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Abstract

NIRS has performed carbon-ion radiotherapy since 1994 using the Heavy Ion Medical Accelerator in Chiba
(HIMAC). NIRS has investigated intensity modulated multi-ion therapy to improve outcome for refractory cancer
treatment. In this therapy, we can control not only the dose but also the linear energy transfer (LET) and the biological
effect in the target volume by using multiple ion species for treatment irradiation. To realize multi-ion therapy, it is
required that the accelerator control system can switch the ion species, energy and intensity of the output beams quickly
in the treatment session. In this paper, we describe the system configuration for multi-ion therapy and the results of the

beam test carried out in HIMAC.
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Table 1: Operation Parameters of the HIMAC
Synchrotron for Intensity Modulated Multi-ion Therapy

Ton 4Hez+, 12C6+, 1608+’ ZONeIO+

Injection energy 6 MeV/u

He: 48-250 MeV/u,
C, O, Ne: 48-430 MeV/u

Extraction energy

He: 38 cm, C: 30 cm,
0:22cm, Ne: 17 cm

Max. range in water

Range interval He: 3.0 mm, C: 2.0 mm,

O: 1.5 mm, Ne: 1.2 mm
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Figure 1: Excitation current pattern of the synchrotron
bending magnets for multi-ion operation.
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Figure 2: Block diagram of the control systems for multi-
ion therapy operation.
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Table 2: Setting Values of Accumulated Particle Number
for Multi-ion Species

Ion Accumulated amount [part./pulse]
‘He?* 1.9 10"

12ce 6.4X10°

1608+ 4.8X10°

W0Nelr  3.8X10°
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Figure 3: Difference between the circulating orbits of
12C% and 2'Ne'®* beams. They were measured by the
beam position monitor in the synchrotron ring.
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Figure 4: Circulating orbits with correction of the
difference between rest masses of '>C" and 2°Ne'%* ions.
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Figure 5: Operation test of multi-ion acceleration
switching ion species of injection beams between '2C°*

and **Ne!0*,
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Figure 6: Operation test of multi-ion extraction for '>C%*
and 2Ne!'** beams.
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