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Abstract

Heavy particle radiation therapy is a highly effective cancer treatment method that utilizes carbon ions to eliminate
cancer cells within the body. This treatment involves aligning the Bragg peak of heavy particle radiation with the location
of the tumor. Heavy particle radiation offers a higher dose concentration and greater biological effectiveness compared
to X-rays or proton radiation. In particle radiation therapy, treatment is delivered from multiple different angles to
minimize damage to healthy cells in the region through which the particles pass. Conventionally, rotating gantries have
been used to change the direction of irradiation. However, especially in the case of heavy particle radiation, the magnetic
rigidity can reach up to 6.6 Tesla-meters, necessitating larger equipment. In the investigated irradiation system, a high-
temperature superconducting magnet consisting of concentric coils is used to adjust the magnetic field distribution. This
allows for the manipulation of coil currents without rotating the irradiation system itself, guiding the beam to the optimal
treatment angle. As a result, a reduction in size is anticipated compared to traditional rotating gantries. This presentation
focuses on the conceptual development of the irradiation system using the high-temperature superconducting magnet and
its current status of investigation.

1. [ZL®IZ 2. EBRBEETIFaSILAUN)—

ERLHIBEIL, IRFBREHOTERNICSH D0 A
Ha 2 FEPR S B DI DRI 72 N AARIRIE D —FE T,
PR FEMRZE IR DI K 73% (Pmax=0.73) £ THIHE LIRS
THIETIREETIT), B OBFHRIGE Clibnsd X
BRIRECIX, RO R E T TREN KR ERY, 2L
BRI HET o IZ L7228 TR & ISR BN A5, =
AU U CERL-HIE, BRAT TS EREE 52
PN AR TAERN L —Z L CRE &
ZARDMRRIC G- 2 DM DN DT O RN IRIREA T
ZENHRD, B FHRRIRIETTIL, B8 @il 4 D RER I
BHOMEFEILFIAA~DE A= % e/ NRIZT D721,

B D BRI DA ENLO K TIRIENM TS, £ T,
L7 £ BECO MRS &2 FH T 572012 BRI R —
DEDNTEZ, LovL, BRI ATEROEA . B
BB RKEWVRFRREE T D720 D 13%FE T
WS A ORI 6.6 Tm &725, FT-. AR
(CBL 2 VX — e K 430 MeV/in (ZEIRIN TOTR
FEAMR K 30 cm) D728 | RER D[RS A N —Z%
HERBUE BT BT, BRI 200 b LA EIZH RN,
REEEILT = A= —lPEEDRLETHD, ZD
7o, — DI E T DI RETEL LV R
W5, A BT, HE e FliE S 2 < 72D E
< 2y NCIREMA I — b &kl /N A E
B9 5,

# kaoruw@rcnp.osaka-u.ac.jp

BETT 2 27 A (K 1, 2) T, ISM(Injection
Scanning Magnet)x 52 & T —2% L FIZIRD 31T,
[BHE A N — D IR VAT LA K Z ARSI T 52
LI EHF NGO Z B IET, miREEE~v LT
ANEMRAT52ET, mESE LA ERL, IRFICLE
72K 430 MeV/n TOREEIIME 6.6 Tm % FIHEICL .
B — AOHECIERD ZHIHIL LT < e b, Fiz, [ M
KO NVF A NVOE 2 OEFEZIE T T HZETHAHE
IRy i TR AR L, B — D% il 7 1R 4 JE |25
T3, FO- NS 2T NE KA R LT AL
NHkD, EE DA N EERDAALNDOFIRIL, AVF
YA rabar OFERHERS T RIZFI L TWARY A
AINVOMERER B E T LT,

BTN RAYEE s A

-307 -



Proceedings of the 20th Annual Meeting of Particle Accelerator Society of Japan
August 29 - September 1, 2023, Funabashi

PASJ2023 TUP14

"1sm : Injection Scanning Magnet

2: a2~V TFaANT N =G () LT M —HNO~ L FaA NV ORLE (F).

3. VILFOAIIEE LG ERET

3.1 v/ Faf i@

v — AHLE R O 7= ORGSR X, EICE—2EH
VN =~ DWE T DR S N — N TE — AfLE A
Y72 TR A FE | A T2 DRGSO 2> DREE)
WBEL A, A AL, B — LELERIEI O 7 ORGSR G
ICBWTH N —HNTOE — AOHIE 2T UiE )7
TR JE A~ — DAL T 5720 OREG/AR (S E
BEWTY AT LERE LT, 5 %I1L, o ) —~E—A
ZfE T 720 DS b BT D,

MIRBEE < LTI VOELE[], A X BT E
K30 &K ISR T, B AuE I 5 T Bk
Y%, Main2 O=A /L THERR T 5, ZOWSGIZE->T, 48
ELTODIREA E sy — A%iﬁ‘%ﬁ“é v
BMOLA | B — LB 72D 121% 430 MeV/n THEA
Wl 6.6 Tm B TH D, ?éﬁf% CIRIEEATHOHIPH CORE
B3 Mainl O=3A/UIZE->T Main2 TYESIN- 1%
Fv /95, Main3 1%, Main2 TONERESE v
BT B EITEE LT, F72. subl~10 DAL, BE—
LAY = TATHIBR ORI MER S i A iR 5T D412
BLE LT 1B IL. BE AT ANORS T L7
|ARY \—EXD‘HJ {Aﬁﬁf iBEE'—J‘/ZTA pr\%éj’b’f
WA ISM ZHlE 52 L TR ESILD, ISM 13, B — A%
ETFICRY T, AR — N THEL WD IR
BEICE — D2 I 2% BI85 D, 1R, NS
IR CTH DT BB ORI AMA I3 L O 7l
ZHRETHILENH KD,

# 1. = NF A NDYAREEAE

Mainl 80 3030 5244

Main2 210 30> 30 -8020

Main3 260 20> 20 -9000
Subl~10 112~248 6>6 -10

H R —NO 2 MO AR L, X 4 TRT,
W53 4L, OPERA-3D #H\\ T ol —var iz,
Wl A it 59 2 T IR AT H I CORS X
AR AR B KR IEYEE[2]LA T D 5 Gauss LLFIZ725
Aol By a8

32 fEREHO=a '
W Aak s HC B\ CIL, BRE L7 U £ 8 |2 835
DA EE TR TI ISM & W Ch 2758 Ul o

HENCHTIE LT, 4 IRONF 7B EEFGTHEL
T-WE AT 7 7T b FAVN T, 83555 A e e A
BLTE AT BB ORI 0 AR 1 270 D £ CT O R 2 R0 K
L7z ZOMWBRIZBEL I LABEICEER 5,

Main1 Coi
Main2 Coil ~_

|’
AX
Main3 Coil y
Sub1~10 Coil 4

3: VT aAVELE.

Operat AW AY MY —RBESFES Ialb—vav
Bz[T] R —50[cm] R =280[cm] R =320[cm]
8.0 ' : : i

Bmax- 8.22[T] \
5.0 4
BO=-0.09[mT]

-10 71

EHETY T

Rlem]

B4 4: EPETT IF DRES o3 A

-308 -

N



Proceedings of the 20th Annual Meeting of Particle Accelerator Society of Japan
August 29 - September 1, 2023, Funabashi

4. HFEHEHE
R —NORL - OEEFHREAE S, X 5 1RT,
A la] kL IXERL FRREE TR ELI NS R KT RV
X—430 MeV DR FA A (2CH)DERI 5T, 4
WDV ZIETIRIEAE 0~170 EETOHFEE
17277, 180 EEFANIX. A /LA kB3 ISM 7By
LESTSHITHHELLTERD, BFHAREIL,
r—H{D ISM ORI A% Ve — ALUEZ 755
9%, 180 E~360 E H\E, ISM ZHWT, ki 1% F
FF~RIE L, B " —NORS5 A& inS g 52 L
T 0~180 FELRIERICIRET 3%, R FHLEFHHEIHE, 1R
AU =N o/ BT= KO b W IR AR SV/AY 47/ hc R Y: BT ]
BB Z T, ZHUL JRIERFOE — ABLE O JF &3 T
H%, (Afél*b%hm WA CHET LR+ ISM 0)

H OISR LR Y JEEE)S 0~200 cm OFGFHIC

5912 0~170 Eiﬁ@*ﬁ%iﬂiﬁ%ﬁﬁﬁwi&#ckf

77 N — NS A & e b L7z,
0~170[E IZ I 1T 2 KL FENE(430MeV 2C5)

aEAE ol |
— 0
10°

30°
40°
50°
60
70°
80"
90°
100°
110°
120°
130°
140°
150°
160°
170°

Injection Scanning
Magnet

5:0~170 JEIZ

BT DRI T-HH.

5. F&&H

ARFFEClL, BRI RN ATRIREE O/ N E B s
L. RESRD T2 R — EI X E 72 DR A0 72 [RTHR R A 0D 1
WIS AT AORRFTEAT o7, BETOBRIZIL, &
B~ )L F AL % FHANT 0~180 X TOIREMET
@ﬁlﬁﬁf%ﬁﬁ?é%ﬁz%—%ﬁ% OPERA-3D % W Ti%
U7, RE LIRS A0S 4 IRON T I R iEER
FAWTHELE RN 240 1§28 T, ISM 728 DAL & RE1%
SR N — N ORIy iz SR ed Tz,

At OFELL T, ARl OE G R Ik 72 B
WU Tl 7o, L, EEEDOIRERFIZIZZ R T O
E—ATHDH0 OPAL %4 W=k -E—AIZLD
IR BIZBITAE — A A XE B B LT/ 7040 O B
i@q‘t%ﬁi%%ﬁ%éo %7-. OPERA-3D ZX AR5y
i gt iolz\“ﬂi\ﬁ‘/l\U*W@%‘%%fﬁL’Cb\ét
DLUISM KON O — Ak T A & DT AT A
BAEDY — DR ZATH I8 ORGSR S5 AR S B TH D,
ZDIEINTH ., A EIOSG S AR FHIB W TUEB EE
Lﬂ\f;u\subl 10 DaAf)VEHNTOE —LAFpy=2
T DT DAL )VERE E DR, IR AT KO
WGt s A7 L8 OPs Ak D c/ME. SOBP %A%,
THIZDDTRNF —EHA~OX ISR EE T D0

PASJ2023 TUP14
LN YN
S5 3K

[1] H. Zhao et al., “Conceptual design of a high temperature
superconducting spectroscopy-type gantry system”, Proc.
19th Annual Meeting of Particle Accelerator Society of
Japan (PASJ2022), Kitakyusyu (Online meeting), Japan, Oct.
2022, pp. 14-16.

[2] JEA T3 B8 -HE A A T TR — A A— T KGRI HE L2 B
505 27 1,
https://www.mhlw.go.jp/web/
t_doc?datald=00tb3294&dataType=1&pageNo=4

-309 -



	1. はじめに
	2. 高温超電導マルチコイルガントリー
	3. マルチコイル配置と磁場設計
	3.1 マルチコイル配置
	3.2 磁場設計のコンセプト

	4. 粒子軌道計算
	5. まとめ

