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and their physical properties
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KHEE 70%DFEND 40 K THIM Je = 3.2 kA/em? Z 7R L,
INEBEET VAZITERR LIZES 0.62 mm, FHXEHE
86% D FXEHEFI ST 10 kA/em? LA kil J. 708k L
Too VA BERER L O EVLER S O fGE Ic L X5
VORI Je 8 ERT B aREMERE W EE X T D,

T T T T T
pressed under 300 MPa Dy, ¢5Cag.asBazCuz0y,
+sintered at 830°Cfor 24 hinar  MA : low temp., 0.28 T

+pressed under 3 GPa

+ sintered at 800°C for 24 hin 1%0Q,

pressed under 300 MPa g
+ sintered at 850°C for 24 h in air
top surface

Intensity (normalized)

003
005

004
[ F= 013,103,110
113
007
116,123,213
220, 206

~F
o

20 30 40 50 60
26/ deg (Cu-Kz)
Fig. 1 Surface XRD patterns of Dy(Ca)123 sintered bulks.
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Fig. 2 Surface secondary electron image of a dense and weakly
c-axis oriented Dy(Ca)123 sintered bulk.
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SEAMU 7= 44 1% Table 1 1ZRT, kD N T L
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FESC-SCHO04 % Hastelloy ZEAKDEZA3 50 um THD.

Fig. 1 I\ZRIAZEFE (LN F O 5 [BERBREE R OFIZ R, it
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T 7= CEARIR IR LB L. THD. FESC-SCHO04 |35
WSy, KOS R ETHNT A2 EnTE 5.
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BB FTC R T DIRE A ELCWDZ e hND. 2T
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(X DBEERE G RO\ ELEZENEZHND.

U H L, ZOMOEFTALRE FICOW TR 5. F72,
MR LB RIC LD I% 95 #5 E% 1P-p06 ¢, FESC-SCH04%
WA VORI E2P-p24 TS 35,

#HiEF
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Table 1 Fujikura’s REBCO product lineup (excerpt).

g KT | 86 | % | ER | @ox
- vy | i Bx | mx | @

FYSC-SCH04 72l 4 mm 0.13 mm 75 um 20 um

FESC-SCH04 HY 4 mm 0.11mm | 50 um 20 um
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Fig. 3 Probability of coil-degradation per unit volume as a
function of maximum delamination stress of impregnated coils.
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Control of defect density and improved Jc by post-annealing for fluorine-free MOD Y123 thin films
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P ED R0 & ARAFFE LR M4 % ORI 5
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IRy
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(Y, Ba, Cu)D 7 v F LT B ARERICERZRA Lz
D% JFEHRH &L, SrTiOs(100) HLRE dh 2 _E iz A v a—h
WCEOBAT LT, BRI ABEL CH Z iR L=, ZDJR
BHEIR O BAT SARBEE ARV IK L | f IR %~500 nm
WD IO 7=, #E T 800°C, Pox = 10 Pa(O2/Ar)DFE[H
RCHERRL, BB T =— LKV B L 7=, Sbhi
MU KAR S ABRRE KT, 300°C THEVLHLLAEE
RBGEEA LTz, SHICZ, BILEEK THD 700°C, Poz = 10
Pa(O2/Ar) CiEBMIOBIREIT 7% BEF T =— MLV R
RELZFEREL S ER L, GO BHI DN T
XRD (2L %4E[EE . SEM, TEM (2 X DB RRBLZR 21T\,
WA PElT SQUID BEEREHI LY, L ITIRIKZEHRE T TF
EYRICERHE L 72,

3. MERLER

Fig. 1 ICERMEERS KK TR R P2 BVLERS | SHITETT
EGVEE D Y123 RO XRD /3% — %R, FhilE K
Ba2S A Bl L7 ISk L C L IR on SR AU T CAVLER L 7= i
IS —772 001 B —ZITR-TRY, 247 BIOFEE X%
SHBHEPEL TWDIEPRBE NI, FEIERICIVHEL
177K, ~0 T 1ZZNEH 125 A em! (%), 172 A em! (F%
JE KB AL), 156 A em™ GEICEVMLERT:) ThoTz, Fig.2
IZENTENOFED 77 K, 40 K IZHITD J ORGSR IS
TR, BITEIRS B LT KVRES T OB G M AN ]
BLTODBZEN DT, L EXD, EonBLER 12 LR
B T RIS J REEOHIHNFIRE CThH DT EDRINIZ,
Fig.3 (238 LRV O O i TEM %281, Wi
TEM 42> BR 1 s 1T (2 B TR A THIRL TOBEE T2
Blashnr, sE CITBRBVLEIRIR ICRBIT D KER D ER
TR T LA R Ko E B - IR O ER A 3w %,

E T T T T
E index: Y123 Ba2342* STO** X : unidentified

post annealed(wet O,, 300°C, 1 h)
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Fig. 1 Surface XRD patterns of Y123 films, as sintered, after
post-annealing under wet Oz and after post-annealing under
reducing atmosphere.

T T T T
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A + reductive annealed(P, = 10 Pa, 700°C, 1 h)
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Fig. 2 J. —H curves at 77 K and 40 K for the Y123 films, as
sintered, after post-annealing under wet Oz and after post-
annealing under reducing atmosphere.

Fig. 3 Cross-sectional TEM image of an oxygen annealed Y123
film after annealing at 700°C for 1 h under Po2 = 10 Pa.
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Properties of REBCO split wire having extremely fine multi—core structure
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AL 72,
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WNEBAZ ) METIE, —EIOHY T £72IZREBCOE D
BEBRINTICRY 5~15 ARRED ATy MR IN T T&%
KD, ZDXHREIA TV OBEITHI 10 pm LR
ETHHD, BT arELTAT TS, £, 7a7o
TERIZEY, A a7 OEE LI T.T&5,

REBCO #AH13AEAE LHROME 4 mm, JES 0.2 mm OH
AR L, B8 10 m B E THS, BEEEITVE
TR LRI CAT ) Z—ZFI L., #4472 i 2808 o 5 A
N —Z %2 EOF A MEHZ AL TE A LT, Fig. 1 &
2ODWNERAT Uy MEDEWERL TS, T [E$0E 29 [|]
(30 RDAL AT M) THY, M OFE S 17T 0.1~0.2
mm TOBEES ARSI LT,

Pressure

Pressure

Coated conductor l

HEPOM

(a) (b)
Fig. 1 Images for two inner split methods: (a) V-bending and
(b) pressure concentration.
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Fig. 2 [XRUELIZAT VY MROEF R B E TH D, Fig. 2(a)
1% SUS lORETHY, BT HROMIFEIX 50-250 pm TH D,
Fig. 2(b)I3 REBCO flOFR i THY . MM R H7R70>T=D
T AEPICE DN T HETIIIER DT — 7 b
WESNDZEN DT, 2. REBCO B SEM Hifg Tl
EEOVTar NERSI, YEICRETLTETHD,

iR BIROME TIX, B RS CIouoRbt oo i
TholB, A7V MRO R EFRIT IO BRIV RIS IS
RN [3], IS IS A ER R B IR E I e Hien e
ZTWD, Iz, 16 A a7 OAT Uy MK 3 T ORsE
PLECIruofst oA EFR % _EEl>TWb[3],

FA OVER B IR DR TlE, 4.2 K TRYLOREEE
TEMZREL . T OfE B% Fig. 3 1R, o7 AX1Z
4X3 mm C, 2 & ER T — 7 HICIEEAR F R CHIEL,

K5 nbET, WRTE T LD T KIB I dES
FU. SR EN NS 2P o R LT B D 5 B AL 23 e D B
WD 1/27 1 ZeoT, 2Ol IR O KR/ d#E Iz X
V. 7T TIE SUS OIRBEMER /3 D3SBLAL, BM EROBEITK
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(a) (b)

Fig. 2 Tape surfaces for (a) stainless steel side and for (b)
REBCO side.
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Fig. 3 Magnetic dependence of magnetization for two tapes at
4.2 K.
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X, Bk —~va A e EOBMEREZ WD ORI TH
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2. EBAHE

Wy — L R4 B 72012, Ag LEVIE F TR
L 7= 10mm §i§ > GABCO #pf & A iz, 77 K B e o
) I VX 500 A DR TH B, BEBIZHN AT B A D
EX|Z 70um Thotry =L FORELOMEIZT VI
ZU AT, AEUVAHRILT0mm®, £ 140 mm F TERIT S
X oLy, Ag BENANC L TRMBERLRVWE I
BOICEL L TT7 Ty NIA RXRIEIDPIND S X5 7
Fxhl L, BRBHEIT 1L BECERLY—L R
DOFMEAT > 7, IR ST,

X 1B E oK 2 7~ g, BELL #8o ks —1 35k
F %R B O R A HNER RS OO 05 18 O BEIE IR & I E T
X BMEICEE LI AR 3T D~ 7% kI NEE 200mm
DY TAFAK Y Mty b, RIKEFR TR L721&IZ,
AECOEFHRAPHESGICEE L /0d X DI BEE Y —
IV REBRA LT,

200 mm

et

150 mm

70 mm
max 3T

Fig. 1 Schematic configuration of measuring the shield
properties.
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R NVFTOEEEZPE LT, FMBEESX0.0 T—=3.0 T
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HIE LT,

3. EBRERALUBE

SRR & R — LV BIE L D EH LN oS & 0%
No—V RENTBSGER LTS, X21E, —/b i
5 % SRS TR LT 100 43 3R TR 6O - s Dl R
% 20 mT CHER LR THD, K2R LIZE DI,
20 mT Tl L2 IEie=R1T, 3 8 Tl 15%FRE 72 - 7= ik
HN T ETIE75% U EETHEMLEZ E0N oD,
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Fig.2 Relationship between number of layer and shielding rate.
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Development of HTS Skeleton Cyclotron for nuclear medicine treatment (1)

— Technical Issues in Development of REBCO coil system —
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Table 1. Magnetic force of the radial and axial directions in the upper

split Main Coils.
Coil Name Fr (kN) Fz (kN)
Part #1 9.5832 -0.6958
Main Coil 1 Part #2 12.6643 0.7466
Part #3 9.5832 -0.6958
Part #1 0.0595 0.2435
Main Coil 2 Part #2 0.2296 0.4740
Part #3 0.0595 0.2435
Part #1 61.7924 -17.9018
Main Coil 3 Part #2 73.1986 -22.5613
Part #3 61.7924 -17.9018
Part #1 -14.8022 -6.8645
Main Coil 4 Part #2 -18.4965 -8.8977
Part #3 -14.8022 -6.8645
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1. Introduction

High field magnet technology is the key to the success of
the high energy accelerators in future. China is pursuing
critical technologies R&D for future circular colliders like the
Super Proton Proton Collider (SPPC). SPPC will need
thousands of high field (12-20 T) superconducting magnets in
around 20 years. A long term R&D roadmap of the advanced
superconducting materials and high field magnets has been
made, aiming to push the technology frontier to the desired
level, and a strong domestic collaboration is established, which
brings together expertise of Chinese superconductivity
community from fields of physics, materials, technology and
application. The goal is to address prominent scientific and
technological issues and challenges for high field applications
of advanced superconducting materials. In the past years
model magnets with hybrid coils (NbTi, NbsSn and iron—based
superconductors) have been developed and tested. An
overview of the high field magnet program, R&D status and the

future plans will be presented.

2. Conceptual Design Study of the Magnet for SPPC

A conceptual design study of 12=T 2-in—1 dipole magnets
is ongoing with the Iron-based superconducting (IBS)
technology, to fulfill the requirements and need of a proposed
large—scale superconducting accelerator: Super Proton Proton
Collider (SPPC), which aims to discover the new physics
beyond the standard model with a 100-km circumference
tunnel and 75 TeV center—of-mass energy [1]. The design
study is carried out with an expected Je level of IBS in 10 years,
i.e., about 10 times higher than the present level. Besides the
significant improvement of Je, we are also expecting that the
IBS superconductor would have much better mechanical
performance comparing with present high field conductors like
Nb3Sn, REBCO and Bi-2212, and the much lower cost than
them. The aperture diameter of the magnets is 45 mm. The
main field is 12 T in the two apertures per magnet with 107
field uniformity. The common—coil configuration is adopted for
the coil layout because of its simple structure and easy to
fabricate.  Two types of coil ends are considered and
compared for the field quality and structure optimization: soft—
way bending and hard—way bending. For the hard—way bending
the coil is wound with flared ends and in such way the needed

superconductors is minimized. The detailed is presented in [2].

3. High Field Superconducting Magnet R&D

R&D of high field model dipole magnets is ongoing at the
Institute of High Energy Physics. As the first step, a 12-T
subscale common—coil dipole magnet named LPF1 (Let the

Proton Fly) with two apertures and graded coil configuration

was designed, fabricated, and tested. With 4 NbTi racetrack
coils outside and 2 NbsSn racetrack coils inside, to reduce the
field enhancement at the ends of the coils, the coils were
designed with different lengths. All of the six coils were wound
with superconducting Rutherford cables and impregnated.
Coils were pre—stressed during assembly at room temperature
with water—pressurized bladders in vertical and horizontal
directions. Two end plates and four aluminum tension rods
were adopted for pre—loading in axial direction. A 0.1 Ohm
dump resistor was used for the quench protection during the
test of LPF1. LPF1 was tested at 4.2 K and a field plateau had
been shown around 10.2 T after the 13th quench. The
parameters of the design, the process of the fabrication and

the test performance of LPF1 are presented in [3]

4. Development of the IBS Coils and Test at High Field

A series of ¢35 mm IBS (Iron Based Superconductor) coils
including single pancake (SPC) and double pancakes (DPC)
were designed and winded with the 7-filamentary Bal22
(Ba;K FesAs,) tape which was produced by the Institute of
Electrical Engineering, Chinese Academy of Sciences (IEE-
CAS). The tests of the IBS coils were firstly carried out at 4.2
K and 10 T background field. The highest quench current of
the coils at 10 T is 68.4 A, which is about 79% of the quench
current at self-field and about 90% of the critical current of
the short sample. Then two SPCs were selected and tested at
4.2 K at 24 T. The highest quench current of the coils at 24
T is 25.6 A, which is about 39% of the quench current at self-
field. The detailed information is presented in [4]. These
results suggest that the iron—based superconductors are very

promising for high—field magnet applications.
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