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Motivation and goal

6" GeEAnT4

A SIMULATION TOOLKIT

http://geant4-dna.in2p3.fr/

PROTONS (named "proton") quUId water

¢ Nuclear scattering : GADNAElastic
o G4DNAlonElasticModel
= applicable energy range : 100 eV - 1 MeV
= cut at 100 eV (5)
= type:interpolated
= Geant4-DNA physics constructors : default, option2, option4, option6

s |Electronic excitationf G4DNAExcitation
o G4DNAMillerGreenExcitationModel
m applicable energy range : 10 eV - 500 keV
= type : analytical
® constructors : default, option2, option4, option6
o G4DNABornExcitationModel (3)
= applicable energy range : 500 keV - 100 MeV
= type:interpolated
= constructors : default, option2, option4, option6
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Max. energy Limit ~ |—> 100 MeV

Max. energy of clinical

proton therapy beams =2501Mev
Range in liquid water = 39 cm

. G4DNAlonisation

o G4DNARuddlonisationModel (G4ADNARuddlonisationExtendedModel is also usable, ©)
= applicable energy range : 0 eV - 500 keV
®m cutat 100 eV (5)
= type:interpolated
m constructors : default, option2 (°), option4, option6
o G4DNABornlonisationModel
m applicable energy range : 500 keV - 100 MeV
= type:interpolated
= constructors : default, option2, option4, opticn

e Electron capture : G4DNAChargeDecrease
o G4DNADingfelderChargeDecreaseModel
= applicable energy range : 100 eV - 100 MeV
= type: analytical
= constructors : default, option2, option4, optioné

Increase these limits!



RPWBA Theory

[ RPWBA ] Relativistic Plane Wave Born Approximation Individual inelastic collisions
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Liquid Water GOS

lonisation GOS

K — Shell (Hydrogenic GOS)

Sum of outer shells (Drude model)

GOS eV

107° 10° 10° 1010

Q (eV)
Parameters values taken from [ D. Emfietzoglou / Radiation Research 164 (2005) 202-211]
g
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Liquid Water GOS
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Liquid Water GOS

dfexc(Q, W)
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Excitation GOS
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= fexe(Q)O(W — Wexe)
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Discrete transitions
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Parameters values taken from
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10%

- Discrete
Transition
energy (eV)

(A'B,) 8.10

(B!A)) 10.10

(Ryd A+B) 12.00

(Ryd C+D) 13.51

(Diffuse bands) 14.41

[ D. Emfietzoglou / Radiation Research 164 (2005) 202-211]



Liquid Water GOS

GOS properties I-value = 77.955 eV
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35671

do/dW (cm?-ev™)

05r

Calculation of datasets
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Calculation of datasets

. . d2U(Q’ W) do Q+(W) 2o EW Endpoints of the kinematically allowed
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New data files from GAEMLOWS8.1 =  «/ sigmadiff ionisation p RPWBA

/) sigmadiff_cumulated_ionisation_p_RPWBA
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Calculation of datasets
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New data files from GAEMLOWS8.1 =
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J) sigma_ionisation_p_RPWBA
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New RPWBA classes within G4ADNA models

| | GADNARPWBAExcitationModel.cc
| | GADNARPWBAIlonisationModel.cc

Models

| | GADNAExcitation.cc

| | GADNAlonisation.cc Processes

Available already in gitlab =

Implementation analogous to
G4DNABorn models
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C++ GADNAMolecularStepByStepModel.cc
C++ GADNAMoleculeEncounterStepper.cc
€+ GADNAOneStepThermalizationModel.cc
C++ GADNAPTBAugerModel.cc

C+ GADNAPTBElasticModel.cc

C++ GADNAPTBExcitationModel.cc

C+ GADNAPTBlonisationModel.cc

C++ GADNAQuinnPlasmonExcitationModel.cc

C+ GADNARPWBAExcitationModel.cc

¢+ GADNARPWBAlonisationModel.cc

C++ GADNARelativisticlonisationModel.cc

C++ GADNARuddAngle.cc

C+ GADNARuddlonisationExtendedModel.cc
C+ GADNARuddlonisationModel.cc

G+ GADNASancheExcitationModel.cc

C+ GADNAScreenedRutherfordElasticModel.cc
C+ GADNASmoluchowskiDiffusion.cc

C++ GADNASmoluchowskiReactionModel.cc

C+ GADNATransformElectronModel.cc

C++ GADNAUeharaScreenedRutherfordElasticM...

[clean][timeboxed] chemistry
IRT classes w clear master branch

removal of cout

correct permissions to 664 for files with extension .cc, .hh...
Replace getenv() calls for data variables with G4FindData...
correct permissions to 664 for files with extension .cc, .hh...
Replace getenv() calls for data variables with G4FindData...

emdna-V11-00-23, use G4FindDataDir(G4LEDATA) to find...

Updated reference paper of DNA RPWBA model classes

Updated reference paper of DNA RPWBA model classes

emdna-V11-00-23, use G4FindDataDir(G4LEDATA) to find...

removed cvs keywords
correct DNA ion definition

DNA code optimization:

emdna-V11-00-23, use G4FindDataDir(GALEDATA) to find...

fixed coverity warnings

changed files during release checks, i.e. update of math f...

Optimize IRT-syn model, delete GADNAIRT_geometries
removed cvs keywords

fix coverity warning
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doldW (1079 ecm? ev'!)
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lonisation DCS

RPWBA model verification
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A. D. Dominguez-Mufioz et al., Radiat. Phys. Chem 199: 110363 (2022)
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Validation of the model — Total Cross Section

lonisation CS Experimental data for vapour water
; x1071
RPWBA
x O  Rudd et al. (1985)
6 x x X Bolorizadeh et al. (1986) |
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I

~
\

Total ionisation cross section
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Verification of the RPWBA code & database implementation

spower example

—ICRUS0
*  This work (G4-DNA) |
© Born model (G4-DNA)
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E (MeV)

14

A. D. Dominguez-Mufoz et al., Radiat. Phys. Chem 199:



Verification of the RPWBA code & database implementation
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range example

Transport down to zero energy Transport down to 100 MeV
60 ! ! ! ! ! ! ' ' ' T~ 50 . . . . . .
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Conclusions

= New G4DNA model available for protons up to 300 MeV.
= The entire range of typical proton therapy energies is now covered.

= Maximum deviation w.r.t. existing Born model of 5% and 2%, ionization and excitation, respectively, for
protons at 100 MeV.

= Agreement with ICRU90 values:

= spower: within 1%.

= range: within 0.5% for proton stopping above 100 MeV.

MORE INFO: A. D. Dominguez-Muioz et al., Radiat. Phys. Chem 199: 110363 (2022)

[ https:/idoi.org/10.1016/j.radphyschem.2022.110363 ]
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