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Recent upgrades (2017-2018)
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Geometry:
PassiveProtonBeamLine
PassiveCarbonBeamLine
LaserDrivenBeamLine
TIFPAPassiveProtonBeamLine

Physics Lists:
HADRONTHERAPY_1
HADRONTHERAPY_2
HADRONTHERAPY_3

Primary Event Generator:
Standard GPS definition
External Source

Calculation of 
radiobiological quantities:

Dose
LET-dose
LET-track
RBE

Hadrontherapy
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PassiveProtonBeamLine
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PassiveCarbonBeamLine
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New implemented Elements

Modulation system:
- Ripple Filters (12C)
- Ridge Filter (16O and 4He)

Scattering system:
Double foil with a central stopper

Zero Degree Beamline 
of LNS-INFN for 
radiobiological experiments 
with ions beams
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PassiveCarbonBeamLine
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Ridge Filter

Ripple FiltersDouble scattering foil 
with a central stopper

Scattering System Modulation System

12C, 62 AMeV

4He, 62 AMeV
16O, 62 AMeV

4He, 62 AMeV
12C, 62 AMeV
16O, 62 AMeV
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TIFPAPassiveProtonBeamLine
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Ridge
filter

pre-collimator

collimator

Monitor 
Chamber

Scattering 
System

 Passive proton beam line

✓ Energy: from 70 MeV to 250 
MeV

✓ Fluency: from 10^5 p/sec to 
10^8 p/sec

Modulated Beam (p, 100 MeV) Pristine Bragg Perak (p, 100 MeV)
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Physics Lists

A sistematic study on the possibility to include the QGSP_BIC_ALLHP is on going

ProtonHP: Status and Problems - Pablo Cirrone
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LET calculation
New LET class based on 
G4EmCalculator:

LET track

LET dose

A comparison with experimental data is already ongoing  
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New class for RBE calculation
Computation Method coupling Geant4 to LEM

Generation of
Look Up Table
based on LEM
(Survival code)

Mixed Field calculation Survival Fraction
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A Look Up Table 
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Comparison with experimental data

U87

DU145

MDA

G. Petringa, GAP Cirrone  et al., “Estimation and 
validation of radibiologically and clinically relebant 

quantities using Geant4-based Monte Carlo 
simulations”, Under review

mailto:giada.petringa@lns.infn.it


G. Petringa - INFN-LNS (Italy) - giada.petringa@lns.infn.it

Next steps
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 Validate the new class for the LET calculation (Master Thesis, D. 
Chiappara) 

 Validate the new class for the RBE calculation by creation a database 
with different cell lines: new project in collaboration with INFN-TIFPA, 
INFN-RM3, INFN-NA, Vinka Institute, GANIL, University of Wollongong 

 Insert a class dedicated to the DICOM images (PhD Thesis, P. Pisciotta) 

 Insert the geometry of the new ionization chambers installed at TIFPA
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A new extended example…?
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The idea 
create a direct link between the radiobiological models  

(i.e. LEM and MKM) and Geant4 to calculate  
the RBE in a mixed field condition

Survival Geant4
open Source 

C++

Radiobiological Models

open Source 

C++

Monte Carlo code 
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A new extended example…?
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  The Geometry      voxelized water cube  

The Source       two possibilities: import a phase space that reproduce the extacly 
characteristics of a real beam line or alternatively a standard source defined by 
the Users 

Specific set of classes dedicated to computing Dose, LET and RBE 

The Geant4 will be connected to the Survival code (open source, already 
written in C++ and able to create the LUT necessary to RBE calculation)

input parameters: 
- cell line with releated 
parameters (i.e. alpha 
and beta) 
- model: LEM I, LEM II, 
LEM III or MKM 
- source: phase space or 
standard definition

output: 
-  Dose distribution 
- LET distribution 
- RBE distribution 
- alpha_ion; beta_ion; 
- SF calculated with model  
- SF calculated with MC
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A new extended example…?

L. Manganaro, G. Russo, F. Bourhaleb, F. Fausti, S. Giordanengo, V. Monaco, R. Sacchi, A. Vignati, R. Cirio and A. Attili. "Survival": a 
simulation toolkit introducing a modular approach for radiobiological evaluations in ion beam therapy. Physics in Medicine and Biology 63(8), 
08NT01 (2018). https://doi.org/10.1088/1361-6560/aab697

Courtesy of A. Attili
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LET calculation

LET_D LET_TLET_TLET_D
Depth  
[mm] ICRU

Total Primary
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