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Abstract

Heavy ion radiotherapy is a type of cancer treatment that is very effective in killing cancer cells in the body using
carbon beams. Treatment is performed by aligning the Bragg peak of heavy ion beams to the location of the tumor. Heavy
ion beams have a higher dose concentration and a higher biological effect than X-rays and proton beams. In particle
radiotherapy, treatment is performed by irradiating from multiple different angles to minimize damage to healthy cells in
the area where the particles pass. Therefore, rotating gantries have been used to change the irradiation direction. However,
in the case of heavy ion beams, the magnetic rigidity reaches up to 6.6 Tm, so the size of the rotating gantry was
unavoidable. We conducted a conceptual study of an irradiation system that guides the beam to the optimal treatment
angle without rotating the gantry itself by arranging multiple small superconducting electromagnets in the azimuth
direction in the deflection plane of the particles and adjusting the magnetic field distribution along the particle trajectory.
This is expected to enable highly efficient treatment with an irradiation system that is more compact and has better
controllability than conventional rotating gantries for heavy ion beams. In this study, we will present the equipment
configuration, magnetic field distribution, and beam transport analysis of this non-rotating gantry.
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Table 1: Gantry Design Parameters
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Figure 2: Hard-edge field
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Figure 3: Dispersion(top) and beta(bottom) of particle
trajectory in Fig. 2.
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Figure 4: Three types of magnet models.
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Table 4: Parameters of the Rotating Electromagnets
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Figure 5: Results of the magnetic field analysis of the f B

models[left] and axial magnetic field Bz [T] at an
irradiation angle[right].
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Table 2: Parameters of the Transport Electromagnets
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Figure 6: Magnetic field distribution at irradiation angle of
0,90, 180, 270 degrees.
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Table 3: Parameters of the Deflection Electromagnets
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Figure 8: Vertical plane magnetic field at an irradiation
angle of 0 degrees.
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