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HEE BEFE | AEAE| BRE
15§ | 2%
34 | GEM+RT 50.4Gy 50% | 12%
ECOG 2008
37 GEM - 3% | 4%
Ishi 2010 50 GEM - 64% | 14%
Sudo 2011 34 S—1+RT 50.4Gy 1% | 254
Small 2011 28 | GEM+BZ#+RT | 36Gy/15fr. | 45% | 17%
Schellenberg 2011 20 GEM+SBRT 25Gy/ 1fr. 50% 20%
NIRS 2013 | 47 | GEM+CIRT 45'2;:5'2 74% | 54%
*Bevacizumab(fiil FHEA)
S5FU:inASA#l GEM: LA EY (hAHFD RT:-X# CIRT:EI 73

S. Yamada, Vita vol.32 no.1 (2015) (URL: http://ryushisen.com/pdf/msr4-yamada.pdf)
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Heidelberg Ion Beam Therapy Center
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R. Fuchs et al., in Proc. of EPAC08, Genoa, Italy, 2008, pp. 1839-1841.
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Figure 3. Test results of operating pattern in which coil was excited from 430 MeV/u to 80
MeV/u m 200 steps (BM10).
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Figure 4. The re-cooling curve after quenching was occurred (BM6).

S Takayama et al, J. Phys.: Conf. Ser. 871 (2017) 012083.
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Y. Iwata et al., IEEE Trans. Appl. Supercond. 28(3) (2018) 4400807.

RiRFRIEICKRHENDL

= o= 18ETH

CNE AR MR FfE 700 A OiaEzEIEd
- BUERTEM AL Ty b (20F LA DRFEH BT 8E

OHO'22 26



IREAEBEREIOST

SRFREBEROZODS >0 M ESER

TEROBERTTE

Magneticfield
(Energy)

Beam pulse __m m  m - - - - - - m__, time

EETHE |
THILF—ZEE <

IXILF—ZEE <

Extraction / %EQI*} II:F —EEE

B
. % - TN E—TEOERE

- E-LAASEIEOER/IME

\ 4

e - R OEAD

Beam spill W Time

Magnetic field strength

K. Mizushima et al., Nucl. Instrum. Meth. Phys. Res B 406 (2017) 347-351.
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TABLE 1
|| [= 9 N N g b N SPECIFICATIONS OF THE SUPERCONDUCTING MAGNET
F>>/0M0YSCHA
BRFSY >
Central field 03-35T
Iron yoke Central ﬁe]d gradient 0.1—1.5 Tafm
Ramp rate 0.64 T/s
Quadrupole coil Operation temperature 42K
(2 layers) Bending angle 45 degrees
. . Magnetic length 1.49m
g‘;f:e::sl)l Sl Curvature radius 1.89 m
y Reference radius 30 mm
Key slots Field quality 2.5 x 10~ (injection)
3.5 x 107 (top energy)
0 0 Field gradient quality 1.0 x 107
' Beam duct
Winding mandrel
. TABLE II
Thermal shield

CoOIL PARAMETERS OF THE SUPERCONDUCTING MAGNET

A: Effective field area

B: Extracted beam path y Item Dipole Quadrupole
x
No. of turns/pole 1070 36
No. of winding layers 22 2
—_ N, = I di 277 172
- LHe I/Z@{ ﬁ/%f”?*ﬁﬁrj e g: 55 2:1 g: 50 22
w e < Outer radi : 103 274
- @ﬁﬁﬂ > RJ)— J:D:E)%EHL\j'f?)(/ |\}‘ S e ab: 81 rlr?nl? g: szﬁ
Nominal 265A (35T 123 A(1.5T/
- )) [/:'fE,uJ \Z:E)%Eﬂﬁ'ﬂ: sg;ﬁlzngg; & 193(1(] ) 0_(55 KJ ™
Self-inductance 5.51 H (low field) 8.39 mH

5.46 H (nominal field)
K. Mizushima et al., IEEE Trans. Appl. Supercond. 32(6) (2022) 4401405.

OHO'22

28



IREAEBEREIOST

B R E AR

SBELAMEDD BN -BEES
BERAPIER G & 1 min
FREEEEE [ A]
0.92 fg H%H&&J
= 700-800 , . 3 min 6 min
m 500-600 7 Zz § w g
i - % SAEESRE 20 min
= 200-300 _ )CTEH
o~ FIRGRE ) (SA— LU CERDER ARG TE
e (2408 x S8KFR. EH B 43> E8[])
e FR700 ADR—F 51205
1 6 1 6 A 2% 3} % 4 46 bR E AR x 0.64 T/s LRI

HIF#% [x108 ppp]

OHO'22 29



. REAEE

K3 TRIEENDTIEJUR R

- EXFVS A KARRDIZHICHINT 15X b
- R TR (CCGRAEEEDD

wRAZ R
/PN e

TABLE III
CHARACTERISTICS OF THE SUPERCONDUCTING WIRE

DHameter

Cu:CuNi:NbTi
Filament diameter
Number of filaments
Twist pitch

Critical current

RER

@1.0 mm (without insulation)
@1.1 mm (with insulation)

1.43:1.40:1.00

2.4 um

33600

10 mm

492 A(5T,42K)
399A(6T,42K)
J0O5A(TT,42K)
166 (0 1), 82 (2

L63(3T

OHO'22

B S0>1968

—Ic[@42K](A)
\ —Ie[@5.0K](A)
N —Ic[@6.0K](A)
N | —Ic[@7.0K](A)

NEEAN
NN

N

350 \ \\ ><)& o #fEs
X
AN

150 \\ N AN \\
100 ™N N
wl A1 N N NN
0 / | LN \ \

0 2 4 6 8 10

<EI TR (8 S E: 1c= 492.0 (A) @5.00(T)/4.20(K))>
ThE 55 lop= 264.9 (A), Bop=4.30 (T), Top= 4.20 (K)
EEA TOREFREE: Tcs=5.82 (K)

BET—0: AT(=Tes-Top)= 1.62 (K)

BT lop/Ic(4.2K)= 70.8 % [@Ic= 374.4 (A), Bc= 6.08 (T)]
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4. RitEEREREIOS IV

REMEDRKFED IREYL N

- SHIIE — 5T10#R—IVF — SRR

EAE . ;n ;A); ‘ tumor
E-AE AT ] VAN
E e Item Volume Cycle 2 (0.2 T=3.5T—0.2T) Stage Material
Operation Cycle [><2 1’1'13] Loss [J/CYC16] EQ“_JEI-_[_WLC_}]_Cle_]
T A r /- N Dipole coil (Hysteresis)  6.49x107° 140.25 i 7.01 i 2nd Sc wire
é ‘ Acceleration Deceleration + Extraction (Couphng) 10.38 : 0.52 :
;}—; B (5s) 1 (L0s + 59) Nominal field Quadrupole coil ~ (Hysteresis)  4.25x107 11.75 i 0.59 i 2nd Sc wire
< (Coupling) 1.40 H 0.07 !
g Iron yoke (Hysteresis)  2.68x107! 16.08 i 0.80 I 2nd  Silicon steel
Collar 2.28x1072 3.76 i 0.20 I 2nd SUS304
Thermal path (Quadrupole)  4.47x107* 20.91 i 1.05 i 2nd Aluminum
(Dipole) 4.47x1074 7.18 ! 0.36 i 2nd  (RRR:2000)
Thermal shield  (Inner layer)  1.33x107° 30.63 H 1.53 i 1st SUS304
Total 211.71 i 1059 ! 2nd
R 30.63 i 153 b Ist

- ZHBO/IILOERT) S AIB RN 2 ALY

Y. Yang et al., Cryogenics 126 (2022) 103524.
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