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I. Monte Carlo simulations for Medical Physics 
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III. Experience with GEANT4-based simulations in NCC 
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Monte Carlo simulations for Medical Physics 

MC 
simulations 

for Medical Physics 

Radiation 
Therapy 

Medical 
Imaging 

Patient Dose 
Calculation 

Radiation Leakage 

• LINAC: X-ray, electron 
• Proton Therapy: Proton,  
Neutron, Gamma 

New design 

• New techniques 

• New structures 

• Radiation Monitors 

Experiment Analysis 

A new detector 

• Collimators for Gamma 
Camera 

• New materials 

CT 

• Data for algorithms 

• Dual Energy CT 

PET / SPECT 

• PET detectors 

• DOI, TOF 

• Data for algorithms 

Radiation 
Shielding 
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 GEANT4 (for GEometry and ANd Tracking, by CERN) 
> GATE (Medical Imaging) 
> TOPAS (Radiation Therapy) 

 
 MCNP (a general Monte Carlo N-Particle transport code, by LANL) 

 
 EGS4 (Electron Gamma Shower, originated at SLAC) 

> EGSnrc (by National Research Council of Canada) 
> EGS5 (by KEK, Japan) 

 Fluka (FLUktuierende KAskade, by CERN, INFL, SLAC) 

Monte Carlo simulations for Medical Physics 
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Monte Carlo simulations for Medical Physics 

Tools Language/ Input Particles 
Parallel 

Execution 
Based General Uses Note 

GEANT4 

C++ 

Coding 

68 
(unlimited) 

YES 

Physical 
Model 

High energy 
 physics 

GATE Macro YES 
Medical 
Imaging 

PET, SPECT 

TOPAS Macro Supported 
Radiation 
Therapy 

Proton Therapy 

MCNP Fortran Macro 
36 + 

 all heavy ions 
Supported 

Data/ 
Model 

Nuclear 
Engineering 

EGSnrc/ 
EGS5 

Mortran3/ 
Fortran 

Coding/ 
GUI 

3 
(photons, e+, 

e-) 
YES Model 

Radiation 
Therapy 

X-ray Therapy 

Fluka Fortran 
Macro/ 

GUI 
65 YES 

Data/ 
Model 

High energy 
physics 

Carbon Therapy 

Possible with all MC codes ! 
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 Advantages of GEANT4 simulations in Medical Physics 

Monte Carlo simulations for Medical Physics 

Open 
source 

Extensible 
Flexible 

Visualization 

Optic 

Scintillation 

Electric 

Detector 

Magnetic 

Beam 
Scanning 

Popular 
Many users > developing fast 

Timeline 

4D 
Gating 

Motion 
Scanning 
Rotating  

Geometry 
Design DICOM 

CAD 
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Monte Carlo simulations for Medical Physics 

 Basic structure of MC simulations in Medical Physics  

I. World II. Source (Beam) III. Geometry IV. Tally (Scoring) 

• World 
• Elements 
• Materials 
• Physics 
• Threads 
• … 

• Particle 
• Type 
• Position 
• Energy 
• NPS 
• … 

• Shape 
• Material 

Composition 
• … 

• Quantity for 
Scoring 

• Scoring pos 
• Physical Filters 
• … 
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Monte Carlo simulations for Medical Physics 

 The perfectly realistic MC simulation? 

Reality 

Efficiency 

• Physics 
• Geometry 
• Materials 
• … 

• Time 
• Performance 
• Feasibility? 

Ex> 60Co  1uCi = 37000 Bq = 37000 dis/s 
10 min = 37,000 * 60 * 10 = 2.22E7 dis/s 

 
Ex > 1 hours computing for 1E7 particles 

Then for 1E10? 

Reasonable approximation + Techniques are essential !  
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Studies based on GEANT4 simulations in Medical Physics  

 Radiation shielding of the facility 

NEW facility, CAD 

2016, Physica Medica 
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Studies based on GEANT4 simulations in Medical Physics  

 Medical Imaging 
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Studies based on GEANT4 simulations in Medical Physics  

 Radiation Therapy 
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Experience with GEANT4-based simulations in NCC 

 Monte Carlo modeling of proton therapy modes in NCC 

• TPS (Treatment Planning System): 
Simplified beam model 

• Passive scattering mode (2007 ~) 
• Active scanning mode (2017 ~) 

MC modeling and simulation 
  > Verification of the plan and measurement 
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Experience with GEANT4-based simulations in NCC 

 Monte Carlo modeling of a passive scattering proton therapy in NCC 
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Experience with GEANT4-based simulations in NCC 

 Monte Carlo modeling of a passive scattering proton therapy in NCC 
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Experience with GEANT4-based simulations in NCC 

 Monte Carlo modeling of a passive scattering proton therapy in NCC 

• TOPAS (Tool for Particle simulation) 
• DICOM, HU conversion 
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Experience with GEANT4-based simulations in NCC 

 Monte Carlo modeling of a passive scattering proton therapy in NCC 

• Double Scattering Mode simulation Code (v5) 
- TOPAS 3.0 (Geant4 p10.2 based) 
- 신욱근 (연세대학교) 
- Patient CT , PLAN, DOSE importing > calculation (semi-auto) 
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Experience with GEANT4-based simulations in NCC 

 Monte Carlo modeling of a passive scattering proton therapy in NCC 

• Study on the dosimetric effect of scattered protons (2018 ~)  
Application of physical filters 

Energy histograms 
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Experience with GEANT4-based simulations in NCC 

 Monte Carlo modeling of a active scanning proton therapy in NCC 

• Establishment of MC model of the pencil beam scanning mode in NCC (2016 ~ 2017) 

• TOPAS 
(Tool for Particle simulation) 
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