one being the variation in the distance
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between the radioactive source and the target(7).
Previously, we have developed a computational model
named DynamicMC for modeling relative dynamic
movements of a radioactive source with respect to
the Oak Ridge National Laboratory (ORNL) human
phantom(8). The developed platform enabled users
to model multiple irradiation scenarios and perform
organ-based dosimetry by coupling the generated script
with Monte Carlo N-Particle (MCNP) package(9).
Furthermore, Phantom wIth Moving Arms and Legs
(PIMAL) program was developed that enabled the
users to adjust the posture of a phantom through
a user-friendly graphical user interface (GUI)(10, 11);
this program was coupled with MCNP Monte Carlo
(MC) package. To the best of our knowledge, there are
no programs with user-friendly interface for dynamic
movement of phantoms that have extensive number
features when compared to Particle and Heavy Ion
Transport code System (PHITS) DynamicMC.

It was pointed out that the relative movements
between the radiation source and exposed targets are
important mainly for occupational workers that are
moving in radiation fields. These occupational workers
include workers in nuclear reactors(12), medical and
radiation workers handling radioactive sources(13),
workers dealing with radioactive wastes(14, 15) and
those working in medical imaging facilities such as
positron emission tomography(16). The dose monitor-
ing of occupational workers is mostly accomplished
using passive detectors usually mounted on their chest.
These passive detectors are mostly thermoluminescent
dosemeters(17, 18) or glass dosemeters(19) that record
the absorbed radiation dose. The issues with these
passive detectors include (1) the types of ionising
radiation (either primary or secondary radiation) will
not be differentiated and (2) the specific absorbed
dose in each organ in the human body will not be
determined. In order to tackle these issues, the MC
method in combination with human phantom models
would make it possible to determine the absorbed doses
from different types of ionising radiations in different
organs(20, 21), hence enabling organ-based dosimetry.

The initial version of the DynamicMC was found to
be promising in tackling the issues outlined above, how-
ever a few drawbacks would still need to be addressed,
namely (1) the models were complex and computa-
tionally expensive, (2) only relative movements of the
source with respect to the modeled phantom was con-
sidered, (3) the initial version only supported coupling
with the MCNP package to which some users might not
have access and (4) the platform was only developed
for GNU/Linux operating systems. For continuous
development, it would be pertinent for DynamicMC to
be further developed to support different user demands
and to address some of the practical drawbacks.

Therefore, in present work we have developed a new
version of DynamicMC platform with PHITS MC
package support.

The new features that were implemented into the
new version of the software are the (1) generation
of mono-energetic (Mono E) and source with energy
spectrum of an arbitrary radioisotope, (2) absorbed
dose computation for several radiologically important
organs, (3) automatic averaging of the calculated
absorbed doses along the path of the phantom for each
source condition and (4) generation of user-defined
slab shielding materials. It needs to be noted that item
1 and 3 utilise the PHITS-specific modalities named
radioisotope (RI)-source and sumtally functions,
respectively. The present version of the DynamicMC
provides a higher flexibility of dynamic movement
for an anthropomorphic phantom with or without
the presence of shielding materials, which, in turn,
reduces the computational complexity. In addition,
the present model provides the ability to model
radioisotope sources with exact energy spectra and
decay scheme which would be particularly useful for
radiation protection and dosimetry studies. All kinds
of radiation from decays (i.e. alpha, beta, gamma-rays
and fission neutrons) could be considered using the
present program by setting the projectile option to all’
or any other specific particles. The DECDC(22) nuclear
decay database (equivalent to ICRP107) is used to
obtain the energy spectra. We strongly believe that the
new version of DynamicMC would be a useful tool in
the field of nuclear radiation physics and dosimetry.
The present computer program and its source code
are distributed under GPLv3 license, and users can
freely download, modify and redistribute the program
without any restrictions.

Materials and methods

Program structure

The present program has seven main parts, namely
(1) GUI, (2) graphical coordinate input, (3) dynamic
phantom generator, (4) simple script/code viewer, (5)
a simple collision detection module, (6) shielding and
(7) sumtally generator option. In addition, the present
version of the program supports two operational mode
that are; (1) Mono E and RI modes and two coordi-
nate input options, namely (1) text and (2) graphical
modes. The GUI was developed using C++ program-
ming language using the QT5 libraries (https://www.
qt.io/). The graphical coordinate input was developed
in C++ programming language using OpenGL appli-
cation programming interface (https://www.opengl.o
rg/). The dynamic phantom generator was written in
the FORTRAN90 programming language and lastly
the script/code viewer and collision detection modules
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Figure 1. GUI of the PHITS DynamicMC platform showing the irradiation of human phantom with 137Cs radioactive source with enabled
shielding option.

were written in C++ programming language. Detailed
description of these parts is given in the following sub-
sections.

Graphical user interface

The GUI for the new version of DynamicMC has
been designed to be more intuitive without having
any complex functions. A snapshot of the program
interface is shown in Fig. 1. The users can set the
type of the radioisotope or incident particle, beam
energy, tallies, maxcas, maxbch, step value (used to
define increments in the dynamics movements) and five
different sliders to manipulate the x and y positions
of human phantom and the radioactive source, and
the source z position with respect to the height of
the modeled human phantom. In the text-based entry
option, the users can numerically define the position
of radioactive source (sx, sy, sz) and human phantom
(px, py). In addition, the shield option provides the
users with the possibility of modeling a rectangular
parallelepiped shield with user defined materials and
density. The users have the ability to manipulate the
x, y and z positions and also the length and width of
the modeled shield using X, Y, H, L and W sliders,
respectively. The black color window under Dynamics
shown in Fig. 1 is the interactive graphical coordinate
input based on the OpenGL. The red and blue mark-
ers represent the radioactive source and human phan-
tom, respectively. The green rectangle represents the

Figure 2. Three-dimensional snapshots of the implemented
anthropomorphic phantom in the present platform.

modeled shielding between the radioactive source (i.e.
red square) and the human phantom (i.e. blue marker).
Considering the size of the implemented OpenGL win-
dow, markers that are small enough to fit within this
window were chosen. It needs to be noted that the
OpenGL window shows the relative position of the
radioactive source and human phantom and provides
an approximate position between these entities. How-
ever, we recommend PHIG3D viewer that comes in
bundle with PHITS MC package for a more realistic
three-dimensional view of the phantom (see Fig. 2).
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Dynamic coordinate input

Considering the graphical coordinate input, unlike the
previous version of the DynamicMC that used SFML
(https://www.sfml-dev.org/) libraries with an external
interactive window, the present version has an embed-
ded graphical coordinate input module into the GUI
(shown as a black window in Fig. 1). The x and y
coordinates of the radioactive source and the human
phantom can be manipulated using the horizontal and
vertical sliders, respectively, that were placed around
the interactive OpenGL window. The top and left slid-
ers alter the x and y coordinates of the radioactive
source by increment defined in the step variable in
the GUI. The bottom and right sliders alter the x and
y coordinates of the human phantom by increment
defined in the step variable in the GUI. After moving
the sliders to set the positions, users must click onto the
interactive OpenGL window (i.e. the black color win-
dow) to update the positions of the radioactive source
and the human phantom. The shielding option can be
enabled using the Shield on checkbox and the shielding
position and its dimensions can be manipulated using
each slider shown in the shield parameters section. As
mentioned in the previous sub-section, the red and blue
squares represent the radioactive source and human
phantom, respectively. The green rectangle represents
the modeled shielding between the radioactive source
and the human phantom. Lastly, the vertical slider next
to the image of the modeled phantom sets the z position
of the source with respect to the height of the human
phantom.

Considering the text-based coordinate input, it can
be enabled by clicking the text button as shown in
Fig. 1. The location of the radioactive source and the
human phantom can be numerically set for every posi-
tion to score the required dosimetric quantities. The
text-based coordinate input option would be useful
for modeling large number of radioactive source and
human phantom positions. The program will auto-
matically loop over the user inputted data and per-
form the computations according to the parameters
set by the user. It needs to be noted that the text-
based option solely relies on the input from the users
and therefore inputted radioactive source and human
phantom positions must be without any geometrical
overlaps.

As the first version of the program, we only
considered a single radioactive source to simplify the
task of absorbed dose approximation. Furthermore,
the dynamic nature of the present program would
further complicate the task of dosimetry when multiple
radioactive sources are considered. In the future version
of the present platform and computer program, we
aim to further extend it to multiple radioactive source
definitions.

Figure 3. Simple script/code viewer showing a generated script
by PHITS DynamicMC.

Dynamic phantom generator

The model behind the dynamic phantom generator
takes the user inputs from the GUI and the graph-
ical coordinate input and builds the anthropomor-
phic phantom. We have adopted and modified the
Medical Internal Radiation Dose Committee (MIRD)
type anthropomorphic phantom that was previously
developed(23) and also used(24). Some of the main con-
sidered organs in the present human phantom are the
brain, skull, heart, left and right lung, rib cage, spine
and vertebrae, head and neck, hands and legs, skeleton
and skin. Upon phantom movement, the program auto-
matically performs transformations in the xy plane,
according to the user inputs, this transformation would
take place globally over all organs that are present in
the modeled phantom. However, for simplicity, the leg
and hand movements during this vector transforma-
tion were not considered and therefore this dynamic
movement resembles the upright standing position of
a human in the radiation field. The three-dimensional
snapshots of the employed human phantom are shown
in Fig. 2.

Simple script/code viewer

The script/code viewer can be invoked by clicking
onto the View code button embedded within the GUI
(see Fig. 1) only after a successful run which in turn
generates a PHITS script for a specific user-defined
setup. The main reason for implementing this sim-
ple script/code viewer was to provide the option to
users to swiftly inspect their script elements (that are
rather lengthy) without requiring a third-party code/-
text editor. It needs to be noted that due to simplicity
of the present script/code viewer, no specific syntax
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Figure 4. An example of collision detection between the modeled radioactive source and the modeled human phantom.

highlighting for PHITS MC package was implemented.
We refer interested readers to our previous work(25) in
which a terminal-based code editor with specific syntax
highlighting was developed for PHITS MC package
as part of the project. A snapshot of the developed
script/code editor is shown in Fig. 3.

Simple collision detection module

In the initial version of DynamicMC(8), the graphical
coordinate input reported cases that were out of bound,
which referred to the scenario where the radioactive
source overlapped with the modeled human phantom.
Since the present study focus on the exposure of human
body to external radiation sources, the source was not
defined to be in any of the modeled organs. In case
of any overlaps, the generated script would be incor-
rect and cannot be executed using MC packages that
were coupled with DynamicMC. For the enabled shield
option, there should not be any overlap between the
modeled shield and radioactive source and/or human
phantom. To avoid such issues with the generated
script, a simple collision detection module which is sim-
ply a function has been developed; this checks the x and
y coordinates of the radioactive source with those of the
modeled human phantom (and the shielding material
in case of enabled shield option), and terminates the
generation of the script if it detects any overlaps; this
would be particularly useful to prevent users to end up
with a wrong input script and in turn saves debugging
time and effort. The outer boundaries of the modeled
human phantom are used to set a hard cutoff value to
accomplish this task. An example of collision detection

for disabled shield option is shown in Fig. 4 where the
red square (i.e. radioactive source) and blue marker (i.e.
human phantom) are in a close proximity and therefore
the program presents an output error message in its
dialog box.

Radiation transport parameters and tallies

The present version of DynamicMC models a spherical
source with radius of 1.0×10-10 cm that emits primary
radiation in all directions; this is similar to an isotropic
point source which we have considered previously(4, 8).
Considering the RI mode, the type of radioisotope can
be defined as Cs-137, Co-60, etc. In addition, the time
evolution (dtime), source strength, projectile emitting
from the radioisotope source. Considering the Mono E
mode, total of four different incident particles can be
chosen from the dropdown menu in the GUI that are
protons, neutrons, photons and alpha particles. Since
the present platform focuses on the point source model,
the use of X-ray tube would be out of its scope, given
that X-ray tube used in medical physics/imaging are
those collimated beams with specific energy spectra.
The present platform was built for radiation protection
studies where a point source emits radiation dynam-
ically in all directions (i.e. isotropic). It is possible to
emulate an X-ray tube using DynamicMC by plac-
ing point sources along the orbit of the X-ray tube.
However, this requires continual and specific energy
spectrum implementation which is highly case depen-
dent. Presently, the web system named WAZA-ARI(26)

calculates X-ray distribution for many manufacturers
using PHITS. In future versions of the present platform
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Figure 5. Difference between the local and global coordinate definition for geometrical boundaries of autogenerated tallies in the
present model. The color intensity represents the energy deposition.

and computer program, we aim to further extend it for
medical physics/imaging related beams and therefore
will consider continuous energy spectra from those
X-ray tubes with appropriate collimation and energy
spectrum using WAZA-ARI and PHITS MC package.
The material compositions for the modeled human
phantom are fixed for both modes and the surrounding
ambient material is assumed to be dry air at sea level.
The material compositions and densities can be checked
in the generated scripts.

The ICRP Publication 103(27) considered 15 major
organs including red bone marrow (RBM), colon,
lungs, stomach, gonads, bladder, esophagus, liver,
thyroid, endosteum (bone surface), brain, salivary
glands, skin, and remainder tissues; this is particularly
useful for organs that are considered in most radiation
dosimetry studies(28). A total of three main different
tallies will be generated for every user-defined case,
namely (1) T-Gshow, (2) T-Deposit that generate two-
dimensional geometrical view and dose deposition
plots and (3) T-Deposit dose deposition in six selected
organs. These selected organs are as follows: (1) left
lung, (2), right lung, (3) heat tissue and blood, (4) spine
and discs, (5) brain and (6) head and face skin.

Considering the two-dimensional energy deposition
tallies, three different planes of view would be consid-
ered for both T-Gshow and T-Deposit tallies, namely
(1) xz, (2) xy, (3) yz that with their output names
bearing the (1) front, (2) top and (3) side view tags,
respectively. Lastly, for every tallied particle in the

modeled system, each of the three different planes of
views will be generated; this makes visualisation of
dose dispersion and radiation transport much more
convenient for interested users. It is worth noting that
considering all possible tallies would not be feasible
as it is dependent on the user’s choice. However, the
present version of DynamicMC coupled with PHITS
MC package provides much higher flexibility when
compared to the previous version that was coupled
with MCNP MC package; this is mainly due to the
features that are exclusively provided by PHITS MC
package that enabled the implementation of multiple
features such as definition of user-defined radioisotope
source with energy spectrum beam and automatic aver-
aging of organ doses along the path of the phantom
using RI-source and sumtally functions of PHITS MC
package, respectively.

The geometrical bound for the generated tallies
can be defined in two ways either in local or global
coordinate manner; it is important to note that this
option only works for the two-dimensional energy
deposition cases, mainly due to the fact that a spatial
energy deposition could only be observed using
this tally option. The term local refers to the tally
boundaries that embrace the body of the human
phantom; this does not present a larger view of the
modeled setup and can be useful if one wishes to
study radiation transport inside the modeled human
phantom. The term global refers to the tally boundaries
that embrace the entire modeled system defined by the
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Table 1. Parameters used in two different case studies using the developed platform.

Case Particle Energy Tallies Step (cm) No. positions

Case 1 Photon 137Cs energy spectrum Photon 1 5
Case 2 Neutron 5.0 MeV Neutron 1 3

Figure 6. Chosen human phantom paths for cases 1 and 2 as viewed from the xy plane.

size of the step value; this presents a larger view of
the modeled setup in which the radioactive source,
human phantom model and ambient air can be seen.
The users can switch the global coordinate definition
on or off by checking or unchecking the checkbox in
the GUI (see Fig. 1 ), respectively. In case of unchecked
global coordinate definition, the model defaults to
local coordinate boundaries. In order to demonstrate
this feature, an example run with local and global
coordinate definition is shown in Fig. 5.

Considering the multi-particle feature of the present
program that supports proton, neutron, photon and
alpha particles and those radioisotopes that emit
these projectiles, different physics and models will be
used to determine the dose deposition. Considering
charged particles, the Intra-Nuclear Cascade Liege
(INCL) model was used to explain the nuclear
reaction involved in the present work. The INCL
was implemented as the default model for simulating
nuclear reactions induced by protons. The stopping
powers for charged particles and nuclei were calculated
using the ATIMA code https://web-docs.gsi.de/~wei
ck/atima/. Considering uncharged particles, the Kerma
approximation was used to determine the energy
deposition by employing T-Deposit tally function
provided by the PHITS MC package. We refer
interested readers to Ref.(29) and references therein
for more information regarding the employed physical
models for calculation of dose deposition.

Computational scheme

There are a large number of possible setups that can be
modeled using the present platform and it would not
be feasible to consider all possibilities. For information
regarding all the features that the new version of
DynamicMC offers after coupling with PHITS MC
package, we refer the readers to the user manual that
can be found from: https://figshare.com/articles/softwa
re/Development_of_DynamicMC_for_PHITS_Monte_
Carlo_package/22731920. Therefore, to demonstrate
the capabilities of the present program, two examples
were chosen. A total of two cases with different incident
particles, energies, tallies, step values and number
of dynamic positions without the presence of any
shielding material were considered; these are listed in
Table 1.

The chosen paths for cases 1 and 2 that the human
phantom will undertake are shown in Fig. 5. The paths
are viewed from the xy plane (i.e., top view) that
shows the relative movement of phantom with respect
to the radioactive source. In addition, for both cases,
the height position (along the z-axis) has been assumed
to be fixed at 70 cm. Using the generated paths shown
in Fig. 6, the dose dispersion snapshots from different
points of view (top, front and side view) were scored.
In addition, the photon dose deposited in the selected
organs were also determined for both cases.

Lastly, the effect of 1 and 10 cm lead shielding against
137Cs photons for the modeled human phantom was
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Figure 7. Two-dimensional energy deposition snapshots from photon emitted from the 137Cs radioisotope obtained from the front (left),
top (center) and side (right) views for (a) p1, (b) p2, (c) p3, (d) p4 and (e) p5 human phantom positions in a radiation field. In the present
case, the source refers to incident photons.

considered. The radioactive source was fixed at (60,
102, 40) cm position, emitting 137Cs photons isotrop-
ically and the human phantom kept fixed at the (45,
30) cm position. The shielding material was placed
between the radioactive source and the human phan-
tom. The dosimetric results before and after shielding
were scored in the selected organs. In addition, the two-
dimensional energy deposition snapshots from differ-
ent views were also prepared.

For both example cases, a total of 106 incident
particles were assumed to be emitted from an isotropic
spherical radioactive source with a radius of 10-10 cm,
which resembled a point source. The dose deposition
in the selected organs were scored in the unit of
Gy/initial particles and Gy/s for Mono E and RI mode,
respectively. The two-dimensional energy depositions
were scored in the unit of MeV/initial particles. All
data, source codes, executable programs (for both

Figure 8. Dose deposition in six selected organs upon exposure
to photons emitted from 137Cs radioisotope at position p1, p2,
p3, p4 and p5. All values were obtained with less than ∼6% of
average relative error.
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Figure 9. Two-dimensional energy deposition snapshots from 5 MeV neutrons obtained from the front (left), top (center) and side (right)
views for (a) p1, (b) p2 and (c) p3 human phantom positions in a radiation field. In the present case, the source refers to incident
neutrons.

GNU/Linux and Microsoft Windows operating sys-
tems) including the example input and output files
that were shown in Table 1 can be downloaded
from https://figshare.com/articles/software/Developme
nt_of_DynamicMC_for_PHITS_Monte_Carlo_packa
ge/22731920

Results and discussion

The results of two-dimensional energy deposition for
five different human phantom positions for case 1 are
shown in Fig. 7(a–e). In case 1, the local coordinate
option that was discussed in Section 2.2 was used to
only view the human phantom domain in the radiation
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field. For each position, three points of view were
considered, namely the (1) front, (2) top and (3) side
views. From the results shown in Fig. 7(a–e), the energy
deposition from photons tend to reduce with increasing
distance between the radioactive source and human
phantom. Furthermore, the orientation of the human
phantom with respect to the radioactive source can
significantly alter the energy deposition in different
organs. The results shown in Fig. 7 show that the
relative position between the radioactive source and
human phantom is an important parameter, given that
the energy deposition can vary in different parts of
the human body as it moves in an isotropic radiation
field; this can be observed from the dose deposited in
six different selected organs as shown in Fig. 8. The
path that was chosen for the case 1 is shown in Fig. 6
and the closest relative position between the radioactive
source and the human phantom is at position p4.
Subsequently, from the dose results shown in Fig. 8,
the highest dose in selected organs were scored at
position p4.

The multi-tally capability offered by the current
version of DynamicMC makes the task much easier
for users to score energy/dose deposition from primary
and secondary radiations in their modeled system. We
believe this will be important for clinical applications
where incident radiation energies are increasing to
a level at which generation and dose contribution
from primary and secondary radiation are becoming
significant(30)(31).

Considering case 2 (see Table 1), a total of three
positions were used to score the energy deposition
by neutrons. The global coordinate option that was
discussed in Section 2.2 was used to only view a larger
picture of the human phantom irradiation in the radia-
tion field. For simplicity, no secondary radiations were
scored for this example. Similar to case 1, for each
position, three points of view were considered, namely
the (1) top, (2) front and (3) side views obtained from
the xy, xz and yz planes, respectively. The results for
energy deposition from these three point of views are
shown in Fig. 9. As discussed in case 1 above, energy
deposition in the body of the human phantom tended to
decrease with increasing distance from the source; this
can be explained by the reduction of particle fluence
and attenuation in ambient air as a result of increasing
relative distance between the radioactive source and the
human phantom. The deposited dose in the six selected
organs for position p1 to p3 are shown in Fig. 10.

The highest dose deposition in the selected organs
from 5 MeV neutrons found to be for the p2 position.
Considering the path for case 2, as shown in Fig. 6, the
position p2 has the shortest distance between radioac-
tive source and the human phantom; this, in turn, leads
to a higher dose deposition in the selected organs as

Figure 10. Dose deposition in six selected organs upon exposure
to 5 MeV neutrons at position p1, p2 and p3. All values were
obtained with less than ∼6% of average relative error.

shown in Fig. 10 for position p2. The orientation of the
human phantom with respect to the radioactive source
has the ability to alter the dose in different organs. From
the results shown in Fig. 10, the dose deposited in right
lung found to be higher for p1 case when compared
to p3; this is due to the orientation of the phantom
that faces the positive y-axis. In case of p1 position,
the right lung is closer to the radioactive source when
compared to the p3 position and therefore the varia-
tion in the dose deposition can be clearly observed as
the human phantom moves along the positive x-axis.
Another interesting observation would be the energy
deposition in the ambient air after interacting with
the body of the human phantom; this can be clearly
seen from the top view for p1, p2 and p3 shown in
Fig. 9. The energy deposition from 5 MeV neutrons
tends to be lower after propagating through the body
of human phantom, mainly due to subsequent energy
loss and attenuation. This subsequent energy loss can
only be viewed when the global coordinate option is
enabled, which demonstrates another useful feature of
the current version of DynamicMC platform.

Lastly, the effect of 1 and 10 cm lead shielding has
been investigated for the emitted photons from 137Cs
radioisotope. The shielding option (see Fig. 1) provided
in the current version of DynamicMC has been used
to demonstrate the capabilities of the present platform.
The two-dimensional energy deposition from incident
photons observed from side view for cases without and
with shielding are shown in Fig. 11. From Fig. 11, it
can be seen that applying the 1 and 10 cm lead shield
reduces energy deposition in the modeled human body
and its organs(4). The results in Fig. 11 demonstrate
the capability of the present program to successfully
model shielding and its effects on the energy deposition.
In addition to the two-dimensional energy deposition
snapshots, the dose in the six selected organs were
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Figure 11. Two-dimensional side view energy deposition snapshots from the photons emitted by 137Cs radioisotope for the case without
and with 1 and 10 cm lead shielding. In the present case, the source refers to incident photons.

determined for the cases without and with 1 and 10 cm
shielding and shown in Fig. 12. Considering the results
shown in Fig. 12, L.Lung, R.Lung, Heart&, Spine&
and Head& correspond to left lung, right lung, heart
tissue and blood, spine and discs and head and face
skin, respectively.

Applying lead shielding between the radioactive
source and the human phantom, the deposited photon
dose in the six selected organs reduces. Furthermore,
the higher thickness of the lead shielding materials
tends to be more effective in reducing the photon
dose deposited in the selected organs. In our previous
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Figure 12. Dose deposition in six selected organs upon exposure
to photons emitted by 137Cs radioisotope for the case without
and with 1 and 10 cm lead shielding. All values were obtained
with less than ∼6% of average relative error.

work(4), we have observed similar trends when
applying lead shielding to the ORNL human phantom
exposed to photons emitted from 137Cs radioisotope.
Considering the obtained results, the presence of the
shielding option would be useful for studying dose
reduction for different shielding materials. The present
feature would also be important to investigate the effect
of dynamic movement of radioactive source and/or
human phantom in presence of shielding materials in
occupational environments.

Summary and conclusions

In the present work, an open-source and easy-to-use
platform named PHITS DynamicMC has been devel-
oped for modeling the irradiation of an anthropomor-
phic phantom with and without shielding materials.
The present version of the platform has been coupled
with the PHITS MC package and allows users to move
the radioactive source and the modeled human phan-
tom in the three-dimensional Cartesian coordinate sys-
tem; this will be particularly useful when studying radi-
ation dosimetry for occupational workers. Users have
the ability to study radioisotopes with precise decay
scheme and energy spectrum and four different Mono
E incident ionising radiations, namely (1) protons, (2)
neutrons, (3) photons and (4) alpha particles. The
modeling definition of organs in the human phantom,
MC parameters and source definition and tallies will be
set automatically by the program. Furthermore, users
have the ability to model different shielding materials
and investigate its impact on energy deposition in the
human phantom and the surrounding environment.
The current version of DynamicMC provides a higher
flexibility for dynamic movement for an anthropomor-
phic phantom; this tends to reduce the computational
cost and complexity. The newly added features utilise

those functions that are only provided by the PHITS
MC package, which presents novel additions to the
previous MCNP-based version of the program. This
program natively supports multiple widely used oper-
ating systems and we expect that the present work and
the developed tools would be useful for researchers in
the field of nuclear radiation physics.
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