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Manufacturing progress of ITER TF Coil Structure and completion of first product
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Fig. 1 Test results of non-irradiated sand irradiated
NbsSn wires at ramp rate of 150 A/s.
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Fig. 2 Effect of ramp rate on Ic of non-irradiated and
irradiated NbsSn wires under 10.0 T.
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Fig. 3 Effect of ramp rate on Ic of non-irradiated and
irradiated NbsSn wires under 15.0 T.
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Fig.1 Installation of final sector

(1) Final sector (2) Before installation (3) After installation

Fig.2 Completed CS modules
(Left) CS4, CS2, CS1 modules (Right) CS3 module

Fig.3 Completed CTB4 and CTB5
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Fig. 1 JT-60SA Tokamak cryostat partially transparent view
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Fig. 2 Displacement of an interface between coolant pipes
and Toroidal Field Coil
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Fig. 3 Displacement of an interface between coolant pipes
and Toroidal Field Coil
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Table.1 Nominal cooling specification for the cryogenic system
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Figl. The exterior of the PLC panels
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Fig.3 Signal transmission between other systems
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Fig. 1 Circuit diagram of the aurenc'h detection and
protection systems for the LHD poloidal coils.
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1. K. Takahata, et al.: Cryogenics, Vol. 91 (2018) p.1

Table 1 History of malfunctions and false detection events of the quench detection system for the LHD poloidal coils.

# Demand signal Excitation Cause Year/Month
1 Slow discharge ON Malfunction of timer circuit 2002/11
2 Fast discharge (frequently) OFF Surge voltage from NBI conditioning 2004/4
3 Fast discharge (frequently) OFF Surge voltage from NBI conditioning 2004/9
4 Slow discharge ON Unknown 2004/12
5 Fast discharge OFF Unknown 2005/6
6 Slow discharge ON False detection during magnetic axis swing 2005/11
operation
7 Slow discharge ON Malfunction of potentiometer 2008/10
8 Slow discharge (3 times) ON False detection during magnetic axis swing 2008/10
operation
9 Fast discharge OFF Lightning surge 2009/8
10 Fast discharge ON Malfunction of electronic substrate 2017/2
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Study on 100 kA superconducting transformer for 13 T - 700 mm conductor test facility
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Table 1. Specifications of a superconducting transformer

Primary coil ~ Secondary coil

Inner diameter (m) 0.46 0.5

Outer diameter (m) 0.488 0.530
Winding length (m) 0.152 0.120
NbTi filament diameter (mm) 0.078 0.018
Filament number per strand 42 547
Strand diameter (mm) - 0.81
Strand number 1 540 (3x3x6x10)
Conductor size (mm?) 0.85x1.2 15x40
Turn number 16x120 1x3
Operating current (A) +200 100,000

Current Lead

'”' r T 'I:IIrlalnsformer
| e 4 '
%
Z T . —
IEiamim== T

1905

Cu/HTS
busbar
. B |||
b Bl View P
2 m
= - oo 1l
B 1|
...... 694 |~ Sample
(One turn)
|l T

&j I o

Fig. 1. Concept for setup of a superconducting transformer in 13
T - 700 mm conductor test facility.
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Fig. 2. Electric circuit of a transformer and a testing sample.
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Fig. 3. A calculated result of the transformer in Table 1.
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Fig. 1 Non Cu critical current density versus magnetic field
curves for Nb matrix NbsAl wires through the RHQ treatment

with the wire velocity 1.0 m/s (O) and 0.3 m/s (@).
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Fig. 1 1,615 filaments bronze-processed wire using Cu-
18.5mass%Sn-1.6mass%Ti bronze alloy.
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Fig. 2 Non CulJc (4.2 K, 18 T) of Nb3Sn wires made by using
18.5%8Sn, 17.5%Sn and 16%Sn bronze alloys.
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DIRNZEDD, DT By RIEMIZIIT D EHE dkbifE
LIS DBER (Ti &) ICLAFRELHAS [3],

[1] N. Banno, Y. Miyamoto, K. Tachikawa, Physica C, vol. 546, pp.
55-60, 2018. [2] N. Banno, Y. Miyamoto, K. Tachikawa, IEEE TAS 27
(2017) 6000205. [3] T. Asano, Y. lijima, K. Itoh, K. Tachikawa, Trans.
Jpn. Inst. Met. 27 (1986) 204.

NB=13to6Ti  (b)

Sn-3'88at%Ti
200 pm

Fig.1. Cross—sections of developed precursor wires. (a) ST-3.9 and
(b) NT-1 wires.

Fig.2. Microstructures for (a) ST-3.9 and (b) NT-1 wires after heat
treatment at 550°C for 200 h and 100h, respectively.

s 2 o W B B A
Fig.3. EPMA mappings (Sn, Ti) on the cross—section of (a) ST-3.9 and
(b) NT-1 wires after heat treatment at 700°C for 200 h

| Equiaxed* §
s 5 pm ©

Fig. 4. Fractured microstructures of Nb,Sn filament in (a) ST-3.9 and
(b) NT-1 wires after heat treated at 700°C for 200 h.
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1 [IC®IC

2 1%, NEFAX{E NbsSn #AFICBWT, 7F 2 (Cu-
15wt%Zn) HOWESHIZTERIBIMNUIZ M A WAL T,
Sn ALFEART L L OWERR, (L FEMIEDOUE, fEdbhL
DAL ZE TR TOD[1], TER DT T AL (LA W if
FLMZELEL ThD Sn 2718 Ti IRIL TV, Ti E8E
BEL, BVLER% O Ti SRS — L2 L R TH-
7o Ti 1B B R 2 TRERA S E T DN TR E LTS
NTEY, Ti HAORY—%UWETHIETERD J [ LR
HWIFFCE5, NEBARTE NbsSn #1237 5 Ti W8I0, FFIZ Ti
BT ORI T D RIEH EVITHON TR, ZHLTH
BD, AE 7T AERAICIITS Nb = 712 Ti BnE4T0),
FGLHL S0 Ti O LI L DR E o B R P~ D
W OWTHIZEL T, Ti A OEGEICEY, RIEA2FEME
EnRBNT,

2 HEER

REHITEHR DT T AT NEEARE NbsSn #ipF LRIED
TREIC X - TIE L 72[1], Nb =2 7121 Nb-1at%Ti, Nb-
1.54at%Ti =27 D 2 FEFAD Nb &4% iz GBI 2 NT-1,
NT-1.54 £93), /it RAEEL T Sn 2712 3.88at%(1,
6wt%)Ti U738 G4 ST-3.9) # AR LIz, Zhbit
AT — 7NN, WRBIHINTIZE > T @0.6 mm F TR
Z4T o721, 550°C/100 h + 650°C/100 h D P HALEEAF T\,
FITZEDH%IT 700°C~750°C D& THe KB 21T o 7=,
Fig.1 {ZREMLELD NT-1, NT-1.54 OFrim G E AR $, 2L
PRAZ TS SRR BLEE, RIRARAT, USRI EAT o720 F
7210~ 22 T OANESFHIINEESS TI2T 4 Wi 1EIC &> T LHlE
HITo77,

3 HRLEE

Fig.2 {2 Nb ~® 1at%Ti FMEEND 700°C/200 h, 730°C
/100h # D Nb3Sn  (NS) 7 47 A Mk z 74, 700CT
1, BN Sl R 2N AR 9578, ST #Rbt & 570,
FULER AR R SIS IR A3 > TVD, ZOMBRITERD T
o RERAF O NS Bk E LT 5, NS B+ Sn JRER
IRV EFER RN TERT NI LT EEHILTEY, 1at%Ti
Tl Ti E0MEL, K72 Sn IEBURE) I 35D TR o7el
LEFRL WA, 730°C T Sn JEBREREN HosckESh, 218
BN LRV SERRI AT 210 nm EARo7208, FRUTHIE
Sk ST-3.9 3k (RIS 230 nm) LHE~DERIBITEIRE L T
/INEWY, Fig 3 IZNT-1 381 UNNT-1.54 @ 715 CEMLBL D NS
JE AR R, R R AT E N 184 nm, 242nm T
HY, WEIZRESNTHDEZ Ti TIEOINZLY Sn
PEHCBREN /) A KRIBIZ TS A, Rk R T AL Eh1T, Slldh
FEIE D KREIRN DI LN EFR TEZ[2], Fig4d 12 NT-1, NT-
1.54, ST-3.9 @ Je-B FilE% 173, NT-1 @ Beo (KA, Je-B
HRIE AR THY, ST-3.9 TIHEZ RN/ D, NT-1.54
T, Ba WRIBIZHESND, EDX v 7 & /54 Ti A
PR IC S ES L, ZNBI2XD Jo 23 ST-3.9 D 20%~30%EK ES
NAFERMNMELNTZ, 16 TIZRIT5 Jo 13 883 A/mm?2 720,
W A— T — P ARIERRM D B BV ML 7R 5T, 20D
YEE Nb O Ti OB LAEE 2 HB[2], 5% D
Ti BROFEGICEYIBR 5w N FTED,

ZE 30k

[1] N.Banno, Y. Miyamoto, Z. Yu, T. Morita, T. Yagai, S. Nimori and
K. Tachikawa, “Effects of element addition Into Cu matrix for IT-
processed NbsSn wires”, IEEE Trans Appl. Supercond., vol. 28,
2018, 6000905

[2] T. Asano, “Effect of Titanium Addition to the Niobium Core on the
Composite-Processed Nb;Sn”, Trans. Japan Inst. Met., vol 27, no.
3, pp- 204-214, 1986.

Fig.1 Cross section of NT-1 (left), and NT-1.54 (right)
(©0.6 mm, non-annealed)

70Q°0209|'7 2|m

e €

columnar zone

2

> matrix 7:(
Fig, 2 Microstructure of NT-1 annealed at 700°C for 200 h (left),
730°C for 100 h (right)

A o

NT- NT-1864-715°C10Dh

{ ]

€ 7 S l"o‘y $ 75

Fig.3 Microstructure of NT-1 (left) and NT-1.54 (right) annealed
at 710°C/100 h
1800 —— . : : "

—=— NT-1-700°C200h
- @ NT-1-730°100h

1600 [

100 W, --A- NT-1-715°C100h | |
N -w-- ST-3.9-700°C100h
1200 | v, ——NT-1.57-715°C100h|

Matrix J_ (A/mm?)

12 14 16 18 20 22
Magnetic Field (T)

Fig. 4 Je-B performance of NT-1, NT-1.54 and ST-3.9 with

various heat treatment condition
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1. [FC®IZ
AR, CERN ZHfh & LT LHC O HAZHE ., 100 TeV #&
DOFBRENNESES (FCC) DTN E > TV 5B, £ Z T
UL HELTNbSn D16 T~2Z %y k& HIS D 20
T<Z Ry FO2ONEMI LT TWS, FxlE HTS
~ 7%y hOIEMBEREL LT 1) HTS =27 % v hOffE
%&@%ﬁk%@%ﬁ%ﬁ%ﬁb\2)42K‘%@%T
BIF % REBCO M OREEZB SN L, @~ 7 %
FRFHOTZDDOIEBET — X ZINEST S, 3) ~T F v b
%WTKHKT%5ﬁﬁ@&mﬁ&&ﬁ#%@®%%%
HONCT D O3 RICERER > THFEEZH#ED TN 5,
A TIEZ DBV THET 5,

2. REBCO /"#B< ¥ v FDER{E

SuperKEKB IR FfFHEAHi~ 27 %> kY & —4 v |
IZ REBCO ##f &2 W= i~ 7 %y FE2RIEL T, &RE
TEL) B —2A Ty sRBlas 45, 2) B
AL ORYENAZZR L C2RBOa A M iE L35, 3)
gha—7 ZEE L, SMNT~DIRIWES 2 /NS <T5, 4)
HEIRET A 300 ALLFET5 Rl EBEL, LW
B E 107 A= —LUTICiZ 5 a4 AR, Bl %ok
7=, Fig. 1IZRAE6 M~ 2y hE2RT, 7 %> b
%WTi:%wWwﬁbﬁﬁ%E@ib T HMITEE
REMETHDH, T TiE, %@i&hﬁ@@ﬁﬁw
REBCO #4455 1 F 7 8RR CHapE L7-, LN2 BES AN
%m@%r¢:4wa%ﬁ@Lﬁ%@& iﬁD%ﬁﬁ
/monNTEY, v/ xy MANTICE a1 vk &
RN o Te, Flo, aANHOEGREID 1.5 pQ
@ 77T KEEETH-o/-, iEfIIRE (6-2) SuperKEKB H
REBCO 7St~ 7" % v b OFRIE THIET 5,

3. 4.2 K, BHIETICHIT 2R EFRFHE

~ 7 % v FREHIIIM O BR BRI T — 2 IIR
"R T D, Fox it REBCO EkihE~ 27 % v F Ot D=
ODOREMT — X %5570 1 kAFTRD Iec lIEFR—LF
—ZB% L. 4 mm 0§ REBCO Fib4 0 g LB e %
7z BLTFCOFRMEITCH2 %2, B/ TTOF LY )
V= BICOWTII R 3 2B R), £72. Zh b ol
TE &I U RIS L0 FFR e R0l 0 ik 2
RAZENHAGLNE o7, Fig. 2 ICH/FRBRM D Ic HE
T,

4. REBCO #3441 Dizfmikin st 0 BIE

MM ORI~ 7y MUWED A TR, Te WEFR—
NA—ORETHERERRECTH D, T2 CTHERETOHK
PR EZH OIS D70, FFANT A—F BEZ T
CEBHRY L TVEERR L, BT A RIE L. (Fig. 3
ZH), FEMITHE(6-3) TTK & 4.2 K E TicBir 5
REBCO #pbt OBt PisstE T4 5,

/ i ‘

Fig. 1 Photograph of the prototype sextupole magnet
before assembling the iron yoke.

—e— SuperPower-AP-30 micro —##— SuperOx
—i— SuperPower-AP-low —— SuNAM
—&— Fujikura SCHO4
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Fig. 2 Critical current of commercial REBCO conductors
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Fig. 3 Resistance of soldered joints.

HiEE
ARHWFFR LR I FE B i Bh 4 (15H03667) D BhEIZ & 0 52
HiL7=HDTHD,

S5

1) K. Tsuchiya et al., IEEE Trans. Appl. Super., Vol. 26
(2016) 4100904.

2) K. Tsuchiya et al., Cryogenics 85 (2017) pp. 1-3

3) K. Tsuchiya et al., Abstracts of CSSJ Conf., vol. 95 (2017)
p-10.
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— Fabrication of a REBCO model sextupole for SuperKEKB IR —
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1. [FL®HIZ
IEES ] HTS ~ 27 Ry b ILEBA% LT, REBCO #iAf

Z V= SuperKEKB IR @I ZERHIE SR~ 27 Ry hOMET
E1ToTWALL BT TIE, A~ Ry MWD 6 D
L —ALT o 7R REBCO aA /L ORIEREFIC OV TS
L7z[2]. AlFl, 2 b RS~ 7 Ry MK T, @A
FTo1=DT, ZORERITONTHETS.

2. REBCO "B vk DiRE
Fig. 1 1Z/R 38912, 6 HDERL —ANT w74k REBCO
ANV ET AIEERMICEUT, A HLUERB LA LR
BEfee it (HBIZ REBCO MM A HfHTL7zbd) &2 H
THEBELTZ. 6 [HOaA NV ITESICEERSND. Fig. 2 ([CHHkE
ORISR Z R, A VBRI LY, BV —7 24
CA7®, ZIUCLDBGZFTHIE T 8912, AL #6—aAf L
LiCrmdoTL—7 8 (i Z REBCO 2 AT L
7-5D) ZHAT T2, AL ET AIE B OMZRELTT A
im IRVAIREEEL, BEIaA VO ERE (Kiih) o
I AVEBBOEREI R — NI 2R E L.

3. BEHRER

FANT TR DO AR~ 2o b LN, THEIL, wERBRE £
MiL7z. BaA NV BIOERO FV % Fig. 3 1ORT.
75 A FTHEEL, aA/VH1, #3, #4, #5 TEIEFAEZHRL
7= #ASLTRIOE2A VD L, n {E (Before) &, $HN THDE-
aA)LD [, nflE (After) & Table 1 |Z/RT. TA/LH#2, #6 [E=
ANVEART Lo T2bDTHD. BENFELTZaA LD
LI, IAVEED [ L0 3WFRERL 2o TND, AL % S
WL Z BT LD AR DN, 7 — 7 T 1H J7 17T 0.356
T — 0.400 T (70A BERF) THY, TIULES LOK T %, #
MO [~BREENS RAEALK A% THDHD T, L OK T I
OEINZEDHLDTHD. aA/)VEEEGORPIE L, T
1.5 u QRRFETHY, aA/HuEo O HLEL 4~6 1 QTH

>

4. FE

REBCO #i#1% v /- SuperKEKB IR FNH~2 1o
AIELTz. A8, BB I H L Rt R Tho
. Ak, < X/F@&%FV P ZTTO T ETHA.

Fig. 1. Photograph of a REBCO model sextupole.
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KIKUCHI Akihiro (NIMS)
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Fig. 2. Schematic image of inter—coil joints.

(a) 2.0E-03 (b) 45E-04
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Fig. 3. F V characteristics of (a) HTS coils, (b)joint parts at

77.3 K.

Table 1. Results of transport tests at 77.3 K.

#1 #2  #3  #4 #6
(Before) LIAl 75,  g36 803 789 88.4
(0.1 pV/cm criteria)

(Before) nmvalue 6 37 34 31 30

0.001 ~ 0.1 pV/cm)

(Afte) LIAl 934 575 779 763 >75
(0.1 uV/cm criteria)
(After) nvalue 33 _ 31 30 _

0.001 ~ 0.1 pV/cm)

[ ratio 098 - 097 097 -

e

ARUFFE TR FF T8 et Bh 4 (15H03667) D BhRIZ L 0 52

L2 bDTH 5,

SE K

[1] K. Tsuchiya et.al.,
26 (2016) 4100904.

[2] S. Fujita et.al.,
(2017) p.19.
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Development of HTS accelerator magnet (6—3)
—Splice resistance characteristics of REBCO conductors at 77 K and 4.2 K in high magnetic field—
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1. [ZC&HIZ Table 1 Specifications of REBCO tapes
REBCO #44 % FIV e mifidds R A O BRFE A3 2 < D mifdh Fujikura FYSC-  SuperPower
A SEAT CREANTAT AL TS, NEER 53 B Tld, CERN A3 SCHO04 SCS4050
BHFEL TW5 100 TeV 77 ADFBRAINIELS Future Circular Width x Thickness 41%012mm  4.0x 010 mm
Collider (FCC)IZ#51 T, REBCO BB & TZ 20 T A Substarate thickness 75 pm 50 um
PUSOGHEL CREHRFE TR, Z OB M Comer thickness  2c20um 2%20um
FE B FTCHED B TS, REBCO 8 FEHmEA1 D F2b Specified /, 165 A(TTK) 88 A (T7K)
BECIIaA NV MR L 28T 2 BB Y | FrlT R
WA T DA NP RLS D725 REBCO #Af D% o REBCOtpe
FEEIXEERHEIEA CThD, U EOEENL, Fx i g —REBCO
T REBCO #iA I MR A ML . 77K & 4.2K &S g Soldee
TSI DHERARB U O A& AT > 7200 T 2 O JIERE " scscjoint
-3 .
2. REBCO ###1 L RBREE 5 —
FEERIZ W=7 7 F4EE SuperPower 100 REBCO #474 |3 "
OifIt% Table 1 (TR, FEEREEE 0O G L 7 1L OB e
—

X% Fig. 1 {7~ 2 A REBCO #i#h1 % FL MZEE 40 mm
i, (KR H (SnBi) L2 — 27 L2 H (SnPb) Z VT,
200°C AT TILEE I L 22 23S N EGs L OVINE L s L=,
FALOBA I L CHEEEEE L2 m WSy &
(SC-SC) &, BEEB L HAZ [0\ G i 7= [ & (SC-Sub)

Sub-Sub joint

Fig. 1 Cryostat of 18 T solenoid magnet, test stand, REBCO
sample holder, and three types of the joint structure.

350
LR E A A R X (Sub-Sub) O 3 FEED 200 +FuifkuraSC-SCSnBi
Pefor L TN RN ENAERL T, I - // o= Fujikura SCSC SnPb
%KIZFEﬁ (7‘/«\] 50 mm) &%@ﬁ'ﬁ%(;f@ 10 IIlIIl) D3 B:FEE&:%&U’?:O .-‘g / | =8~ Fujikura SC-Sub SnBi
BV 7 L 1d GFRP DR — /L2 — (i D7 vy 712 44 H z 200 e & Fujikura Sub-Sub SnBi
B L CL EAZ U RICEE L, B I RIR IR 2 SRR £150 I S e 8 -e-superPower SC-SC SnBi
HE COWS T CHHRELE LATEL | ekt X H &2 D EETL BT =@=SuperPower SC-SCSnPb
I@’%O) l:F'EJ%otU\/\f’]‘O) Ic &tti)ﬁbf%'ft@ﬁﬂ%ﬁﬁa I_,f:_o 50 -B-SuperPower SC-Sub 5nBi
ZF D% NIMS BREHAT—ard 18 T YL /AREA (A , o POU — &= SuperPower Sub-Sub Snbi
£ 52mm) DI TAF ALY IICRIEL T, 42K (IZBWTOT 0 2 4 6 8 10

15 10 T ETONVATRY: T T aE Lz,

3. REBCO %%Ha)?%ﬁﬁﬁ#ﬂ‘
4.2 K (2B 28Ik LM RGO BRE Fig. 2 |
AT, %*Bmiz% 0T TD 77K & 42K ORI REY Table

Magnetic Field (T)

Fig. 2 Field dependence of the joint specific resistance of splice
REBCO samples at 4.2 K.

Table 2 Joint specific resistance of splice REBCO samples in

2 IR, BRI ATV R LT, self-field at 77 K and 4.2 K

T —— é’c - ’; ’}k"; xf‘oLJrﬁLj R & L Fujikura FYSC-SCHO4

e OB S MoF fl W .

i%n%anmoﬁM@%eamﬁf%ésmsc@%m iﬁj““e iﬁc 2;? iﬁw zim
HHLED W LSBT 20 nQ-em? K THY | B AT % ;’t ,
LAE RSN, —J7, SC-Sub & Sub-Sub #&kt DHLPTER Pe (77K) nﬂ'cmz 260 173 6854 739.6
100-300 nQ-cm? &. SC-SC Bk DI IRD 5 fg“U\J:&j(éf pc (42K) nQ-cm 16.4 10.9 159.7 161.5
<\ AMERESS TR L CIRIE IR 5, $72. 77 K © SuperPower SCS4050
SC-SC ##5e( 3% SC-Sub & Sub-Sub HEfEDHBTRZ(L Joint structure SC-SC  SC-SC  SC-Sub  Sub-Sub
13 42 K ObDE0EKEVY, Zhd SC-Sub & Sub-Sub #5% Solder SnBi SnPb SnBi SnBi
XEER AN Yo T I IXT K IR oV b AT SV o 2 M @ pc (77K) n@-em® - 21.0 17.2 3786 569.4
NAZLT. ZOiAYF B TORBERFIZ NI EITZ T, p.(42K) nQ-cm? 175 13.9 106.3 140.4

B ORIGK T IR R IFHE S B I KRS 72D T
5, SC-SC HERIZIB T, e HOIPTFFEDE NI LY
SnPb &\ 2B 7 VOB SnBi OHO LY 5
nQ-cm? F WS R 7T,

HiEE
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HiL7=t DT D,
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Fig. 1. Key issues of project “Quantum Innovation for Safe and
Smart Society (QiSS)”
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Fig. 2. Advancement of compact cyclotron and beam irradiation
device for cosmic rays-induced soft error evaluation method and
targeted alpha-particle therapy.

2) [EHFA—H—0 PET TR0, M ASHEEHEHL S 5
Bt (REIZ 400) IZNAVGE AT D LA E T HE, B
FINERERZ B SLFE L 0 D,

3) PET IEZREDOEHAAET72D12I1%, PET H RI OHY
B e b e o e S N SYIAY - Dy A

RO R AT OIIE, NN RO B AR ]

K CTHD, 2T, Ferld, wHiaEELH 2 A L2408
YA rubny (R vk Arabnr) R1EREL, ©
LR — A IS CERRIA O KL 1% IN5E R 7R v R /N A
ruabu ORRIZIVEA TWD,

S

AW O —EIL, BHEEIFIRELEEAE (JST) O FE LA~
T b7 3 — LG TEHEEE 7 17T 5 (OPERA) I 722 &
AR T 5,

SEXH

1. H. Ueda, et al., IEEE Trans. Appl. Supercond., 23,
4100205 (2013).

2. FFEF5682903, F5EF5708984, 4FBH2015-079626

5960 20184 EEATKIL T4 - lHEESA R



1C-pll

L (2)

SR EN ZHEER LY/ o0bOY DR
—BEEO(MIL VAT LERMLEHR—
Development of high intensity compact multifunctional HTS cyclotron
— Required specifications of HTS coil system —

Al B (RREE KRS s s (WL RS B0 B (biEE RS IR BRI, BB ER(FHED) ;
HH O, B R, @RS W, = 1T (EAEMRD EE ez ()

ISHIYAMA Atsushi (Waseda Univ.); UEDA Hiroshi (Okayama Univ.); NOGUCHI So (Hokkaido Univ.);
WATANABE Tomonori, NAGAYA Shigeo (Chubu Electric Power Co., Inc.); YOSHIDA Jun, TSURUDOME Takehisa,
TAKAHASHI Nobuaki, MIKAMAI Yukio (Sumitomo Heavy Industries, Ltd.); FUKUDA Mitsuhiro (Osaka Univ.)
E-mail: atsushi@waseda.jp

1. [ZC®HIZ

Fox X, BHFEHEAN IR IR (JST) OFEF IR T T b7 +
— 2RI FEHEE 7 17T 2 (OPERA) IZB W T, =) L¥
— ] S TR O KL - N R e A R B/ N 7 a e
Y OBIFEITIFRA TWD, T X, 1 iRAR TG R 256
Licze Ny Arabay (A VA rabay) LT
WD, ATV A rabaid, EIRBEEI AL TOEE
T BRI LD/ N L, RIRER B IS BT D65 0% EE,
ZeMbIC L oS E O B EE DM £, =¥ —n 45
DT, B FBEIAA AL DNERB L, BTV,
ARFEER T, =X — w4 SREINERL 7 ISR LT
SR MERESS° AVF (Azimuthally Varying Field) D84 (2B
KRENDBEEE AL AT LADOHAEIZSOWTHET S,

2. A7)k a kY

FHx BIRELTCWDAT VA 7aha i i, 5EkON
B CTIXH R CTHBLOH AEITH IS, Fig. 1 1R T
FORMEAT Yy haf L (ERHERIG AT L' o 2 —ad
)V (AVF: Azimuthally Varying Field F&EH) 7552200
R EE A VI TR B R T A1 TH 2 &
R DOFHE L2 TOD[1], mIREEELB L OB IMEIZE
D, 1) ERESGENRAETEDD, I/ SR CE TRV
XF—DOHANTREICARD, 2) SoLEHAVRNOT, 22/ A
A % e KIRTE DS LT M2 ORE X BRI X D BRI TR 03
BHTED-0D, RKEROE—L%5 AL, ERSELNLEL
FELTIELUER HIZENTED, 3) BIBERFOELOFEEN
LA R L ENEN 2L, IRIE BRI BT A1 DI D%
EPEDHER TE, =RV — AKX SRR -2 I T
x5,

3. MEEOAMILVRT LA

Table 1 \IRTRIFZIMBTCEXDEYArabnr O (Y
HLUPEE: 50 cm) 2D TS, 2OV A 7aba i, 77
FRMEEZIEEICHWSND AL 24T 572012, *He®
% 36 MeV TR LD THD, £z, TV 7 7RG ES
TRIRT21FT7e<, BNCT (RY 3 ke ieis) Ao b+
ARk, SPECT (H— Y1 R fafiksy) X PET (B 1 H
WrlE e ) IV HALS RIBAI O BE v e 2 HERE Y 1~
ahaThd, 2OV Arabar BRI 572012, MEED
ANV AT WL, BRENAHARIILL T O THD,
31 IRNVX—AE-SHIERE

Table 1 (22 7= L FEIENERL T % =R /LF — A28 CHN
A REAR IR B LY AVE 2 f7nbho (g s
NDORARIGIEE CRETLIENTRSND, 2AVEEF
DOFEHNC OV TR 1P-pl6 THET 5, £/, WiEHEE
ML T — 7 TR THDT- 0, B oM & 5T 5
G 5.2 5, I B TERE S RAT IZ DWW IR R
1P-pl5 THET 5,

RF cavity

Sector coil

Main coil

Fig. 1. Schematic drawing of Skeleton Cyclotron

Table 1. Accelerated ion and energy for various applications in K80
Skeleton Cyclotron

Energy B, (T) frr

Ton (MeV) @50 cm (MHZ) h Applications
‘He*" 36 1732 79.031 6  o-therapy, *''At
*He* 40 1.826  83.240 6 y-SPECT, *°At
*He* 80 2,589  77.861 4 K-number

H 18 1232 73712 4 PET-CT,**Ac/?"Bi
H 30 1.596 94279 4 BNCT, Mo -*"Tc
H 50 2,071  59.937 2 BNCT, Mo -*"Tc
D'/H,” 40 2589  77.861 4 BNCT,”Mo -*"Tc
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