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Normalized Bragg Peak Curvesfor Various Proton Energiesin Water Phantom: A
Simulation with GEANT4 Monte Carlo Code

Introduction: Proton radiation therapy offers highly conformaltreatmert and is becoming increasirgly popuar in the
US. Monte Carlo simulations using both electronegnetic interactions(EMI) and hadronic interagions (HI) are
currently being performed by many institutionsto accuratelysimulate the interactionof praton in a medum. Whena
mono-energeit beamof protonpasse througha medium, it stopswith the deposition of alarge portion of its energyat
a certaindeph nearthe end of its range This property benefitsthe delivery of maximum doseto the tumor with an
abrupt drop of doseto normal tissuessurroundingtumor. The CERN devebped Monte Carlo code GEANT4 toolkit
(version 4.8.3) utilizes recentphysicsmodelsbasd on theoryand experimentablata The EMI cove proton’senergy
loss and straggling with atomic electrons and multiple scatteringwith atonic nudei; where as the HI cover protoris
elastic, inelastic scatteing, andnuclear interactionswith the atonic nucleiin the medum. The objective of the present
study wasto simulatethe interactionof proton (energyfrom 60 to 250 MeV with intervals of 10 MeV) in a cylindrical
water phantomusing GEANT4 to determineaccuratelythe protonrangesrom Braggped. The dista depth at 90% of
the maximumdosedepositionwasdefinedasprotonrange.

Materials and Methods: A cylindrical water phartom (length=100cm, diameter=30 cm, dersity = 1 g/cm3 mea

excitationenergy = 75 eV) consistedof 1000 packedcircular senstive detecto discs (diameter= 2 cm, thickness=
1mm) was usedin this simulation (Fig. 1.). Electroma@netc energyloss proesss for hadons and leptons are
categoized in Geant4aseither“standad” or “low energy’. The low energyprocessprovidestools that exterd down
particleenegiesbelowthe standardproceses(for example:Protonsl keV, eledrons and phaons 250 €V) in orde to

preciselysimulateionization around Braggpeak.If the rangeof a particleis less than the production threshdd (range
cut), a contihuousenergyloss of the parentpatticle is utilized insteadof a secandary paticle being geneated. The
rangectut is loweredfrom the defadt valueof 1mm to 15pum to improvethe aaccuracy of simulation. The HI for proton
are simuated using low energyelastt interactionsand inelastic scattering that consistsof a pre-compound nuclear
interactbn basedon a pre-equilibrium decaymodelbelow 170 MeV, anda Bertini cascade mocel for erergiesabowe
150MeV.

There are two kinds of proton beam protocolsused in this study, pencil beamand 5cm x 5cm field size beam. The
simulatiors were carriedby 2 milli on incidentprotonparicles with eachprotonenergy for pendl beamwhere asonly
five erergies(60, 100,150,200and250 MeV) werestudiedwith 5cmx 5cm field size beam. Energy depasitedin ead
sensitivediscwasmonitoredto producethe Braggpeak.

Results: The normalized Bragg pe& curvesare shownin Figures2a2c. Our simulated resuls were then compare
with the Cortinuing Slowing Down Approximations (CSDA) data from the United States National Institute of
Stardardsard TechnologiegNIST) in Fig. 3. CSDA datais obtainedby integraing the reciprocd of thetotal stoppng
powerwith respectto energy of protonin water.

Conclusions: Our proton Bragg peak simulation resultsare in excellert agreemenwith NIST data. The proton beam
penetratefurtherwith increasingenergy broadeninghe Braggpeakwith proximalshoulde doseincreasefrom 20% to
40% We havedemonstratethatthe GEANT4 tool kit hasthe ability for the radation therapy protonbeam simulation
ard will beusedfor protonfadlity designin ourinstitution.
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Fig. 1. Setup for the cylindrical wate phantom with senstive waterslice



AbstractID: 8159 Title: Normalized Bragg Peak Curves for Various Proton Incident Energiesin Water Phantom: A Simulation with
GEANT4 Monte Carlo Code

Normelized proton Bragg peak curves
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Fig. 2a. Normalized proton Bragg peak curves for energies from 60 to 110 MeV
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Fig. 2b. Normalized proton Bragg peak curves for energies from 120 to 170 MeV
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Fig. 2c. Normalized proton Bragg peak curves for energies from 180 to 250 MeV
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Fig. 3. Comparison of NIST CSDA ranges with GEANT4 simulation for

various proton beam energies (pencil beam and 5ecmX5cm field size)




