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Abstract
It is thought that the cancer therapy using heavy ions has little load to a patient by the ability to irradiate a cancer
focus with the maximum dose at pinpoint, and is suitable for cancer medical treatment like a proton in radiotherapy
from the feature of heavy ions for Bragg peak . However, a device for heavy ions is large-sized and costs in
construction compared to a proton. So we research for the development of heavy ions therapy for miniaturization and
cost of devices and superior method of irradiation. Then, the purpose of this research is to design the gantry which
irradiates with the carbon of 430MeV for the radiotherapy towards utilization. In order to raise the quality of cancer
therapy for carbon beam, gantry beam line is optimized so that the carbon beam may be achromatic and waist in
isocenter. Beam line composes of seven quadrupole magnets and two 45° dipole magnets and 90° dipole magnet to
isocenter. The optimization is done by TRANSPORT.
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Figurel. Graphical comparison of energy 4
deposition in water of photon, carbon
ions and proton [1]

B 7t BRFRRE W IBRIEIIZE L E R D 4
%5owﬂﬁ wau\%%ﬁmwmfm @
LET(Linear Energy Transfer) T £ ) RBE(Relative A Proton
Biological EffectivenessICEIZFET 5 Z LN TE 5,
(Fig2 ZH) L UIRFHEMZ AT IB PR AL E X576
DOIREHEBE L TRYUTHY . 2O D-HREH "
DARXSR0DL, £ TERBIZHITTZEED /N 1 10 100 1,000
BEe, B HED S B 5B N LETH D, LET thallfuum

Carbon

Figure2. Comparison of RBE (relative biological
effectiveness) for proton and carbon versus
LET (linear energy transfer) [1]
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Figure3. superconducting gantry, Q=quadrupole, BM=bending magnet
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Figure4. .Beam envelopes and dispersion function
vertical ;upper , horizontal; under, dispersion ; dashed line

4 RZ¥XZGIT Ry b+

HIfi CAF vy =0 T~ 7 Xy PERWIZE—LT
A rERG L, kA Tol, AX Yy =T~
F v ME Q7 & 90° bending magnet DfE D drift space

AT D Z &2 Lz, Z3UTfEW, drift space %
Im 225 4m |[ZHERE L7,

Q1~Q7 IZHIHIE Q1 : 0331, Q2 : 1.1256, Q3 : -
1.172, Q4 ; 5.505, Q5 ; -2.431, Q6 ; 4977, Q7 ; -
3203kG) E 52, TA VL X —TOE—LAD
fitting /£ T, TRANSPORT T beam envelopes &
dispersion function # 1) L7z, 7272 L Q2, Q3, Q7 ®
fEIXEE L7z,  (Figs ZH)

FER LV T A VX —TO dispersion |% 0 12, /K
EHm, $REF MO beam waist DMLz, 1T
EREE DM S IZEER QL ; 038351, Q4 ; 453171,
Q5 ; -2.32275, Q6 ; 4.92546 (kG) (=727~

-785 -



Proceedings of the 10th Annual Meeting of Particle Accelerator Society of Japan (August 3-5, 2013, Nagoya, Japan)

L: Lasercopy. <Cl

envelopes: cm, dispersion: cm/%

path coordinate, m

Figure5. Beam envelopes and dispersion function
vertical ;upper, horizontal; under, dispersion; dashed line
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