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Abstract

The multi-ion radiotherapy with dose distribution and Liner Energy Transfer optimization is being studied at QST-
NIRS. Helium, carbon, oxygen and neon ions are considered as ion species for multi-ion radiotherapy. A basic
experiment using these ion beams has being carried out at the HIMAC. We have developing the new ECR ion source
with all permanent magnets for multi-ion radiotherapy. lonization gases were helium, methane, oxygen, and neon to
produce He?", C*, O and Ne’* ions. Requirement values of beam current were 940 pA correspond to He?", 290 pA to
C*, 330 pA to 0%, and 245 pA to Ne’*. We did some beam tests for design of compact ECR ion source at existing the
18 GHz NIRS-HEC ion source. In order to reproduce the magnetic field during experiments of NIRS-HEC, the
structure of the permanent magnet was examined using the POISSON/SUPERFISH code. As a result of the calculation,
it was found that a sufficient magnetic field could be obtained. Therefore, the structure of the ion source such as plasma
chamber, extraction electrode, introduction of microwave and gas was injection examined according to the structure of
the permanent magnet.
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Figure 1: Structure of the ring magnets with iron yoke.
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Figure 2: Result of calculation for the mirror magnetic
field on the axis made by the ring magnets.
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Figure 3: structure of the hexapole magnet.
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Figure 4: Result of calculation for the hexapole magnet.
Blue line is magnetic field. Green line is the chamber wall
(r=25 mm). Red line is Becr=0.521 T for 14.6 GHz.
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Figure 5: Schematic drawing of new compact ECR ion source with additional waveguide.

RET D, HEWIT NI T T30 &5, 5l

BARATIT DR EZINZ DD, ¥ TIv I DNEE
KELL, av B oa0 A% B @B ZE B HEFF C& 5191
T5, FIRAEZEF oo " — (203, R s AR
AT AT AT A4 AT G R B T D, HIEEHIT WR-62 %
AT 5, Ne"" DX 72 2 liAA L ZHERT DD, ~A
sail 2 EINBNENMIEERY EEE L 2 KHET S,
4 FIEO T AZONIEZ CTT TR~ F =L R—N|TE A
TAEN, TITRAF 2L IN—ND A=A/ NS0 |
AT PRDOIMUTHAVESE TEZENTIIHAEIL 1 K
LT 5, AT IROE FICASAT AT (AT HHET D,
TAARATDRIL, B — LR AT o122 IR E T 5, RE
VN REREIEL, v AR EOF 2—F— LU TR
T5,

4. FEHESHRDTE

POISSON/SUPERFISH %\ T, BAERLGAERR T
XDINTKABEA DR ERFT LTz, FHE O R R
1.235/0.488/0.969 T(Binj/Bmin/Bext)&725 k) (A D
TEARZ D E LT, KAREA DIGIRE I, 7T RX~F =
VR— BIHHER, v AT ADE NI EDAF
RS EIT T2,

L%, E— LB HOFHRES, v~ A7 0E 2D
WCHEMIZeRFT 2 TO T E CTh D,

P

[1] A.Kitagawa et al., Rev. Sci. Instrum. 65, 1087 (1994).

[2] A.Kitagawa et al., Rev. Sci. Instrum. 69, 674 (1998).

[3] M. Muramatsu et al., Rev. Sci. Instrum. 76, 113304 1-6
(2005).

[4] T.Miyata et al., Rev. Sci. Instrum. 75, 1863 (2004).

[5] T. Inaniwa, N. Kanematsu, Phys. Med. Biol. 61 542-550
(2016).

[6] T.Inaniwa ef al., Phys. Med. Biol. 62 5180 (2017).

[7]1 F.Ouchi et al., PASI2019 WEPI037.

- 833 -




