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Abstract

Heavy ion therapy systems are gaining global attention as a treatment method that preserves patients' quality of life
(QOL). Toshiba has developed a compact rotating gantry system equipped with superconducting magnets, enabling 360-
degree irradiation to further reduce the burden on patients undergoing heavy ion therapy. To prevent treatment
interruptions, we have developed an injector equipped with a compact ECR ion source using permanent magnets. Carbon
beam tests indicated the system could meet clinical specifications. To evaluate its applicability to multi-ion therapy, we
conducted acceleration tests using helium beams and successfully achieved the target specifications of the helium beam
current 400 pA and its energy 2.2 MeV/u.
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Table 1: Major Specifications

Table 1 |2 FE/2HHE% R, Ton species 12¢6t, 4He?"
Components ECR + RFQ + IH-DTL
ABE BT E—E— LEER (HEBT) Kinetic energy 4 MeV/u
Beam current (peak) 200 pA (12C6%), 290 pA (“He?")
| | F Repetition rate 0.3 Hz (max. 2 Hz)
i|‘, porm) ! ﬁ (i [\ Synchrotron
| 9" <, 7 Circumference 633 m
5 t - ! Kinetic energy 55.6 — 430 MeV/u
, § i Energy resolution 600 Energy levels
i 5 Particle numbers = 3x 10° PPP (12C%)
! ElERH > b —RBEE . .
: Flattop time duration = 30s
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Figure 1: Components of a Heavy ion therapy system. 2. BHBREvrTVT
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Figure 2: Conceptual diagram of our injector.

3. E—LiERER
FAMEL7Z IH-DTL1 FCTEMEEFEFAE L T~ A

— LB A RS, IEEATE — AL 1.2 mA,
IHBE — AFEFAEIL 400 pA THY, BIEE 33%TH
HIEEMR LIz, 2T AS SO FRE — MBI
290 pA F0H K&, B D TH-DTL2 D% RA2EEL
TH e BifEE Y v 7ahar ~ G T&E 5 AT RENE
DE, 72720 RRBRICFB VT RFQ iR\
A% T He? I Y 575 Q/A=1/2 DRI T-Zi8HI L
TWDA, Rl — B AU BE DR+ 1k Bl T &R T2
He OMIEIZHOW IS B OMETHD,

RIZ, IH-DTL1 Ptk EL eIy A AE=H —
ERWZE—AT a7 7 A VRIERERIZ OV T Fig. 5 12

1400 1400

1200 oo Sl ~ 1 2MA 1300/ fencssisnst iﬁi@$33%
- 1000 / p 1000 ,
~400pA

|

2 s00 | 3

g 600 3 600

[ | 2

400 400
| ]

200 [ 200

5 s00

LY —— NS N 0 v |
0 5 10 15 20 25 9 9.1 9.2 9.3 9.4 95
Time [msec)

Figure 4: He?* beam current of before acceleration (FCN1)
(left) and after acceleration (FCN2) (right).
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Figure 5: Accelerated beam profile of x-x’ plane(left) and
y-y’ plane(right).

1.2 , ‘ , ,
5 1 -Epea!k»:»z'z»M—eV/l":l
= Prelimindry 5
fm 0.8 f
%E 06 / | X-\
= 0.4
% f: \ |
4‘5 0.2 | H
& e N
5 : . :
212 214 216 218 2.2 222 224 226

I®ILF— [MeV/u]

Figure 6: Accelerated beam energy distribution.

Figure 3: Experimental setup of Toshiba’s injector with a compact ECR ion source.
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