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Abstract

Heavy-ion radiotherapy requires a high installation cost and a large area to construct its facility although it provides us
with the physical and radiobiological advantages for treating malignant tumors. To widely spread heavy-ion radiotherapy,
therefore, it is strongly required to develop a low-cost and compact machine. For this purpose, QST has started the project
for the development of a new generation heavy-ion radiotherapy machine. In this project, we have studied a design of a
compact heavy-ion medical synchrotron using the superconducting technology. This synchrotron consists of four
superconducting bending magnets with the combined function, and its circumference is 28 m which is less than half of

the conventional type using the normal conducting ones.
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Figure 1: Layout of the synchrotron ring.

- 1243 -



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

PASJ2017 WEP131

Table 1: Parameters of the Synchrotron

Ion

Injection energy
Extraction energy
Circumference
Bending magnetic field
Magnetic rigidity

Revolution frequency

4He2* 1206+ 1608+
4 MeV/u

56 ~430 MeV/u

28 m

~4T

~6.62 Tm

0.99 ~ 7.82 MHz

Betatron function [m]
T
/ R
Dispersion function [m]

[ Hb— 5
o S
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Distance [m]

Figure 2: Beta and dispersion functions at injection.

Table 2: Beam Parameters at Injection and Extraction

Injection Extraction
Betatron tune (1.71, 1.45) (1.68, 1.45)
(©x, O
Natural chromaticity — (-2.57, -1.29) (-2.33, -1.13)
(6 &)
Transition gamma 1.83 1.78
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Figure 3: Fast bump magnets and horizontal beam orbit for
multi-turn injection.
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Figure 4: Betatron tune diagram and spread due to the
space charge effect.
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Figure 5: Horizontal beam trajectory over 3 turns just
before being extracted from the synchrotron ring.
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Figure 6: Phase space positions of the extracted particles
with separatrix at the entrance of the ESD.
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Figure 7: Beam parameter settings for multiple-energy
synchrotron operation.
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