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Abstract

Manufacture of a superconducting rotating-gantry for heavy-ion radiotherapy is currently in progress. This rotating
gantry can transport heavy ions having 430 MeV/nucleon to an isocenter with irradiation angles of over 0-360 degrees,
and enables advanced radiation therapy. To reduce the size and weight of the rotating gantry, we designed superconducting
magnets that can independently excite dipole and quadrupole field. The three-dimensional scanning-irradiation method is
performed in this rotating gantry. Therefore, uniformity of magnetic field is quite important, since scanned beams traverse
through these superconducting magnets before reaching to the isocenter. In the present work, we precisely measured the
magnetic-field distributions of the superconducting magnets for the rotating gantry. We used Hall probes to measure the
magnetic-flux density. The magnetic-field distributions were determined by measuring Hall voltage, while moving the
Hall probes on a rail, which has the same curvature as a center trajectory of beams. The measured-field distributions were
compared with designed distributions by using a three-dimensional electromagnetic-field solver, the OPERA-3D code.
Furthermore, beam-tracking simulations were performed by using the measured magnetic-field distributions to verify the
design of the superconducting magnets.
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Figure 2: Excitation current dependence of magnetic field
(BM10). Left and right axes show B and B/ I, respectively.
Plotted B/I are normlized by the constant value around
I =160 A.
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Figure 3: Magnetic field along center trajectory. Each
distribution is normalized by maximum field value. The
length of BM10 is + 550 mm.
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Figure 4: Uniformity of BL products along beam trajec-
tries of dipole field (I=231.2 A). Left figure shows mea-
sured values, and right figure shows designed values
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Figure 5: Betatron functions and dispersion functions of
the calculated beam optics for the matching condition. In
the isocenter, 3, = 3, = 2 m.
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Figure 6: Beam profile at the isocenter calculated by track-
ing simulations. Each of beam spots was made up of
5000 particles, and the difference of the spots positions was
given by respective kick angles of SCM-X and SCM-Y.
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