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CHAPTER
ONE

OVERVIEW

These are examples for illustrating the capabilities of RSim.

RSim is an application for running Radiation Transport simulations. RSim comes with a built in radiation modeling
code Geant4 and a Geant4-based executable, GORAD, and a GUI called RSimComposer.
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CHAPTER
TWO

RSIM FOR BASIC SIMULATIONS EXAMPLES

These examples demonstrate the basic radiation problems.

2.1 Basic GORAD Examples

2.1.1 Complex Constructive Solid Geometry (CSG)

Keywords:

radiation, GORAD

Problem Description

This example illustrates how to set up complex geometries using CSG capabilities of RSim: boolean operations on
them and creating arrays.

Opening the Simulation

The complex CSG example is accessed from within RSimComposer by the following actions:
¢ Select the New — From Example... menu item in the File menu.
¢ In the resulting Examples window expand the RSim for Basic Radiation option.
» Expand the Basic Examples option.
* Select Complex Constructive Solid Geometry and press the Choose button.
¢ In the resulting dialog, create a New Folder if desired, and press the Save button to create a copy of this example.

All of the properties and values that create the simulation are now available in the Setup Window as shown in Fig. 2.1.
You can expand the tree elements and navigate through the various properties, making any changes you desire. The
right pane shows a 3D view of the geometry, if any, as well as the grid, if actively shown. There are several shapes in
the setup which are used only for creation of the boolean and array operations. They can be viewed in addition to the
real shapes (shapes having materials).

Simulation Properties

This example demonstrates two physics features, and how CSG can be incorporated into RSim Simulations.

Under the Basic Settings tab the number of events to be simulated can be selected, as well as the simulation model.
Right now the only supported model is GORAD.
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[H RSim - Complex Constructive Solid Geometry
File Edit Tools View Help Window

@ simulation Setup isReady  Save and Setup
Properties | View Solids ~| Edtmods | clip | Toagle Axes | Show Scale | [perspective view |+2 ]  ResetPosition

complecsG.s | complexcsgpre |

Simulztion [=]

Constants

[#] Parameters
Basic Settings
Physics

[*] Materials

[=] Geornetries
[=] & csé

O tarus0

[ torust
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[ torusOMinustorusT

O boxd

[ torusOMinustorus IMinusbaxd
0 box1

curvedPipe

disk

O cylinderz

straightPipe hd|

Undo |Add Multiplel Rema\rel Add |

| Materials Database | 30 tiew

Property [value |

kind OceSolid

material

referenced cylinderd

operation subtract

reference? cylinder?

tessellation 0.00058651523132233

surface area 0.602681

color -

‘ € setup: COMPLETED cClick run to continue Show Log

Fig. 2.1: Setup Window for the complex CSG example.

The particle source selected is a planar monoenergetic source with 1D beam shape. The tally in this simulation is is
the mesh flux.

Running the Simulation

After performing the above actions, continue as follows:
* Proceed to the Run Window by pressing the Run button in the left column of buttons.

* To run the file, click on the Run button in the upper left corner of the Logs and Output Files pane. You will
see the output of the run in the right pane. The run has completed when you see the output, “Engine completed
successfully.” This is shown in Fig. 2.2.

Visualizing the Results

» Expand Scalar Data
* Select CellFlux0
¢ Select the Clip Plot checkbox

Further Experiments

2.1.2 Dish Antenna

Keywords:

radiation, GORAD
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File Edit Tools View Help Window

Logs and Output Files

Run Farce Stop Clear Log

EngineLog | Fle Browser |

G4UI3 » fgoradfanalysis/1D/config 17 4.0 23.0 He¥ linear -
C4UTO > /scorefmesh/rovate/rovateX 0 deg

G4UTZ > /run/printProgress 100000

G4UTL > /Eracking/verbose O

G4UTZ > frun/geometrylodified

G4UT0 » fscorefcloss

C4UIZ > fgoradfenalysis/plot -1

G4UTL > /gorad/enalysis/verhose 0

G4UTO > /goradfanalysis/1D/create CellFluxOMesh CellFluxD
G4UT3 > fgoradfanalysis/list

GAUTL > /event fverbose D

GAUTZ > SHGHESHEEFENEAFSRS registered histograns/plots
G4UTO > /gorad/enalysis/1D/config 17 4.0 23.0 MeV linear

Yisualize G4UT3 > id hiseID histType  detName-X psName-X  collID-X  copyNo-¥  detNeme-¥ psName-F  collID-¥  copylNo-¥
G4UTL > frun/printProgress 100000
2 G4UT3 > 10000 o 1-D hist  CallFluxOMesh CellFluxn o

C4WIZ > fprocess/verbose 0
C4UTL > /run/geometryloditied

G4UT3 > foracking/verbose O

G4UTO > /gorad/fanalysis/plon -1

G4UTS > fgorad/fenalysis/verhose O

C4UT0 > fgoradfenalysis/list

C4UTE > fevent/verbose O

GAUTO » SHESES4ESESHE4ESES regisnered histograns/plots

G4UTO > id histID histType  detName-X psWame-X  collID-X  copyNo-X  detlame-Y psNeme-¥  collID-Y  copyNo-T
G4UTS > frun/printProgress 100000
G4UTO > 10000 0 1-D hist  CellFluxOHesh CellFluxd 0 -1

C4UTD > /process/verbose 0

G4UT3 > frun/geometryModi fied

G4UTO > /Eracking/verbose O

G4UTO > fgorad/fenalysis/verhose 0

G4UT0 > fevent fverbose O

C4UTO > /run/printProgress 100000

G4UTO > /run/geometrylodified

G4UTO > 8§ Pum D starts on worker thread O

G4UTS > §§F Bun D starts on worker thread 3

G4UTZ > $8F Pun O starts on worker thread 2.

C4UTL > ##% Pun 0 starts on worker thread L.

G4UTO > --» Event 0 starts wich initial seeds (1304%03% 61775110).
fscore/dunpallQuantitiesiichfactor CellFluxOMesh complexCSG_CellFluxOMesh. csw 1
- - END ENGINE DUTRUT - --

To see results, click on the "Visualize' icon in the icon panel

Engine completed successfully. :|

‘ @ Run: SUCCESS Sinulstion engine fFinished successflly Show Log

Fig. 2.2: The Run Window at the end of execution.

C uctiy
File Edit Tools View Help Window
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e ——— Save Image | Labels | AxisScale | Rendering |[+z =] ResetView | Preserve Aspect Ratio

= Scalar Data
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Meshes
Geornetries

I Clip Plat Plane Contrals
I Log Scale Colar
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Problem Description

This problem illustrates how to import a basic STEP file, modify that CAD file and measure the energy deposition
from ions.

Opening the Simulation

The Dish Antenna example is accessed from within RSim by the following actions:
¢ Select the New — From Example. .. menu item in the File menu.
¢ In the resulting Examples window expand the RSim for Basic Radiation option.
* Expand the Basic Examples option.
 Select Energy Deposit on Dish Antenna and press the Choose button.
* In the resulting dialog, create a New Folder if desired, and press the Save button to create a copy of this example.

All of the properties and values that create the simulation are now available in the Setup Window as shown in Fig.
2.3. If you expand the tree elements and navigate through the various properties, the dish becomse visibile after
**unchecking* the particle source (sphere), and tally energyDepositMesh (grid).

File Edit Tools View

@ Simulation Setup is Ready  Sawe and Setup

dishAntenna.sdf | dshantenna.gre |

EnergyDepositialBracket
EnergyDepositHexBolt
EnergyDepositDish

Sitnulation [+] z  Propeties | [vew Seics ~| EditMode | clip | Togdle fixes | Show Scale |[Perspective View |+z  ~|  Resek Pasition
] Materials H
[# Geametries =
Meshes =
[=] Particle Sources 3
[ Surfacel 2
[=] Tallies z
z
z
5
=

EnergyDepositlNE
[=] energyDeposithesh
[=1 O Grid
[ lowerBoundary
O upperBoundary
[ lowerBoundary
[ upperVBoundary
O lowerZBoundary
[ upperZBoundary

Add Multiple| Remove ‘ Add

Ll

Undo

Property [value |
kind GridFace

€ setup: COMPLETED Click run to continue Show Log

Fig. 2.3: Setup Window for the Dish Antenna example. The mesh tally used in this simulation can be seen in the 3D
View, along with the sphere that will be shooting particles at it.

Simulation Properties

This example demonstrates use of a very simple CAD file and how it can be imported, moved in the simulation window,
given materials, and bombarded with ions. Two parts of the Dish Antenna, the “Wall Bracket” and “Hex bolt” have
been combined with a union operation. This is possible by selecting each, right clicking, and performing the boolean
operation, union.
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Under the Basic Settings tab the number of events to be simulated can be selected.
A particle source is created with 100 MeV energy.

Energy Deposit tallies have been assigned to all objects, as well as a 50x50x50 mesh covering the volume that encom-
passes the antenna. This can be used to view energy deposition at a higher fidelity.

Running the Simulation

After performing the above actions, continue as follows:

* Proceed to the Run Window by pressing the Run button in the left column of buttons.

* To run the file, click on the Run button in the upper left corner of the Logs and Output Files pane. You will
see the output of the run in the right pane. The run has completed when you see the output, “Engine completed
successfully.” This is shown in Fig. 2.4.

File Edit Tools View Help Window
Logs and Outpurt Files

Farce Stop

I"
LB Enginelog | s srowser |

Run

Clear Log

Lol [Gautz » Jgoradsanalysis/lise -]
G4UTS > ftracking/verbose D

GAUTZ > SHGHESHEFENEAFSRS registered histograns/plots

C4UTL > frun/printProgress 10000

G4UTZ > id hiseID histType  detNeme-X psWame-X  collTD-X  copyNo-X  detName-Y psNeme-T  collID-Y  copyNo-¥

G4UT3 > fgorad/fanalysis/verhose 0

G4uTZ > 10000 4

C4UTL > frun/geometrylodified

c4UTZz > 10100 z 1-D hist  s¢_Dish_vol EnergyDeposithish 1 -1

G4UT3 > fevent fverbose O
1

1-D hist tHash 0 -1

G4uUTZ > 10200 1-D hist  sZ_Hexbolugradeb_iso_lZmm hole PreviewCfy vol EnergyDepositHexBolt 2 -1
G4uTZ > 10300 3 1-D hist  =3_LNB_vol EnergyDepositLNB 3 -1

C4UIZ > frun/printProgress 10000

C4UTZ > 10400 o 1-D hist sl _WallBracket_wol EnergyDeposicWallBracket 4 -1

G4UTZ > /process/verbose 0

G4UT3 > /run/geometrylodified

G4UTZ > ftracking/verbose D

G4UIZ > fgoradfanalysis/verbose 0

C4UTZ > fevent/verbose O

G4UTZ > Jrun/printProgress 10000

G4UTZ > frun/geometrylodified

G4UTZ > §§ Bun D sterts on worker thread 2

G4UTL > $8#F Pun 0 starts on worker thread L.

C4UTZ > $4% Pun O starts on worker thread 3.

G4UTO > $4#8 Pun 0 starts on worker thread 0

G4UTZ > --» Event D starts with initial seeds (1304903%,61775110).

G4UTO > --» Event 10000 starts.

G4UT0 > --> Event 20000 starts.

C4UTL > --» Event 30000 starcs.

G4UTZ > --> Event 40000 starts.

G4UTZ > --» Event S0000 starts.

G4UT3 > --r Event 60000 starts.

G4UTZ > --> Event 70000 starts.

C4UTL > --» Event 20000 starts.

G4UTD > --> Event 30000 starts.

fscore/dunpallQuantitiesiichFacsor sl _WallBracket_vel dishAntenna_sl_UallBracket_wol esv 1
fecore/dumpilluantitiesiithfactor sZ_Hexboltgradeb_iso_lZmm_hole PraviewCfy vel dishintenns sZ_Hexboltgradeb_iso_l7mu hole_PreviewCfy wol. esv 1
fecore/dumpillQuantitieslithPactor =4 _Dish _vol dishintenna_s& Dish_vel.csw 1
fseore/dunpkllQuantitiesVithFactor s3_LNE_vol dishintemns s3_LMB_vol.ecsv L
fscore/dumpallQuantitiesilichFactor energybeposi di _energyDeposit csw 1
————————————————————— END ENGINE OUTPUT -------mmmmmmmme

To see results, click on the "Visualize' icom in the icon panel.

Engine completed successfully. :l

@ run: SUCCESS Simulation engine Finished successfully Show Log

Fig. 2.4: The Run Window at the end of execution.

Visualizing the Results

After the run has completed the results of all tallies can be visualized.
To view the energy deposit on various parts of the dish, follow these instructions (Fig. 2.5):
* Expand Scalar Data
e Check EnergyDepositDish
* Check EnergyDepositHexBolt
* Check EnergyDepositLNB
¢ Check EnergyDepositWallBracket

2.1. Basic GORAD Examples 7
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* Rotate the visualization as shown in the image below

RSim - Energ it an Dish Antenna
File Edit Tools View Help Window

Add aData View ¥ Reload Data
[E Data Overview (£ ‘
Welcone Visualization Controls WVisualization Results
Variables SaveImage | Labels | fxis Scale | Rendering [[+2 =] Reset View [I™ Freserve Aspect Ratio
= Scalar Data
EnergyDepositDish
EnergyDepositHexBolt
EnergyDepositlNB P Poeugeccier
g g e
O energyDeposithesh s sy
EnergyDepositWallBracket
B Meshes samienm samesm
- Geometries B B
[Er- [ERReY
[remprie g ek
[t s [y
- g
= G epett ot
™ Clip Plot Plane Controls
™ Log Seale Color sanem
s
I™ Display Cortours |5 = -
@an
Color Table |hot_desaturated - Fn: 1.
i e ——
Limits er:En S Deposi o
I set Minimum  |g53 '
samern
Reset Minimum
F= At
Fv set Maximum  |597300 -
Reset Maximum tmer
an
Centering = T TR
Annotation Level; [xes & Legends -
@ visualize: READY Visualization available Show Log

Fig. 2.5: A visualization of the volume tallies

Further Experiments
Try altering the ion used in the simulation to see how energy depositions are affected. Try altering the number of cells

in the mesh to improve the granularity of the results. This can be used to help show the concentration of particles
across a surface, as well as show penetration depth of the particles.

2.1.3 Energy Deposit Human

Keywords:

Energy Deposit, GORAD, CAD

Problem Description

This problem illustrates how to import a simple STEP file, assign materials and tallies to it and record the energy

deposition on it from a monoenergetic source of electrons. It is a suitable introduction to using your own CAD files in
RSim.

Opening the Simulation

The Energy Deposit Human example is accessed from within RSim by the following actions:
¢ Select the New — From Example... menu item in the File menu.

¢ In the resulting Examples window expand the RSim for Basic Radiation option.

8 Chapter 2. RSim for Basic Simulations Examples
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» Expand the Basic Examples option.
 Select Energy Deposit Human and press the Choose button.
* In the resulting dialog, create a New Folder if desired, and press the Save button to create a copy of this example.

All of the properties and values that create the simulation are now available in the Setup Window as shown in Fig. 2.6.
You can expand the tree elements and navigate through the various properties, making any changes you desire. The
right pane shows a 3D view of the geometry, if any, as well as the grid, if actively shown.

odel

View Help Window

Simulation Setup is Ready  Save and Setup

enerayDepasitiuman.sdf | energyDeposittuman.pre |

Simulation | H Properties | view Solids ~| Edtmode | Cip | Toggle Axes | Show Scale || Perspective View |tz ~|  Reset Position
Description Z_
Constants &
Parameters —
Basic Settings 2
Physics 2

[#] Materials il

[#] Geometries 2
Meshes z

[=] Particle Sources 3

Surfacel 1=

[*] Tallies

Undo | Add Multiplel Rema\rel Add |

Property |Vame |
kind surface
nummber of particles per event 1
particle type electron

[=] surface sphere

s 3
¥ 3
z 8
radius 15
[=] angular dist Oranidirectional
min theta 0.0
max theta 0.0
geormetric biasing no bias
[=] energy spectrum MonsEnergetic
energy 100,
fluence 1.0
uniits Gey
normalization Ma Marmalization
‘ @ setup: COMPLETED Click run to continue Show Log

Fig. 2.6: Setup Window for the Energy Deposit Human example.

The human is visible with different colors to indicate the different body parts from the STEP file.

Simulation Properties
This example makes use of a basic spherical surface particle source, bombarding the human in the center of it with
100 GeV electrons.

Under the Basic Settings tab the number of events to be simulated can be selected, as well as the number of threads to
make available to the simulation. For this example all verbosities are set to their lowest setting, 0. 1 million particles
are to be simulated.

In the Physics setting, the most computationally efficient physics lists, of Op 0 and FTFP BERT are used.

Brain, Bone, Tissue and Water materials have been added into the simulation from the Materials database. Given this
is a simplifed example, all body parts are being modeled as water.

An Energy Deposit tally has been added for every body part, along with a mesh - the mesh filling a similar volume of
the human.

2.1. Basic GORAD Examples 9
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Running the Simulation

After performing the above actions, continue as follows:
* Proceed to the Run Window by pressing the Run button in the left column of buttons.

* To run the file, click on the Run button in the upper left corner of the Logs and Output Files pane. You will
see the output of the run in the right pane. The run has completed when you see the output, “Engine completed
successfully.” This is shown in Fig. 2.7.

Edit Tools View Help Window

Logs and Outpust Files

Run Force Stop Clear Log

EngnzLog | Fie Browser |

warning message. T -
C4Exception-END

77777777 MW ------- G4Exception-START --——---— WWIW --—--—-
*++ GaException : GeomllavlDOz
issued by : GdPathFinder::ReportMovs ()
Endpoint wmoved between value returned by ComputeStep() and call to Locate().
Change of (End} Position f Gd4PathFinder::Locate is 1.000000112E83073£e-07 nm long
and its wvector is (6.Z287205307544861e-08 7 £744242360558042-08,-1.251191861225017=-08) un
Endpoint of ComputeStepi] was (391.9999999371209,495. 602713969487, 794. 7966586476574)
and current position to locate is (392,495.5027140462312,794. 7966586351455
*** This is just a warning message. **%
———————— W ======-= C4Exception-END -----=-== WWW ---====-

G4UT3 > --» Event 90000 starts.
c4uTE >
———————— WY ------- G4Exception-START ---—--—- UWWW —-————-
#++ G4Exception : Ceoulavl0OZ
issued by © G4PachFinder:: ReportMove ()
Endpoint moved between value revurned by ComputeStepi) and call to Locase(] .
Change of (End) Position / GaPathFinder::Locats is 1. 000000104899348e-07 mu Long
and its vector is {(-5.60Z765895673656e-06,6. 5907556745514742-08,5. 0170663607575482-08) un
Endpoint of ComputeStep() was (344.0000000560277,440. 9852811845132, 724, 7423572446642)
and current position to locate is (344,440 $852812504208,724. 7433579348345)
warning message. T

W - -= === G4Exception-END
fecore/dunphllQuantit sl body_wol tHaman_sl_pody_vel.esv 1
fscore/dumpallQuantitiesilichFactor sZ Upperarn vol energyPepositHuman sZ Upperarm vol csw 1
Fscore/dunpal] Quantitdesti 53 wol tHuman_s3_| vol esv 1

fecore/dumpilluantitiesiithFactor s4_Forearm vol energyDepositHuman s4_Forearm wol csw 1
f=core/dumpillQuantitieslithPactor =5_Forearm0_vol energyDepositHuman_s5_Forearml_vol csw 1
fseore/dunpkllQuantitiesVithFactor s6_Thigh vol energyDepositHuman_s6_Thigh wol.csv 1
fseore/dunphllQuantitiesVichFactor s7_Thighl vel energyDepositHuman s7_ThighD wol.csv 1
Fscore/dunpalluantitiesilichTactor s8_shin vol energyDeposicHuman s8_shin vel esv 1
fecore/dumpilluantitiesiithfactor £9_shind_vol energyDepositHunan s5_shind_wol esv 1
fecore/dumpillQuantitieslithPactor sl0_feet_vol energyDepositHuman_sl0_feet_vol csv 1
fscore/dunphllQuantitiesUithFactor sll_feetl_vol energyDepositHuman_sll_feetl_vol.csv 1

fecore/dunphll Quantit ¥ esv 1

————————————————————— END ENGINE OUTPUT -------mmmmmmmme

Engine completed successfully.

To see results, click on the "Visualize" icon in the icon panal. z‘

@ run: SUCCESS Simulation engine Finished successfully Show Log

Fig. 2.7: The Run Window at the end of execution.

Visualizing the Results

After the run has completed the results of all tallies can be visualized.
To view the energy deposit on various body parts use settings shown below and in Fig. 2.8.:
* Expand Scalar Data
* Select all body parts, excluding the energyDepositMesh
* When selecting each body part, change the color table to hot_and_cold
¢ Check the Set Minimum box and set it to 440
 Check the Set Maximum box and set it to 8e4
This can be compared with the mesh results by using setting shown below and in Fig. 2.9.:
* Click on the Add a Data View Drop down
* Select Data Overview

» Expand Scalar Data

10 Chapter 2. RSim for Basic Simulations Examples



RSim Examples, Release 3.0.0-r180

sit on Hurman Model
File Edit Tools View Help ‘Window
Add aData View ¥ Reload Data
Data Overviewz [ I
‘Visualization Controls 'Visualization Results
Variables SaveImage | Labels | fsxis Scale | Rendering |[+2 | Reset View |I™ Preserve Aspect Ratio
EnergyDepositLeftFoot -]
EnergyDepositl eftForearm
EnergyDepositleftShin
EnergyDepositLefThigh s
EnergyDepositLeftUpperiirm e i
[ energyDeposithesh
EnergyDepositRightF oot prie:
EnergyDepositRightf orearm
EnergyDepositRightShin Amzerod
EnergyDepositRightThigh s R
EnergyDepositRightUpperirm
B Moo {1 .
e e
Y dme
- —
— eritnerOeros A
I™ dlip Plot. Plane Contrals "
I Log 3cale Color aniesos
I Display Cortours |5 3: e
Opacty ; ; ; v e
_amn
W 3878138
Color Table |hot_and_cold - Mn: 4 BTRe
Limits F B
R set Minimum ~ [440
Reset Minimum b
¥ Set Maimum 50000 Ao
Reset Maximum 203mv00
-
Centering e v
Annotation Level: [Axes & Legends -
) visualize: READY visualization available Show Log

Fig. 2.8: A visualization of the volume tallies

¢ Select EnergyDepositMesh
 Select Display Contours and set the number of contours at 10

* Select the Log Scale Color box

Further Experiments

Try changing the materials of the body parts to some of the others in the simulation and see how the energy deposit
values are effected.

2.1.4 Geometric Biasing

Keywords:
Geometric Biasing, GORAD

Problem Description

This example is designed to show how the geometric biasing feature of RSim functions with a simple theoretical
problem. Geometric biasing works by creating a number of computational spheres in the simulation space, moving
inwards from a standard spherical particle source to a defined innermost sphere. The number of spheres is selected by
the user. As a particle crosses into a sphere, its weight will be cut in half and the number of particles doubled. This can
be used to improve statistics in shielding problems, when large numbers of particles may be absorbed by the shield.

2.1. Basic GORAD Examples 11



RSim Examples, Release 3.0.0-r180

RSim - Energy Depasit an Hurman Model
File Edit Tools View Help Window

Add aData View ¥ Reload Data
Data Overview [ ‘
‘Visualization Controls 'Visualization Results

Variables SaveImage | Labels | fsxis Scale | Rendering |[+2 | Reset View |I™ Preserve Aspect Ratio

=1 Scalar Data -
[ EnergyDepositBody ml
O EnergyDepasitLeftFoot
[ EnergyDepasitleftForearm
O EnergyDepositLeftShin
[ EnergyDepositLeftThigh
O EnergyDepositLeftUppentrm
energyDeposithiesh
[ EnergyDepositRightf act
O EnergyDepasitRightForearm
O EnergyDepositRightShin ]
M Eraval Mamncit] RinkhtThink

I™ dlip Plot. Plane Contrals
Iv Log cale Color
I Display Cortours |10 =

oy T/

Color Table: [hot_desaturated 2
Linits.
I™ set Minimum o0

Reset Minimum
I™ et Masimurn {235 185

Reset Maximum

Centering =

Annotation Level; |fixes & Legends 52

) visualize: READY visualization available Show Log

Fig. 2.9: A visualization of the mesh tally.

Opening the Simulation

The Geometric Biasing example is accessed from within RSim by the following actions:
 Select the New — From Example... menu item in the File menu.
¢ In the resulting Examples window expand the RSim for Basic Radiation option.
* Expand the Basic Examples option.
* Select Geometric Biasing and press the Choose button.
* In the resulting dialog, create a New Folder if desired, and press the Save button to create a copy of this example.

All of the properties and values that create the simulation are now available in the Setup Window as shown in Fig.
2.10. You can expand the tree elements and navigate through the various properties, making any changes you desire.
The right pane shows a 3D view of the geometry, if any, as well as the grid, if actively shown.

Simulation Properties

For this example 4 spherical shells are created, spaced at 1 meter increments between a radius of 1 and 4 meters. The
shells themselves are of galactic material, so as to not impact the simulation.

A particle source is created, which makes use of the geantino particle. These are not physical particles, but can be used
for testing problem setups without a concern for the physics in question. It is a radius of 4.6 meters, with the sphere
bias selected with inner radius of 0.5 meters. 5 bias layers are set, this will create one bias layer outside the largest
shell, and then between each shell. A focused angular distribution is used, this will aim all particles at the center of
particle source.

Two Number of Track tallies have been added for each shell, one that will weight the results, and one that will not.
This will track the number of particles that pass through each shell. Since we are using geantino’s we do not have to

12 Chapter 2. RSim for Basic Simulations Examples
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RSim - Geametric Biasing
File Edit Tools View Help Window

@ simulation Setup isReady  Save and Setup

secmetictissing st | geametricgiasing.pre |

Simulation ‘ H Properties ‘ View Solids ~| EdiMode | clip |[Toggle axes _Show Scale |[Perspective View |tz ~]  Resek Pasition
Description =
Constants @
[#] Parameters —
Basic Settings 8
Physics 2
[#] Materials b
[ Geametries o L
Meshes d
[#] Particle Sources i
[#] Tallies =]
Undo | Add Multiple| Remove ‘ Add ‘
Property ‘Va\ue \
€ setup: COMPLETED cClick run to continue Show Log

Fig. 2.10: Setup Window for the Geometric Biasing example.

be concerned with a particle losing energy in any shell, and the number of particles will be consistent for each shell.

Running the Simulation

After performing the above actions, continue as follows:
* Proceed to the Run Window by pressing the Run button in the left column of buttons.

* To run the file, click on the Run button in the upper left corner of the Logs and Output Files pane. You will
see the output of the run in the right pane. The run has completed when you see the output, “Engine completed
successfully.” This is shown in Fig. 2.11.

Visualizing the Results

After the run has completed the results of all tallies can be compared. For this example it is best to look at the number
of tracks, which have been recorded in both a weighted and unweighted form.

The results for the * Expand Scalar Data * Select NumberOfTrackSpherel * Select NumberOfTrackSphere2 * Select
NumberOfTrackSphere3 * Select NumberOfTrackSphere4 * Select Clip Plot from the Scalar Data selection (as shown
in figure 59) to apply to all data selections

Looking at these results, we can see the number of tracks in sphere 4 is 4e4. This doubles in track 3 to 8e4, again
in sphere2 at 1.596e5, and again to sphere 1 at 3.198e5. This performs exactly as expected. To see the fact that
the weights are cut in half for each track, repeat the procedure with the weighted tallies, we see all tallies are nearly
identical between 1.995e4 and 2.004e4

2.1. Basic GORAD Examples 13
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File Edit Tools View Help Window

Run Farce Stop Clear Log

EnginzLog | Fie Browser |

Dynanic posls deleted: 11 / Total memory freed: 0.0z1 MB

Thread-local Uluanager is to be delated.
There should not be any thread-local Gdoout/Cdcerr hereafter.
Deleting memory pools
Mumber of memory pools allecated: 11 of which, stanic: 0
Dynamic pools deleted: 11 / Total memory fresd: 0.0Z1 MB

fscorefdunphllQuantitiesWithFactor s3_sphere3_vol geometricBiasing_s3_sphered_vol.csv 1 d
fscore/dunphllQuantitiesVithFactor s4_sphered_vol geometricBiasing_s4_svhered_vol.csv 1
c4UT3 > i rlker 2c0)
GUT3 » 04 kernel has come to (uit state.
GaUTZ > . 1)
GUTZ > B4 kernel has come to Quit state.
C4UTE > = = Deleting memory pools = =
C4UTE > Number of memory pools allecaved: 1l of vhich, stavic: 0
G4UT3 > Dymamic pools delesed: 11 / Towal memory freed: 0.021 MB
G4UT3 >
G4UT3 > Thread-local Ulmanager is to be delsted.
G4UT3 > Thers should not be any thread-local Gdcout/Gdcerr hereafter.
c4UTZ > = = Deleting memory pools = =
Yisualize G4UTZ > Mumber of memory pools allscated: 11; of which, static: O
G4UTZ > Dymamic posls deleted: 11 / Total memory fresd: 0.0Z1 MB
- ) GAUTZ >
G4UIZ > Thread-local Uluanager is to be deleted.
C4UTZ > There should not be any vhread-local Cdoowc/Gdeerr hereafter.
G4UTL > Destroying WorkerRunManager (000002Z656551FE0)
G4UTL > G4 kernel has come to Quit state.
G4uTO > 1070}
G4UT0 > G4 kernel has coms to Qwit state.
C4UTL > Deleting memory pools
G4UTL > Mumber of memory pools allocated: 11; of which, stanic: 0
>
>
>
-
-
.
>
>
-

Thread-local Ulnanager is to be deleted.
G4UTD > There should not be any thread-local Gdcouc/Gécerr hereafter
G4 kernel has come ©o Quit state.

= = Daleting memery pools

Mumber of memory pools allocated: 4; of which, static: 0
Dynanic pools deleted: 4 / Total mewory freed: 0.0048 NE

BunManagerKernel is deleved. Good bye @)
- - END ENGINE DUTRUT -

To see results, click on the "Visualize' icom in the icon panel.

Engine completed successfully. :I

@ Run: SUCCESS Sinulstion engine fFinished successflly Show Log

Fig. 2.11: The Run Window at the end of execution.

File Edit Tools View Help Window

Add a Data View Reload Data

Data Overview 3 |

Welcome Visualization Controls Visualization Results

ad
Variables Save Image | Labels | fsis Scale | Rendering |[+2 =] Reset view || Preserve Aspect Ratio
0 EnergyDepositSpherel
[ EnergyDepasitSphers
[ EnergyDepositSphere3 [ A
[ EnergyDepositSphersd !
HurnbrOfTrackSpheret
[ HumbetOffiackSphere Weighted
— HurnberOfTrack Sphere
[ HumbetOffiackSphere2Weighted
HurnberOfTrackSphere3
[ NumberOffiackSphere3W/eighted
HuberOffrackSphered [,
[ MumberOfTrackSpheredueighted ft i T
- Geometries —
i
5

I Clip Plot Plans Contrals

I™" Log Scale Calor

Fin: AmEorat

Annotation Lev

Axes & Legends = ‘

@ visualize: READY Visualization available Show Log

Fig. 2.12: A visualization of the number of tracks
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Further Experiments

Try adjusting the materials from galactic to aluminum, to see how this improve statistics on inner spheres as particles
get absorbed on outer spheres.

2.1.5 Human in Orion

Keywords:
Weighted, Energy Deposit, GORAD, CAD

Problem Description

This problem serves as an evolution of the Shielded Human example.

It features critical upgrades of using a more realistic orion crew module, as well as a weighted distribution particle
source. This example makes use of the KingSPE distribution of particles

Opening the Simulation

The Human in Orion example is accessed from within RSim by the following actions:
 Select the New — From Example. .. menu item in the File menu.
* In the resulting Examples window expand the RSim for Basic Radiation option.
» Expand the Basic Examples option.
 Select Human in Orion and press the Choose button.
¢ In the resulting dialog, create a New Folder if desired, and press the Save button to create a copy of this example.

All of the properties and values that create the simulation are now available in the Setup Window as shown in Fig.
2.13. You can expand the tree elements and navigate through the various properties, making any changes you desire.
The right pane shows a 3D view of the geometry, if any, as well as the grid, if actively shown.

The Orion crew module is visualized

Simulation Properties
This example makes use of a weighted spherical surface particle source, bombarding the human in the center of it with
protons.

Under the Basic Settings tab the number of events to be simulated can be selected, as well as the number of threads to
make available to the simulation. For this example all verbosities are set to their lowest setting, 0. 100,000 particles
are to be simulated.

In the Physics setting, the physics lists, of Op 0 and Shielding are used.

Brain, Bone, Tissue and Water materials have been added into the simulation from the Materials database. Given this
is a simplifed example, all body parts are being modeled as water.

An Energy Deposit tally has been added for every body part, as well as the orion shield. A mesh tally filling a similar
volume of the human is also used.

2.1. Basic GORAD Examples 15
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RSim - Human in Orion
File Edit Tools View Help Window

@ simulation Setup isReady  Save and Setup
Properties ‘ View Solids ~| Edittode | cip |[Toggle xes Show Scale |[perspective view [+2 x| ResetPosition

humaninCrion.sdf | humanincrion.gre |

Sirnulation

Description
Constants
Parameters
Basic Settings
Physics

[#] Materials

[#] Geometries
Meshes

[#] Particle Sources

[# Tallies

| Materials Database | 30 iew

Undo |Add Multiple| Rema\re‘ Add ‘

Property [value |

€ setup: COMPLETED cClick run to continue Show Log

Fig. 2.13: Setup Window for the Human in Orion example.

Running the Simulation

After performing the above actions, continue as follows:
* Proceed to the Run Window by pressing the Run button in the left column of buttons.

 To run the file, click on the Run button in the upper left corner of the Logs and Output Files pane. You will
see the output of the run in the right pane. The run has completed when you see the output, “Engine completed
successfully.” This is shown in Fig. 2.14.

Visualizing the Results

After the run has completed the results of all tallies can be visualized.
To view the energy deposit on various body parts use settings shown below and in Fig. 2.15.:
» Expand Scalar Data

* Check the body parts of interest

Further Experiments
The error of each tally is automatically calculated, though this information is not directly visualized. It can be

accessed by opening the tally files, for example the energy deposit errors can be seen on the head (humanInO-
rion_s1_detector_vol.csv, and humanInOrion_s13_orion_nofbcGeomSolid_vol.csv)

2.1.6 Point Source Volume Tally

Keywords:
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File Edit Tools View Help Window

Logs and Output Files

Run Farce Stop Clear Log

EnginzLog | Fie Browser |

SawTL > 10800 5 P e ¥ g g Eneroybeporitiaferoms 8 E 5|
CAUTL 10900 10 1-D hist s12_feetl_vol EnergyDepositRightFoot 2 -1

C4UTL 11000 7 1-D histc £3_chin vol EnergyDepositleftfhin 10 -1

GATUTL 11100 8 1-D hist 510_shind_wol EnergyDepositcRightShin 11 -1

GawTl » 11200 1 1b hist  sl_Gstectsr vel EnerqDepositDatacrar 12 I

GawTI » 11300 13 P g Lid wol o 13 o

Sprocess/verbose 0
soracking/verbose 0
Syorad/enalysis/verbose 0

fevent verbose 0

Jrun/printProgress 10000
Srun/gecunet ryllodi fied

##F un 0 starcs on worker thread 0.

Yisualize CAUTL > $#§ Pun 0 starts on worker thread 1

GAUTZ ##% Pun 0 starts on worker thread Z
2 GAUTO » ——» Event 0 starts with initisl sesds {L3045033,61775110).
G4UT3 ##§ Pun 0 starts on worker thread 3.
CATTZ =--> Event 10000 starts.
CAVTZ > --» Event 20000 starts.
G4UTO > --» Event 30000 scarts.
G4UTO > --» Event 40000 starts.
G4UTZ --+ Event 50000 starts.
CATTL --> Event €0000 starts.
CAVTZ > --» Event 70000 starts.

o
2
g
3
a
NV VYN Y VNN YR YV YN YY VY YY YV VY

--» Event 80000 starts.
G4UTZ > --r Event 50000 starts.
fscore/duupkllQuantitiesVithFactor s2_body_wol humanInOrion_s2_bedy_vel.csv 24.9927501
fseore/dunphllQuantitiesVithFactor s3_Upperarn vel humanInOrion_s3_Upperarm vol.csv 24. 9887501
fscore/dumpalluantitiesilichFactor s4 Upperarnd_vol humenTnOrion_sd_Upperarm0 wol csv 24. 9937501
fscore/dunpallQuantitiesiichfactor s5_Forearm vol humanInOrion s§_Forearm vel csv 24.9997501
fecore/dumpilluantitiesiithfactor s6_Forearn0_vel mmanTnOrion_s6_Forearm wol csv 249997501
fscore/duupkllQuantitiesVithFacter =7_Thigh vol humanInOrion_s7_Thigh_vol.csw 24.3987501
fseore/dunphllQuantitiesVithFactor s3_Thighl_vel humanInOrion_s3_ThighO_vol.csv 24.3997501
fscore/dumpallQuantitiesilichfactor s3_shin vol humenTnfrion_s3_shin wol csv 249937501
fscore/dunpallQuantitiesilichTacsor s10_shind_vel humanTnOrion_sl0_shin_vel. csw 249997501
fecore/dumpilluantitiesiichFactor sl1_fest_vol mumanTnOrion sll_feet_vol. csv 243957501
fecore/dumpill{uantitieslithPactor s1?_feetl_vol mmanTnOrion_sl?_feet0_vel.csw 249997501
fseore/dunphllQuantitiesVithFactor sl_detector_vel humanInOrion_sl_detector_vel.csv 249887501

fecore/dunphll Quantit i huwanIndrion_; i esv 249937501

Fscore/dunpal] Quantitdesti 513 _orion : 1id_vol humanTnOrion_sl3_orion nofbeGeonSolid vel csw 249997501
- END ENGINE DUTRUT -

To see results, click on the "Visualize' icom in the icon panel.

Engine completed successfully. :I

‘ @ Run: SUCCESS Sinulstion engine fFinished successflly Show Log

Fig. 2.14: The Run Window at the end of execution.

File Edit Tools View Help Window

Reload Data
Data Overview 3 |

Welcome Visualization Controls Visualization Results
L — SaveImage | Lsbels | Axis Scals | Rendering ||+2 | ResetView | Preserve Aspect Ratio

EnergyDepositLeftShin
EnergyDepositLeftThigh
EnergyDepositLeftllppertim
-0 EnergyDepositQrion
EnergyDepositRightFaat
EnergyDepositRightF orearm
EnergyDepositRightShin
EnergyDepositRightThigh
EnergyDepositRightUpperfm

visualize

Meshes
Beometries

I~ clip Plot Plane Controls
I Log Scale Colar

I Display Contours |5 3:

Color Table |hot_desaturated =

Lirits
™ Set Minimum |5 77304

Reset Minimurn
I set Maximum |5, 77:304

Reset Maximum

~Centefing——————————————————

o annotations = |

Opaity

Annotation Lev

‘ @ visualize: READY Visualization available Show Log

Fig. 2.15: A visualization of the volume tallies
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radiation, GORAD

Problem Description

This problem illustrates how to set up a point source with an isotropic distribution within an angular range, measuring
the energy deposited on a sphere and calculating fluence on a mesh.

Opening the Simulation

The Point Source Volume Tally example is accessed RSim by the following actions:
¢ Select the New — From Example... menu item in the File menu.
* In the resulting Examples window expand the RSim for Basic Radiation option.
* Expand the Basic Examples option.
* Select Point Source Volume Tally and press the Choose button.
¢ In the resulting dialog, create a New Folder if desired, and press the Save button to create a copy of this example.

All of the properties and values that create the simulation are now available in the Setup Window as shown in Fig.
2.16. You can expand the tree elements and navigate through the various properties, making any changes you desire.
The right pane shows a 3D view of the geometry, if any, as well as the grid, if actively shown.

Tally

ally
File Edit Tools View Help Window

[H € Simulation Setup is Ready  Sawe and Setup
pointsource.sdf | pontsource.pre |
Welco:
Sirnulation | z Properties | View Solids | Edit Mode &“ Toggle Axes _Show Scale IPerspectwe View |+Z LI Reset Position
Description H
Constants L
et Parameters —
Basic Settings o
i Physics 2
£ [#] Waterials bl
N [=] Geometries e
[E ™ cse 4
= O sphereOut 2
[ sphereln 1=
. target
Visualize £AD
[+ World
? Meshes
[#] Particle Sources
L [#] Tallies
Undo | Add Multiplel Removel Add |
Property [value |
kind OceSalid
material Al
referenced sphereOut
aperation subtract
reference] sphereln
tessellation 0.000382862126440660
surface area 0.277064
colar |
‘ @ sstup: COMPLETED Click run ta continue Show Log

Fig. 2.16: Setup Window for the point particle source example.

Simulation Properties

This example demonstrates two physics features, and how CSG can be incorporated into RSim Simulations.

Under the Basic Settings tab the number of events to be simulated can be selected.
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The particle source selected is a point shooting electrons. It shoots particles on a monoenergetic spectrum from zero
to forty five degrees on the Z axis at an energy of 100.0 MeV.

Running the Simulation

After performing the above actions, continue as follows:
* Proceed to the Run Window by pressing the Run button in the left column of buttons.

* To run the file, click on the Run button in the upper left corner of the Logs and Output Files pane. You will
see the output of the run in the right pane. The run has completed when you see the output, “Engine completed
successfully.” This is shown in Fig. 2.17.

File Edit Tools View Help ‘Window

Logs and Output Files

Run Force Stop Clear Log

EngineLog | File Browser |

| | CAUTO > fscoresmesh/rotate/rotateX 0 deg d
G4UTO > /scorefclose
G4UTO > /scorefcreate/reallorldlogVol s1_target_wol
G4UTO > sscore Hev
GAVTO > /soore woluneFlux F 0l

C4UTO > fscorefclose

G4UTO > /goradfanalysis/1D/creave sl_target_vol EnergylepositOnSphere
G4UTO > /gorad/enalysis/1D/config 100 0. 100, Me¥ linear

G4UTO > fgoradfenalysis/1D/creste sl_target_vol FluenceOnSphere
G40 > Previously opensd histogram is closed.

C4UTO > /goradfenalysis/1D/config 100 0. L00. Ne¥ linear

G4UTO > /gorad/fanalysis/1D/creave CellFluxOMesh CellFluxd

G4UTO > Previously opemed histogram is closed

| |G4uT0 > sgoradfenalysis/1D/config 100 0. 100. Me¥ linear

G4UT0 > fgoradfanalysis/plot -1

C4UTO > gorad/fenalysis/list

G4UTO > SHESESESHERHIIESES registered histograns/plots

G4UTO > id histID histType  detName-X psWame-X  collID-X  copyNo-X  detlame-Y psNeme-¥  collID-Y  copyNo-T
G4UTO > 10000 2 1-D hist  CellFluxOMesh CellFluxg 0 -1

G4UTO > 10100 0 1-D hist  sl_target_vel EnergyDepositOnSphere 1 -1

C4UTO > 10200 1 1-D hist  sl_targec_vel FluenceOniphere z -1

G4UTD > /process/verbose 0

G4UTO > /Eracking/verbose O

G4UTO > fgorad/fanalysis/verhose 0

G4UT0 > fevent fverbose O

C4UT0 > frun/printProgress 10000

G4UTO > /run/geometrylodified

G4UTO > $85 Pum D starts on worker thread O

G4UTO > --» Event D starts with initial seeds (13045039,61775110).

G4UTO > -+ Event 10000 starts.

C4UTO > --» Event 20000 starts.

G4UTO > --> Event 30000 starts.

G4UTD > --» Event 40000 svarns.

G4UTO > --» Event S0000 starts.

G4UTO > -+ Event 60000 starts.

C4UTO > --» Event 70000 starts.

C4UTO > --» Event 30000 starcs.

G4UTO > --» Event 90000 svarss.

frcore/dumpilluantitiesiithfactor sl_target_vel pointSource_sl_target_vel csv 00366116539
fecore/dumpill{uantitieslithPactor CellFluxMesh pointSource CellPlux(Mesh csv 00366116539
————————————————————— END ENGINE QUIPUT --------m--mmmme

To see results, click on the "Visualize® icen in the icon panel

Engine completed successfully. :‘

@ Run: SUCCESS Simulation engine finished successfully Show Lag

Fig. 2.17: The Run Window at the end of execution.

Visualizing the Results
After the simulation is completed it is possible to visualize the sphere and the total energy depostion on the sphere as
shown in Fig. 2.18.
To view this
» Expand Scalar Data
* Check EnergyDepositOnSphere
On a different data view
» Expand Scalar Data
* Check CellFlux0
* Check the Clip Plot box, and select Plane Controls Setting the Clip Plane Normal to X
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umne Tally
File Edit Tools View Help Window

|ndd apataview x| Reload Data
Data Overviewz [ |
‘Visualization Controls 'Visualization Results
7\fa’\ab‘gs—| Save Image | Labels | AxisScale | Rendering |[+z =] ResetView | Preserve Aspect Ratio
B Scalar Data
[ CellFluxd
* O FluenceOnSphere [
Meshes ot -

Geometries

I Clip Plat Plane Contrals

I Log Scale Color

I Display Cortours [5 =

oy T/

Cobor Table [hot _desatwated  ¥]
Limibs

I osetmnmem [0
Reeset Minimum L]

™ set Madimurn [0 o

Reset Maximum |

ccenerg |7

Annotation Level: [Axes & Legends - |
‘ ) visualize: READY visualization available Show Log

Fig. 2.18: The visualization window with results of the volume tally.

* Rotate the image 90 degrees to the left
 Check the Set Minimum box and set it to O

¢ Check the Set Maximum box and set it to 2e3

Further Experiments

Try altering the particles used in the source or min and max angles in the source: for example using [0,180] range.

2.1.7 Proton Therapy

Keywords:

radiation, GORAD, proton therapy

Problem Description

This problem illustrates a highly simplified version of proton therapy.

In this example a simplified human skeleton is modeled with a tumor embedded in adipose tissue and covered with
skin on the back. A circular proton beam of 90 MeV energy is centered on the tumor. The energy deposited on the
skin, fat, tumor and torso are all recorded.

For materials, the ICRP models built into RSim are used.
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umne Tally
File Edit Tools View Help Window

Add aData View ¥ Reload Data
Data Overview [ ‘
‘Visualization Controls 'Visualization Results

Variables SaveImage | Labels | fsxis Scale | Rendering |[+2 | Reset View |I™ Preserve Aspect Ratio

B Scaler Data
CellFluxd
[ EnergyDepositOnSphere
[ FluenceOnSphere

¥ Meshes

- Geametries

o
frer—"
Ran: o

f Clip Plot. Plane Contrals

I Log 3cale Color

I Display Cortours |5 =]

oy T/

Color Table: [hot_desaturated 2
Linits.
Iv szt Minimum o

Reset Minimum
¥ Set Mazimurn | 2000

Reset Maximum

Centering =

Annotation Level; |fixes & Legends 52

) visualize: READY visualization available Show Log

Fig. 2.19: The second visualization window with the results of the mesh tally.

Opening the Simulation

The proton therapy example is accessed from within RSim by the following actions:
 Select the New — From Example... menu item in the File menu.
¢ In the resulting Examples window expand the RSim for Basic Radiation option.
* Expand the Basic Examples option.
* Select Proton Therapy and press the Choose button.
* In the resulting dialog, create a New Folder if desired, and press the Save button to create a copy of this example.

All of the properties and values that create the simulation are now available in the Setup Window as shown in Fig.
2.20. You can expand the tree elements and navigate through the various properties, making any changes you desire.
The right pane shows a 3D view of the geometry, if any, as well as the grid, if actively shown.

Simulation Properties

This example makes use of the Op 3 electromagnetics physics list, which is best for medical applications.

Under the Basic Settings tab the number of events to be simulated can be selected, as well as the number of threads to
devote to the simulation.

The particle source selected is an elliptic plane. In this case it is a 1D Beam with 3 degrees of dispersion, and a
monoenergetic energy distribution at 90 MeV.

Running the Simulation

After performing the above actions, continue as follows:
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RSim - Proton Therapy
File Edit Tools View Help Window

@ simulation Setup isReady  Save and Setup

protonTherapy.sdf | protonTherapy.pre |

Sirulation ‘ z Properties ‘ View Solids ~| EdieMode | Cip | Togde Axes | Show Scale |[Perspective View |+z ¥  Resek Position
Description =
[#] Constants &
Parameters =
Basic Sektings 2
Physics 2
[#] Materials b
[#] Geometries 2
Weshes z
[#] Particle Sources =
[#] Tallies =]
n
Undo | Add Multiple| Remove ‘ Add ‘
Property [value |
kind Box y
material SKIN_ICRP /
length 005 S
height 5 N
width 015
x position -.005 /K—i
y position -125
Z position - \ W J/
widith direction x 0.0 wd %
width direction y 1. W
width direction 0.0
angle 12.0
surface area 0.3
color -
tessellation 0.00095502403097702
€ setup: COMPLETED cClick run to continue Show Log

Fig. 2.20: Setup Window for the proton therapy example.

* Proceed to the Run Window by pressing the Run button in the left column of buttons.

* To run the file, click on the Run button in the upper left corner of the Logs and Output Files pane. You will
see the output of the run in the right pane. The run has completed when you see the output, “Engine completed
successfully.” This is shown in Fig. 2.21.

Visualizing the Results

After the simulation has completed, click on the Visualize button as shown in Fig. 2.22):
» Expand Scalar Data
¢ Check doseFat, doseSkeleton and doseSkin.
This can show how the dosage on the Fat is higher than that of the Skin or Skeleton.
In order to visualize tumor, it is better to see the mesh tally result.
* Click Add a Data View
* Choose Data Overview
» Expand Scalar Data
* Choose doseGrid
* Select the hot_and_cold color table
* Click on Clip Plots
* Click on Plane Controls
* Choose settings shown in Fig. 2.23:

* Expand *Geometries
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File Edit Tools View Help Window

Logs and Output Files

Run Farce Stop

EnginzLog | Fie Browser |

Clear Log

**= G4Exception : GeomNavlDOZ
issued by : C4PathFinder::ReportMove()
Endpoint moved between value returned by ComputeStepi) and call to Locate().
Change of (End) Position / G4PavhFinder::Locate is 5. $99998838383271e-08 mu Long
and its vector is (-7.269481727689708e-08,-2. 178234126404277e-08,-6. 5122690191560152-08) mm
Endpoint of ComputeStepi) was 0. 118, ,-262.0628602241171)
and current position to locate is (80,118.0246498772499,-262.06286028924)

*+% This is just a varning message.
- i - G4Bxception-END -

G4UT3 > --> Event 5000 starts.
G4UTL >

- - C4Exceprion-START --
Yisualize *t+ GaRixception : GeonNawld0z

issued by : GAPathFinder::ReportMove(]

> Endpoint moved betwsen value returnsd by ComputeStep{) and call to Locata(.

Change of (End) Position / G4PathFinder::Locate is 1.0000D0DL037554%2-07 mu Long

and its vector is (-3, 31E56223754387le-08,-1.286545711127487e-08, -1, 702630526137782e-02) m
Endpoint of ComputeStepi) was (10.00000009815562, 7. 8544 T2965183487, 354 1201417154377)
and current pesition to locate is (10,7.B5447295632799,-354.1201417172003)

*** This is just a warning message.
- —= WY - - BiException-END ---

C4UTZ >

—— - GaException-START ——
*++ Gallxesption : Geomllavl00Z
issued by : G4FathFinder::PReportlove ()
Endpoint moved between walue returned by ComputeStep() and call to Locate().
Change of (End) Posicion f G4PathFinder::Locate is 1.00000004415041%e-07 nm long
and its vector is (7.69480808214183372-D8,-6.309633076504377e-09, —6. 3312663096226286-08) 1
Endpoint of ComputsStepi] was (45.99959932305119, ~44. 16208941805819, ~243. 6459353984711}
and current position to locate is (50,-44.16209942644762,-243. 6459360617838)

**T This is just a varning message.
- -- mnm - - G4Bxception-END ---

fecore/dumpilluantitiesiithFactor doseGridifesh protonTherapy doseGridMesh. csv 1
f=core/dumpillQuantitieslithPactor sZ_skinBlack_wal protonTherapy_s?_skinBlock_vel esv 1
fecore/dunphllQuantit s1_fatBl _vol protonlh _s1_fatBL _vel.osw 1
fscore/dunphllQuantitiesVichFactor s7_TORE0 1 wol protonTherapy_s7_TORI0 L wol.csw 1
fscore/dunpallQuantitiesilichTacsor s3_tumorFinal wol protonTherapy_s3_tumorFinal wol esv 1

- END ENGINE DUTRUT - --

Engine completed successfully.
To see results, click on the "Visualize' icom in the icon panel.

2l

4

‘ @ Run: SUCCESS Sinulstion engine fFinished successflly

Fig. 2.21: The Run Window at the end of execution.
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‘ @ visualize: READY Visualization available

Fig. 2.22: The visualization results.
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¢ Click on *s7_TORSO_1
Click on Clip Plots

Click on Plane Controls

¢ Choose settings shown in Fig. 2.23:

Clip Plane Contral

Clip Plane Mormal

% (plane normal ko z-axis)

-
..l

Y (plane normal to y-axis)

(" Z (plane normal bo z-axis)

(" Cuskorn Normal {oblique clip)

Custam Clip Plane Marmal

x: |o

v: [t

z: |o

Origin of Mormal Yeckor

% |0

v |0

z |0

apply Cancel Ok

Fig. 2.23: Settings of the cut plane.

The resulting image shows the tumor deposit as shown in Fig. 2.24:.

Further Experiments

Try altering the energy of the beam to see an increase in the dose on the “tumor” or increasing the thickness of the fat
block to see how it may reduce the ionizing dose.

2.1.8 Circuit Shielding

Keywords:
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RSim - Proton Therapy
File Edit Tools View Help Window

Add aData View ¥ Reload Data

Data Gverview Data Overviewt [ I
‘Visualization Controls 'Visualization Results

Variables SaveImage | Labels | fsxis Scale | Rendering |[+2 | Reset View |I™ Preserve Aspect Ratio

[ s38._RF5_1 -]
[ s38_RFS_1_surface

s4_HEAD_1

I #4_HEAD_1_surface

O s5_MECK_1

[ 55_NECK 1 _surface

L] 56_SPINALCORD_1

[ +€_SPINALCORD_1_surface R
57.TORSO_1

[ 57_TORSO_1_surface ] fre—
0 s8HP_1 =

F1 e 1D 1 cfara

J¥ Clip plat Plane Contrals

Reset To Default

Annotation Level; |fixes & Legends 52

) visualize: READY visualization available Show Log

Fig. 2.24: The visualization of the volume tally.
radiation, GORAD, shielding, Dose Deposit

Problem Description
This problem demonstrates how the Deposited Dose on an integrated circuit may be reduced through the use of boron
shielding.

To do this, three simplified integrated circuits modeled as silicon boxes are placed on a FR-4 substrate. One of the
silicon boxes is shielded by a thick box of boron, one is shielded by a thin box of boron, and one is unshielded.

Opening the Simulation

The Sensitive Circuit example is accessed from within RSim by the following actions:
* Select the New — From Example... menu item in the File menu.
* In the resulting Examples window expand the RSim for Basic Radiation option.
» Expand the Basic Examples option.
* Select Circuit Shielding and press the Choose button.
* In the resulting dialog, create a New Folder if desired, and press the Save button to create a copy of this example.

All of the properties and values that create the simulation are now available in the Setup Window as shown in Fig.
2.25. You can expand the tree elements and navigate through the various properties, making any changes you desire.
The right pane shows a 3D view of the geometry, if any, as well as the grid, if actively shown.

Note that several custom materials created through RSim are available for material assignment.
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RSim - Gircuit Shielding
File Edit Tools View Help Window

@ simulation Setup isReady  Save and Setup

Properties ‘V\eanI\ds ~| EdieMode | Cip | Togde Axes | Show Scale |[Perspective View |+z ¥  Resek Position

sensitiveCircut.sdf | sensitivecircutpre |

Sirnulation

Description
Constants
Parameters
Basic Settings
Physics

[#] Materials

[#] Geometries
Meshes

[#] Particle Sources

[# Tallies

| Materials Database | 30 iew

Undo | Add Multiple | Remove ‘ Add ‘

Property [value |
short description Circuit Shielding
description This simulation shews three circuit e...
long description This simulation shows how three par...
image
thumbnail sensitive CircuitTh.png
version 3.00dev

€ setup: COMPLETED cClick run to continue Show Log

Fig. 2.25: Setup Window for the Sensitive Circuit example. The PCB is colored green, the aluminum IC models red,
and boron shields green

Simulation Properties

This example demonstrates how Dose Deposit is impacted by the thickness of a boron shield.

Under the Basic Settings tab the number of events to be simulated can be selected, as well as the simulation model.
Right now the only supported model is GORAD.

The Shielding hadronic physics list is used for this simulation, with GEANT4 standard cuts at 0.7 um.

Three point particle sources are placed above our three test coupons, which are on the PCB substrate. Each particle
source has only a 1 degree angular distribution in order to prevent them from interfering with each other. Remember
that zero degrees corresponds to the negative Z direction. The neutrons are emitted at a monoenergetic 14 MeV.

An energy deposit tally is placed for each of the three sensitive components, as well as each shield. In addition there
is a mesh tally placed over the entire PCB substrate.

Running the Simulation

After performing the above actions, continue as follows:
* Proceed to the Run Window by pressing the Run button in the left column of buttons.

* To run the file, click on the Run button in the upper left corner of the Logs and Output Files pane. You will
see the output of the run in the right pane. The run has completed when you see the output, “Engine completed
successfully.” This is shown in Fig. 2.26.

Visualizing the Results

After the simulation is completed it is possible to visualize the energy depostion as shown in Fig. 2.27.
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Edit Tools View Help Window

Logs and Output Files

Run Farce Stop Clear Log

EngineLog | Fie Browser |

G4UTZ » /run/printProgress 10000 d
G4UT3 > id histID histType  detWawe-X psWamwe-X  collID-X  copyNo-X  detNauwe-¥ psWNauwe-¥  collID-Y  copylle-¥
G4UTE > 10000 i 1-D hist tHesh 0 -1

G4UTO > foracking/verbose O

G4UTZ > frun/geometrylodified

G4UT3 > 10100 a 1-D hizt  s4_boronshieldThick wol EnergyDeposit ThickShiald 1 -1
G4UT3 > 10200 3 1-D hist  s6_boronthieldThin_vel EnergyDepositThinShisld 2 -1

G4VTE > 10%00 0 1-D hist  sZ_: _vol 3 2 -1

G4UTO > /gorad/enalysis/verhose 0

G4UT3 > 10400 1 1-D hist 53 _wol 4 -1

G4UT3 > 10500 z 1-D hizt  s5_sensC £3_val £SensC 3 s -1

G4UTS > fprocess/verbose 0
C4UI0 > fevent fverbose O

G4UT3 > foracking/verbose O

G4UTO > frun/printProgress 10000

G4UT3 > fgorad/fanalysis/verhose 0

G4UTO > frun/geometryModi fied

C4UIZ > fevent fverbose O

C4UTE > frun/printProgress 10000

G4UT3 > frun/geometryModi fied

G4UTL > 8§ Pun D starts on worker thread 1

G4UTS > §§F Bun D starts on worker thread 3

C4UT0 > $# Pun O starts on worker thread 0.

C4UTZ > $#% Bun O starts on worker thread Z.

G4UTL > --» Event 0 starts wich initial seeds (13048039 61775110).

G4UTO > --» Event 10000 starts.

G4UTL > --+ Event 20000 starts.

G4UTZ > --> Event 30000 starts.

C4UTL > --» Event 40000 starcs.

G4UTL > --» Event 50000 starns.

G4UTO > --» Event 60000 starts.

G4UTL > --+ Event 70000 starts.

G4UTZ > --> Event 80000 starts.

C4UT3 > --» Event 30000 starcs.

fscore/dumpallQuantitiesiichFactor sZ_sensComponent_vol sensitiveCircuit_s?_sensComponent_vol. csw 1
fscore/dunpallquantitiesiichfactor s3_sensComponentZ_wol sensitiveCircuit_s3_sensComponent_vel.csw 1
fecore/dumpilluantitiesiichFactor £5_sensComponent3_wnl sensitiveCircuit_ss_sensComponent3_vel. csw 1
fscore/duupkllQuantitiesVithFactor s6_boronShieldThin wol rewit_sg_boronShisldThin_wvel.csv 1
fscore/dunphllQuantitiesVichFactor s4_boronghieldThick vel sensitiveCircuit_s¢_boronfhieldThick wol.esv 1
fscore/dumpalluantitiesilichFactor energybepositMeshMesh sensitiveCircuit_energyDepositMeshMesh csw 1
777777777777777777777 END ENGINE QUTPUT -------—-=-==-m

Engine completsd successfully.
To see results, click on the "Visualize' icom in the icon panel. =

@ run: SUCCESS Simulation engine finished successfuly Show Log

Fig. 2.26: The Run Window at the end of execution.

» Expand Scalar Data

Check all of the energy deposit tallies
* Expand Geometries

e Select s4_boronShieldThick

Further Experiments
You can increase the thickness of Boron layer from lcm to 5cm or 10cm and notice the reduction of the energy
deposited into the sensitive part under the layer.

By changing the material used in the protective layer (for example, to Aluminum), this reduction in dose can be
changed.

2.1.9 Shielded Human

Keywords:

radiation, GORAD

Problem Description
This problem illustrates a common problem, measuring the energy deposited on the head of a human shielded in an
aluminum cylinder.

The particle source uses a JPL dataset for modeling a mission to Europa, with the normalization computed based on
the maximum and minimum integral flux.

2.1. Basic GORAD Examples 27



RSim Examples, Release 3.0.0-r180

RSim - Gircuit Shielding
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Fig. 2.27: The total deposited energy of the shield + sensitive component underneath will match up for all three test
coupons.

This example demonstrates how to import a step file, annotate the materials of the parts of the step file, and it will be
automatically converted into gdml for use in the simulation.

Opening the Simulation

The shielded human example is accessed from within RSim by the following actions:
* Select the New — From Example... menu item in the File menu.
* In the resulting Examples window expand the RSim for Basic Radiation option.

» Expand the Basic Examples option.

Select Shielded Human and press the Choose button.
* In the resulting dialog, create a New Folder if desired, and press the Save button to create a copy of this example.

All of the properties and values that create the simulation are now available in the Setup Window as shown in Fig.
2.28. You can expand the tree elements and navigate through the various properties, making any changes you desire.
The right pane shows a 3D view of the geometry, if any, as well as the grid, if actively shown.

Simulation Properties

This example demonstrates two physics features, and how CSG and CAD can be incorporated into RSim Simulations.

In order to rapidly set a material for all 35 parts of the CAD file Materials Annotation can be used. This is done with the followi

 Right-click on the Geometries
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RSim - Shielded Hurnan

File Edit Tools View Help Window

@ simulation Setup isReady  Save and Setup
Properties | View Solids ~| Edtmode | clip | Toagle Axes | Show Scale | [perspective view |+v <]  ResetPosition

shieldedHuman.sdf | shieldedhuman.gre |

Sirnulation

Description
[#] Constants
[#] Parameters
Basic Settings
Physics
[#] Materials
[=] Geometries
= M c56
0O outC
O inC
shield
[+ & caDp
[*] Warld
Meshes
[=] Particle Sources
[ mono_source

[#] Tallies

| Materials Database | 30 tiew

Undo |Add Multiplel Rema\rel Add |

Praperty | Value |
kind OceSolid
material Al
referenced outC
aperation subtract
reference inC
tessellation 0.00405279970167627
surface area 48.7778
calor |
‘ @ setup: COMPLETED Click run to continue Show Log

Fig. 2.28: Setup Window for the shielded human example.

* Select Annotate Materials From File
* In the dialog box, select the .csv file that corresponds to the materials annotation.

This .csv file is a 2 column list, comma separated, of the name of the part and the material to be assigned to it The
materials data itself should be stored in a .xml file of the same name.

After this is complete there should be new .xml file created, named simulationName_materials.xml. This will be used
by the .gdml file.

Under the Basic Settings tab the number of events to be simulated can be selected, as well as the simulation model.
Right now the only supported model is gras.

The particle source selected is a spherical surface. In this case it simulates 1 electron per event. The energy is based
on a 2 column text file supplied with the example.

Running the Simulation

After performing the above actions, continue as follows:
* Proceed to the Run Window by pressing the Run button in the left column of buttons.

 To run the file, click on the Run button in the upper left corner of the Logs and Output Files pane. You will
see the output of the run in the right pane. The run has completed when you see the output, “Engine completed
successfully.” This is shown in Fig. 2.29.

Visualizing the Results

After the simulation is completed it is possible to visualize the energy deposited on each part of the body.

To view this
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Edit Tools View Help Window

Logs and Output Files

I 5 Run Farce Stop Clear Log

A EngineLog | Fie Browser |

Ll ~ at positien : (1. 71993865603795,-59_65590842041746,43 1399614537156} =]
in direction: (-0.3755597002547434,0. 3224930085868018, -0. 5666045215253715)
tlocal position: (1.718933865603785,-63.65330342041246,43. 1330614532196) )
tlocal direction: (-0 02547434, 0. 18, -0 866884521 62537151 )

Previous phys volume: 'World PV*

Likely gecmstry overlap - =lse navigation preblem !
*%* Trying to get unstuck® using a push - expanding step to 1e-07 {mm) ... Dotential overlap in gecmstry !

*+% This is just a varming message. ***
———————— W -------- G4Exception-END —-------= WU —------

———————— W ------- G4Exception-START ----=--= W -------
*++ G4Bxception : GeouNavlD0Z
issued by : GdNavigator::ComputeStep)
Stuck Track: potential geometry or navigation problem
Track stuck, net mowing fox 10 steps.
Current phys volume: 'World DV'

- an position : (-0.2131653063585139, -5, 30 GE7574706459957)
in direction: (-D.3755587802547434,0. 32248300850868018, 0. B688045215253715)
{local position: (-0.2131653063585139, -58,38. 66757470649957) )

tlocal direction: {-0.375E537202547434,0.3224830095868018,-0. 36888452L5262718) ) .
Previous phys volume: 'sZ_HEAD 1 pv'

Likely geometry overlap - else navigation problew !
*** Trying to get *unstuck® using a push - expanding step to 1e-07 {mm) ... Dotential owerlap in geometry |

*+% This is just a varaing message. ***
———————— W -------- G4Bxception-END —-------= W -------

fecore/dumpillQuantitieslithPactor sZ HEAD 1 vol shieldedHuman s?_HEAD 1 wol csv 1
fscore/duupkllQuantitiesVithFactor s5_TORS0 1 wol shieldeduman s5_TORSO_L wol.csw 1
fseore/dunphllQuantitiesVichFactor s3_LEFTLEGL L wol shieldedHuman s3 LEFTLECL 1 wol.csv 1
fscore/dumpallQuantitiesiichFactor s10_RIGHTLEGL_1 wol shieldedHuman s10 RIGHTLEGL_1 wol csw 1
fscore/dunpallquantitiesiichFactor sZ1 LEFTARML | wol shieldedHuman 521 LEFTARML 1 wol. csv 1
fecore/dumpilluantitiesiithfactor s27 RIGHTARML 1 wol shieldedHumsn s2Z RIGHTARML | wol esw 1
fscore/duupkllQuantitiesVithFacter s3_NECE 1 vel shisldedHuman_s3_NECE_L wol.csv 1
fseore/dunphllQuantitiestichFactor s18_ELEOVL 1 wol shieldedHuuan_sl3_ELEOWL_L wel.csv 1
fscore/dumpallQuantitiesilichFactor sZ0 ELBOWE_ 1 wol shieldedHuman sZ0_ELEOWE_L wol csv 1
777777777777777777777 END ENGINE QUTPUT -------——=-—=-—n

Engine completed successfully.
To see results, =lick on the "Visualize icen in the icon panel. z'

@ run: SUCCESS Simulation engine finished successfuly Show Log

Fig. 2.29: The Run Window at the end of execution.

» Expand Scalar Data

* Check EnergyDeposit0 to EnergyDepositS

Further Experiments

Try altering the shielding material from aluminum to see how the Deposited Energy on the head may be changed.

2.1.10 Space Radiation Simulation

Keywords:

radiation, GORAD

Problem Description

This problem illustrates how to set up a simulation for a typical space radiation environment. Quite often the space
radiation is specified in tables with differential and integral flux. An example is shown on a figure Fig. 2.31.

This differential spectrum is copied into a text file spectrum.txt and is used for the definition of the source. Since the
space radiation is omnidirectional, we use cos angular dependency for the source. To make the statistics better the
spherical surface used for the source is placed as close to the geometry as possible and the angles are limited by 0 and
90 degrees as shown on Fig. 2.32.

Space radiation source shown in RSim GUI: the spectrum is specified in spectrum.txt file created from the differential
fluence data. This is then integrated by GORAD for normalization.

The simulation results are normalized by multiplying the total integral flux calculated by GORAD, the angular factor
from the cosine distribution, surface area of the source and then divided by the number of events (beamOn = le+7)
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Fig. 2.30: Visualization results of the volume tally.

The problem geometry consists of a lcm Silicon target inside a hollow Aluminum sphere with radius 10cm and
thickness 1mm.

Opening the Simulation

The shielded target example is accessed from within RSim by the following actions:
* Select the New — From Example... menu item in the File menu.
* In the resulting Examples window expand the RSim for Basic Radiation option.
* Expand the Basic Examples option.
* Select Space Radiation Volume Tally and press the Choose button.
* In the resulting dialog, create a New Folder if desired, and press the Save button to create a copy of this example.

All of the properties and values that create the simulation are now available in the Setup Window as shown in Fig.
2.33. You can expand the tree elements and navigate through the various properties, making any changes you desire.
The right pane shows a 3D view of the geometry, if any, as well as the grid, if actively shown.

Simulation Properties

This example demonstrates two physics features, and how CSG can be incorporated into RSim Simulations.

Under the Basic Settings tab the number of events to be simulated can be selected, as well as the verbosity of the
output.

The particle source selected is a spherical surface and simulates 1 electron per event. The energy of each particle is
based on a 2 column text file supplied with the example, giving a energy and differential fluence at that energy.
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] Trapped Electrons

Integral Differential

(cm?) (cm? MeV)
2.783E+17 3.895E+20
2.033E+17 3.646E+20
1.472E+17 2.210E+20
8.632E+16 6.845E+19
| 0.003 | 4.333E+16 6.564E+18
| 0.005 | 3.375E+16 3.569E+18
] 2.164E+16 1.709E+18
| 003 | 8.891E+15 2.480E+17
| 005 | 5.739E+15 1.011E+17
3.013E+15 2.991E+16
. 02 | 1.523E+15 7.415E+15
- 03 | 1.029E+15 3.372E+15
05 | 6.172E+14 1.266E+15
2.912E+14 3.338E+14
2 1.255E+14 8.110E+13
3] 7.247E+13 3.349E+13
5 | 3.450E+13 1.054E+13
1.036E+13 2.083E+12
. 20 | 2.151E+12 2.610E+11
. 30 | 7.942E+11 6.519E+10
. s0 | 2.263E+11 1.106E+10
100 4.167E+10 1.011E+09

Fig. 2.31: Space radiation is specified using differential and integral fluxes.
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mintheta= 0

Fig. 2.32: Space radiation is modeled by an omnidirectional spherical surface close to the target with the particles
going inside the sphere, which is controlled by the min and max angle in the source specification. Each point of the
sphere emits particles limited by the angles, so particles mostly go inside. One can also make maxtheta smaller to
improve statistics.
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shieldedTarget.sdf | shieldedTarget.pre |

Sirnulation

Description
Constants
[#] Parameters
Basic Settings
Physics
[#] Materials
[=] Geometries
= M c56
[ sphered
O spherel
shield
target
cap
[#] World
Weshes
[=] Particle Sou

[] Spa
[#] Tallies

| Materials Database | 30 tiew

Undo |Add Multiplel Rema\rel Add |

Property [value |
kind Surface
number of particles per evertt 1
particle type electron

=] surface sphere

x 0.0
y 00
z 00
radius ol

=] angular dist Ornnidirectional

in theta
max thets 0.0
geometric biasing no bias

[=] energy spectrum 2 Column File

file narme spectrum.bet
interpolation type Linear
normalization Computed Normalization

@ simulation Setup isReady  Save and Setup

Properties |V\ew5nl\ds ~| Edittode | ciip |[Toggle axes  Show Scale | [ Perspective view [+2

> ResetPosition

‘ € setup: COMPLETED cClick run to continue

Fig. 2.33: Setup Window for the shielded target example.

Show Log

This example has tallies to record the dose deposited on the shield and target, as well as the number of tracks that get

absorbed in the shield before reaching the target.

Running the Simulation

After performing the above actions, continue as follows:

* Proceed to the Run Window by pressing the Run button in the left column of buttons.

* To run the file, click on the Run button in the upper left corner of the Logs and Output Files pane. You will
see the output of the run in the right pane. The run has completed when you see the output, “Engine completed

successfully.” This is shown in Fig. 2.34.

Visualizing the Results

After the run has completed the results of all tallies can be visualized.
» Expand Scalar Data
* Select EnergyDepositShield
* Check Clip Plot
 Select EnergyDepositTarget
* Click Add a Data View
* Choose Data Overview
» Expand Scalar Data
* Choose FluenceShield
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File Edit Tools View Help Window

Logs and Output Files

Run Farce Stop Clear Log

EnginzLog | Fie Browser |

C4UT3 » /tracking/verbose O ;l
CAUTL > fevent/verbose O

C4UTO > /run/printProgress 1000000

G4UTZ > /gorad/analysis/1D/config 100 1. 4.0 MeV linear
G4UTL » /run/printProgress 1000000

C4UTS * fgorad/fasnalysis/verbose 0

CAUTO > frun/geometryModified

C4UTL > /run/geonetryModified

CAUT3 > /event/verbose 0

G4UT3 » /run/printProgress 1000000

C4UTZ * fgoradfanalysis/plet -1

G4UT3 > frun/geometryModified

C4UTZ > /gorad/enalysisflist

Yisualize GATWTZ > SHEHESHSHESHH6888 registered histograns/plons

G4UTZ > id histID histType  detName-X psWame-X  collID-X  copyNo-X  detlame-Y psNeme-¥  collID-Y  copyNo-T
2 G4uTz > 10000 o 1-D hist  sl_shield wol FluenceShield o

G4UTZ > 10200 2 1-D hist  sl_shield_vel EnergyDepositShield 2 -1

G4UTZ > 10400 1 1-D hist  sZ_target_vel Energybeposiclarger 4 -1

G4UTZ > /process/verbose 0

G4UTZ > fEracking/verbose O

G4UTZ > fgorad/fenalysis/verhose O

G4UIZ > fevent fverbose O

C4UTZ > /run/printProgress 1000000

G4UTZ > frun/geometrylodified

G4UTO > 8§ Pum D starts on worker thread O

G4UTZ > $8#§ Pum D starts on worker thread Z

G4UT3 > $8F Pun 0 starts on worker thread 3.

C4UTL > $8F Pun 0 starts on worker thread 1

G4UTO > --» Event 0 starts wich initial seeds (1304%03% 61775110).
G4UTO > --» Event 1000000 starts.

G4UT3 > --» Event 2000000 starts.

G4UTL > --> Event 3000000 starts.

C4UTO > --> Event 4000000 starts.

G4UT3 > --» Event 5000000 starts.

G4UTL > --» Event 6000000 starts.

G4UTL > --» Event 7000000 starts.

G4UTZ > --+ Event B00DOD0 starts.

C4UTO > --> Event 3000000 starts.
fscore/dunphllQuantitiesVichFactor sl shield vol shieldedTarget sl shield vel.csv 3. 80132697e-05
fscore/dunpalluantitiesilichTacnor sZ_target_vel shieldedTargen_s?_varget_vel. csv 3. 60132697e-05
- END ENGINE DUTRUT - -

a

Engine completed successfully.
To see results, click on the "Visualize' icom in the icon panel.

‘ @ Run: SUCCESS Sinulstion engine fFinished successflly Show Log

Fig. 2.34: The Run Window at the end of execution.
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Fig. 2.35: Energy deposit on the target and the shield.
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And visualize this result as shown on Fig. 2.36.
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@ visualize: READY Visualization available Show Lag
Fig. 2.36: Fluence on the shield.

In order to normalize energy deposit to a mass, one can use the information from the run log shown in Fig. 2.37.

This would allow users to obtain the energy deposit in the target in rad: 1.335e+15/9.75988e-3/6.2415e+10=2.2e+5
rad.

It is also possible to view a histogram of the energy of particles which contributed to the total fluence on the shield
* Click Add a Data View
¢ Choose I-D Histogram
¢ Select the Base Variable s1_shield_vol_FluenceShield
e Click Draw

This shows how the vast majorit of particles are of low energy. This can be compared with the fluence on the target,
showing how the shield very effectively shielded it from the low energy particles.

Further Experiments

The dose on the target can be greatly changed by altering the thickness and material of the shield. To do this, switch
to the Setup window and change the value of parameter “thickness”.

2.1.11 Planar Source Volume and Mesh Tally Comparison

Keywords:
radiation, GORAD, mesh tally, volume tally
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File Edit Tools View Help Window

Run Force Stop Clear Log

EngineLog | Fie Browser |

Use discrete excitation energy of the residual o -]
Time limit for lomg lived isomeres f{ns) 1000

Invernal e- conversion flag L

grore e- internal conversion data o

Electrom internal conversion ID z

Correlsted gauma emission flag o

Max 27 for sawpling of angular correlations 10

Upload data before lst event for z

frun/eventModulo 0 1
Fyorad/geometyy/liscPhysicalVolunes
TrrrsrIsrsr List of registersd physical velumes TTrETTITIITITc
=l _shield pw
SZ_target_pv
World PV
Taorad/gecmetry/listhogicalvelimes 2
srrrsrrzrsr List of registersd logical volumas Frrssrerssess
=l_shield_vol Solid = s1_shield Material = A1
region = DefsultBegionForTheWorld sensitive detector = not defined

£2_rarger_vol Solid = s2_ravger Haterial = 51
region = DefsultRegionForThellorld sensitive detector = not defined
dawghters = O
veight = 375938 g

Warld Solid = WerldRox Material = G4_Galactic
region = DefsultRegionForThelorld sensitive detactor = not defined
daughters = 2 (placement)
veight = 342.606 g
FoTHT TITTTUII
srraerrirer List of registered solids trrrerrrresss
WorldBox J
spherel
srhersl
sl shield
placeds

sz_targer
fgorad/analysis/file shieldedTargetHista

fprocess/list
CoupledTzansportation, phot, coupt, conv
Rayl, mse, eloni, eBren
ePairprod, anmihil, nuloni, By ems
muPairProd, hloni, bErems, hPairProd
nuclearStopping, ionleni, hotonduclear, St 1
waenfluclear , Decay, hadElastic, neucronlnelastic
oemmore nronentnetasni 4 Tne et T et =

‘ @ run: BUSY Smulation running. . Show Log

Fig. 2.37: The standard output in the run tab contains information of the masses.
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Problem Description

This problem shows the tallies available in RSim, and a comparison of the results of a mesh and volume tally in the
same space. In this example a planar proton beam source is used to shoot particles at a 10 x 10 x 10 c¢m silicon box.
The mesh tally is composed of a single grid cell, the same dimensions as the silicon box.

Opening the Simulation

The Tally Diagnostic example is accessed from within RSim by the following actions:
* Select the New — From Example. .. menu item in the File menu.
¢ In the resulting Examples window expand the RSim for Basic Radiation option.

» Expand the Basic Examples option.

Select Planar Source Volume and Mesh Tally Comparison and press the Choose button.
* In the resulting dialog, create a New Folder if desired, and press the Save button to create a copy of this example.

All of the properties and values that create the simulation are now available in the Setup Window as shown in Fig.
2.38. You can expand the tree elements and navigate through the various properties, making any changes you desire.
The right pane shows a 3D view of the geometry, if any, as well as the grid, if actively shown.

File Edit Tools View Help Window

@ simulation Setup isReady  Save and Setup

tallyDiagnostic. sdf | tallyDiagnostic.pre |

Simulation | z Properties | View Solids ~| Edittode | cip |[Toggle xes Show Scale |[perspective view [+2 x| ResetPosition
Description 3’
Constants &
Parameters — ¥
Basic Settings 2 \
Physics 2 (I
[#] Materials b |
[#] Geametries 2 <z
Meshes 2
[=] Particle Sources i
protonPlanarBeam 2 Mo
[#] Tallies
Undo | Add Multiplel Rema\rel Add |
Property [value |
kind plane
nurmber of particles per event 1
particle type protan
[=] surface xy plane
offset -2
Min -03
wha 3
yMin -3
bt 3
[=] angular dist Bearn1D
beamn direction positive
[=] energy spectrum IonoEnergetic
energy 10.0
fluence 1.0
units MW
normalization Ma Marrnalization
‘ € setup: COMPLETED cClick run to continue Show Log

Fig. 2.38: Setup Window for the Tally Diagnostic example. The mesh itself can be seen in the 3D View, along with
the plane that will be shooting particles at it.

Simulation Properties

This example demonstrates a comparison between volume and mesh tallies.

Under the Basic Settings tab the number of events to be simulated can be selected, as well as the simulation model.
Right now the only supported model is GORAD.
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The planar particle source will emit one particle per event. The plane itself is on the XY-axis and will shoot particles
in the positive z direction, with no angular distribution as a 1D beam source is used with no distribution. The particles
are emitted with 10 MeV and no normalization.

100000 events are to be simulated, which with the specified particle source using 1 particle per event will have 100000
protons in the simulation.

The tallies in this simulation are a 1 x 1 x 1 mesh. This is done to provide the easiest comparison against the volume
tallies. The grid cell of the mesh will correspond to a 0.1 x 0.1 x 0.1 meter box as can be seen in the 3D view. The two
tallies will record the energy deposited by particles and flux of particles crossing the surface of the grid cell.

Running the Simulation

After performing the above actions, continue as follows:
* Proceed to the Run Window by pressing the Run button in the left column of buttons.

* To run the file, click on the Run button in the upper left corner of the Logs and Output Files pane. You will
see the output of the run in the right pane. The run has completed when you see the output, “Engine completed
successfully.” This is shown in Fig. 2.39.

nar

File Edit Tools

Run Farce Stop Clear Log

EnginzLog | File Browser |

G4UTZ > /tracking/verbose 0 -
C4UTO > /scorefcreatesrealWlorldlogVol sl_target_vel

G4UTZ » /goradfenalysis/verbose O

G4UT3 » /goradranalysis/plot -1

G4UTO > /scorsfquantity/dossDepasit volumsDass Gy

G4UTZ > fevent/verbose

C4UT3 > /yorad/enalysis/list

GAUTS > SHEFESEOHEIBIHELRE registered histograms/plovs

G4UT2 > /run/printProgress 100000

GAUTO > ssmorsfoloss

G4UT3 > id hiseID histType  dstWews-X psWame-X  collID-X  copyllo-X  detName-Y psName-Y  collID-F  copylla-¥
CUTZ > /run/geometrylodified

G4UTO » /goradfenalysis/1D/create meshFluenceMesh meshFluence

G4UTa » 10000 o 1-D hist  meshFluenceMesh meshFluence 0 -1
GAUT3 > sprocsss/verbose 0

GWTO > /goradfanalysis/1D config 100 0. 100. Me¥ linear

CAUTE > /tracking/verbose 0

C4UT3 > /goradfenalysis/verbose O

GAUT3 » Jevent fverbose D

G4UTO > /goradsanalysis/plot -1

G4UT3 > /run/printProgress 100000

C4UTO > /yorad/fenalysis/list

C4UT3 > /run/geometrylodified

GAUTO > S#ESES6648S8344888 registered hisvograns/plons

G4UTD » id hiseID histType  decNewe-X psame-X  collID-X  copyNo-X  detHame-Y psName-¥  collID-¥  copylo-Y
G4uTa > 10000 o 1-D hist  meshFlusnceMesh meshFluence D -1
G4UTO > fprocess/verbose 0

C4UTO > soracking/verbose 0

GUTO » /goradfenalysis/verbose O

G4UTO » sevent/verbose O

G4UTO > srun/printProgress 100000

G4UTO > /run/geometrylodified

C4UT3 > 4§ Pun O starts on worker thread 3.

G4UTZ > 4§ Run O stervs on worker thread Z

G4UTO » §#F Bun D starts on worker thread 0

GUTL > §#§ Bun D starts on worker thread 1

G4UT3 > --> Event 0 starts with initial seeds (13048039,6L775110).

feeore/duuphll Quant itiesli neshF tallybiagnostic_meshFluencellesh.osv 1
fscoresdunphllusntitiesllichFactor sl _targes_vol callyDiagnostic sl targen_vol.csw 1
sscore/dunphllquantitiesUichFactor meshDoseMesh tallybiagmostic meshboseMesh.osv 1
777777777777777777777 END ENGINE DUTFUT - e

To see results, click on the "Visualize' icon in the icon panel

Engine completed successfully. :‘

@ Run: SUCCESS Sinulstion engine fFinished successflly Show Log

Fig. 2.39: The Run Window at the end of execution.

Visualizing the Results

After the run has completed the results of all tallies can be visualized as shown in Fig. 2.40.
To compare the results of the mesh and volume tally

» Expand Scalar Data

¢ Check the meshDose box
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¢ Check the volumeDose box

File Edit Tools View Help Window

Add aData View Reload Data

[E Data Overview 3 |
Welcome Visualization Controls Visualization Results

d
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Annctation Level: |fxes & Legends 52

@ visualize: READY Visualization available Show Log

Fig. 2.40: The visualization window showing results of the simulation.

Further Experiments

To further test the comparison of results between the volume and mesh tallies try changing the angular distribution.

Add more grid cells to the meshDose tally to see the distribution of the dose in the mesh

Trademarks and licensing
e RSim™ © 2021 Tech-X Corporation. All rights reserved.

For RSim™ licensing details please email sales@txcorp.com. All trademarks are the property of their
respective owners. Redistribution of any RSim™ input files from the RSim™ installation or the RSim™
document set, including RSim Installation, RSim User Guide, and RSim Examples, is allowed provided
that this Copyright statement is also included with the redistribution.
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