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Analysis of proton dose in magnetic field using TOPAS

YANG Lu, LIU Hongdong, CHEN Zhi, PEI Xi, XU Xie

College of Nuclear Science and Technology, University of Science and Technology of China, Hefei 230025, China

Abstract: Objective To study the impact of magnetic field on the dose distribution of proton beam in phantom, providing a
data reference for magnetic resonance imaging (MRI)- guided proton therapy. Methods Monte Carlo code TOPAS were
implemented to calculate the dose distribution in a water phantom with the impact of transverse magnetic field on proton beam.
In addition, a water phantom with an air-gap (water-air-water phantom) was also used to study the impact of the electron return
effect (ERE) under the magnetic field on the proton dose at the interface of water and air. Results When the intensity of the
magnetic field was less than 0.5 T, and the proton energy was less than 150 MeV, the shift of the field in depth direction was 1
mm at the Bragg peak, but the lateral shift of high dose area of XZ plane which was parallel to the incidence direction of
proton beams was 4 mm in homogeneous water phantom. For the combination of proton of 150 MeV and magnetic field of
1.5 T, though the shift of the field was 1 mm at the Bragg peak, the lateral shift was larger than 10 mm. At the interface of
water and air, no visible effect of the magnetic field on the proton dose distribution was observed. Conclusion The proton
radiation dose under the magnetic field can be accurately analyzed by using Monte Carlo method. Transverse magnetic field
has little effect on the dose distribution of proton in depth direction, but has obvious impact on the lateral shift. And the lateral
shift was proportional to the proton energy and magnetic field strength, but the impacts of ERE on the proton dose distribution
at the interface of water and air were nearly negligible.
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Fig.1 Geometric model of homogeneous water phantom
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