Proceedings of the 14th Annual Meeting of Particle Accelerator Society of Japan
August 1-3, 2017, Sapporo, Japan
PASJ2017 WEP130

BN FRAERAE N BEEREH VM) — DR

DEVELOPMENT OF A COMPACT SUPERCONDUCTING ROTATING-GANTRY
FOR HEAVY-ION RADIOTHERAPY

LY, AL, KERER
Yoshiyuki Iwata #, Toshiyuki Shirai, Kota Mizushima
Department of Accelerator and Medical Physics, National Institute of Radiological Sciences (NIRS),
National Institutes for Quantum and Radiological Science and Technology (QST)

Abstract

A new compact rotating gantry for carbon-ion radiotherapy is being designed. This gantry consists of three combined-
function superconducting-magnets having a bending angle of 90 degrees. The dipole field of the superconducting magnets
is designed to be Byw=5.02 T, corresponding to a bending radius of 1.32 m for transporting carbon ions having kinetic
energy of 430 MeV/u. This superconducting magnet also has three independent super-conducting quadrupole-coils, which
are to be wound inside of the dipole coil for beam focusing. The dipole and quadrupole coils are to be electrically isolated
in the magnet, and connected to independent power supplies, so that each field component can be independently excited.
Having used the combined-function superconducting magnets, the size of the rotating gantry would become very compact;
the length and radius are 5.1 m and 4.0 m, respectively. The magnetic field distributions of the super-conducting magnets
were calculated with a three-dimensional electromagnetic field solver, Opera-3d code. With the calculated fields, the
superconducting coils were optimized, so as to obtain uniform field distributions. In this paper, the design of the beam
optics as well as the superconducting magnets is presented.
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Figure 1: Layout of a compact rotating-gantry.
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Figure 2: Layout of superconducting quadrupole coils.
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Figure 3: Beta (upper) and dispersion (lower) functions.
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Figure 4: Beam envelope functions. Beam emittances of
e=&=4 nmm * mrad and momentum spread of Ap/p=
+0.05% were assumed.
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Table 1: Specifications of the Superconducting Magnet as
Determined by the Beam Optics Calculations

Parameter Value Units
Bending angle 90 Degrees
Bending radius 1.32 m
Aperture diameter 50 mm
Reference radius 20 mm
Number of dipole coil 1 -
Maximum dipole field 5.02 T
Effective field length of dipole field 2.07 m
Field integral of dipole field 10.4 Tm
Required homogeneity of a BL 5

s . <1.0x10° -
product within the reference radius
Number of quadrupole coil 3 -
Maximum field gradient of 14 T/m
quadrupoles
Effective field length of 0.517 m
quadrupole-1
Effective field length of 0.817 m
quadrupole-2
Effective field length of 0.784 m
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Figure 5: Profile of the superconducting coil. The coil
consisted of the 6 layers of the quadrupole coils and 20
layers of the dipole coils. The dipole and quadrupole coils
were electrically isolated, and can be independently
excited.
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Figure 6: Calculated magnetic field for the super-
conducting dipole coil. In the calculation, the coil current
of 920 A was applied. The maximum field on the dipole
coil was 5.21 T.
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Figure 7: Uniformity of the BL products, AB.L/B.L of the
dipole field. The applied coil current in the calculation was
=920 A.
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Figure 8: Uniformity of the BL products, AB.L/B.L of the
dipole field. The applied coil current in the calculation was
=200 A.
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