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Monte Carlo simulations for proton beams
supported by a Fano test
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Abstract

-Introduction-

Monte Carlo simulations have been traditionally used to calculate ionization chamber dose responses for
photons and electron beams in an accurate way. In these type of calculations, there are uncertainties that come
from the physical models and uncertainties related to the transport algorithms. The latter can be estimated
using self-consistency tests. One of them is the Fano test, which based on the Fano theorem.

In this work, a Fano test is implemented to prove the feasibility of different Monte Carlo codes for proton
transport (PENH, TOPAS and FLUKA). Optimal simulation parameters in each case have been determined,
and this permits to use these codes for the calculation of the correction factors of ionization chambers used
in protontherapy.

-Materials & Methods-

Using the reciprocity theorem, a geometry has been designed according to Ref. [1], to implement the Fano
test for proton beams of 50, 100, 150, and 200 MeV, using the last version of the three Monte Carlo codes
considered (PENH, TOPAS and FLUKA). First of all, the depth dose distribution in the chamber cavity has
been obtained in order to analyze the charge particle equilibrium. Next, the effects produced by changing the
transport parameters in the different codes has been studied.

-Results-

All the codes considered pass the Fano test for proton beams provided the contribution of the nuclear reactions
are fully neglected; otherwise the theoretical dose is overestimated and the Fano test is not fulfilled properly.

-Conclusions-

PENH, FLUKA and TOPAS fulfill the Fano test for monoenergetic proton beams from 50 to 200 MeV if nuclear
reaction contributions are neglected in all the simulations. This result makes feasible using these Monte Carlo
codes for the calculation of correction factors in ionization chambers used in protontherapy.

-References-

[1] J. Sempau and P. Andreo, “Configuration of the electron transport algorithm of PENELOPE to simulate
ion chambers”, Phys. Med. Biol. 51 (2006) 3533.

[2] E. Sterpin, J. Sorriaux, K. Souris, S. Vynckier and H. Bouchard, “A Fano cavity test for Monte Carlo proton
transport algorithms”, Med. Phys. 41 (2014) 011706.

[3] A. Lourengo, H. Bouchard, S. Galer, G. Royle, H. Palmans, “The influence of nuclear interactions on ion-
ization chamber perturbation factors in proton beams: FLUKA simulations supported by a Fano test”, Med.
Phys. 46 (2019) 885.

(4] J. Wulff, K.S. Baumann, N. Verbeek, C. Biumer, B. Timmermann and L. Zink, “TOPAS/Geant4 configuration
for ionization chamber calculations in proton beams”, Phys. Med. Biol. 63 (2018) 115013.

[5] K.S. Baumann, “Analyzing the modulation effects of lung tissue in proton therapy”, PhD Thesis. Marburg,
2020.

[6] E.H. Attix, “Introduction to Radiological Physics and Radiation Dosimetry”, Wiley-VCH Verlag GMbH &
Co (2004).

[7] F. Salvat, J. M. Quesada, “Nuclear effects in proton transport and dose calculation”, Nuclear Instruments
and Methods in Physics Research Section B: Beam Interactions with Materials and Atom 475 (2020) 49-62.

(8] F. Salvat, J. Fernandez-Varea, J. Sempau, “Penelope-2018: A code system for Monte Carlo Simulation of
Electon and Photon Transport” available in PDF format from http://www.nea.fr/list/penelope.html (2018).



[9] J. Perl, J. Shin, J. Schiimann, B.Faddegon, H.Paganetti,”TOPAS: an innovative proton Monte
Carlo platform for research and clinical application”, Medical Physics 39 (2012) 6818-6837.

[10] B. Faddegon, J. Ramos-Méndez, J. Schiimann, A. McNamara, J. Shin, J. Perl, H. Paganetti, “The TOPAS
tool for particle simulation, a Monte Carlo simulation tool for physics”, biology
and clinical research, Physica Medica 72 (2020) 114-121.

[11] G. Battistoni, T. Boehlen, F. Cerutti, P. W. Chin, L. S. Esposito, A.Fasso, A. Ferrari, A. Lechner, A. Mairani,
A. Mereghetti, J. R. P. Garcia Ortega, S. Roesler, P. R. Sala, V. Vlachoudis, G. Smirnov, “Overview of the FLUKA
code”, Annals of Nuclear Energy 82 (2015) 10-18.

[12] T. Bohlen, F. Cerutti, M. P. W. Chin, A.Fasso, A. Ferrari, P. G. Ortega, A. Mairani, P. R. Sala, G. Smirnov,
V. Vlachoudis, “The FLUKA Code: Developments and Challenges for High Energy
and Medical Applications”, Nuclear Data Sheets 120 (2014) 211-214.

[13] V. Vlachoudis, “FLAIR: A Powerful But User Friendly Graphical Interface For FLUKA”, Tech.
rep., Proc. Int. Conf. on Mathematics, Computational Methods and Reactor Physics (MC 2009),
Saratoga, New York (2009).

Primary author(s) : DE LA TORRE GONZALEZ, Juan Alejandro (Universidad de Granada); ANGUIANO,
Marta (Universidad de Granada); LALLENA, Antonio M. Lallena Rojo (Universidad de Granada)

Presenter(s) : DE LA TORRE GONZALEZ, Juan Alejandro (Universidad de Granada)
Session Classification : Red FNUC (Red Tematica de Fisica Nuclear)

Track Classification : Red Tematica de Fisica Nuclear (FNUC)



