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Objectives

▪ The Commission provides supplemental electronic files with Publication 156

to provide users with the phantoms and to help users use the phantoms.

▪ The presentation will cover a detailed description on these electronic files

and useful information for their applications.

Electronic_files

Phantom_data

MRCP_00F

…

MRCP_PHITS

MRCP_MCNP6

MRCP_GEANT4

MC_examples

MRCP_GEANT4_lung_airwayWHAT WE DO → PUBLICATIONS →

ICRP Publication 156
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Phantom Data

Phantom_data

MRCP_00F

… *

MRCP_00F.ele

MRCP_00F.node

MRCP_00F.obj

MRCP_00F.mtl

MRCP_00F_media.dat

MRCP_00F_bone.dat

MRCP_00F_blood.dat

MRCP_00F.pdf

* MRCP_00M, 01MF,

05MF, 10MF, and 15MF

Structure: same as MRCP_00F
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Tetrahedral Mesh Phantom

Tetrahedralization

MRCP_00F.obj MRCP_00F.node

MRCP_00F.ele
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MRCP_00F.node and MRCP_00F.ele

P1

P2

P3P4

Tetrahedron is defined by …

4 vertices

(XP1, YP1, ZP1)

(XP2, YP2, ZP2)

MRCP_00F.node

(XP3, YP3, ZP3)

(XP4, YP4, ZP4)

4 facets

(P1, P2, P3)

(P1, P4, P2)

MRCP_00F.ele

(P1, P3, P4)

(P2, P4, P3)

<# of nodes> <dimension> <n/a> <n/a>

<node ID> <x> <y> <z>

▪ MRCP_00F.ele

• First line

7651951 4 1

• Remaining line list # of points

0 257655 248109 248122 248114 3700

1 476202 476203 479479 382323 5800

<# of tet> <nodes per tet> <# of attributes (for organ ID)>

<tet ID> <node 1> <node 2> <node 3> <node 4> <organ ID>

▪ MRCP_00F.node

• First line

1156098 3 0 0

• Remaining line list # of points

0 0.44725999999999999 2.9220440000000001 1.088096

1 0.43080000000000002 2.8615390000000001 1.2258279999999999
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1 6 7 8 11 12 15 16 17 19 20 26 53

Tissues to be used in the Monte Carlo simulation: H C N O Na Mg P S Cl K Ca Fe I density

No. (% by mass) (g/cm3)

1 Adrenal 10.5 15.8 2.4 71.2 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 1.028

2 ET, Trachea, BB, bb 10.1 13.1 2.3 72.6 0.2 0.0 1.0 0.5 0.2 0.0 0.0 0.0 0.0 1.061

3 Oral mucosa, Tongue 10.4 10.5 2.5 75.9 0.1 0.0 0.1 0.1 0.2 0.2 0.0 0.0 0.0 1.052

4 Blood 10.0 13.1 4.0 72.0 0.1 0.0 0.1 0.2 0.2 0.2 0.0 0.1 0.0 1.070

5 Cortical bone 5.3 15.8 4.2 53.9 0.0 0.3 6.6 0.3 0.0 0.0 13.6 0.0 0.0 1.542

6 Humeri, upper, spongiosa 8.1 24.9 3.8 53.5 0.0 0.1 3.0 0.2 0.1 0.1 6.1 0.1 0.0 1.265

7 Humeri, upper, medullary cavity 10.4 33.3 3.4 52.1 0.0 0.0 0.1 0.2 0.2 0.2 0.0 0.1 0.0 1.037

8 Humeri, lower, spongiosa 8.1 24.9 3.8 53.5 0.0 0.1 3.0 0.2 0.1 0.1 6.1 0.1 0.0 1.265

… 

73 Water 11.2 0.0 0.0 88.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

MRCP_00F_media.dat (Copy of Table B.2 in Annex B)

…

▪ MRCP_00F_media.dat contains the physical property information

(elemental compositions and densities) on each tissue.

100%
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MRCP_00F_blood.dat

▪ MRCP_00F_blood.dat contains the information on the fraction of blood

content in the media.

Med Ratio

1 0.167

2 0.078

3 0.078

4 1.000

5 0.051

6 0.142

7 0.212

8 0.142

…

73 0.000

16.7% of blood content in Adrenal

7.8% of blood content in ET, Trachea, BB, bb

7.8% of blood content in Oral mucosa, Tongue

100.0% of blood content in Blood

5.1% of blood content in Cortical bone

14.2% of blood content in Humeri, upper, spongiosa

21.2% of blood content in Humeri, upper, medullary cavity

14.2% of blood content in Humeri, lower, spongiosa
…

0.0% of blood content in Water
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MRCP_00F_bone.dat

▪ MRCP_00F_bone.dat contains the information on the fraction of bone

constituents in the bone sites.

Organ ID Organ/tissue Organ/tissue mass exclusive of blood content (ratio) Organ/tissue mass inclusive of blood content (ratio)

RBM YBM TB CB MST RBM YBM TB CB MST

1300 Humeri, upper, cortical 0.000 0.000 0.000 0.926 0.074 0.000 0.000 0.000 0.929 0.071

1400 Humeri, upper, spongiosa 0.348 0.000 0.562 0.000 0.090 0.389 0.000 0.533 0.000 0.078

1500 Humeri, upper, medullary cavity 0.886 0.000 0.000 0.000 0.114 0.909 0.000 0.000 0.000 0.091

1600 Humeri, lower, cortical 0.000 0.000 0.000 0.926 0.074 0.000 0.000 0.000 0.929 0.071

1700 Humeri, lower, spongiosa 0.349 0.000 0.561 0.000 0.090 0.390 0.000 0.532 0.000 0.078

1800 Humeri, lower, medullary cavity 0.886 0.000 0.000 0.000 0.114 0.909 0.000 0.000 0.000 0.091

1900 Radii, cortical 0.000 0.000 0.000 0.926 0.074 0.000 0.000 0.000 0.929 0.071

1910 Ulnae, spongiosa 0.000 0.000 0.000 0.926 0.074 0.000 0.000 0.000 0.929 0.071

…

5600 Sternum, spongiosa 0.446 0.000 0.460 0.000 0.094 0.490 0.000 0.429 0.000 0.081

Reb bone marrow (RBM), yellow bone marrow (YBM), trabecular bone (TB),

Cortical bone (CB), and miscellaneous skeletal tissue (MST)

1.000 1.000

Upper humeri

Spongiosa

Cortical bone

Medullary cavity
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MRCP_00F.pdf

▪ MRCP_00F.pdf visualize the phantoms in a 3D view and can be opened in

Acrobat (Adobe Systems, San Jose, CA, USA).

▪ Detailed instruction on these 3D PDF files can be found on the following

website: https://helpx.adobe.com/acrobat/using/displaying-3d-models-pdfs.html.

https://helpx.adobe.com/acrobat/using/displaying-3d-models-pdfs.html
https://helpx.adobe.com/acrobat/using/displaying-3d-models-pdfs.html
https://helpx.adobe.com/acrobat/using/displaying-3d-models-pdfs.html
https://helpx.adobe.com/acrobat/using/displaying-3d-models-pdfs.html
https://helpx.adobe.com/acrobat/using/displaying-3d-models-pdfs.html
https://helpx.adobe.com/acrobat/using/displaying-3d-models-pdfs.html
https://helpx.adobe.com/acrobat/using/displaying-3d-models-pdfs.html
https://helpx.adobe.com/acrobat/using/displaying-3d-models-pdfs.html
https://helpx.adobe.com/acrobat/using/displaying-3d-models-pdfs.html
https://helpx.adobe.com/acrobat/using/displaying-3d-models-pdfs.html
https://helpx.adobe.com/acrobat/using/displaying-3d-models-pdfs.html
https://helpx.adobe.com/acrobat/using/displaying-3d-models-pdfs.html
https://helpx.adobe.com/acrobat/using/displaying-3d-models-pdfs.html
https://helpx.adobe.com/acrobat/using/displaying-3d-models-pdfs.html
https://helpx.adobe.com/acrobat/using/displaying-3d-models-pdfs.html
https://helpx.adobe.com/acrobat/using/displaying-3d-models-pdfs.html
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Monte Carlo Code

Input Examples

MC_examples

MRCP_PHITS

External

Internal

phantoms

MRCP_MCNP6

External

Internal

phantoms

MRCP_GEANT4

External

Internal

phantoms

MRCP_GEANT4_lung_airway

External

Internal

phantoms
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Example Exposure Scenarios

Common external exposure scenario

• Particle: photon

• Energy: 1 MeV

• Type and position: point source located 1 m 

in front of the center of the phantom

• Direction: isotropic

• Result: average absorbed dose for each ID

1-MeV photon

Common internal exposure scenario

• Particle: photon

• Energy: 1 MeV

• Type and position: homogeneous liver 

source 

• Direction: isotropic

• Result: average absorbed dose for each ID

1-MeV photon

x z

y
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Monte Carlo Code

Input Examples

PHITS Code

MRCP_PHITS

…

External

MRCP-00F_external_input.pin

result

phantoms

MRCP_00F.cell

…

MRCP_00F.ele

MRCP_00F.material

MRCP_00F.node

Internal

MRCP-00F_internal_input.pin

result

…
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PHITS Code Input File
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PHITS Code Input File (Cont’d)
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[ Parameters ] Section

• When icntl is set to 0, normal PHITS calculation mode is performed.

• maxcas is number of histories per batch.

• maxbch is number of batches.

• When negs is set to 1, electrons, positrons, and photons are transported

based on the EGS5 algorithm.

NPS = maxcax * maxbch
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[ Parameters ] Section – Set PHITS Path

▪ Before PHITS version 3.00 – set the file(7) and file(20).

Path to “xsdir.jnd” file

Nuclear data input file

ex) file(7) = /home/shinbangho/PHITS_install/PHITS3341/data

Path to egs folder
Files in egs folder

ex) file(7) = /home/shinbangho/PHITS_install/PHITS3341/XS/egs
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[ Parameters ] Section – Set PHITS Path (Cont’d)

▪ From PHITS version 3.00 – set the file(1).

file (1) = (PHITS installation folder path)

• If the file(1) is set, file(7) and file(20) are automatically determined.

✓ file(7)    : “file(1)/data/xsdir.jnd”

✓ File(20) : “file(1)/XS/egs”

PHITS installation folder path

ex) file(1) = /home/shinbangho/PHITS_install/PHITS3341



18

[ Material ] Section

▪ Define material information from the “*.material” file in the “phantoms” folder.

<mat. no.>

<mat. no.>
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[ Surface ] Section

▪ Define three surfaces in the [ Surface ] section.

• Phantom box (10) 90
20

10
• Box for Universe and Fill (20)

✓ A slightly larger box than 

the phantom box

• World (90)
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[ Cell ] Section

▪ Define cell information from the “*.cell” file in the “phantoms” folder.

<mat. no.> <density> <univ. no.>

‘LAT=3’ means that the 

geometry by the node 

and element files with 

names specified by 

TFILE is used.

Cell no.1 is a universe (U=15000)

Cell no.2 is a component of the main space

Fill the component in main space by using the universe (FILL=15000)

<cell no.>
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[ Source ] Section – External Exposure

▪ Set the external source.

x z

y

• Type: point source

• Particle: photon

• Energy: 1 MeV

• Position: (0, -100, 0)

• Direction: isotropic
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[ Source ] Section – Internal Exposure

▪ From PHITS version 3.02 – use the “s-type = 24”

(tetra-mesh source) to generate the source particles

directly from the tetrahedrons.

9500

▪ Before PHITS version 3.02 – use the “s-type = 2”

(rectangular solid) to generate the source particles

using the rejection method.

<box size 

information>

<organ/cell number>

<organ/cell number>



23

[ T-deposit ] Section

▪ Use  the [ T-deposit ] section to calculate the energy deposition (heat) of organs.

• Set the geometry option by the “mesh” parameters.

✓ reg: region mesh (cell number)

• If the user wants to calculate the energy deposition for the several

organs together, enter their cell number in parentheses.

• If the user wants to calculate the energy deposition for the specific

organ, enter the cell number.

ex) reg = 100

ex) reg = (9700 9900)

• Set the specific region for calculating energy deposition by “reg” parameter.

✓ all: all cell regions (calculation of the energy deposition for all the organs

separately)
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Tip for Reducing Implementation Time

▪ Phantom implementation time can be reduced by generating and reading

the tetrahedron geometry data file in binary format (“Tetra.bin”) file.

• Itetra = 0 : read the ELE/NODE files; 1: read the binary file; 2: write the binary file

• The default binary file name is “Tetra.bin”.

• From version 3.35, the user can specify the binary file name and path via “file(30)” 

parameter.

Phantom file Implementation time

ELE/NODE file ~4 minutes

Binary file (“Tetra.bin”) Less than a minute

* Time was measured in “Intel® Core(TM) i7-14700K CPU @ 3.40GHz and

PHITS ver.3.34 was used.
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Execution of PHITS – Demo Video
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Monte Carlo Code

Input Examples

MCNP6 Code

MRCP_MCNP6

…

External

MRCP-00F_external_input

result

phantoms

MRCP_00F.cell

…

MRCP_00F.inp

MRCP_00F.material

MRCP_00F.tally

Internal

MRCP-00F_internal_input

result

…
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MCNP6 Code Input File
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MCNP6 Code Input File (Cont’d)
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Data Card – Material

▪ Define material information from the “*.material” file in the “phantoms” folder.

<mat. no.>

<mat. no.>
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Surface Card

▪ Define two surfaces in the surface card.

• Phantom box (10) 99

• World (99) 10
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Cell Card

▪ Define cell information from the “.cell” file in the “phantoms” folder and fill 

the phantom box with the universe.

<pseudo

cell no.>

<mat. no.> <density>

<0 for pseudo cell>

<univ. no.>

<background>
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Cell Card

▪ Define cell information from the “.cell” file in the “phantoms” folder and fill 

the phantom box with the universe.

<pseudo

cell no.>

<mat. no.> <density>

<0 for pseudo cell>

<univ. no.>

<background>

99

10
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Cell Card

▪ Define cell information from the “.cell” file in the “phantoms” folder and fill 

the phantom box with the universe.

<pseudo

cell no.>

<mat. no.> <density>

<0 for pseudo cell>

<univ. no.>

<background>
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Data Card – EMBED

▪ Implement the phantom in “ABAQUS” file format using the EMBED.

• EMBED should be written in the data card.

• Set the phantom file path using “mgeoin”.

• Set the mesh geometry type using “meshgeo” (ABAQUS, HDF5, or MCNPUM).

• Number behind “embed” should be same as the universe number of the phantom.
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Data Card – EMBED

▪ Implement the phantom in “ABAQUS” file format using the EMBED.

• EMBED should be written in the data card.

• Set the phantom file path using “mgeoin”.

• Set the mesh geometry type using “meshgeo” (ABAQUS or MCNPUM).

• Number behind “embed” should be same as the universe number of the phantom.
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Data Card – EMBED

▪ Implement the phantom in “ABAQUS” file format using the EMBED.

• EMBED should be written in the data card.

• Set the phantom file path using “mgeoin”.

• Set the mesh geometry type using “meshgeo” (ABAQUS or MCNPUM).

• Number behind “embed” should be same as the universe number of the phantom.

• Set the background number using “background” defined in the cell file.

• Set the material for the pseudo cell using “matcell” involving the integer pairs. 

✓ First number: embedded pseudo-cell number (number must be sequential starting at 1)

✓ Second number: pseudo-cell number
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Data Card – Source for External Exposure

▪ Define the external source using the SDEF.

x z

y

• Type: point source

• Particle: photon

• Energy: 1 MeV

• Position: (0, -100, 0)

• Direction: isotropic
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Data Card – Source for Internal Exposure

▪ Define the internal source using the SDEF and “ABAQUS” file.

• Set “pos=volumer” in the SDEF.

• Add the source line in the “ABAQUS” file.

<# of tetrahedrons for 

the source organ>

9500
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Data Card – Tally 

▪ Define tally information from the “*.tally” file in the “phantoms” folder.

▪ Use the +F6 tally to calculate the energy deposition of organs.

<+F6 tally> <pseudo-cell no.>

• If the user wants to calculate the energy deposition for several organs together,

enter their pseudo-cell number in parentheses.

ex) +f16   ( 9700 9900 )

+f26   ( 400 401 402 403 404 405 )
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Tip for Unstructured Mesh File Format

Phantom file Version Implementation time

ABAQUS file
MCNP 6.2 About half a day

MCNP 6.3 ~30 minutes

HDF5 file MCNP 6.3 ~30 minutes

MCNPUM file MCNP 6.2 & 6.3 Less than a minute

* Time was measured in “Intel® Core(TM) i7-14700K CPU @ 3.40GHz.

▪ From MCNP 6.2, phantom implementation time can be reduced by generating

and reading the “MCNPUM” file, which can be converted from the “ABAQUS”

file using the “um_convert” program.
ABAQUS file

✓ -a: ABAQUS input file

✓ -um: MCNPUM output file

✓ Meshgeo: abaqus → mcnpum / hdf5

✓ mgeoin: **.inp → **.um / **.hdf5

▪ From MCNP 6.3, “HDF5” format can be implemented, which can be easily

visualized via visualization package such as ParaView.

✓ -hdf5file: HDF5 output file

• Some parts of the EMBED should also be modified to read the converted files.
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Execution of MCNP6 – Demo Video
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Monte Carlo Code

Input Examples

GEANT4 Code

MRCP_GEANT4

phantoms

MRCP-00F.ele

MRCP-00F.node

MRCP-00F.material

…

Internal*

External

example.in

include

example.out

src

source.mac

vis.mac

…

* same as External
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Geant4 Classes – Geometries

▪ TETModelImport is to import the phantom data (“*.ele”, “*.node”, “*.material”

files).

▪ TETDetectorConstruction is to construct the phantom and other geometries

(phantombox, world, scorer).

▪ TETParameterisation is to define the tetrahedral mesh phantom by

parameterisation using the phantom data which is imported in TETModelImport.

TETDetectorConsturction

Phantom

TETModelImport

TET data

TETParameterisation

*.node*.ele *.material

Parameterisation

World

Phantombox
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Geant4 Classes – Geometries (Cont’d)

▪ TETModelImport is to import the phantom data (“*.ele”, “*.node”, “*.material”

files).

Read ELE and NODE tetrahedral-mesh phantom files

Read Material file
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Geant4 Classes – Geometries (Cont’d)

▪ TETDetectorConsturction is to construct the phantom and other geometries

(phantombox, world, scorer).

Define world

Define phantom box
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Geant4 Classes – Geometries (Cont’d)

▪ TETDetectorConsturction is to construct the phantom and other geometries

(phantombox, world, scorer).

Implementation of tetrahedral-mesh phantoms using parameterization class



47

Geant4 Classes – Geometries (Cont’d)

▪ TETParameterisation is to define the tetrahedral mesh phantom by

parameterisation using the phantom data which is imported in TETModelImport.

Install tetrahedrons in 

function of the copy 

number

→ In this example, the  

tetrahedrons are saved 

in TETModelImport

Change the material of 

the volume in function of 

the copy number

→ In this example, the 

material information 

are saved in 

TETModelImport
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Geant4 Classes – Organ Dose Calculation

▪ TETDetectorConstruction is to construct scorer in the phantom to get doses

in organs.

▪ TETPSEnergyDeposit is to specify scorer functions for energy deposition.

▪ TETRun is to calculate organ doses.

▪ TETRunAction is to produce and print dose results.

TETPSEnergyDeposit

TETRun TETRunAction

Register 

functions

Dose calculation

Produce and

print dose results

TETDetectorConsturction

Scorer
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Geant4 Classes – Organ Dose Calculation (Cont’d)

▪ TETDetectorConstruction is to construct scorer in the phantom to get doses

in organs.

Compute energy deposition in each organ using G4PSEnergyDeposit class
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Geant4 Classes – Organ Dose Calculation (Cont’d)

▪ TETPSEnergyDeposit is to specify scorer functions for energy deposition.

▪ TETRun is to calculate organ doses.

Energy deposition is stored in the organs where the step interacted

Compute organ doses from the stored data in TETPSEnergyDeposit class
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Geant4 Classes – Organ Dose Calculation (Cont’d)

▪ TETRunAction is to produce and print dose results.

Write the result file at the EndOfRunAction!
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Geant4 Classes – Organ Dose Calculation (Cont’d)

▪ TETRunAction is to produce and print dose results.
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Geant4 Classes – Set Source

▪ TETPrimaryGeneratorAction is to generate sources.

• External exposure

✓ Sources are generated through G4GeneralParticleSource. 

• Internal exposure

✓ Sources are generated through G4ParticleGun.

▪ Source information (e.g., particle type, energy, ...) is specified in source 

definition file (“*.mac”). 

TETPrimaryGeneratorAction

Generate sources using 

G4GeneralParticleSource or 

G4ParticleGun

source.mac

Source definition file
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▪ Source definition file (“Source.mac”) for external exposure

Source Definition File Example

• Source can be specified by using macro

commands for G4GeneralParticleSource.

• Particle direction, energy, type, geometry,

position is set in sequence in the

“source.mac” file.

• Source can be specified by using macro

commands for G4ParticleGun.

• Particle type and energy is set in

sequence in the “source.mac” file.

• Source position (i.e., source organ) is

defined in the command line for execution.

* For more details about G4GeneralParicleSource 

(“/gps/”), see Geant4 GPS manual.

▪ Source definition file (“Source.mac”) for internal exposure

* For more details about G4ParticleGun (“/gun/”),             

see Geant4 Users Guide.



55

Input Macro File Example

▪ Input macro file (“sample.in”)

• Set the number of threads for Geant4

simulation using “/run/numberOfThreads”

(Geant4 should be compiled in multi-

threaded mode).

• Set the source definition file path using

“/control/execute”.

• Set the number of particles (NPS) for

each run using “/run/beamOn”
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How to Compile Geant4

▪ Geant4 compile (with CMake)

Created!

1. cd PATH_to_example (either “External” or “Internal” folder)

2. mkdir example_build

3. cd example_build

4. cmake ..

5. make

…

Compile example
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1. ./*: Executable “External” or “Internal” file

2. –m: input macro file (not provided->interactive mode)

3. –o: output file (default: [Input macro file name].out)

4. –p: option to change the phantom (default: MRCP-00M)

5. –i: ID of source organ (mandatory)  

How to Execute Geant4

▪ Geant4 execution

Execution example for internal exposure

① ⑤ ② ③ ④

① ② ③ ④

Execution example for external exposure



58

Compile and Execution of Geant4 – Demo Video
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Monte Carlo Code

Input Examples

Geant4 code

– Lung Airway

MRCP_GEANT4_lung_airway

External*

example.out

include

example.in

Internal

src

…

source

phantoms

MRCP_00F.ele

MRCP_00F.node

MRCP_00F.lung

MRCP_00F.lungDiam

MRCP_00F.lungvol

…

* similar to Internal
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Installation of Lung Airway in MRCPs

▪ Lung airway is developed in constructive solid geometry (CSG) format, while

the MRCPs are in tetrahedral-mesh (TM) format.

▪ To install the lung airways in the MRCPs, “G4VUserParallelWorld” class of

the Geant4 code was used.

Mass world

Parallel world

CSG format

TM format
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Lung Airway Files in “phantoms” Folder 

▪ The “phantoms” folder contains additional information files for the lung airway

with existing files.

▪ Information list: position, generation, diameter, volume

MRCP_GEANT4_lung_airway

External

Internal

Position and generation information

for each airway

Diameter information

for each airway generations

The total volume of airway

for each region

(e.g., Bound in large Bronchiolar)
phantoms

*.ele

*.node

*.material

*.lungDiam

*.lungvol

*.lung
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How to Execute Geant4 – External Exposure 

▪ ./External -m [macro] -o [output] –p [phantom name]

• -m: macro file name

✓ example.in (for only execution) and init_vis.mac (for visualization).

• -o: output file name

• -p: option to change the phantom (default: MRCP-00M)

Phantom information Lung airway information
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How to Execute Geant4 – External Exposure 

▪ ./External -m [macro] -o [output] –p [phantom name]

• -m: macro file name

✓ example.in (for only execution) and init_vis.mac (for visualization).

• -o: output file name

• -p: option to change the phantom (default: MRCP-00M)

Phantom information Lung airway information

Output file example
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Source Files in “Internal” Folder 

▪ For the internal exposure, the “source” folder containing the location of

source particles is included in the “phantoms” folder.

MRCP_GEANT4_lung_airway

External

Internal

phantoms

…

Include

example.in

src

Internal.cc

Source.mac

Added!

source
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▪ ./Internal -i [source] -m [macro] -o [output] -f

• -i: organ ID or airway name for generating the internal source particles.

✓ If the user wants to set the source region in general organs, enter the organ ID (integer format)

such as 9500 (liver).

✓ If the user wants to set the source region in lung airways, enter the specific name below.

✓ -m: macro file name

✓ -o: output file name

✓ -f: option for female phantom

How to Execute Geant4 – Internal Exposure 

Source region Source region acronym

Bronchial (BB) fast mucus BB_fast

BB slow mucus BB_slow

BB bound layer BB_bound

BB sequestered layer BB_sequestered

Bronchial (bb) fast mucus bb_fast

bb slow mucus bb_slow

bb bound layer bb_bound

bb sequestered layer bb_sequestered

Alveolar-interstitial (AI) AI
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▪ ./Internal -i [source] -m [macro] -o [output] -f

• -i: organ ID or airway name for generating the internal source particles.

✓ If the user wants to set the source region in general organs, enter the organ ID (integer format)

such as 9500 (liver).

✓ If the user wants to set the source region in lung airways, enter the specific name below.

✓ -m: macro file name

✓ -o: output file name

✓ -f: option for female phantom

How to Execute Geant4 – Internal Exposure 

Source region Source region acronym

Bronchial (BB) fast mucus BB_fast

BB slow mucus BB_slow

BB bound layer BB_bound

BB sequestered layer BB_sequestered

Bronchial (bb) fast mucus bb_fast

bb slow mucus bb_slow

bb bound layer bb_bound

bb sequestered layer bb_sequestered

Alveolar-interstitial (AI) AI

Output file example
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Tip for Skeletal Dosimetry
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Spongiosa

Medullary cavity

Doses to Spongiosa and Medullary Cavity 

▪ Like the ICRP-143 voxel phantoms, the skeletal target tissues [active marrow

(AM, = red bone marrow) and bone endosteum (TM50)] are macroscopically

defined as spongiosa and medullary cavity in the MRCPs.

▪ Therefore, the doses to skeletal target tissues are approximated by the

doses to the spongiosa and medullary cavity.

𝐷𝑠𝑘𝑒𝑙 𝐴𝑀 =෍

𝑥

𝑚 𝐴𝑀, 𝑥

𝑚 𝐴𝑀
𝐷(𝑆𝑃, 𝑥) +෍

𝑥

𝑚 𝐴𝑀, 𝑥

𝑚 𝐴𝑀
𝐷(𝑀𝑀, 𝑥)

𝐷𝑠𝑘𝑒𝑙 𝑇𝑀50 =෍

𝑥

𝑚 𝑇𝑀50, 𝑥

𝑚 𝑇𝑀50
𝐷(𝑆𝑃, 𝑥) +෍

𝑥

𝑚 𝑇𝑀50, 𝑥

𝑚 𝑇𝑀50
𝐷(𝑀𝑀, 𝑥)

𝐷𝑠𝑘𝑒𝑙 𝐴𝑀/𝑇𝑀50  : Skeletal-averaged absorbed dose to AM/TM50

𝑚(𝐴𝑀/𝑇𝑀50, 𝑥) : Masses of AM/TM50 in bone site 𝑥

𝑚(𝐴𝑀/𝑇𝑀50) : Masses of total AM/TM50

𝐷(𝑆𝑃/MM, 𝑥) : Absorbed dose to spongiosa/medullary cavity

▪ The bone-site-specific masses of AM and endosteum can be found in Tables

3.3–3.8 of Publication 143.
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Spongiosa

Medullary cavity

𝐷 𝑟𝑇 , 𝑥  : Absorbed dose to tissue 𝑟𝑇 in bone site 𝑥

Φ 𝐸, 𝑟𝑆, 𝑥 : Bone-specific energy-dependent fluence

𝑅 𝑟𝑇 ← 𝑟𝑆, 𝑥, 𝐸 : Bone-specific energy-dependent DRFs

𝐷𝑠𝑘𝑒𝑙 𝑟𝑇 : Skeletal-averaged absorbed dose to tissue 𝑟𝑇

𝐷 𝑟𝑇 , 𝑥 = න
𝐸

Φ 𝐸, 𝑟𝑆, 𝑥 𝑅 𝑟𝑇 ← 𝑟𝑆, 𝑥, 𝐸 𝑑𝐸

𝐷𝑠𝑘𝑒𝑙 𝑟𝑇 =෍

𝑥

𝑚 𝑟𝑇 , 𝑥

𝑚 𝑟𝑇
𝐷(𝑟𝑇 , 𝑥)

Fluence-to-dose Response Functions (DRFs)

▪ For photon and neutron, an advanced method, called fluence-to-dose

response functions (DRFs), can be used to estimate doses to skeletal

target tissues (i.e., AM and TM50).

▪ The AM and TM50 doses can be estimated only with the fluence of the

photons and/or neutrons passing through spongiosa and medullary cavity.

▪ The photon fluence-to-dose response functions can be found in Electronic

files of Publication 155.
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Monte Carlo Codes – DRFs

▪ The DRFs can be applied to PHITS, MCNP6, and Geant4 code by using the

following functions:

MC code Function Explanation

PHITS
[ T-track ] Calculate particle fluence

[ Multiplier] Apply DRFs

MCNP6
F4 tally Calculate particle fluence

DE/DF card Apply DRFs

Geant4 G4VPrimitiveScorer
Calculate particle fluence and apply  

DRFs

𝐷 𝑟𝑇 , 𝑥 = න
𝐸

Φ 𝐸, 𝑟𝑆, 𝑥 𝑅 𝑟𝑇 ← 𝑟𝑆, 𝑥, 𝐸 𝑑𝐸

▪ Input files for applying the DRFs can be downloaded through MESH-

PHANTOM homepage: https://mesh-phantom.com/

https://mesh-phantom.com/
https://mesh-phantom.com/
https://mesh-phantom.com/
https://mesh-phantom.com/
https://mesh-phantom.com/
https://mesh-phantom.com/
https://mesh-phantom.com/


71

MESH-PHANTOM Website (https://mesh-phantom.com/)

https://mesh-phantom.com/
https://mesh-phantom.com/
https://mesh-phantom.com/
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Thank you!
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