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Fig. 1. The analysis of motion for an electron in a longi-
tudinal magnetic field.
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Fig. 2. The electron subroutine modified to account for ex-
ternal magnetic fields in EGS4 code system.
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Fig. 3. Geometrical configuration used in Monte Carlo cal-
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on cylindrical coordinate system assumed in this calculation.
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dashed line : without magnetic field, solid : with magnetic field
of 3T.
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Fig. 5. 6 MeV electron beam profiles at 1.5 cm (a), 20 cm
(b), and 2.4 cm (c) depths with 0 T-3 T magnetic fields.
From these results we found that the more magnetic field
increases the more penumbra sharpens.
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Monte Carlo Calculation of the Dose Profiles for a 6 MeV
Electron Beam with Longitudinal Magnetic Fields
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Several investigators have presented the effects of external magnetic fields on the dose distributions for
clinical electron and photon beams. We focus the low energy electron beam with more lateral scatter. In
this study we calculated the beam profiles for an clinical electron beam of 6 MeV with longitudinal
magnetic fields of 05 T-30 T using a Monte Carlo code. The principle of dose enhancements in the
penumbra region is to deflect the laterally scattered electrons from its initial direction by the skewness of
the laterally scattered electrons along the direction of magnetic field lines due to Lorentz force under
longitudinal magnetic field To discuss the dose enhancement effect on the penumbra area from the
calculated results, we introduced the simple term of penumbra reduction ratio (PRR), which is defined as
the percentage difference between the penumbra with and without magnetic field at the same depth. We
found that the average PRR are 33%, and 49% over the depths of 15 cm, 20 c¢cm, and 24 cm for the
magnetic fields of 20 T and 3.0 T respectively. For the case of 0.5 T and 1.0 T the effects of magnetic
filed were not observed significantly. In order to obtain the dose enhancement effects by the external
magnetic field, we think that its strength should be more than 2 T approximately. We expect that the
PRR would be saturated to 50~-60% with magnetic fields of 3 T-5 T. As a result of these calculations we
found that the penumbra widths can be reduced with increased magnetic fields. This penumbra reduction
is explained as a result of electron lateral spread outside the geometrical edges of the beam in a longi-
tudinal magnetic field. This means that the electron therapy benefits from the external magnetic fields.

Key words : Monte Carlo calculation, Penumbra, Magnetic field, Electron beam
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