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 DOSE-Analyzer is a computer program to retrieve the dose information from a 

database and generate a graph through a graphical user interface (GUI). The database is 

constructed for absorbed dose, fluence, and energy distribution inside a body of mouse and 

human exposed upon external neutrons, which is calculated by our developed Monte-Carlo 

simulation method using voxel-based phantom and particle transport code PHITS. The input 

configurations of irradiation geometry, subject, and energy are set by GUI. The results are 

tabulated at particle types, i.e. electron, proton, deuteron, triton, and alpha particle, and 

target organs on a data sheet of Microsoft Office Excel™. Simple analysis to compare the 

output values for two subjects is also performed on DOSE-Analyzer. This report is a user 

manual of DOSE-Analyzer. 
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 DOSE-Analyzer は、グラフィカル・ユーザー・インターフェース（GUI）を通してデータベー

スより線量情報を収集し、表とグラフを生成するコンピュータプログラムである。照射体系、対

象および中性子エネルギーは GUI 上で設定され、その結果は粒子種（電子、陽子、重陽子、三重

陽子、アルファ粒子）および標的臓器毎にまとめられ、Microsoft Office Excel™のデータシート

として出力される。また、二つの照射対象に対して出力された結果は、DOSE-Analyzer 上で比較

解析することができる。本レポートは、コンピュータプログラム DOSE-Analyzer のユーザーマ

ニュアルである。 
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1. Introduction 

 

 In general, neutrons are more effective than X-rays and gamma rays for induction 

of tumors, and for most other late somatic effects of radiation, even if same radiation dose 

is delivered to a subject.1) In the 1990 Recommendations of the International Commission 

on Radiological Protection (ICRP),2) the radiation weighting factor wR was introduced into 

dosimetry for radiological protection to take into account the biological effects of different 

types of radiation. The values of wR have been evaluated by reflecting latest knowledge of 

epidemiology, biophysics, and radiobiology studies with regard to relative biological 

effectiveness (RBE) that is defined as the ratio of doses of two types of radiation producing 

the same specified effect. In the 2007 Recommendations of ICRP, the wR values for neutron 

below 1 MeV were decreased by considering the effect of neutron-produced secondary 

particles in a body.3) 

 Epidemiological data of large irradiated human populations are significant 

resources in the evaluation of the wR values. Among epidemiological studies, a joint 

working group of Japan and USA researchers developed a dosimetry system for Japanese 

survivors of the atomic bomb explosions.4,5) The dosimetry system concluded that the 

contribution of neutrons is considerably lower than that of gamma rays to the total 

absorbed dose, and that dose-response relationship of neutrons cannot be determined from 

the data of the atomic bomb survivors. Thereby, there is no large scale epidemiological data 

by which to evaluate the neutron RBE in human carcinogenesis, and the evaluation must 

rely on the experimental data of small animals such as mice and rats. 

 Many radiobiological experiments have been performed for various endpoints. The 

National Institute of Radiological Sciences (NIRS, Japan) has carried out the experiments 

by using mice to analyze the biological effects of fast neutrons for carcinogenesis (murine 

myeloid and leukemia) and for development of nervous system.6,7) Although the 

experimental data are useful to investigate the biological effects of neutrons needed for 

evaluating the RBE value, some difficulties remain to adopt the RBE data from the 

nonhuman experimental systems to humans; namely, variations in radiation response 

among species and in energy-deposition process depending on physical interactions of 

radiations inside bodies. The National Council on Radiation Protection and Measurements 

(NCRP) has reviewed this issue from the viewpoint of radiobiology.8) A precise analysis for 

RBE from the experimental data requires also a complementary study considering the 

physical property of the energy deposition upon neutron exposure. 

 Neutrons going through a body produce various secondary particles by nuclear 

reactions, and those secondary particles impart energies to the body. Protons, deuterons, 

tritons, and alpha particles are ejectiles of the neutron-induced reactions with a nucleus. 

The neutrons moderated down to the thermal energy region (about 0.025 eV) are mainly 
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captured by a hydrogen nucleus in the body as a result of their interactions, which produce 

a secondary photon of 2.2 MeV via the 1H(n, )2D reaction. These secondary photons 

produce electrons through Compton scattering, photoelectric effect and pair production. 

Thus, the internal radiation fields with the primary neutrons and secondary particles 

depend on the incident neutron energy and body size, and they are quite different between 

a mouse and human, even exposed with an identical external neutron field.9) In order to 

determine the neutron RBE for humans, it is important to understand the difference of 

internal radiation fields between animals used in radiological experiments and humans. 

 Computational simulation with a Monte-Carlo technique is useful to clarify the 

contributions of the particle types and their energy distributions to organ doses inside a 

body, which is impossible to determine by experimental investigations. For reliable 

simulation, it is indispensable to use a numerical phantom reflecting precise information 

about both the shape of the body and anatomical structure including the internal organs, 

and a particle transport code that can treat interaction, transport, and energy deposition of 

not only primary neutrons but also secondary particles in wide energy ranges. 

 We have developed a simulation method10,11) to treat the whole range of particle 

behavior inside a mouse and human by incorporating the numerical phantoms12-16) into the 

particle transport code PHITS17). The simulations were performed for neutron irradiation 

to a mouse and human with various neutron-irradiation geometries in the energy region 

from 10-9 to 150 MeV. The models of the mouse and human were developed in the 

volume-pixel (voxel) based phantom. Although the simulation method is very powerful to 

analyze the physical processes of secondary particle production and their energy deposition 

inside a body, it requires technical knowledge about Monte-Carlo simulations. 

 In order to disseminate the results obtained with our simulation method for the 

researchers who are not familiar with a Monte-Carlo computational simulation, we have 

developed a program, named DOSE-Analyzer, to access the simulation results easily 

through a user-friendly graphical interface. The program has a database of not only the 

results of our simulation for mouse and human, but the reference data in ICRP Publication 

7418) and the simulation results for simple spheres. By using DOSE-Analyzer, the users can 

obtain absorbed dose, fluence, energy distribution for each particle at specified organs in a 

mouse and human. In addition, the results are compared and graphed on the program. 

 This report is a user manual of DOSE-Analyzer. The overview of the program is 

described in Section 2. The detail of the simulation method used to prepare the database is 

explained in Section 3 together with some typical results of the simulation. The 

construction manner and data format of the database are also described in this section. The 

user guide is given in Section 4, where the users can find a description of the usage of 

DOSE-Analyzer. The summary of this report is given in Section 5. 
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2. Overview of DOSE-Analyzer 

 

 DOSE-Analyzer is a computer program to give the data of absorbed dose, fluence, 

and energy distribution in organs of mouse and human irradiated by external neutrons. 

The program is designed by Visual Basic for Application (VBA), which is executable on the 

Microsoft Office Excel™. Figure 1 depicts the flowchart of DOSE-Analyzer. The users can 

set their input configuration through a graphical user interface (GUI), and obtain 

numerical values and graphs for the designated physical quantity. The results are 

extracted from the database constructed by the Monte-Carlo simulations10,11) with the voxel 

phantoms12-16) and the particle transport code PHITS17). The comparison of the dose data 

calculated for the different irradiation subjects is also performed on DOSE-Analyzer. The 

results are saved as a file of Microsoft Office Excel 97-2007 binary file format (.xls). 

Appendix-A describes the essential environment of a computer system and the installation 

procedure of DOSE-Analyzer. 

 

 

Figure 1. Flowchart of DOSE-Analyzer 
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3. Preparation of database 

 

 The database contained in DOSE-Analyzer has been prepared for absorbed dose, 

fluence, and energy distribution by means of the Monte-Carlo simulation method with the 

voxel phantoms and the particle transport code PHITS. The detail of the simulation 

method is described in the references 10 and 11). For the human models in Section 3.1.1, 

the results of organ doses showed reasonable agreements with the data in ICRP 

Publication 7418), which involves reference data upon external neutron exposure. Here, we 

give a brief description about the simulation method. 

 

3.1 Phantoms 

 

 The numerical phantoms of human (adult male and female), mouse, and sphere 

were incorporated into the PHITS code to analyze the particle-transport, interaction, and 

energy-deposition phenomena upon neutron exposure. For reliable simulation, it is 

indispensable to use a precise phantom reflecting information about both the shape of a 

body and anatomical structure including the internal organs. Thus, we employed the voxel 

phantoms in our Monte-Carlo simulation. The voxel phantom was constructed on the basis 

of tomographic images of a subject, and comprises a large number of voxels arranged like a 

lattice in the three-dimensional space with various elemental compositions corresponding 

to the physical properties of the real subject. The description about each phantom is given 

below. 

 

3.1.1 Adult male and female 

 

 The adult male and female were simulated by the voxel phantoms designated as 

JM (height 171 cm, weight 65 kg) and JF (152 cm, 44 kg), respectively. These phantoms 

were developed at the Japan Atomic Energy Agency (JAEA) from CT images of healthy 

Japanese volunteers.14-16) Figure 2 shows three-dimensional anterior views of the JM and 

JF. The skin, muscle, and adipose tissues were made transparent to exhibit the internal 

structure. The size of the unit voxel is 0.98   0.98   1.00 mm3. The elemental 

composition and density of the tissues are summarized in Table 1. These values were taken 

from the data reported by the ICRP19) and the National Research Center for Environment 

and Health (GSF, Germany)20). The skeleton system was segmented into 7 subgroups 

according to the density of the bones determined by the CT values. The elemental 

compositions of each subgroup were assigned on the basis of the weight percentage of bone 

marrow. 
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Figure 2. Three-dimensional views of JM and JF 

 

Table 1. Elemental composition of body tissues assigned to JM and JF phantoms 

Tissue 
Elemental composition (wt%) Dens.

(g/cm3)H C N O Na Mg P S Cl K Ca Fe 

Teeth 2.2 9.5 2.9 42.1  0.7 13.7    28.9  2.75 

Skin 10.0 20.4 4.2 64.5 0.2  0.1 0.2 0.3 0.1   1.09 

Adipose 11.4 59.8 0.7 27.8 0.1  0.1 0.1     0.95 

Muscle 10.2 14.3 3.4 71.0 0.1  0.2 0.3 0.1 0.4   1.05 

Lung tissue 10.3 10.5 3.1 74.9 0.2  0.2 0.3 0.3 0.2   0.38 

Soft tissue 1a) 10.5 13.9 2.7 71.8 0.17  0.27 0.17 0.23 0.27 0.03  1.05 

Soft tissue 2b) 10.2 18.3 3.6 67.0 0.17  0.17 0.23 0.17 0.17   1.05 

Soft tissue 3c) 10.5 10.8 2.4 75.4 0.15  0.15 0.15 0.21 0.18   1.04 

Soft tissue 4d) 10.5 26.2 2.7 59.7 0.10  0.20 0.29 0.19 0.20   1.03 

Bone 1e) 9.04 40.97 2.77 37.41 0.14 0.07 3.19 0.11   6.3 0.001 1.155 

Bone 2f) 8.05 34.9 3.1 39.06 0.11 0.10 4.86 0.16   9.66 0.001 1.254 

Bone 3g) 7.5 31.49 3.28 39.98 0.09 0.12 5.8 0.18   11.55 0.001 1.318 

Bone 4h) 6.94 28.08 3.47 40.91 0.07 0.14 6.74 0.21   13.44  1.388 

Bone 5i) 6.2 23.53 3.71 42.15 0.05 0.17 8.0 0.24   15.96  1.494 

Bone 6j) 5.34 18.22 4.0 43.59 0.02 0.2 9.46 0.28   18.9  1.641 

Bone 7k) 4.72 14.43 4.2 44.62  0.22 10.5 0.31   21.0  1.765 
a) Brain, heart, kidney  b) Eyes, liver, pancreas 
c) Stomach, intestine, ovaries, spleen, testes, thyroid, urinary bladder 
d) Adrenals, gall bladder, esophagus, thymus, trachea, uterus 
e) Content of bone marrow is 70wt%  f) Content of bone marrow is 54wt% 
g) Content of bone marrow is 45wt%  h) Content of bone marrow is 36wt% 
i) Content of bone marrow is 24wt%  j) Content of bone marrow is 10wt% 
k) Content of bone marrow is 0wt% 
 



JAEA-Data/Code 2010-004 

   - 6 -

3.1.2 Mouse 

 

 The mouse was simulated by the voxel phantom named Digimouse,12) which was 

generated on the basis of a three-dimensional whole body atlas of a normal nude male 

mouse (28 g) taking with two imaging modalities, X-ray microCT and color cryosection 

images, at the University of Southern California. The mouse phantom was assigned 

materials according to the elemental compositions of ICRP Publication 89,19) and voxelized 

with 0.1   0.1   0.1 mm3 of a unit voxel.13) Figure 3 gives views of the mouse phantom 

and its internal structure. The elemental compositions are listed in Table 2. 

 

 

Figure 3.Three-dimensional views of Digimouse and its internal structure 

 

Table 2. Elemental composition of body tissues assigned to Digimouse phantom 

Tissue 
Elemental composition (wt%) Dens.

(g/cm3)H C N O Na Mg P S Cl K Ca 

Skin 10.0 20.4 4.2 64.5 0.2  0.1 0.2 0.3 0.1  1.09 

Adipose 11.4 59.8 0.7 27.8 0.1  0.1 0.1    0.95 

Muscle 10.2 14.3 3.4 71.0 0.1  0.2 0.3 0.1 0.4  1.05 

Lung tissue 10.3 10.5 3.1 74.9 0.2  0.2 0.3 0.3 0.2  0.38 

Soft tissue 1a) 10.5 13.9 2.7 71.8 0.17  0.27 0.17 0.23 0.27 0.03 1.05 

Soft tissue 2b) 10.2 18.3 3.6 67.0 0.17  0.17 0.23 0.17 0.17  1.05 

Soft tissue 3c) 10.5 10.8 2.4 75.4 0.15  0.15 0.15 0.21 0.18  1.04 

Soft tissue 4d) 10.5 26.2 2.7 59.7 0.10  0.20 0.29 0.19 0.20  1.03 

Bone 3.40 15.5 4.20 43.5 0.10 0.20 10.30 0.30   22.50 1.920 
a) Medulla, striatum, external cerebrum, cerebellum, rest of the brain, heart, kidney  b) Eyes, liver, pancreas 
c) Stomach, spleen, testes, bladder  d) Lachrymal glands, adrenals 

 

3.1.3 Spheres 

 

 In order to investigate the effect of a subject size on interactions for neutron 

exposure, we prepared two sizes of simple spherical phantom depicted in Fig. 4. The 

phantoms consist of ICRU tissue, 21) and the diameters are set at 30 cm and 5 cm, which 

roughly represent the size of human and mouse bodies. Target regions for calculation of 

physical quantities were defined at the center of the spheres, and the sizes of the region 
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were 3.0 cm and 0.5 cm in diameter for 30-cm-diameter and 5-cm-diameter phantoms, 

respectively. 

 

 
Figure 4. Schematic of spherical phantoms 

 

3.2 Dose calculation in PHITS 

 

3.2.1 Physical quantities 

 

 Three kinds of physical quantity, i.e. absorbed dose, fluence, and energy 

distribution were calculated in the Monte-Carlo simulation by PHITS. The each quantity 

can give useful information as follows; 

 

 Absorbed dose (pGy cm2): In the system of DOSE-Analyzer, the data of absorbed dose 

are normalized to the fluence of source neutron, and expressed with the unit of pGy cm2. 

Absorbed dose per unit neutron fluence denoted as D , is the quotient of d  by dm  

and  , where d  is the mean energy imparted by ionizing radiation to matter of mass 

dm , and   is the neutron fluence, thus: 

1d
D

dm





 (pGy cm2) 

 Fluence (1/cm2/source): Fluence can present characteristics of radiation field inside the 

subject. The fluence per source neutron denoted as  , is the quotient of dN  by da , 

where dN  is the number of particles across a cross-section area da , thus: 

dN
da

   (1/cm2/source) 

 Energy distribution (1/source): Distribution of the energies deposited by charged 

particles at a target organ or tissue. The energy deposition is calculated on basis of the 

stopping power for the charged particle in the matter. The number of particle is scored 

at intervals of deposit energy and normalized to the number of source neutron. 
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3.2.2 Irradiation conditions 

 

 In the simulation for neutron transport, each subject was irradiated by 

mono-energetic neutrons in the energy region between 10-9 MeV and 150 MeV with the 

idealized irradiation geometry, i.e. AP, PA, LLAT, RLAT, ROT, and ISO. The schematic of 

the irradiation geometries is depicted in Fig. 5, and the explanation is given below: 

 

 AP: Antero-posterior geometry. Neutrons are incident on the whole body in a direction 

orthogonal to the long axis of the body from the front to back. 

 PA: Postero-anterior geometry. Neutrons are incident on the whole body in a direction 

orthogonal to the long axis of the body from the back to front. 

 LLAT: Left lateral geometry. Neutrons are incident on the whole body from the left of 

the body. 

 RLAT: Right lateral geometry. Neutrons are incident on the whole body from the right 

of the body. 

 ROT: Rotational geometry. Irradiation by a parallel beam rotating at a uniform rate 

around the long axis of the body. 

 ISO: Isotropic geometry. Neutrons are incident on the whole body isotropically for three 

dimensions. 

 

 

Figure 5. Schematic of irradiation geometries. 
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3.2.3 Particle transport conditions 

 

 The incident neutrons and the secondary particles produced in the phantoms were 

tracked until their kinetic energies fall below the cutoff energies, or the particles escape 

outside the computational geometry. The cutoff energies were set at 1.0   10-10 MeV for 

neutrons and 1.0   10-3 MeV for photons, electrons and the other charged particles. The 

particle transport above 20 MeV was calculated with the theoretical models Jet AA 

Microscopic22) (JAM), Quantum Molecular Dynamics23) (QMD), and Generalized 

Evaporation Model24) (GEM). Below 20 MeV, the transport was processed with 

continuous-energy nuclear-data libraries, in which evaluated cross sections and angular 

distributions of the nuclear reactions caused by a specific particle incidence are compiled. 

The U.S. Evaluated Nuclear Data Files, ENDF/B-VII.0,25) were applied for neutron and 

photon transport. The thermal neutron scattering sub-library, S(, ) data, for hydrogen in 

light water was also utilized to take into account the effect of molecular binding that is 

important in thermal neutron scattering. 

 The absorbed dose, fluence, and energy distribution for each particle were 

calculated by event generator (EG) mode26) of PHITS. This mode makes it possible to treat 

the particle behavior considering all significant correlations between the incident neutron 

and the ejectiles event by event. In the EG mode, an interaction point and a reaction type 

are sampled using random numbers and probability densities that are tabulated in the 

nuclear-data library. If the reaction type demands ejection of one or more neutrons, the 

nuclear data are used again to determine the kinetic energy and the direction vector of the 

first outgoing neutron. Then, the emissions of the remnants including charged particles are 

processed by a special statistical decay model restricted to be consistent with the reaction 

type and the energy balance. Through the above procedure, an event is generated which 

observes energy and momentum conservation and preserves the accuracy of the transport 

calculation made using the nuclear-data library. 

The estimated relative errors in the Monte Carlo dose calculation, defined as one 

estimated standard deviation of the mean (SDOM) divided by the estimated mean, were set 

below 0.10. 

 

3.2.4 Typical results 

 

 We show some typical results obtained from the Monte-Carlo simulation using the 

voxel phantom and PHITS. Figure 6 depicts the calculation results of absorbed dose at the 

stomach in the ISO irradiation geometry together with the contribution of electrons and 

protons. The upper and lower figures indicate the results for the adult male and mouse, 

respectively. It is obvious that the energy dependence and particle type contributing to the 
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absorbed dose are different in human and mouse even at the same organ for the identical 

external neutron field. 

 

 

Figure 6. Absorbed dose per unit neutron fluence for stomach in ISO geometry. 

 

 In the results for the adult male, the contribution of proton is dominant above 

about 10-1 MeV, and the electrons play an important role below 10-1 MeV. This can be 

explained as follows. The neutrons which have higher incident energy collide with 

hydrogen nuclei (protons), and kick out them. Then the scattered protons impart their 

energies to the target organ. As decreasing the incident energy, the neutrons passing 

through the body are slowed down and thermalized by nuclear reaction and multiple 

scattering. The thermalized neutron, whose kinetic energy is about 0.025 eV, is captured by 

hydrogen nucleus, and the nucleus releases a 2.2-MeV photon via 1H(n, )2D reaction. The 

secondary photon transfers the energy to the electron by Compton scattering, and the 

electron deposits the energy at the target organ. 

 On the other hand, for the mouse, the neutrons are not significantly moderated 
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because the body size of the mouse is smaller than the one of the human. Therefore, the 

contribution of the scattered protons is dominant in the incident energies above about 10-3 

MeV, which is two order lower than the energy in the human case. The electron component 

observed above 10 MeV originates from the photons emitted from the residual nuclei 

excited by the fast neutron collisions. 

 Figure 7 shows the distribution of energies deposited at the stomach in a human 

body upon irradiation with neutrons of 10 and 10-3 MeV in the ISO geometry. The energy 

spectra of electron are limited to below a few mega-electron volts, because almost all 

electrons are created from the interactions with secondary photons with energies of 2.2 

MeV. A peak of deuterons observed around 10-3 MeV in deposit energy is composed of the 

remnant of 1H(n, )2D reaction. 

 

 
Figure 7. Distribution of deposit energy in human stomach. 
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 The deposit energies by proton are distributed below the incident energy, because 

the protons are transferred the energy from the incident neutrons through the elastic 

scattering. One can see a sharp peak of protons in the lower figure. The peak is constructed 

by 0.62 MeV protons emitted from the neutron capture reaction of a nitrogen nucleus, i.e. 
14N(n, p)14C. The component of alpha particle is appeared in 10 MeV neutron irradiations. 

This comes from the non-elastic reactions of neutrons with nuclei, such as 16O(n, )13C and 
12C(n, )9Be. 

 The Monte-Carlo simulation with precise phantoms gives significant information 

about the particle behavior inside the body of the irradiated subject. By utilizing 

DOSE-Analyzer, the users can retrieve the information easily from the database 

constructed with the simulations. 

 

3.3 Construction manner of database in DOSE-Analyzer 

 

 We explain here the construction manner of the database adopted in 

DOSE-Analyzer. The data were saved in a file for each particle and each irradiation 

condition. For example, the data of absorbed dose at AP geometry were saved in the file 

named “AP_dose.txt”. For electron, proton, deuteron, triton, and alpha particle, the file 

name was appended the following characters; “_e”, “_p”, “_d”, “_t”, and “_a”, respectively, 

e.g. the fluence of electrons at ISO irradiation is named as “ISO_fluence_e.txt”. 

 The database was constructed by columns of text data whose width is 10 

characters and delimited by a single space. The detailed format for the data of absorbed 

dose, fluence, and energy distribution are given below. 

 

3.3.1 Data format for absorbed dose 

 

 Figure 8 shows an example of the database for absorbed dose. The first line is 

dedicated to the titles of each column. These titles are exhibited in the data sheets of the 

DOSE-Analyzer output. The numerical values of absorbed dose are given from the second 

line. The first column indicates the kinetic energy of irradiation neutrons in the unit of 

MeV. The following columns are the data of absorbed dose of target organs in the 

irradiation energy. The doses are normalized to the fluence of the source neutron, and given 

in the unit of pGy cm2. The users can change the number of column according to the 

number of interesting organs. 
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Figure 8. Example of database for absorbed dose 

 

3.3.2 Data format for fluence 

 

 An example is depicted in Fig. 9. The first line of the file is the titles of the data 

column. The irradiation energy is indicated in the first column with MeV, and the fluence 

at the target organs are given in the following columns expressed in the unit of 

1/cm2/source. The number of the columns is changeable on the user’s demand. 
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Figure 9. Example of database for fluence 

 

3.3.3 Data format for energy distribution 

 

 Figure 10 depicts an example of the database. A single file contains the data of 

distribution for several incident energies. The first column indicates the incident neutron 

energy in MeV. The second and third columns mean respectively the lower and upper bin of 

deposit energy in MeV at the incident neutron energy. The following columns give the 

number of particle deposited the energy within the interval in the unit of 1/source. For 

example, the second line of the file depicted in Fig. 10 means that the number of particles 

per source neutron that deposit their energies at brain within the interval from 1.0000E-10 

to 1.3274E-10 MeV at 150 MeV neutron incidences is 3.5036E-02 (particles/source). The 

change of the value in the first column causes the change of the irradiation energy. 
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Figure 10. Example of database for energy distribution 

 

4. User guide for DOSE-Analyzer 

 

 DOSE-Analyzer has many functions to retrieve the dose information from the 

database, and analyze the particle behavior in subjects exposed by external neutrons. All 

the function is invoked through a GUI. In this section, we give a user guide how to use 

DOSE-Analyzer. 

 

4.1 Input and output parameters on GUI window 

 

 Figure 11 shows the GUI window of DOSE-Analyzer, with which the users should 

determine the input configurations. Description about each input parameter is given below. 
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Figure 11. GUI window of DOSE-Analyzer 

 

4.1.1 Irradiation geometry 

 

 This parameter chooses the irradiation geometry from AP, PA, LLAT, RLAT, ROT, 

and ISO, which is explained in Section 3.2.2.  

 

4.1.2 Subject 

 

 This parameter determines the subject to be irradiated by neutrons. Each subject 

corresponds to the numerical phantoms used in the Monte Carlo simulation discussed in 

Section 3. The users can choose the one or more subjects from the following with single 

click on the check boxes: 

 

 Adult male: Voxel phantom of an adult male, named JM-phantom.16) The detail of the 

JM-phantom is described in Section 3.1.1. 

 Adult female: Voxel phantom of an adult female, name JF-phantom.16) The detail of the 

JF-phantom is described in Section 3.1.1. 

 Mouse: Voxel phantom of a mouse, named Digimouse.12,13) The detail of the Digimouse 

is described in Section 3.1.2. 

 Sphere(diam.=30): Spherical phantom whose diameter is 30 cm. The detail is described 

in Section 3.1.3. 

 Sphere(diam.=5cm): Spherical phantom whose diameter is 5 cm. The detail is described 

in Section 3.1.3. 

 User defined: The subject defined by the users. The original database can be prepared, 

and used on DOSE-Analyzer. The user defined database should be located at the folder 
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named “UserDefined” in “DATABASE” folder. The manner constructing the database is 

described in Section 3.3. The users can define an arbitrary dataset in accordance with a 

preinstalled template with the data in ICRP7418). 

 

4.1.3 Output 

 

 This parameter determines the output quantity on the current session of 

DOSE-Analyzer from Absorbed dose, Fluence, and Energy distribution. The detail of each 

physical quantity is given in Section 3.2.1 

 

4.1.4 Range of irradiation neutron energy 

 

 The energy mesh for the output is defined here by giving maximum energy, 

minimum energy, and number of points indicated by Max, Min, and Points, respectively. 

The mesh is divided equally by the number of points in linear scale. When “Energy 

distribution (1/source)” is chosen as the output, DOSE-Analyzer returns the distributions 

of the deposit energy for single irradiation energy. Therefore, the users cannot define the 

plural points of irradiation energy, and must indicate single energy through Max or User 

defined source. 

 

 Max: Maximum energy given in MeV. The value must be greater than that of Min, and 

less than 150 MeV. 

 Min: Minimum energy given in MeV. The value must be greater than 10-9 MeV, and less 

than that of Max. 

 Points: Number of points in the energy range from Min to Max. The value is acceptable 

in integer from 2 to 99. 

 Default: By clicking on “Default”, the maximum energy (Max), minimum energy (Min), 

and number of points (Points) are set to 150 MeV, 10-9 MeV, and 53 points, respectively. 

 User defined source: By use of this option, Max, Min and Points are inactivated, and the 

user defined source is used as an input neutron source. The users can define not only 

monoenergetic but also continuous energy source by describing spectrum information 

with energy and weight in a text file named “User_defined_source.txt”, which should be 

located in the folder “DATABASE”. The spectrum data are read from the second line of 

the file, since the first line is a header. The first and second columns indicate the energy 

in MeV and the corresponding weight, respectively, which are delimited with a single 

space. Processing the data on DOSE-Analyzer, the weights are normalized to the total 

weight. 
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4.1.5 Buttons on GUI window 

 

 The GUI window has the following buttons: 

 

 Get data: By clicking on this button, the output data requested by the input parameters 

are acquired from the database, and opened in Excel data sheets for each subject. The 

structure of the data sheet is described in Section 4.3. This buttons is activated after all 

the input parameters are given. 

 All clear: Clearing and initializing the all input parameters. 

 Minimize: Minimization of the GUI window. Figure 12 shows an example of the 

minimized window. The users can expand the window again by clicking on “Back to 

GUI”. 

 Exit: With this button, the users can close the GUI window. If the users want to display 

the GUI window again, restart the software. 

 

 

Figure 12. Minimized window of DOSE-Analyzer 

 

4.1.6 Help window 

 

 DOSE-Analyzer contains help messages for each input parameter. Figure 13 shows 

an example of the help. By clicking on the help icon , the message is appeared in a 

separate window. 

 

 
Figure 13. Example of help window 
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4.2 Output data sheet 

 

 The outputs of DOSE-Analyzer are exhibited by using data sheets of Microsoft 

Office Excel™. If the users choose irradiation subjects more than one, the data 

corresponding to a subject are opened in a separate sheet. The data sheet for absorbed dose, 

fluence, and energy distribution are introduced below. 

 

4.2.1 Absorbed dose 

 

 Figure 14 shows an example of the sheet for absorbed dose. The input 

configuration is summarized in the top of the sheet, e.g. output quantity, irradiation 

geometry, and subject. The energy mesh is indicated in the left side of the sheet with the 

number of meshing points. The numerical values of absorbed dose are tabulated in each 

target organ, and given for total, electron, proton, deuteron, triton, and alpha particle. The 

labels of the targets and particles are given in the top of the data block. 

 

 

Figure 14. Data sheet for absorbed dose 
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4.2.2 Fluence 

 

 The data sheet of fluence uses the same format as absorbed dose. An example is 

shown in Fig. 15. 

 

 
Figure 15. Data sheet for fluence 

 

4.2.3 Energy distribution 

 

 The data sheet of energy distribution is shown in Fig. 16. The summary of the 

input configuration is appeared in the top of the sheet. The intervals of deposit energy are 

given at the left side of the sheet by using lower and upper energies. The numerical values 

are tabulated for total, electron, proton, deuteron, triton, and alpha particle at each target 

organ. 
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Figure 16. Data sheet for energy distribution 

 

4.2.4 Comparison 

 

 DOSE-Analyzer has a function to analyze the physical quantities effectively under 

certain conditions, which are set up with the GUI in Fig. 11. If the two or more subjects are 

selected in the input configurations, the “Comparison” sheet is appeared, and the results 

for each subject are compared on the sheet. Figure 17 shows an example of the sheet. The 

users can determine the subject to be compared by a pull-down menu located under the 

message of “Select the subjects to be compared”. By clicking on the “Compare” button, and 

the ratio of the output quantity at a same organ is given for each particle. All the data are 

cleared by the “Clear” button. 

 

 
Figure 17. Example of comparison sheet 
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4.2.5 Graph 

 

 This sheet generates the graph for the obtained data. Figure 18 depicts an example 

of the “Graph” sheet for absorbed dose of an adult male. The marks colored for the particle 

type are plotted on the graph for a target organ chosen by a pull-down menu shown in Fig. 

19. The color of the marks is determined by clicking on the color icons arranged next to the 

label of the particle on a color palette depicted in Fig. 20. The selection of the color is 

canceled by clicking the “Clear” icon on the palette. After the set of the target organ and the 

color of the marks, the users can view the graph with the “Display” button. The “Clear” 

button erases the graph and the color setting. 

 

 
Figure 18. Example of graph sheet 
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Figure 19. Pull-down menu for target selection on graph sheet 

 

 

Figure 20. Color palette on graph sheet 

 

5. Summary 

 

 We have developed a computer program named DOSE-Analyzer, which has a 

user-friendly GUI utilizing the Microsoft Office Excel™. DOSE-Analyzer can retrieve the 

data for absorbed dose, fluence, and energy distribution inside bodies of a mouse and 

human upon external neutron exposure, and make a graph through the GUI. The database 

installed in DOSE-Analyzer is composed of the calculated results by the Monte-Carlo 

simulation using the voxel phantoms and particle transport code PHITS.10,11) Without 

technical knowledge about the Monte-Carlo simulation, the users can access the result of 

the simulation by using DOSE-Analyzer. The information about the contribution of particle 

type and their energy distribution to organ dose of a mouse and human is quite important 

in the research to adopt the experimental data obtained from mice to the radiological 

protection system for humans. This program will be opened for public under the agreement 

with the Center for Computational Science & e-System (CCSE) of JAEA. 
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Appendix-A How to set up DOSE-Analyzer 

 

A-1 Contents of the software 

 

 The software includes the executable binary file, dose database, and manual. It 

has the following structure: 

 

 Folder “DATABASE” contains the relational database. The detailed description about 

the database structure is given in Section 3. 

 File “DOSE-Analyzer.xls” contains the VBA code to launch DOSE-Analyzer. 

 File “UserGuide.pdf” is this report as a user guide. 

 

A-2 System Requirements 

 

 DOSE-Analyzer requires the following minimum system configuration: 

 

 Microsoft Windows 2000, XP, or Vista operating system. Others are not supported. 

 Microsoft Office Excel 97™ or latter. 

 Intel Pentium II 350 MHz or higher processor. 

 256 MB physical memory (RAM). 

 300 MB of available disk space for software installation on system drive. 

 CD-ROM drive for software installation. 

 

A-3 Installation 

 

 To obtain optimal performances from DOSE-Analyzer, the software and the 

database should be installed on the local hard drive. Simply copy the whole CD-ROM 

content to the local hard drive in a folder of user’s convenience, e.g. D:¥DOSEAnalyzer. 

 The users can also run DOSE-Analyzer directly from the CD-ROM drive and 

access the packaged database on the CD-ROM, while the performances will not be optimal. 

 

A-4 Uninstall 

 

 If the software installed on the local hard drive, just remove the whole files and 

folders copied in the installation process. 
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A-5 Starting DOSE-Analyzer 

 

 To start DOSE-Analyzer, double click on the “DOSEAnalyzer.xlm” file. When the 

macro security level in Excel is set to Low, DOSE-Analyzer can be run without prompting. 

When the macro security is set to Medium, a security dialog is appeared. Figure A-1 shows 

an example of the dialog. In this case, the users must click on “Enable Macros” to start up 

the software. When macro security is set to High, Excel allows to run only those macros 

that are digitally signed or stored in a trusted location. In this case, we recommend that 

the users change the macro security level to Medium or lower temporarily. The macro 

security setting is different in the versions of Excel. Therefore, if you have a trouble in 

starting DOSE-Analyzer, refer the Microsoft Office Excel help for the version used. 

 

 

Figure A-1. Example of security dialog in Microsoft Office Excel 

 



　　国国際際単単位位系系（（SSII））

乗数　 接頭語 記号 乗数　 接頭語 記号

1024 ヨ タ Ｙ 10-1 デ シ d
1021 ゼ タ Ｚ 10-2 セ ン チ c
1018 エ ク サ Ｅ 10-3 ミ リ m
1015 ペ タ Ｐ 10-6 マイクロ µ
1012 テ ラ Ｔ 10-9 ナ ノ n
109 ギ ガ Ｇ 10-12 ピ コ p
106 メ ガ Ｍ 10-15 フェムト f
103 キ ロ ｋ 10-18 ア ト a
102 ヘ ク ト ｈ 10-21 ゼ プ ト z
101 デ カ da 10-24 ヨ ク ト y

表５．SI 接頭語

名称 記号 SI 単位による値

分 min 1 min=60s
時 h 1h =60 min=3600 s
日 d 1 d=24 h=86 400 s
度 ° 1°=(π/180) rad
分 ’ 1’=(1/60)°=(π/10800) rad
秒 ” 1”=(1/60)’=(π/648000) rad

ヘクタール ha 1ha=1hm2=104m2

リットル L，l 1L=11=1dm3=103cm3=10-3m3

トン t 1t=103 kg

表６．SIに属さないが、SIと併用される単位

名称 記号 SI 単位で表される数値

電 子 ボ ル ト eV 1eV=1.602 176 53(14)×10-19J
ダ ル ト ン Da 1Da=1.660 538 86(28)×10-27kg
統一原子質量単位 u 1u=1 Da
天 文 単 位 ua 1ua=1.495 978 706 91(6)×1011m

表７．SIに属さないが、SIと併用される単位で、SI単位で
表される数値が実験的に得られるもの

名称 記号 SI 単位で表される数値

キ ュ リ ー Ci 1 Ci=3.7×1010Bq
レ ン ト ゲ ン R 1 R = 2.58×10-4C/kg
ラ ド rad 1 rad=1cGy=10-2Gy
レ ム rem 1 rem=1 cSv=10-2Sv
ガ ン マ γ 1γ=1 nT=10-9T
フ ェ ル ミ 1フェルミ=1 fm=10-15m
メートル系カラット 1メートル系カラット = 200 mg = 2×10-4kg
ト ル Torr 1 Torr = (101 325/760) Pa
標 準 大 気 圧 atm 1 atm = 101 325 Pa

1cal=4.1858J（｢15℃｣カロリー），4.1868J
（｢IT｣カロリー）4.184J（｢熱化学｣カロリー）

ミ ク ロ ン µ  1 µ =1µm=10-6m

表10．SIに属さないその他の単位の例

カ ロ リ ー cal

(a)SI接頭語は固有の名称と記号を持つ組立単位と組み合わせても使用できる。しかし接頭語を付した単位はもはや
　コヒーレントではない。
(b)ラジアンとステラジアンは数字の１に対する単位の特別な名称で、量についての情報をつたえるために使われる。

　実際には、使用する時には記号rad及びsrが用いられるが、習慣として組立単位としての記号である数字の１は明
　示されない。
(c)測光学ではステラジアンという名称と記号srを単位の表し方の中に、そのまま維持している。

(d)ヘルツは周期現象についてのみ、ベクレルは放射性核種の統計的過程についてのみ使用される。

(e)セルシウス度はケルビンの特別な名称で、セルシウス温度を表すために使用される。セルシウス度とケルビンの

　 単位の大きさは同一である。したがって、温度差や温度間隔を表す数値はどちらの単位で表しても同じである。

(f)放射性核種の放射能（activity referred to a radionuclide）は、しばしば誤った用語で”radioactivity”と記される。

(g)単位シーベルト（PV,2002,70,205）についてはCIPM勧告2（CI-2002）を参照。

（c）３元系のCGS単位系とSIでは直接比較できないため、等号「　　 」

　　 は対応関係を示すものである。

（a）量濃度（amount concentration）は臨床化学の分野では物質濃度

　　（substance concentration）ともよばれる。
（b）これらは無次元量あるいは次元１をもつ量であるが、そのこと
 　　を表す単位記号である数字の１は通常は表記しない。

名称 記号
SI 基本単位による

表し方

粘 度 パスカル秒 Pa s m-1 kg s-1

力 の モ ー メ ン ト ニュートンメートル N m m2 kg s-2

表 面 張 力 ニュートン毎メートル N/m kg s-2

角 速 度 ラジアン毎秒 rad/s m m-1 s-1=s-1

角 加 速 度 ラジアン毎秒毎秒 rad/s2 m m-1 s-2=s-2

熱 流 密 度 , 放 射 照 度 ワット毎平方メートル W/m2 kg s-3

熱 容 量 , エ ン ト ロ ピ ー ジュール毎ケルビン J/K m2 kg s-2 K-1

比熱容量，比エントロピー ジュール毎キログラム毎ケルビン J/(kg K) m2 s-2 K-1

比 エ ネ ル ギ ー ジュール毎キログラム J/kg m2 s-2

熱 伝 導 率 ワット毎メートル毎ケルビン W/(m K) m kg s-3 K-1

体 積 エ ネ ル ギ ー ジュール毎立方メートル J/m3 m-1 kg s-2

電 界 の 強 さ ボルト毎メートル V/m m kg s-3 A-1

電 荷 密 度 クーロン毎立方メートル C/m3 m-3 sA
表 面 電 荷 クーロン毎平方メートル C/m2 m-2 sA
電 束 密 度 ， 電 気 変 位 クーロン毎平方メートル C/m2 m-2 sA
誘 電 率 ファラド毎メートル F/m m-3 kg-1 s4 A2

透 磁 率 ヘンリー毎メートル H/m m kg s-2 A-2

モ ル エ ネ ル ギ ー ジュール毎モル J/mol m2 kg s-2 mol-1

モルエントロピー, モル熱容量ジュール毎モル毎ケルビン J/(mol K) m2 kg s-2 K-1 mol-1

照射線量（Ｘ線及びγ線） クーロン毎キログラム C/kg kg-1 sA
吸 収 線 量 率 グレイ毎秒 Gy/s m2 s-3

放 射 強 度 ワット毎ステラジアン W/sr m4 m-2 kg s-3=m2 kg s-3

放 射 輝 度 ワット毎平方メートル毎ステラジアン W/(m2 sr) m2 m-2 kg s-3=kg s-3

酵 素 活 性 濃 度 カタール毎立方メートル kat/m3 m-3 s-1 mol

表４．単位の中に固有の名称と記号を含むSI組立単位の例

組立量
SI 組立単位

名称 記号
面 積 平方メートル m2

体 積 立法メートル m3

速 さ ， 速 度 メートル毎秒 m/s
加 速 度 メートル毎秒毎秒 m/s2

波 数 毎メートル m-1

密 度 ， 質 量 密 度 キログラム毎立方メートル kg/m3

面 積 密 度 キログラム毎平方メートル kg/m2

比 体 積 立方メートル毎キログラム m3/kg
電 流 密 度 アンペア毎平方メートル A/m2

磁 界 の 強 さ アンペア毎メートル A/m
量 濃 度 (a) ， 濃 度 モル毎立方メートル mol/m3

質 量 濃 度 キログラム毎立法メートル kg/m3

輝 度 カンデラ毎平方メートル cd/m2

屈 折 率 (b) （数字の）　１ 1
比 透 磁 率 (b) （数字の）　１ 1

組立量
SI 基本単位

表２．基本単位を用いて表されるSI組立単位の例

名称 記号
他のSI単位による

表し方
SI基本単位による

表し方
平 面 角 ラジアン(ｂ) rad 1（ｂ） m/m
立 体 角 ステラジアン(ｂ) sr(c) 1（ｂ） m2/m2

周 波 数 ヘルツ（ｄ） Hz s-1

力 ニュートン N m kg s-2

圧 力 , 応 力 パスカル Pa N/m2 m-1 kg s-2

エ ネ ル ギ ー , 仕 事 , 熱 量 ジュール J N m m2 kg s-2

仕 事 率 ， 工 率 ， 放 射 束 ワット W J/s m2 kg s-3

電 荷 , 電 気 量 クーロン C s A
電 位 差 （ 電 圧 ） , 起 電 力 ボルト V W/A m2 kg s-3 A-1

静 電 容 量 ファラド F C/V m-2 kg-1 s4 A2

電 気 抵 抗 オーム Ω V/A m2 kg s-3 A-2

コ ン ダ ク タ ン ス ジーメンス S A/V m-2 kg-1 s3 A2

磁 束 ウエーバ Wb Vs m2 kg s-2 A-1

磁 束 密 度 テスラ T Wb/m2 kg s-2 A-1

イ ン ダ ク タ ン ス ヘンリー H Wb/A m2 kg s-2 A-2

セ ル シ ウ ス 温 度 セルシウス度(ｅ) ℃ K
光 束 ルーメン lm cd sr(c) cd
照 度 ルクス lx lm/m2 m-2 cd
放射性核種の放射能（ ｆ ） ベクレル（ｄ） Bq s-1

吸収線量, 比エネルギー分与,
カーマ

グレイ Gy J/kg m2 s-2

線量当量, 周辺線量当量, 方向

性線量当量, 個人線量当量
シーベルト（ｇ） Sv J/kg m2 s-2

酸 素 活 性 カタール kat s-1 mol

表３．固有の名称と記号で表されるSI組立単位
SI 組立単位

組立量

名称 記号 SI 単位で表される数値

バ ー ル bar １bar=0.1MPa=100kPa=105Pa
水銀柱ミリメートル mmHg 1mmHg=133.322Pa
オングストローム Å １Å=0.1nm=100pm=10-10m
海 里 Ｍ １M=1852m
バ ー ン b １b=100fm2=(10-12cm)2=10-28m2

ノ ッ ト kn １kn=(1852/3600)m/s
ネ ー パ Np
ベ ル Ｂ

デ ジ ベ ル dB       

表８．SIに属さないが、SIと併用されるその他の単位

SI単位との数値的な関係は、
　　　　対数量の定義に依存。

名称 記号

長 さ メ ー ト ル m
質 量 キログラム kg
時 間 秒 s
電 流 ア ン ペ ア A
熱力学温度 ケ ル ビ ン K
物 質 量 モ ル mol
光 度 カ ン デ ラ cd

基本量
SI 基本単位

表１．SI 基本単位

名称 記号 SI 単位で表される数値

エ ル グ erg 1 erg=10-7 J
ダ イ ン dyn 1 dyn=10-5N
ポ ア ズ P 1 P=1 dyn s cm-2=0.1Pa s
ス ト ー ク ス St 1 St =1cm2 s-1=10-4m2 s-1

ス チ ル ブ sb 1 sb =1cd cm-2=104cd m-2

フ ォ ト ph 1 ph=1cd sr cm-2 104lx
ガ ル Gal 1 Gal =1cm s-2=10-2ms-2

マ ク ス ウ ｪ ル Mx 1 Mx = 1G cm2=10-8Wb
ガ ウ ス G 1 G =1Mx cm-2 =10-4T
エルステッド（ ｃ ） Oe 1 Oe　  (103/4π)A m-1

表９．固有の名称をもつCGS組立単位
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