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INFN-LNS group is active since 2002


G.A.Pablo Cirrone: responsible for "hadrontherapy" and "radiobiology" 
examples 
pablo.cirrone@lns.infn.it


Serena Fattori: contact person for UHDR simulations in Geant4-DNA; 
Geant4-DNA tutorials (chem6) 
serena.fattori@lns.infn.it


Alberto Sciuto: machine learning development in Geant4 / Geant4-DNA  
alberto.sciuto@lns.infn.it


Giada Petringa: LET/RBE simulations vs. microdosimetric data 
giada.petringa@lns.infn.it


Luciano Pandola: Coordination of the EM Working Group;  Maintenance and 
bug fix of Penelope; STT shifts; Evolution Task Force 
luciano.pandola@lns.infn.it


A new post-doc will join the group on November 2023
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Group presentation

100 % for 
Geant4 work

100 % for 
Geant4 work



Geant4 
activities
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Hadrontherapy progress, maintenance and 
G4Med connections


LET/RBE simulations vs microdosimetry data 


Contribution into the EM Working group
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Geant4 activities
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Hadrontherapy was published in 2002 and it 
has been evolved during the years;


Details in the dedicated talk on the 
“Examples” Session;


Part of the example output inserted in the  
G4-MED framework.
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Developing and maintenance of the Hadrontherapy 
example
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Deputy coordination of the EM Working Group (Low Energy)


Maintenance and bug fix of the Penelope (and other 
EMLowEnergy) models 


Bug #2465 on fluorescence after Livermore photoelectric still open


Could not reproduce with TestEm5 (a lot of support by Zhuxin!)


Contribution to the STT shifts (3 weeks/year)


Contribution to the Collaboration Evolution Task Force


Technical support to the Ferrara group for the implementation 
of the Baier-Katkov model  --> See talk by A. Sytov
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Coordination / service tasks within LNS



G4DNA activities

(from macro to micro 
and nano)
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Biological side


Chemical side
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G4DNA activities

rad
iat
ion
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G4DNA activities: biological side

--> Erasmus Master Thesis (Dr A. Matamoros)

  
--> Paper submitted with NTU (Dr K Ruhani)

“Clustering” and ”dnadamage1”   
examples against exp. data
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G4DNA activities: chemical side
Oxygen depletion studies with Geant4-DNA: Geant4-
DNA (scavenger) compared to TRAX-CHEM

G-values of different radiolitic species after proton and electron irradiation.   
--> Study of the oxygen depletion hypothesis in comparison with TRAX-CHEM

(2023) doi.org/10.1016/j.radphyschem.2023.111184



Side activities:  
the BIORAD III project



GAP Cirrone, PhD - pablo.cirrone@lns.infn.it

Experimental biological damage quantification and simulation


Institutes 


INFN (Italy), IBFM (Italy), IRSN (France), CENBG (France), VINCA (Serbia), 
Univ. Sevilla (Spain)


Experimental radiobiological data database for comparison 
against Monte Carlo simulation (i.e. the output from the 
“Hadrontherapy” example (RBE module from Survival Fraction)
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The BIORAD-ESA activity 

Christelle ADAM-GUILLERMIN, Pierre BEAUDIER, Marco CALVARUSO, Giovanni CANTONE, Konstantinos 
CHATZIPAPAS, Davide CHIAPPARA, Giuseppe Antonio Pablo CIRRONE*, Miguel CORTES-GIRALDO, Milos DORDEVIC, 

Serena FATTORI, Orsola GIAMPICCOLO, Franck GOBET, Sébastien INCERTI, Giada PETRINGA, Ivan PETROVIC, 
Aleksandra RISTIC-FIRA,  Alberto SCIUTO, Hervé SEZNEC, Ngoc Hoang TRAN
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Two kinds of biological endpoints:


FOCI via the H2AX protein Phosphorylation and 


Survival Fraction (or Clonogenic)
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The BIORAD-ESA activity 

Example of FOCI-H2AX 
data file

Example of 
Clonogenic data file
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Readme for the different part


Structure of the Clonogenic information


Structure of the FOCI information


Structure of the Cell-lines information
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The BIORAD-ESA activity 

Format of the data file 
and data list



Machine learning 
approaches
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Current activities


We are currently developing a post-processing tool 
to bridge results across Geant4 and Geant4DNA in 
medical physics applications;


Tree based regression models are used to learn 
damage behaviours at the DNA scale in the form of 
SSBs and DSBs


Trained models are used at the end of macroscopic 
simulations to give an estimate of DNA damage
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Machine Learning and Geant4
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Future activities


Improve computational efficiency in Geant4 based 
simulations for medical physics trough the integration 
of a ML super-resolution models in voxelized 
detectors


Post-processing tool based on a CNN 
(Convolutional Neural network) model trained with 
high density voxelized detector data. 


Application of the model to retrieve spatial 
distribution of secondary particles on low resolution 
voxelized detectors.
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Machine Learning



Thanks for listening 
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Hadrontherapy testing in G4-MED
Hadrontherapy is one of the examples present in the Geant-Val 
platform

Current version monitories the cell Survival Fraction and RBE calculation 
for a 62 MeV Proton Beam with the three em options of the example: 
emstandard_opt4, HADRONTHERAPY_1 and HADRONTHERAPY_2;


LET calculation and comparison with data for proton, Carbon, Helium 
and Oxygen beams of clinical interest, are being inserted
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New formulation for  
LET-dose and LET-track


Independence from the production cut


Extensible to higer-Z ions


Taking into account the primary beam 
and the secondaries produced in 
hadronic interactions
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LET simulations vs microdosimetry data: protons 

L: total electronic stopping power


𝜀: energy loss


t: track length 

(2020) doi.org/10.1088/1361-6560/abaeb9
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LET simulations vs microdosimetry data: protons 

Contribution of secondaries;

Agreement with detectors able to also evaluate the fragments;

Projectile fragmentation already predicted in 2014 by our group

Experimental 
microdosimetric data from 
different detectors
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LET simulations vs microdosimetry data: Carbon 

Mono- and poly-chromatic 62 AMeV Carbon beam

Also validated against microdosimetric data  

(2014) doi.org/10.1088/0031-9155/59/12/2863
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LET simulations vs microdosimetry data: Helium, 62 AMeV 

(2022) doi.org/10.1088/1361-6560/ac776f

Oxygen study is ongoing


