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Examples and responsibilities (I)

Example Responsible Description
air_shower B.Tomè Detection system for cosmic ray shower simulation

amsEcal M.Maire Simulation of an Electromagnetic calorimeter

brachytherapy S.Guatelli Dosimetry for endocavitary, interstitial and superficial 
brachytherapy

composite_calorimet
er A. Ribon

A composite electromagnetic and hadronic calorimeter

ChargeExchangeMC A. Radkov
Simulation of charge exchange real experiment 
performed at the Petesburg Nuclear Physics Institute 
(PNPI, Russia)

eRosita M.G.Pia, et el. PIXE simulation with Geant4

gammaknife F. Romano A device for Stereotactic Radiosurgery with Co60 
sources for treatment of cerebral diseases

gammaray_telescope F.Longo
A simplified typical gamma-ray telescope (such as 
GLAST), with advanced description of the detector 
response

hadrontherapy G.A.P.Cirrone
Simulation of a transport beam line for proton and ion 
therapy

human_phantom S. Guatelli Internal dosimetry



Examples and responsibles (II)
Example Responsible Description
Iort_therapy G.Russo Simulation of a IORT device

lAr_Calorimeter A.Dotti Simulation of the Forward Liquid Argon Calorimeter of 
the ATLAS Detector at LHC

medical_linac B. Caccia et al. A typical LINAC accelerator for IMRT, 

microbeam S.Incerti Simulation of a cellular irradiation microbeam line using 
a high resolution cellular phantom

microelectronics M. Raine Simulation of tracks of few MeV protons in silicon

nanobeam S.Incerti Simulation of a nanobeam line facility

purging_magnet J.Apostolakis Electrons travelling through the magnetic field of a 
strong purging magnet in a radiotherapy treatment head

radioprotection S.Guatelli, J. 
Davis

Microdosimetry with diamonds and silicum detectors for 
radioprotection in space missions

underground_physics A.Howard A simplified typical dark matter detector (such as the 
Boulby Mine experiment)

xray_fluerescence A. Mantero Elemental composition of material samples through X-
ray fluorescence spectra

xray_telescope G.Santin A simplified typical X-ray telescope (such as XMM-
Newton or Chandra)



Recent developments since last public release
• Migration to MultiFunctionalDetector/scoring mesh– remove RO Geometry

 IORT_therapy

 Medical_linac

 Migration by S. Guatelli together with 

 G. Russo, P. Pisciotta (IORT therapy)

 B. Caccia, S. Pozzi (Medical linac)

 This should be released in the next public release

 Next stage: MT

• GammaRayTelescope
• https://bugzilla-geant4.kek.jp/show_bug.cgi?id=1981: solved

• Authors: L. Pandola and F. Longo

• Hadrontherapy
• See the talk by G. Petringa



Brachytherapy: Addition of 6711 I-125 Source

• Authors: A. Lee (PhD), D. Cutajar and S. Guatelli, CMRP, 
UOW, Australia

• Addition of Oncura 6711 I-125 source model used for 
low dose rate brachytherapy

• Implementation of source geometry into the example

• Particle generation through use of radioactive decay 
module

Dolan, J., Li, Z., & Williamson, J. F. (2006). Monte Carlo and 
experimental dosimetry of an I125 brachytherapy seed. Medical 
Physics, 33(12), 4675–4684



Comparison to reference data (TG43)



Update of TG43 Dose Parameters Macro

• Allows for the generation of radial dose function data, gL(r), and 
anisotropy function, F(r,θ), from simulation root files

• Will allow users to implement their own source models into the 
brachytherapy example and determine the parameters from the 
macro



New proposed example
• Nuclear medicine/PET
• Authors: 

• M. Safavi & A. Ahmed, Australian Nuclear Science 
Technology and Organisation

• A. Chacon and S. Guatelli, University of Wollongong

• Maintenance in Geant4: S. Guatelli
• T. Yamaya, H. Tashima, E. Yoshida, G. Akamatsu, A. 

Mohammadi, NIRS, supported the study by 
providing the technical details of the PET scanner
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Each detector has 16x16x4 (1024) crystals

Simulated geometry of the DOI-enabled whole body PET scanner



Types of NEMA NU phantoms included in the simulation

1. Spatial resolution: phantom for point source
2. Sensitivity: line source phantom
3. Image quality phantom for whole-body imaging (Fig. 1)
4. Image quality phantom for pre-clinical imaging (Fig. 2)
5. Cylindrical phantom for count rate measurement
6. Normalization phantom (not mentioned in the NEMA NU protocol)

Fig. 1. Image quality phantom for small animal

Fig. 2. Image quality phantom for whole body imaging



List-mode data are obtained from the simulation either in singles or coincidence.

Output of the simulation

(a) Singles event (that can be further processed into coincidence events )

(b) Coincidence event

eventID blockID axialCrystalID tangentialCrystalID DOICrystalID timerTag EnergyDeposition

(a) Experimental (b) Simulation 

Conditions of the acquisition and image reconstruction  

Type of acquisition Single based

Coincidence time window 20 ns

Energy window 400 – 600 keV

Reconstruction algorithm List-mode OSEM

Voxel number and size 125x125x150, 3.0 x3.0 x3.0 mm3

eventID1 blockID1 axialCrystalID1 tangentialCrystalID1 DOICrystalID1 timerTag1 EnergyDeposition1 
eventID1 blockID2 axialCrystalID2 tangentialCrystalID2 DOICrystalID2 timerTag2 EnergyDeposition2

Example of event information in the list-mode data:

Example of event information in the list-mode data:



Oral presentation 



NSS-MIC2018
- Accepted as poster in NSS03, NSS 03 -

Computing, Software and Simulations 
for Experiments



Paper….

• Idea: write a paper from the 
seed of this contribution

• It looks like an extremely 
ambitious and giant work

• Maybe start with a paper on 
the Advanced Examples for 
medical physics ?



Summary
• Mainteinance and bux fix (1,2) 
• Introduction of some C++11 specific features/utilities in the examples (2) 
• Migration of medical_linac to parallel geometry (1) 
• Code review (e.g. implementation of the extended examples coding 

guidelines) in selected examples (1,2) 
• S. Guatelli – Brachytherapy for the public release.

• Developments of alternative approaches for LET calculation in hadrontherapy
(2) 

• See the Talk by G. Petringa
• Revision of analysis, geometry and validation scripts for hadrontherapy

• See the Talk by G. Petringa 

In progress



Something to think about/discuss
• Wide experimental coverage: 

• HEP (15%), Space science/astrophysics (20%), Medical physics and radiobiology (40%), Detector technologies and others (25%)

• For the future maybe we could think to offer more examples in HEP and space science

• The Advanced Examples may be published

• In themes (med phys, space science, High Energy Physics)

• The papers should go through the Geant4 Editorial Board 

• We need to promote the Advanced Examples in conferences/workshops

• The abstracts need to go through the Geant4 Editorial Board

• We need regular Geant4 Advanced Examples meetings

• I propose every 3-4 months

• Maybe one before the deadline for the Geant4 Release? 

• Comments/recommendations?
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