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Abstract

In recent years, the cancer therapy using heavy ions is paid attention. That is because heavy ions have the ability to
irradiate a cancer focus with the maximum dose at pinpoint from the feature of heavy ions for Bragg peak. In this
research, we choose carbon ions as heavy ions. However, a device for heavy ions is larger-sized than a device for
protons, so we must install that in the suburbs. In order to install in general hospitals, the downsizing of the device is
necessary. Then, the purpose of this research is to design the down-sized gantry for carbon. The gantry is composed of
dipole magnets and quadrupole magnets. We expect the downsizing of the gantry by using high-temperature
superconducting magnet as dipole magnets. We also optimize gantry beam line in order the carbon beam to be
achromatic and waist in isocenter for raising the quality of cancer therapy.
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Figure 1: The composition of High-temperature superconducting gantry.
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Table 1: Magnetic Field Gradient of Quadrupole Magnet

x half beam size [mm] 1.00 1.50 2.00 247 3.00 3.50 4.00 4.99

y half beam size[mm] 1.00 1.50 2.00 2.52 3.00 3.50 4.00 5.01
QI[T/m] -24.19 -5.99 6.75 11.96 14.03 13.84 13.21 11.89
Q2[T/m] 21.87 13.29 4.00 -1.95 -5.19 -5.61 -5.37 -4.75
Q3[T/m] -17.12 -15.05 -14.79 -13.61 -13.21 -13.11 -13.12 -13.24
Q4[T/m] 20.97 32.69 3246 21.45 21.65 21.98 22.52 2401
Q5[T/m] -11.38 7.30 647 -15.24 -14.74 -13.84 -12.19 -7.78
Q6[T/m] 24.78 12.45 13.54 27.12 26.90 26.58 2592 23.80
Q7[T/m] -14.24 -15.8 -16.49 -17.16 -17.09 -17.14 -17.10 -16.63
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Figure 2: RMS of horizontal beam size by TURTLE.
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Figure 3: RMS of vertical beam size by TURTLE.
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Figure 4: Phase space [x,x’] at isocenter with second-

order and third-order.
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Figure 5: Phase space [y,y’ ] at isocenter with second-
order and third-order.
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