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Schematic diagram of the MIRAI Program MIRAI

Ultra low resistive joints

perconductmg

Elongation of the DC Develgpment of joining The world’s highest field
superconducting feeder technol&qv between high NMR magnet, oﬁerated in
cables for railway systems teﬁ\perature the persistent oﬂrrent mode

superconducting (HTS)

Construction of new

teChnOIOgleS’ prowdl.ng a basis https://www.jst.go.jp/mirai/jp/uploads/sai
for future society taku2017/JPMJIMI17A2_maeda.pdf
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Development history in Japan @RA-

\ >~ 1.02 GHz LTS/HTS

Medium-field LTSHTS NMR ~ NMR (24 1)
(500 MHz; 11.75 T) Driven mode
Driven mode

K. Hashi, et al., JMR, 256, 30-33 (2015)
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Development history in Japan @w

MIRAI Program

2017-2026
Target:

|

B Development of a world’s

highest field all-superconducting
NMR magnet operated in the
persistent mode

1.3 GHz LTS/HTS
NMR (30.5T)
Persistent current mode

https://www.|st.go.jp/mirai/jp/uploads/sai
taku2017/JPMJMI17A2 maeda.pdf

K. Hashi, et al., JMR, 256, 30-33 (2015)

JST-Mirai Program



https://www.jst.go.jp/mirai/jp/uploads/saitaku2017/JPMJMI17A2_maeda.pdf
https://www.jst.go.jp/mirai/jp/uploads/saitaku2017/JPMJMI17A2_maeda.pdf
https://www.jst.go.jp/mirai/jp/uploads/saitaku2017/JPMJMI17A2_maeda.pdf
https://www.jst.go.jp/mirai/jp/uploads/saitaku2017/JPMJMI17A2_maeda.pdf

IEEE CSC & ESAS SUPERCONDUCTIVITY NEWS FORUM (global edition), February 2020.
Plenary presentation PT-4 given at ACASC/Asian-ICMC/CSSJ Joint Conference, 6-9 January 2020, Okinawa, Japan.

JST

High impact target of the 1.3 GHz NMR MIRAI

B Structures of proteins which link to Alzheimer's disease, Prion e p
disease, Parkinson’s disease were determined by solid-state NMR. TokyoTech KN

Alzheimer’s Prion disease

; Petkova, Ishii, Tycko et al. PNAS 2002
AmyIOId B AB40 Bertini et al. JACS 2011; Reif et al.

AGC 2012 etc Prion

Meier et al.
Science 2008

Jaroniec et al. . ’
PNAS 2008 Parkinson’s

Ishii et al. NSMB 2015
AB42 Griffin et al. JACS 2016; Meier et al.

o-Synuclein
Baldus et al. PNAS 2005
Rienstra et al. NSMB 2016

Ishii et al. NSMB 2007
Smith et al.
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Schematic diagram of the program MiRal

Ultra low resistivemi\\ Superconducting joints

Elongation of the DC Development of joining The world’s highest field
perconducting feeder technology between hicﬁl NMR magnet, operated in

for railway systems temperature the persistent current mode
superconductin

cab

Construction of new

teChnOIOgleS’ prowdl.ng ailozails https://www.jst.go.jp/mirai/jp/uploads/sai
for future society taku2017/JPMIMI17A2_maeda.pdf

JST-Mirai Program



IEEE CSC & ESAS SUPERCONDUCTIVITY NEWS FORUM (global edition), February 2020.
Plenary presentation PT-4 given at ACASC/Asian-ICMC/CSSJ Joint Conference, 6-9 January 2020, Okinawa, Japan.

Electrification feeder system for @
rallway systems —

DC electrification feeder system
for railway systems

Substation
SS1 SS2 SS3
Feeder
[TT1T JTT11 C I 111 1
1 % °| # Trolley
* * * Rall

Disadvantages:
 Transmission power loss of the

DC feeder cable
« Sometimes regenerative braking
IS canceled(energy consumption)

M. Tomita et al., Energy 122 (2017) 579 @ Railway Technical Research Institute
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Electrification feeder system for @
rallway systems =

DC electrification feeder system

for railway systems

SS1 SS2

Next generation DC electrification

feeder system for railway systems

SS3

Feeder

i -

Trolley

Advantages:

T

o

 Load leveling between

substations

Rail

« Reduction of transmission loss
- Efficient regenerative braking

M. Tomita et al., Energy 122 (2017) 579

JST-Mirai Program

SS1

| SS2 | | SS3 |

SC cable

Feeder

L1 T1
iéiL-° ﬁii | Trolley

-

L

* Rail

Lig. N, flow

—— HTS tapes

HTS DC feeder cable
>10cmin OD

@ Railway Technical Research Institute
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Necessity of the joint MIRAI
Substatione »|Substation
2000 ~ 5000 m
feeder
00 ~500 m/ ral

400 ~ 500 m / unit _

Terminal (= > ____2 feeder ca-bles E Terminal

Cooling Joints Jointing Cooling
system | terminal system

Cable length is <500m due to
truck transportation

_ Deve_lop_m_ent of ultra-low resistance T Reiinay Tochical
on-site joints between HTS DC cables Research Institute
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Organization of the program @m-

- . Aoyama-Gakuin University, NIMS,
_ Prog-ram manager PM Supporting office TEP Ceramics, Sumitomo Electric,
Hideaki Maeda (PM) PM/RIKEN Fine Ceramic Center, Kyushu

University, Kyoto University, Tohoku
] University, Muroran Institute of

Technology, Shimane University,

[Joint technology group
Japan Atomic Energy Agency

Jun-Ichi Shimoyama (Aoyama Gakuin University)

; NMR magnet group RIKEN,JASTEC, OKAYAMA
!:‘ Yoshinori Yanagisawa (RIKEN) University, NIMS

" Proof of social impact of NMR group Tokyo Institute of Technology,

| Yoshitaka Ishii (Tokyo Institute of Technology/RIKEN) RIKEN, JEOL RESONANCE

" superconducting feeder cable for ) Railway Technical Research Institute,
railway systems group Kyushu University, Kyushu Institute
Masaru Tomita (Railway Technical of Technology

._Research Institute) )

18 universities, research Institutes and companies

JST-Mirai Program 15
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Stage timeline of the MIRAI Program

JST |
MIRAI

30 T magnet

NMR instrumentation
NMR spectroscopy at
ultra-high field

Persistent 400 MHz NMR magnhet

/Design and fabrication\

* Mass production of the
SC joints

Design and fabrication
of the 1.3 GHz NMR
NMR spectroscopy at

ultra-high field

/

.

/ Fabrication and NMR \

Completion and the
charge test of the
persistent 1.3 GHz NMR
NMR measurement with
the 1.3 GHz NMR

200L7 2023 2026
\ The 1st stage The 2" stage The 3 stage
4 N Test N
R&D and the 15t prototype The 2" prototype es
o + The running test of the
* The 2" prototype of train with joined SC
he first prototype of the SC cable joint cables
thexSC cable joint \_ Y, \_ Y,

JST-Mirai Program

Railway Technical Research Institute




IEEE CSC & ESAS SUPERCONDUCTIVITY NEWS FORUM (global edition), February 2020.
Plenary presentation PT-4 given at ACASC/Asian-ICMC/CSSJ Joint Conference, 6-9 January 2020, Okinawa, Japan.

Outline @

1. Overview of the MIRAI Program
2. Present status of the 1.3 GHz NMR development
 Design of the 1.3 GHz NMR
e Superconducting joints
« 400 MHz (9.4 T) LTS/HTS persistent NMR magnet
and NMR measurement
e |ssues to be solved for the 1.3 GHz N
 NMR instrumentation and spectroscc

3. Present status of the intermediate joint  br.Y. Yanagisawa
feeder cables
4. Summary

(RIKEN)
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Change in preliminary design (#ha
Persistent 1.3 GHz NMR (30.5 T) Suasrec.

Design A Design A2 p
Reasons for the change of the LTS/Bi-2223/REBCO  LTS/BI-2223/REBCO LK
magnet design: o o
* Design A needs a piece of HTS I I il
conductor with a length of >1km, : g ]
which is unlikely at present >
« High cost of the magnet | I y I I
ona T ENbTi ENb; B Bi- 2223 IR BCO
(HTS) 0A3TLTS) g5 T(HTS) 15.7 T(LTS)
N
R.EBCO Field contribution of the
B Bi-2223 NX .
m TS HTS coils is reduced

H. Maeda et al., IEEE Trans. Appl. Supercond. 29 (2019) 4602409. DeSIQned by Dr. Hamada, JASTEC
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Outline @

1. Overview of the MIRAI Program
2. Present status of the 1.3 GHz NMR development
 Design of the 1.3 GHz NMR
 Superconducting joints
e 400 MHz (9.4 T) LTS/HTS persist
and NMR measurement
* |ssues to be solved for the 1.3 GF
 NMR instrumentation and spectra

Prof. J. Shimoyama

3. Present status of the intermediate |  (aoyama Gakuin University)
feeder cables
4. Summary
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Superconducting joints necessary @
for the 1.3 GHz NMR magnet -y
Magnetic field at joints REBCO-LTS joint x 1

-:.’:
- 1] |

\

Coil current =179 A@ 1T

REBCO-REBCO joint x 40 (300 m)
| = = =
RBCO-Bi2223 joint x 1

REBCO
y

/

Bi2223

Bi2223-Bi2223 joint x 60 (300m)

‘- T— T 1,.‘_‘.,2&;:{- R T , 2 Z#J
3 e - = R 3 = - = R

Bi2223-LTS joint x 1

n T— - E e BTN R
=esfsoradgetues-) T |&
b e R " Wi e M

/

210 km

LTS

Permissible total resistance necessary for the field decay rate of 10-%/his
10° Q , corresponding to a joint resistance of 10-12~10-11 )/ joint

JST-Mirai Program 20




IEEE CSC & ESAS SUPERCONDUCTIVITY NEWS FORUM (global edition), February 2020.
Plenary presentation PT-4 given at ACASC/Asian-ICMC/CSSJ Joint Conference, 6-9 January 2020, Okinawa, Japan.

JST
MIRAI

Superconducting joint
REBCO/ REBCO (RR)
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Manufacturing process of an indirect

TaY MIRAI
type of RR joint
SUMITOMO B Joini stra
ELECTRIC GABCO layer

4

Japan Fine
Ceramics Center

Intermediate
Grown
Superconducting
Joint (iGS Joint)

GABCO Tape-A Metal Substrate

substrate

- o ggﬁfcc?ystalline JOining Strap

REBCO

.\
-l\ et - REBCO Tape

REBCO tape _
Crystal growth
800°C. 20 min, 40 MPa TEM images

Oxygen annealing
00-200°C, 6 h

K. Ohki et al., SuST 30 (2017) 115017.
K. Ohki et al., ASC-2018, 1LOr1C-03.
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Joint critical current vs. magnetic field @RA.
= Conductor I, = 160 Aat 77 K Sk 1G 29
v rrrrrrror T T rrTrT T T 90 T T T T T T T T
R= 80|
&) I i
| 5 c )
Lift factor| © O 60 :
=11 S S sof // ]
"% E 40- _
X B
£ S 1 1 -
o " - £ )
| 7 = 77K ] c 10%3%_//_;:7:;7 K ]
70 A 0O 1 2 3[4 5(|57|2|35|310 00'1|'2|'3J_4'5'é|7||8||5|;|10
(70- 100 A) Magnetic field (T) Magnetic field (T)
The indirect RR joint is sufficient for the 1.3 GHz NMR K. Yamagishi et al., ASC2018,

4. Pol1G-05.
JST-Mirai Program 23
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MIRAI

Superconducting joint
Bi-2223/ Bi-2223 (BB)
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Manufacturing process of @
an indirect-type of BB joint

TEP CERAMICS K K. DI-BSCCO > length %

. [Type H]
B Bi-2223 precursor was coated - oy il The University  ACYame-
of Tokyo
Lap joint f :
=
DI-BSCCO : . Py
06° I meen Cross sectional view of the joint

810°Cx ~20h
B Low angle polishing (~0.6° )
was applied, which increased a
number of exposed filaments

Polished surface
Y. Takeda et al., SuST 31 (2018) 074002

Y. Takeda et al., ASC2018, 3MP02D-08, Y. Takeda at al., Appl. Phys. Express, 12 (2019) 023003.
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JST |
Joint critical current vs. magnetic field @‘“
500 10°Q
700 | , A\ BB joint | f‘f NIMS’
The University Zyiri?]a'
< 600 / DI-BSCCO | of Tokyo %
E 500 _
= 400 \ 4
% The indirect BB joint satisfies the
S T requirement for the 1.3 GHz(30.5T)
E 200 o. 260AN=20 > - NMR; however, the joint critical
£ oo ™ 1, =179A current must be further increased
! i : 42K i
_ ! H/l tap.e surface
00 1 2

Magnetic field (T)

Y. Takeda et al., this conference, 9P-15.
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Other topics
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' TAl 7 Z 9 @
Direct type BB-joint 7 E R o ¢ (Wha

z Heated zone 10

y Width 4 mm ) - 77K, self-field | ——4K ]
] 8 Ic:12A n-value: <5 ——T77K -~
" / / % 2 4 4K, Self-field ]
[ % L ﬁf;; B 7 ~900 C fOI' 1m|n % 4_ lc:177A n-value: 33 i i
Bi2223 tape - 5 “::}}""”5 mpt’ 1 atm 02 350°Cx10h s . ;

"j;;;;;;g; """""" " Boundary o A v 7 ]
< lorr%gr:_lon% 0 WM"H& ]

100 200

Partial melting and solidification Current (A)

Based on SEM images, it is
demonstrated that Bi2212 connects
Bi-2223 filaments

The joint I, is dominated by Bi-2212

L

Insufficient for the 1.3 GHz NMR
at present

Bi2212 bridges Bi-2223 filaments

X. Kanazawa et al., SuST 32(2019) 035011.
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Development of ajoint resistance e
evaluation system 29

- Specification
¥ SPORRTARY () . ’ R-range: 10 ~10-'5 Q

N

. ; Sample rotator T SR
m » Temperature: 3 ~120 K

_The perS_IStent current is » External field: 0 ~ 3 T (rotatable)
induced in the loop by Sample holder » Current injection: 0 ~ >400 A
dISCharglng a copper i Commissioning: 1 turn Nb-Ti wire, solder joint @4.2K
CO” Holder tail

Sample cryostat

Rotation coupling ——

Split-pair main coil

Shield coil

:

6.458
6.456 -
6.454

Copper coil for
current induction

Hall sensor output (mV) -

Current loop N 6452 [~
. .. 450
Wlth aJOInt ® :448 2 x10-14Q 2uV
A part of this work is based on results oi : 400 mm /// Hall sensor(s) for 6“6; e N
obtained from a project commissioned . SO I———. rhasifoen)
by NEDOJ[ No. 16100555-0] N\’ 0 70x103 sec

K. Kobayashi et al., IEEE Trans. Appl. Supercond., accepted for publication (2020), DOI: 10.1109/TASC.2020.2967680.
H. Kitaguchi et al., this conference, 9A4-1 (2020).
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Current status of the joint development MIRAI

Coil current =179 A@ 1 T REBCO-LTS jointx 1 Ultra-low resistance normal conducting
B0 joint or superconducting joint

REBCO-REBCO joint x 40 (300 m) _
1 + = Completion of the development

RBCO-Bi2223 jointx 1
ET == Ultra-low resistance normal conducting

Bi2223-Bi2223 joint x 60 (300m) joint or superconducting joint

EE=crolEr=sre

i,
\

210 km >
o—(l

/ REBCO
\

Bi2223

A

O O

Nearly completion of the
Bi2223-LTS joint x 1 development

LTS

;i N1 o TR
[ St g B |
3 — = - i =

By using the solder dip method, ultra-low
resistance joint (10-19Q)or superconducting
joint (<20A) was achieved

JST-Mirai Program 30
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Outline @

1. Overview of the MIRAI Program
2. Present status of the 1.3 GHz NMR development
 Design of the 1.3 GHz NMR
e Superconducting joints
e 400 MHz (9.4 T) LTS/HTS persistent NMR
magnet and NMR measurement
* |ssues to be solved for th
« NMR instrumentation anc
3. Present status of the interr

feeder cables Dr. Y. Yanagisawa Prof. . Ishii
(RIKEN) (Tokyo Institute of
4. Summary Technology/ RIKEN)
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The medium-field persistent NMR magnet @m
with superconducting joints
Persistent REBCO inner coil @ Ssastec. w0l 8,
400 MHz (9.4 T) _ :

49 oo

NIMs

Tokyo Tech

LTS/ REBCO NMR Persistent

LTS outer coils T RR joint

N 4 olycrystalline
¥ GdBCO

Persistent current
switch

REBCO coil (4 layers)

JNM-ECZ series NMR spectrometer
Installed in RIKEN

It is proved that high resolution NMR spectra are
achievable by the use of persistent LTS/HTS
NMR magnet with superconductinng joints

JST-Mirai Program 32
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Outline @

1. Overview of the MIRAI Program
2. Present status of the 1.3 GHz NMR development
« Design of the 1.3 GHz NMR
« Superconducting joints
« 400 MHz (9.4 T) LTS/HTS persistent NMR magnet
and NMR measurement
* |ssues to be solved for the 1.3 GHz NMR magnet
 NMR instrumentation and spectroscopy
3. Present status of the intermediate joint between DC
feeder cables
4, Summary
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a . Degradation of the REBCO inner .., P o @
coil due to the screening current o chipn 2

RIKEN UNIVERSITY

____________________________ Enhanced hoop stress

: P | ~ | mp
: % Stress, 0 ; a
| 15 5. 16T 324MPa | 300
e Radial field | 1B 28T Stress 250
= : - S increase 200
o | e 196 A
,dl : 0.5t /NbTI3OOA - factor 1 H150
® Screening current E oL Oipiac] BIR:39 | H100
Electromagnetic force i N& B.JR: 84 MPa 50
_ . TTTTTmmmmomoommemmmoomooos T 0.5
The interaction between B, and the screening Model 050
current results in hoop stress modification T coil L 1100
. . Al - -216 MPa
The excessive hoop stress or buckling at a b ..&::: ; Buckling | I
conductor edge damages the REBCO caoil. 2 T, (Di;?;qementianttoscale)' 20
More investigations are necessary. # W e 8

. Deformed view
S. Takahashi et al. MT26(2019), Tue-Mo-Or8-04.

S. Takahashi et al., IEEE Trans. Appl. Supercond., to be published (2020).
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b. Protection of the REBCO inner coll @
against thermal runaway (quench) S o 4

MIRAI

Conventional NI method New NI method (LNI)
| REBCO
REBCO : It was proved in our
€ B AR — laboratory that the
i | REBCO coil is
: protected safely
i against quench by
L | [ the use of the LNI
! method
Layer | -
ﬁdinq | The LNI method will
| L be used in the 1.3
! GHz NMR magnet
Disadvantage: : Copper sheet d
Long time delay of the ' Advantage:
magnetic field Time delay is short v, syetomi et al., SuST 32 (2019) 045003
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JST |
MIRAI

c. 30 T-class LTS/BI-2223/REBCO magnet
:::: p. 29

UNI\/ERSITY RIKZN

July 5, 2019
. | I | 3I1 4 T I I I I 600
30 T test coil 30 — B . Thermal runaway of i
3 ; —_ cen the REBCO coil and —500
516.8 mm - shutdown of the DC
i ~ power supplies ] —
40T ge 400 <«
o 20 1777 | ~
Y= Dump of the LTS coil T
O stored energy by the 300 O
E ..0_5 DC power supply J =
= : c =
< T Bi-2223 93T S 10 4200 &
(Insulated) . © 017 T
= 0527 1100
! I, ', ,l; V18 A ]
/ 0
I P 30 32
LNI-REBCO #2 Time (h)

Nb,Sn — NbTi (17 T)
No degradation after :

The LTS/Bi-2223/REBCO magnet operated at>30.5TiS  :thermal runaway
demonstrated — e

Y. Suetomi, G. Nishijima, H. Kitaguchi, Y. Yanagisawa et al., MT26 (2019,Vancouver), Fri-Mo-Or27-02
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Outline @

1. Overview of the MIRAI Program
2. Present status of the 1.3 GHz NMR deve
 Design of the 1.3 GHz NMR

N

- Superconducting joints Prof. Y. Ishi
* 400 MHz (9.4 T) LTS/HTS persistent N 0 s icen
and NMR measurement

* |ssues to be addressed for the 1.3 GHz NMR magnet
« NMR instrumentation and spectroscopy
3. Present status of the intermediate joint between DC
feeder cables

4. Summary
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NMR instrumentation development for @Rm
the 1.3 GHz LTS/ HTS NMR magnet

l N
= Another 1 GHz-class (235 T) LTSHTSNMR ~ J€0L0)
| |8 magnet is being developed, granted by the R suasrer
. 8 S-Innovation program, JST

- The magnet achieved 800 MHz(18.8 T),
which will be used for the development of
NMR instrumentation

NMR console and solid-state NMR probes

K. Sato, ASC2018, 2LOr2A-01. veory seoL
R. Piao et al., IEEE Trans. Appl. Supercond.

29 (12019) 4300407. JNM-ECZ series NMR spectrometer ~NMR MAS probe
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Outline @

1. Overview of the MIRAI Program
2. Present status of the 1.3 GHz NN
 Design of the 1.3 GHz NMR |
» Superconducting joints or. M. Tomita
e 400 MHz (9_4 T) LTS/HTS persi (Railway Technical Research Institute)
and NMR measurement
* |ssues to be addressed for the 1.3 GHz NMR magnet
 NMR instrumentation and spectroscopy
3. Present status of the intermediate joint between DC
feeder cables

4. Summary
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- . . - . JST
Requirement of the intermediate joint MIRAI
Substations »|Substation
2000 ~ 5000 m
o feeder
400 ~ 500 m / uni ral
Terminal (= —— >om/unt é_____g feeder ca-bles £ Terminal

Cooling Intermediate Jointing Cooling
system joints terminal system

Positive Negative LN,
Layer Layer

@ Railway Technical Research Institute

M. Tomita et al., Energy (2017) 122.
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Easily fabricated ultra-low resistance joint of HTS tapes (st
Joint with indium foil inserted between joint surface

Soldered joint

® / Metal plate 6
W7 v < M

heater|

£,

J . By
/ e/
S
~

Joint section

After joining
process

Mechanical joint (MJ) with low-
temperature heat treatment

(100-120 °C for 1-15 min) Ultrasonic welding Joining time
(UW) ~0.1 sec
[1] R. Hayasaka et al., EUCAS 2019, 2-MP-CC2-S04. [4] S. lto et al., IEEE TAS, 29 (2019) 6600405. [7] C. A. Baldan et al., IEEE TAS, 19 (2009) 2831.
[2] T. Nishio et al., IEEE TAS, 26 (2016) 4800505.  [5] S. lto et al., EUCAS 2019, 1-MP-SPR-108. [8] J. Lu et al., IEEE TAS, 21 (2011) 3009,

[3] T. Nishio et al., IEEE TAS, 27 (2017) 4603305. . [6] S. Ito et al., 10th ACASC/2nd Asian ICMC/CSSJ Joint Conf., 9P-21. [9] G. Osabe et al., Physica C, 470 (2010) 1365.
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Easily fabricated ultra-low resistance joint of HTS tapes @

MIRAI

Joint with indium foil inserted between joint surface

(" Achieved joint resistivity (77 K)['-61
REBCO joint : 25-35 nQcm?2(MJ)
30—40 nQcm?(UW)
BSCCO joint: 11-25 nQcm?(MJ)

\_ 14-40 nQcm?(UW)

" Ref: Sn63Pb37 joint (77 K)-91
REBCO joint : 2060 nQ2cm?
L BSCCO joint : 30—-50 nQ2cm?

[1] R. Hayasaka et al., EUCAS 2019, 2-MP-CC2-S04. [4]S. Ito et al., IEEE TAS, 29 (2019) 6600405.
[2] T. Nishio et al., IEEE TAS, 26 (2016) 4800505. [5] S. Ito et al., EUCAS 2019, 1-MP-SPR-108.

MJ: Mechanical joint
UW: Ultrasonic welding

No need Oxygen
annealing process

The joint resistivity is
comparable or less than
that of well-fabricated
soldered joints.
(w/o I, degradation)

[7]1 C. A. Baldan et al., IEEE TAS, 19 (2009) 2831.
[8]J. Lu etal., IEEE TAS, 21 (2011) 3009.

[3] T. Nishio et al., IEEE TAS, 27 (2017) 4603305. . [6] S. Ito et al., 10th ACASC/2nd Asian ICMC/CSSJ Joint Conf., 9P-21. [9] G. Osabe et al., Physica C, 470 (2010) 1365.
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1. Overview of the MIRAI Program
2. Present status of the 1.3 GHz NMR development
« Design of the 1.3 GHz NMR
« Superconducting joints
« 400 MHz (9.4 T) LTS/HTS persistent NMR magnet
and NMR measurement
* |ssues to be addressed for the 1.3 GHz NMR magnet
 NMR instrumentation and spectroscopy
3. Present status of the intermediate joint between DC
feeder cables
4, Summary
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Summary @.

1. We commenced a MIRAI Project, developing joint technologies
between HTS conductors at first, which will be applied to high-
field persistent NMR, and HTS feeder-cable joints for railway
systems.

2. Practical superconducting RR joints and BB joints have been
successfully developed, whereas others are still under
development.

3. The excellent NMR spectra were achieved with the world’s first
persistent current 400 MHz LTS/HTS NMR magnet with SC joints.

4. The first prototype of the intermediate joint between HTS feeder
cables has been demonstrated.
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JST
MIRAI

Thank you very much
for your kind attention !
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