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M. Abe, Y. Murata, T. Seki, T. Semba, Y. Iwasaki, Y. Takabayashi, T. Kaneyasu, and S. Koda, “Magnetic Field Design of a Superconducting
Wiggler in the SAGA-LS Storage Ring”, IEEE Transaction on Appl. Supercond., vol. 24, no. 2, April 2014, Art. no. 410228.



9/42

Saga-LS wiggler® {2 E B/ DLk

14GeVEFE — LM SXRMS S REER CELHBEEMEA
(1) 4TDEB-R—ILDE—VFi5
(2) BRIV ~DERERBEO=HIZ,

2R15mUTEE—LEEDZERI20mmEL T, Warm gap 36mm

—/\BLFE(~0.35Tm) D B — )L Wiggler+# 4 M —L(1.0T)2{&
Q)FEAHeE FE OB MEE A ENBIZEM AT R EICEEE
[ E RS RE (£ 52000 LU . BARND T D S KIFER I 5<6.0T

Wiggler z-size
d d

| U AR— LK ?
o i ALK ?
* A W = -SISH A LD E (RN RS)
. r "] Etectron

i

BB DR R F 2
Orbit displacement  center Side

XFHE?
<20mm magnet magnet

Beam

Wy T (BB vyT ?)
RIS HEE S IE AT REE

ez BREITRO =B EEwigglerlE A DRSIR

1t COMEOMN &
BLES

Main Pole Electron Beam Orbit
Nonmagnetic Support

-
Superconducting Coil Coil
1.3m
SR
13/42 y win
BLAZ{E B D ERE

E[/‘

SRS TAR ERE DR

Field

Crampl ‘;'.’_'—_'_ \ 40T e
a2 [ [
= e
BEAEL SRS

FHEIDETIL

15/42

Ef K- EEEERRL-KRREDIRE

23

IEFBECAHNOBERNLRRIEEHERZT D

- XEFRIE D RBR

(RE-AHOFRM

R RE DR ES
ChoZERBRUCEBDEE T, iS5 1EaeE iR

10

e WHRTE

| Wiggler z-size |
d d

Electron
Beam

i

Orbit displacement Center Side
<20mm magnet magnet

40T

Warm gap 36mmlZ(&
Cold gap 90mmi% &
ELTHREBRSE

12/42

i Z G F A R—IVEER

——— X=-50~+25
T, 420KAT
CEIg:

Y \
‘ ‘LJ_l,T
X=+50mm %

e LHEER
C-Coil| "
Cold gap 90mm o o o ar By o
Warm gap 35 mm E— LR EZ(m)

*L—RRw9a4 JLoHE:332mmx185mm, (BRATEARRAIIZIRTE)
E—LLRBEHROKRESHIREFE A, CORSTHS
8 185mm LT TILEEHE /) . FARBRELEAMEX (VT FURIEM)
- AR —)LITHERBIZRIFN (2.20T) L, R — LIS R DHEG I RE.
PILERICHEEE RS Y, o MLVERNEERT HRVELT
L—RRSYYaA L ES5mmxE55mm  (RATHIRMICRE)
EAROMEARE. EAHALIINDE. BN BIARRERIISHEK
YYukihiro Murata, Mitsushi Abe and Ryuya Ando, lDesign Optimization for Superconducting Bending Magnets using Pareto

Front Curvel. IOP Conf. Series: Journal of Physics: Conf. Series 897 (2017) 012023 doi :10.1088/1742-6596/897/1/0120,
Procedding of 1st Asian ICMC & CSSJ 50th Anniversary.

BL=0.58Tm

CRBERIK

a2 15 5 1 DIRET EBLAE IR R

BERRSSE TRY DM N REF AL TBLIEE T

SRR AD EREHFARLTGEST—6T), I/ Uk EBLEEL
‘RYDEHIREE — LEEMEICE P S D2XA RSN A PPHE)
SATHR SERRON L DREL =D T, —REEDHISHEET

Bk 4
LS Gop | M
90—80mm
X=0mET
R
141k %R
T4—IVROSUTER AREL KIS
FiE | C® CEI+Field)5:2_ \sw*'sk* Bk
b7 BiEmm) |®L__|®L__[10___ |40 80 |60 [60 |60
h7u7 SXMEmm) L WL [420 |20 [420 _ [340 _ [300 |30 A1)V
24 )LiE(mm) 185 185 185 185 185 165 165 182
R—)LGap(mm) [90___[90 |90 |90 90 _ [s0___[s0__ [s2 .,
BL#S (Tm) 0.584 |0.576 |0.550 0.497 0.37 0.304 0.297 0.35 ) )
FILEIS(T) 4.017 [3.998 |3.991 3.964 4.04 3.989 3.985 4.04
BIEREA(T) 549 [545T | 547 5517|583 [6.00 _ [5.99 _ [6.01
24 V2R J1 (KAT) |420 420 420 420 460 450 450 450

1042 ﬁﬁéntr?ﬁowmbmzmmiﬁﬁﬁ

BB IS BE ALV OICHEH RO ER TR/

(a) (b)

£

o 40 \ A 25 10 +25
330y =50mmy

S 20— — i

§ Y 8L=0soTm \  BL=035Tm
e — X,

T —" e

00 01 02 03 04 01 02 03 04
Position in e-beam direction Z (m)

(a) #F% %i%z?l-iﬁﬁm@;&hu
(Butt connection : ## 328 1E AV )

&EE%’E(&BL%‘EfJ“\M‘Ji‘X?Lﬁ‘ AR IZERBLL7EL
UHERRTIE LT YA XHKEEEIR DB,
ﬁféh‘iﬁ&i&ﬂﬁ%’éﬁm

(b) BryokeBIEE - Z MBI FIF
(KR IBE AL, ki A B)




17142

REE L AATIRENE

O HREEE (L SR - RE AR - BSISRERGE ISR RN BB,

— 7. AEBOBEFAKIZTL.EWTHY. k%&%ﬁlliTTT&’)éa
RENHOTH, BEEREBERTH (RAB<ARMEEN) L3512, BrEa()LEs
TR M ELED) DEE- SEEOB SR ZE. ﬁﬁm&#t#\l'ﬁoa

& SIS OER
VAVI/E ;7S HEHRS
FR|SEEEBTEIHMERNAE HAE/NE BERIIHTE, RREHNDEL
{E-EBLERIEL®F L
Rm |\ EEEOBERERNDRIND | $SEEBT DHRN DAY, 2L
G EMBOE A/ ADHEE) |EEDOEM, ISEEOEML. A
HAZX-BLEDIEMIZ DA B,
BE | RAESHREBIREFISRR) THA HIEOET. KEILOEATE
FATE. HALBRNEEDEF/E, o,

[ (12008 D #SH OBER - RHREE
FHL-ROIMERRT 5. AEGEFARL
ZEIDHOT. ARO1/BEHEREL .

RN
(BEBITIUEEE)

19/42 N N
20 i D F B SaL—2ay
120080 Rh R OO R AR
AL Bk (W) 85 (W) #R )
Iron cores  0.94 0.23 275 300

SS supports 1.64E-4 6.85E-5 0.082

Cuplates 5.23E-3  3.89E-3  4.70
1200F) Rl O 7 B i

oA E—sk (W) T (W) &R ()

Iron cores  1.28 0.1 135

SS supports 1.68E-4 6.37E-5 0.076

o

N\
N\

Accumulated heat due to eddy currents

Cuplates 5.41E-3 4.13E-3 4.96
BARDFERECURDI/IO0LUT 1o
Cu plates /
Slits
So
0 300 600 900 1200 1500
Time (s)
SC coils W RHREES D SRR D98% (LB DIBER AR

SHRHE(T12000 FHT.28WTHY ., BIEEIA(
CufiirZ BImE1/LIZREY T, BEM WEBEMITHEIL, B3P KUY ERETHIE
IS5 ED, 7120, AR A REROSE ., 5 T, REGBIEHEROEA TR,
EERCTISOWEEDOERNFEINDGD WS, B —ILRANDRBELNEL,
T AU AARTIZERE(0.01TWELT), TA—IRISTHEYLT=,

e ﬁ%ZE%EEe‘:ﬁKiﬁﬁ*ﬁ@frﬁnE ,

Main Pole  Electron Beam Orbit
Nonmagnetic Support

S\\peicondnclmn Coil

HAREMRS

: REEHEDD
W =T HAAE_(ZF—%
£ oo i 1 < L 40 P BUEROWEERL)
o, I T =7k
e I % [ i8 EA BEDS
B sEsme f }{ FEEWE | 3% 2.0 e 7 T
E | | i
m x|/ m

B [ Field Gramp | 0.0 gt LN

B -800 600 -400 -200 o 200 400 600 800 04 XO.O 0

A BGIE Z(mm) (m)

RUMBLHFRBOLBE - LHmAT CAEEETRAOORSARIHAE

= Sl - BUERGt CORIE N A DRER

iz1’ﬁ§§i+fd)§3 BARICEDE-ERNEE CHIZED
-Field Cramp&HilR— )L EBDE EIZFESHRILEERILER

(8D RIBER) BB 7> D IG5 72 B o 5Tl

—3E-5 TMRETHY . MREZL LI
DIVFROWMARE

ISh-RE LR HICRIELL
BENEE~DFETIERITEL,

LUt OB ER ISR ET 28 L TRELZSAGA-LS wiggler
[F2BHEED . REICFALTEL>TLSEBLTLET,
BARHIICHISEHANEZE L, 4.0TD A R— LIS T, E—
LEF15mmERLEoT=,

AWM ooarar DA RO TEEICEHMLES

BE LR

S. Koda, Y. Iwasaki, Y. Takabayashi, T. Kaneyasu , T. Semba, Y. Yamamio, Y. Murata, M. Abe, “Design of a super-
conducting wiggler for the Saga Light Source Storage riung”, IEEE Trans. Appl. Supercond., Vol.21, pp32-38, (2011).
M. Abe, Y. Murata, T. Seki, T. Semba, Y. Iwasaki, Y. Takabayashi, T. Kaneyasu, and S. Koda, “Magnetic Field Design
of a Superconducting Wiggler in the SAGA-LS Storage Ring”, IEEE Transaction on Appl. Supercond., vol. 24, no. 2,
April 2014, Art. no. 410228.

11

18/42

ONMHEDFERIaL—3Y

S0 B £ 5 HAR(12008) FH D FEF0. WU T THY . AEBEENITLEA /IS
FAREBRIA R ICE— O BB L EBREMBL THE  BIREAVERIL - BEMITHE

@ 4.0 | BAPLOBE 7 . 0.96 i‘ mm‘@ﬁlﬁﬁﬁl =
Y e il WO S0 I
2 20 Z & Bt v laaald
g2 2 P x N
M 10 LA WA | Ppw—
2 x
0 1000 1500 0 500 1000 1500
i‘xﬂﬁfﬁ(ﬂ) / %ﬁm(ﬁ))
HEAORISAH(TEBHRERT)
20/42 salr = 1
FNRE(205>) ERE(1057 ) D B2 LLER

40 ©

30

Accumulated heat generation (J)
o

0 - , )
400 800 1200 1600 90 min. —10min.
o) Peak 0.94W — 3.1W
d)
30 7~ (
20 ;lr
//Hme (d)
10 ——
0
° 200 400 600 800 20min. —10 min.
Time (s) ak 1.28W — 3.6W

SHUF ORBE XD BRMEF ST 5L MBFHORMBLRAEE,
B EEE OB OEHRRERE() L. BELT. ThThOBMICRLLHITHY.
E—VELREE T OTFHFRR(W)E2RICREHITHS,

22142 Fh R R D BLAE 0D 25 1k (B4 R 4T)

S~ R— LIS A IR - SOFIL  BiOB3IE 0 2 @0 ®0 0 100
FEFRICHAILE, BREOHAREBE, ERRRIHT 53 RREE(%)

004 MUE =l RERHE S
+H 41K = LBLEE
z ! AR
e BEEIA)L
"
5
o
0.0
0 20 40 60 80 100

ERBRICHT 2L EREE(%)
BIFETL(AETIL)

Myk'-IBLEE

o

M2 10U T OFEEA R BHEE O RE - AR

WRNMmOEKREE

RS E HISTRE | ERME (B™VB,) HWIE

A 75 [E — #k L5 D A (Poloidal
field coils)
Rl BATREM S HHIE

(Correction coil)

BEAEE (KT 104~10"

EERE |os~07 |10 E—AS122 kL THE

(BEEI1L)L)
- 10 Passive:> L (§%) KISk B =0T
MRIFEEE  (0.3~117T (®40cmEk : 3.35E+4cm3) |Active: 10chi2E D LA )L
108 MRIFHE B EFH
NmrE B30T e vEsE 10m?)
Sa—AVE | oes or [O7HLT MRIFR BT 417 0D i
mEEERE | % |#12496300 cm?

BRBERBE 104 E (ImY A XBEDOHAEZ0. 1mmIBFETHEE) . Thil
L OHIGREE FBUE-RERICAEZITS LWL, BEBEERETESDRAN
’i‘ﬁ?mﬁ’&uxnfbfk<b§(iﬁé(uQu‘l'uJ:O)n—nFF‘EZiﬁliTT)e



o MRIFIR T (<10) 242 Muon g-2/EDMEEMRET AR £ AHE1ER

New Muon g-2/EDM Experiment at
J-PARC with Ultra-Cold Muon Beam

Super Precision Storage Magnet
(3T, ~1ppm local precision)

__-Résonant Laser lonization of Muonium (~10° {18!

v . H It
MRI(Magnetic Resonance Imaging) 4 & T22nm, 3850m

« M. Abe, K. Shibata, “Consideration on Current and Coil Block Placements with Good Homogeneity for MRI “,‘ o © O Ultra-cold
Magnets using Truncated SVD, IEEE Trans. Magn., vol. 49, no. 6, pp. 2873-2880, June. 2013. S=> 5&7 (=3 éﬁ’) w
* M. Abe, K. Shibata, “Coil Block Designs with Good Homogeneity for MRI Magnets Based on SVD Surface muons 2 A(g-2) = 01 ppm

Eigenmode Strengths™, IEEE Trans. Magn., vol. 51, no.10, Oct. 2015, Art. no. 7002713. -
Mu production ~
target EDM ~ 102'e-cm

CM12 =8 iR

72 MRIA/ZaA—7 L sEMEH R ARE (RIS E <107) 264z ERRE S-S (1)

MREELEOBRECHAMSRE0MT L R OBIBH B TR EERIB(FLERO %A THE
DFEE)TIE, RITHR TR HREZRHDD o
FIZRAAGE, UL BRI LI/ Nommal BE T z
RERFLTN D, BISHEEZ R LSE ST, o - 0.8 m " -
< . BiERE o o-om -
BRIESBAMORN—RAT. BREERE b aE) " »:
TEHFEEFFKLBERALTLS Rpirr o A- = Filament loop currents
; - . AGEFTSIGEER]). AT — T3] . Filament oop currents — BO=AFL
EETAAZ SRR Solved by least square
A=uivi — A'=Xvul/i. method using TSVD R
iAiVi Ui/ - X~ Toobtain a
LizhioT. homogeneous 3.0 T B
1= Z(vuY2,)B°
3 = 2n,"2Pv,/%; - o
5 EAAHOMALEREF TR i «as
PIZEAE—FHKET. i -[ |
= u-B%n 12 ) y i
Pi Eul B /nn . (a) Solenoid only type filament loop (b) Solenoid + iron yoke type filament
MuonZHifa1s u BB ATOEFAINL current placements loop current placements
3cmiE, 10cm® FE+~BFR)
i Z33.3cm v BERAFOEBRIML Fig. Computational models to discuss the concept of the g-2/EDM magnet with filament loop (FL) currents
HESBAREE+0.1pp H+~HBFR)
P iEHEBEE—RDRE * M. Abe, K. Shibata, “Consideration on Current and Coil Block Placements with Good Homogeneity for MRI
2 HEEIE(T/m) Magnets using Truncated SVD”, IEEE Trans. Magn., vol. 49, no. 6, pp. 2873-2880, June. 2013.
! - M. Abe, K. Shibata, “Coil Block Designs with Good Homogeneity for MRI Magnets Based on SVD
Eigenmode Strengths”, IEEE Trans. Magn., vol. 51, n0.10, Oct. 2015, Art. no. 7002713.
29/42 N 30/42 a Y =)
fEHRE RT3 #5510 (3) L EREIS O T REME ZEHEER(3)
100 EMARBERBELICERT2EAE—F 100 EMARBERBLICERT2EAE—F
& A %Solenoid = = S — - A Fig. 3%Solenoid
£ 10 @ : A Solenoid+iron yoke 200 —— @: Fig. 355 Solenoid+iron yoke
o - -
o 1 H Sdenertias Solenoid Fig. (a) . % Solenoldflg. 3(a) |
% ------ P2ppm - 4o oo S - g %m ---\:\ 5= g
c 01 ) P 0.01 o ) 001
g Closed Fig. () ““\\ T 5 Blosed Fig. 3() L T
g 001 4 000 2 3 4 000 g
g v - e UE 3 — £
<} inimum B f"‘“‘“‘_ “'n?w £ Q oo -Ytﬁ £
T 0.001 001 2 K] 1 001 =
5) 8 ®\1‘0 1 'g Contours
E| 4 —r&ESM, > 00 ey
M o0 o A0 100 LR
5 / : 2 ‘ oy o +30.0 uT

Ny
200 275 350 425 500
Radial position R (m)
Homogeneity 0.17 ppm (peak-to-peak)
on 30mmx100mm rectangle surface
MFES:7.0cm R-width, 25cm Z-width
MFES: Magnetic Field Evaluation Surface

-0.60

Axial position Z (m)
)
)

ode

7 7

-1.20 < . L = -1.20! ]| . . : -
00 060 120 060 120 060 120 060 120 060 120 060 1.20 00 060 120 060 120 060 120 060 120 060 120 060 120
Radial position R (m) Radial position R (m)
Fig. Eigenmodes used for the magnet design Fig. Eigenmodes used for the magnet design
31/42 32/42

fEHRER =9 55 h(2) #%i5 £CBsDHREECE : M HARCE

Y-SR EESERNRENLE

No current area : dB,/dR = dB,/dZ

Iron yoke

Inside strong B, causes negative By Radial field on the muon orbit radius:
1.20 r=plqB |
= 300MeV/gBc =1/B(R.2)
920 N 1
S Solenoid onl: g :
—~ 0 olenoid only Iy | |
S 04 \ 5 =
N foae B Q
3 : - ] oo D i3] foed
2 Y] E— =y :
g o L N 5. . =] !
T 4 0.2 — § !
£- Solenoid + iron yoke N ~e0 | y /A
o T i
L. o1t A . ]
-.90 0.0 _——
~1.20 LOL =
00 02 04 06 08 10 1.20 120',‘_ .
-1.20 L - - § 5 . : CBE; :125AImm?
00 30 60 RQZ' |1 20 iion 2 (m) Vertical position Z (m) i ERER
Contours adial position R (m s ar o — s Ao — -
0T, 0.3 uT P Fig. HIIX74|~fDﬁim%:ﬁ(E)éﬁK&CBSI-E%?@K(E)
E3.0uT, £30.04T AR TEHCBsEHEMNZBILSN THELD T, EERIHET(R 7 — )L R EH)AEST

Fig. Candidates for the g-2/EDM magnetic field 12 W3 BYELS ETREEEL T



33/42

%5 ECBsDBEECE  #2YRLELEETHE

Magnetic field by CB Summed magnetic field
+Tuning of CBs place| S

Magnetic field due to Iron-yoke
Nonlinear calculation with CBs

Vertical position Z (m)
5

)

%0 120

45 0

oo N .
Radial position R (m) Radial position R (m)

Fig. 6 21 )LT O (CB)EEEZE 5 A Tkyoke DI DRI H L fhyoke BB E 5 X THIB S
EE— LT BLSICCBREBEERBILT 53 HE. XREITRYELTE —LERBLOBISH
E#— LSt B.

M. Abe, K. Shibata, “Coil Block Designs with Good Homogencity for MRI Magnets Based
on SVD Eigenmode strength”, IEEE Trans. Magn., vol. 51, no. 10, P. 7002713, Oct. 2015.

35/42 BB I O EN

ULDFEERATNE, [ERIE—REISS e RE TESIHADEH N
Bl (A4 /L7 0w (CB)LIE - iE MR B L USISHR) #REH KD, 2T,
TTERE &L MRIFREIS TH ML, 40cmER{KA (40cmDSV; DSV=Diameter
Spherical Volume, 3.35E+4cm3) T3ppmEl T ETHY. -PARCI1—F 2 FE
BAMATOHNIE. £0.1ppm(107)LLA (6400cm?) D —#HIHEEKT 5,
LAl MR OBAICE, BIERECRBHISCLIBERIENHY . HE
I21E, 1044 —4% DR ERIG(ETOIS THA IR TR A #THS,
ZLTOBAMTERIC, TOBREMIBHAEHET DHIGHAENSDLELLD,
MO TRETH D, Bt H % D ML peak-to-peakiiE T100ppm(EH ™~
RIBTHEDBREISHNFET D, COREMHIEZE. 3ppm (9uT) ZELLT (MRI
DIHE) DEERIZIZIIVI T,
‘MRIFBBLANLTIREIS - EifTHHY . RREFHRES BRI AORN
ZREDOFAEFE-OTLS,

D AEE . MUSEUM(J-PARC)RE % BiELT-EEREL T 5, —EIDHE T,
H7+0.1ppmIZH X G TESIEERARRL TV,

2 VARG HURE S — > A BRRCE O 2 5 Sk
Mitsushi Abe, Kenji Sakakibara, Takuya Fujikawa, Hikaru Hanada, ‘Static Magnetic Field Shimming Calculation Using
TSVD ization Considering C ints of Iron Pieces P on Applied
Superconductivity, vol. 27, no. 7, Oct. 2017, Art. no. 4400812.

TSVD:4] % 8 0 4455453 fi%(Truncated Singular Value Decomposition)

3742 ). PARCH DR A TR EIS +0.1ppmE BT V30V HER

WSt Y—(Field amera)

S LA DERE K

2 BRESBAAORNZFEFIAOBSKE

FEERIKRIAILNZ—2F%EHY—IL(DUCAS) TOREEEL — LR R BT
RATIL—RED2T—aMILRIKREEE
v

Sa—A VBRI AR (SE AR R

MEFFR 2020
CHS-qa75 XV &R E(MSE) R
S. Okamura (1998)

EPaS—a/ LR

MRUERHEIZ A )L/ A8 —2 3R At

&

*DUCAS: M. ABE, T. NAKAYAMA, S. OKAMURA, K. MATSUOKA , “A new technique to optimize coil winding

5a}h1S)r,&he“ar(glggg\¥(;12|§&rlbuled magnetic field and application to a helical confinement system”, Phys. Plasmas.
0.10, No.4, .

M. Abe, ‘A Design Technique of MRI Active Shield Gradient Coil Using Node Current Potentials and Triangular 13

Finite Elements’, IEEE Trans. Magn., vol. 50, no. 10, Oct. 2014, Art. no. 5100911.

34/42

%5 ECBsDBEECE  #2YBRLELEFTE

Magnetic field due to Iron-yoke Magnetic field by CB: Summed magnetic field
+Tuning of CBs placeEEis

*Nonlinear calculation with CBs
120 Iron pole ZZ&

AN E—UBERIL

e~
NS o ‘\ n g
c o & y
S a0 = & /"\:\
3 o = N Sy
B« | 3 op e Q (mt%é—-‘fmmyr\
S o= Er-LEHEE
E'w g s 1 ¢ = I\ — /\
-90 I rz_:"’ \“\“/ \0
e 0.1
71.5000 0 1 2 3 4 5 6 7

n

Iterative calculation (non-linear) step
e

Fig. A4 LT Ay Y (CB)EREE 5 X TikyokeDIEDRUIBET H L. ByokeHiiEE 52 TRISN 1%
H—Ld2L3IcCBRBELRBILT D5 HE. XEICRYRLTE—LBTBAL OGN fiE
H—LEtd,

M. Abe, K. Shibata, “Coil Block Designs with Good Homogeneity for MRI Magnets Based
on SVD Eigenmode strength”, IEEE Trans. Magn., vol. 51, no. 10, P. 7002713, Oct. 2015.

¥ MRIBAEDSIVT KT KEHISEMRIER

1.098 m

IS ¥
e o
o

135

HETTTTETT> Z

e et o

-

T rie s o SNIMAAY,

BREHIREEELEIIVYHETESIERDD

(1) SEBELE F5T6EDY LR RN H
(4cmx3cm).

(2) BERTICDRKEFHIR.
FK:EE11mm=13.2cc (EEDH).

(3) BRTVMIZE DAL, RIERMBROE
&:0.05mm=0.06cc., MM TEEFHE.

(4) HIBLEMRE—AVDOBEFRRBR=AMDIEE
THIHRENMRER AL BMRE— AV
BERDD, BKEAMEK1cc=1.711Am? ,

£ ———
g =
qd

Iron pieces in a shim-pocket
Jy: magnetization current)

Fig. Shimming geometry for a
cylindrical type MRI magnet.

W22 KU RIS AT E I — b LIl

J-PARC-NU1EE RN DMuSEUMEER AHEHE (MRIRELE O A) TOREBRER

20
200 450 A0 -5 0 5 100 150 200

TEVYHI(EB R 40ppm/iR)
(AT, FMIE DS LY EHISEITITR)

IV %2y BRRB(ES R 0. 1ppm/iR)

40/42 ==
S BMRIFEA O ¥ —H355%5H(DUCASIG )
FOVO#IHETH % Z [mm]
750 T
5 i
‘.’j | _Cylinder
B 50 MRS o f
& [BEMSBORELEL TIA):Eat—| 375 -Calculaton plane
HRE—AMATGEHEE)  AUPEE ;‘ 500
v . )
=y FOV <
[BEE—A o gE@EBEMD) | {9360 mm) S )
B i 2500 3000
* Y. Murata, M. Abe, R. Ando, T. Nakayama, ‘A Novel Design Method of g
Shapes of ic Materials for the ing MRI Magnets',

gnets’,
IEEE, Trans., Applied Superconductivity, vol. 19, Issue 3,009, pp.2293-2296. *
- M. Abe, R. Ando, T. Nakayama, “Magnetic field shimming adjustment:
Reducing magnetic distribution crrors by obtaining current potential
distribution of MRI apparatus, United States Patent, US 8,947,089 B2, 3 Feb. ; |
2015, PCT No. PCT/JP2009/058713 filed May 8, 2009, PCT Pub. No. m ane |
WO2009/136643, Foreign Application Priority Data, May 9, 2008 (IP) 2008- ' Ganiexaconcavd Coil
122843,

l

“M. Abe, ‘MRI Magnet Shimming by Calculations of Iron Picce Placements
with Truncated Singular Value Decomposition Regularization”, will be |
submitted to JISMRM(B N&ﬁ*lﬁé%—“% ), Accepted  for publication
(2016/10/28), in press and Advance Publication] Released: March 02,2017, |
mp.2016-0046 . .

Fig. 2 cross-sectional drawing of test model Including symmetric axis



iz HRES#FE AV -HBIIKE E 5

Highly homogeneous field and a feasible iron shape were obtained!

8

8

g

E

Homogeneity [ppm]

8

°

o w w/sow

)

07002
Mode number

! 0.7001 ’g
07 £
H N

Eigen distribution strength
.

Fig. Eigen distribution strength (u;AB)
with 7 merged cylinders.

0.6999

0.6998

0.6007

R [mm]

07700 200 300 400

Fig. Transition of homogeneity in explicit method process, and final shapes and B,
field distribution after 50 iterations with 7 merged cylinders.

14

42/42

FEH

- B EEWiggler(SAGA-LS) DR ERETIZ DL T, i/ H
BEELI-EETBELHIGHEEOBREZENL.
SR AHIGREEDR LREBNMLEL:,
*MRIE8ZTIZ105L~)L
—J-PARC Muon=E&ES R TIX107 L)L
REIC.EREDOIMLKEREE T 5 Y—IL(DUCAS)IC
DLTHIBALELT =,

HYNESITETNVELT=,



X 8 FiBEtE X 8%

PR —
KEK ¥t&0F H i

1965 421 U. Bonse & M. Hart & X » TR S vz X BHat ik, X#eticsiy 25
BREANNETFRFO—2THY, SHICED ETHRALRUBRICHP 2 ENTE, 20
TChH, WTE, FITEREZRD TVD DN, X BRFEEHT K 2 A FEaE O 88 &R 22 LA A
A=V TRITH D, £, ZHICEEL T, X BT O MO REEOUGEIZ T 72 HLY
MAb 2RI TWB[3],

Photon Factory TIZZ DAtz s, XM TWEHIBEHE L72F7E L LT, vV a O ER
DEREEREIZ L 27 R AT R @ oORFERE]le, XS 2/ BT R O MEE5] & Ak
FNRT T T 4 —~DICH7R ER T TE I,

A TIE, X SOLFOBLEND X #TFUEIBEZE - FIFHMFZEORE S & BRI D THEBL
%

[1] U. Bonse and M. Hart: Appl. Phys. Lett. 6 (1965) 155.

[2] A. Momose, T. Takeda, Y. Itai and K. Hirano: Nature Medicine 2 (1996) 473.

[3] K. Hirano and A. Momose: Jpn. J. Appl. Phys. 38 (1999) L1556.

[4] DR R &y 7 2 <2019 45 H 20 H, 12T LADOERKE”
https://www2 .kek.jp/imss/news/2019/topics/0520kg/

[5] K. Hirano and A. Momose: Phys. Rev. Lett. 76 (1996) 3735.

15



PRI AT XH TR 75— &
RO BHR AT IR

© 1C2 o

1. I
~ BEHEEXEER ~

© 1C2 o

X T ¥ate Xt

KEK¥IRERFRCH P2 —

1. Il
2. X FiheoOwT
3. Xt Tt ORI
3— 1. X# P LB AT 7
3—2. X FUEHC L0 TR ORI & e
3—3. X#R T HFHC L8 ) 22 X R RIHT PR OBGE
4. FD

o S

S [l

©

" loton 2. Xﬁ:'-:w%l“:ﬂu \T @ ™ loton
© PFEXEF Wit 1250 | © o ~ 2 Fo
o y <Yz y— Tt X#T it
DA D )
V= F—PI8IAEIZREEL, 7o 196541z U. Bonse & M. Hart 12
> PFCHID TR | DAIBI2AFITH R YoTRESN .
> BEERENHA AT
@ AwH
> R RBOBREHENE
> Keg &3k (it 7-5HE) ~OPFD E ik
% (201945 1)
@ X RO Wi S
> Hi AT XERONAS 7RO
XA T it A R @
@ IRTHHORFNR (SXT @ ~ G A—YY 72 A RMORAR ~ | NGEE o
= = = =
SIEP=\ONEIC SREP =NV
= E ~ — B B
PO=LaNE () — ) =N = &
SRS #y == z = NN = % *
g utg g :u;%
w X N w < N

@ TFIA4Y— A ORQTIELEYEHNED |
SO FIHOM PRI ¢S

b2 i f {2
SEAEPEOIAHE FIONIEE B > WILEEK, SEBEIELLN
SEAEIRONANS T ORIEE BBk > I, EBIEIE LR

@ TN SO I 7 AT B

> FELERO AT TSI o (I A~ 7 DI | )
@ FWHOTFFAF— A DA FET L

> I FHONFEAITEBRENEIT 5. (RO AR )

@ 3. 1 X TFEiHcEatAA—Y 7 e @ X WIHC R A=Y S ™
) ~ RO TBROBIE ~ DE Pactory ) ~ By 7 () oL ~ BE Pactory
DI€ W) [Tt 111 il Y1 e VAN £ [0 O NR R ECTY: s v N 2 v Sy e

TERPEOT WG (R &ANEY) e B BS

16

ZD%. XM T NI EBAAA—T L 7 TPRIT R EV—-RLTE

@ PF BL-14B




' hoton
BPFE Faciory

@- 3. 2. X T WIHC Lo BB NE
) ~ ARBELTOXRT I ~

© rankoegomsme 40D For

N, = 8Mg;/pa3

Ny ZARAFEHK
Mg:V)IAVDELEE
pU)AUHRDERE
a: wFEMRE

> & — (NMLY) THHRESIASiOO R 152 kot W2 FH O XU &5 T itk
CHLA VT, 2003 E AR RNONBE I CIEAR T iU, (VL) ;M i

10

The
Photon
BPFE Faciory

FOMIEE 28T RSNA

©

FHREEE 2581 WSROI
~ ACBREE P L—F ~

© (@

B SiOFARZEFNAR D RIRIAAELT 2581 0 2981 1 %081 = 92:5:3
B S 2SSiRE R oM BY (R 99.985%)
BSifL TV MDEE BYif> TV ORI

H BB -y N L—F OFREE
PF BL-3CTOHEBRIES:

HEesSERORTI/ L—F

VU5 AS UIEHERG

DETBE S HOA—S TR EREEN

“MDCMDE&*%E&NF.%LML\xiEAJdD
3 B EN—HOBHETRLEENS

_é DIEERS/ Y FERT.

VL ST RSSO
~ WO RN ER R~

© (@

ERESRALR (SD ke e
~ 2019454200 ~

© (@

SERRECSEDN >0 v bhRORBR TOETRERO
IEHEEERR

IO N0 DA —F —T, £ Tk
DR I3 TR B ORI T rEL TS
ZEARENI

T T
THAFOEH TIvIEH
N, [mol*] hJs]

Nah=cMaa2/ 2R

N, = 6.02214076 X 10%3mol~?
h = 6.62607015 x 1073%/s

HITOWTH R TR |

FOUSAEEB {(299 792 458)Y/6.626 069 57} x 103 ALY
OAFOTTILF—CHEREETHE.

PR E PR RN N Z 1k

3. 3 X TF#WiHzLD The

! he !
Photon ( ) Photon
(E,') ~ WAis ~ Q Beciory E‘ B)J) LR XRR EHT RO WRGE P Factory
https://www2 kek.jp/imss/news/highlight.html
e o= * XARDAIAE
T mEWER P F Ad X iR [ X L S 8 0 EZ
7S e —> XIREELE. XARREGE %*E? etc.
HOME WERLIR v Ca-X-EE v WRRNT Y REE-Em . B - HSEM v S1T5Y ~ English <) 1IMSS -
sERnTY ‘ ,_«R:E EiEEI ! i
ma INASA NF=H1D L !
.
. 20204 20194 | 20184 | 20174 | 20164 | 20154 | 20144 20135 20124
=yl 20114 20104 20094 20085
2018%118 Eﬁ‘ﬁ!@?ﬁ—x fx *Fyé@giﬁgéﬁgf%%ﬂklft
(& XH#R) S5 X RE BB et

2018.11.09 EREAR (5D kgBEEROBRAE (3) FREENSEI N3 EE
2018.11.09 ERREAIR (S)) kgBEROEAR (2) JA4 > IF I/ NU-TOER

2018.11.09 ERETR (S) kEERDORAE (1) BE. £2P0T. BERETION

17




The The
(‘{) 1 47 B9 XRORLHS 7 MR HEB (E) W27 B XARORY 7 Bl 4@
P Pactory P Pactory
Forward Diffration Associated with Laue-case Si111 PE BL-15C
Diffraction; A= 0.1nm, t = 76 um, g-polarization Nal S.C.#1
g 200 LLL-Interferometer &)
1 250 ’8“ Nal S.C#2
] ] &
p=] =
: -
1250 = |
] Double-Crystal f
Y P TR L T Bt Monochromator Sample
.20 -10 0 10 20 Si(220) erystals 1.09-mm-thick C(001) slab,
Offset Angle (sec) T hacion <
17 18
The The
Phot Phot
© i QL | © s Q2 i

12000

8000

4000

L
-50 -25 25

0
Offset Angle (sec)

50

20 F

10 =

Intensity of O-wave
(au)

0 L L i

-50 -25 0 25
Offset Angle (sec)

50

B 19654ZU. BonselM. Hartiz k> TRESN X FliHz kD, PRIZTh
ETHADERE R TE

B PRIEXHR TR HC LA B ORAHT IR T THRIIL (@ BL-14B55) .
R ERIE XY b AN A—=D0 7 Dbl Oz, ZOHE, 205
YTt REY—RL TV (@ BL-140),

B X TSEE ARBELTRHL CREOR FEHEZ £ 357av /b
TH. PRI F OBR %X B2 EA TRl E B/ L7z (@ BL-30).

B XHRF i HC K28 ) Hi Rl R oBGES fTbhiz (@ IHBL-150),

18




BB AT DELREE~DER

I EA
TR PR B E R FERY - B Jo R R E R AT 2 & —

t bV TN EHNTIT ORI, 7T —Z OB WSO I3 2 BRI 22 6 23 K
X< TR IREIR S SICREH ORI SOWTIE, @EIE AL DOAFT L . E
for U7 AR R OREA 2 I e RS e TR P RUMRAT 13860 CTIREECH 5, AR PR TP
= PR SE RO e R B AR AT v & —I%, 1961 FFLIOR, BAEMHO b0 EET e Malk
TEARZE ZHINEE L CE T, o7 %03 40000 Bl 28 2, R —OEAREZHD | E7o iR
THE—FIHAEZe B NAIMIIRIED Y v — A & L CTIHEHNADOHFEEENLERZHEDTND, =
NETIC, ZOEKRARE MR a L7 v g v ok R 2F 8 Uiz SR T R 21TV,
OIRIETe E OFEMRRNT 24T > TE 22, MR IZ e 2 @R T 7R E I TLE
IDONEER T oz, £ T, WEBRTE 2T T 272D OIEMEER =R oeA A= 7k L
LT, MR I BEfSIZ W CEGBHIT 21TV, IO ZESCHIRO I AT I 1T 2 Bz & o
PERRICOWTRT 24T o 7223, EOMMEE TR R TS 35 1 m/pixel FREE & R/ 70 fif AT IC
IR THY, S OICERBERIREGEDLETH -7,

XA A =T 7%, XBBY > TNV FERT HBEOMMY 7 &R LTED ., 1€
KOBBIEIT AR TRENK 1000 FEm, BEOL Z A, BT 5X3cm, fHMEE 9u
m/pixel &9 | FEREEA A—T 7L LTS DO AT AL LT, @ r X — K
PRRFICREAE - ORISR BL-14C ICBW BT Th 5, ZhEHAWT, Y s
N—TVE, BRI 2 ONFE XRRBEMEREIC L oL AT ARG L, v bR A
AWTHIREBEZITO BRI REGEEZ ST, fIIZME6 o MRIZEBW T, FTERAFED
SEIIZ SOV T OB MG OREHICH D) LTz, = O XREEMSE 2 AT, B L—7 T
BT K72 50 MR IRORG 21T 213, & MERIEEVI OFEM 72 2 RE 2 fEAT
MFEBL, R THEELLRNWZRITCER T —F X—ZADIERRRATRE L 72 5,

FAEBRIIZNE T, BEEZTLRT5OPMEFIEOERTH 72, LiEOZRTEET
—HR=2 KD BEBGEERWIHTT 52 L E2MET L TWD, ERFEH L Ok
2k, BEREMBEREZEEORBELBEL TS, N - FFNICEZ 2 28750584
BR%E— gt CTED L9 ICRD b, BREAMFEDOEZ T2 RELEZDHH LN
FEOBSLICER DM RICEEL DD EEZTWD,

19



PFRIREMXRTF ibat LB VT S5—2 AV - REREEZAOTKETERRL )
2020610 A8H (K) @@ IR /L X —IERF R

BIAHA A= T D
th%i%’\@%%ﬁ

WE EA
RERFZRFREFHER
MEEREEEREN L 5—

ERRAEE

E TR $938:E R TR
- IERE N AR AR B A SETE. 40380
BHO2%FER
- 245 13 YR2E0E TR IS,
EENM: 37808 ~415868
c FNEYBRMFHIZTRE]
< SEFNIETBEE

Congenital Anomaly Research Center, Kyoto University Graduate School of Medicine

biﬁﬁtiﬂzt%*ﬁfﬁi@%ﬂ

Ri& A fERIA  IEIROE

e ST
SEiR22:8 §E4R40E

FEFLET

1D DHIRAMNSEARLI-EERA S LM -
TUVKANZ X LE BT 57/,

HHEMICIEIMEFHLGE LTS Bt
THLDTHO=M. CDANZXLZES
FEGRFHIEY—ILERWNTRIATHE
T, REERBLE=THETHS,

Congenital Anomaly Research Center, Kyoto University Graduate School of Medicine

ErRAEE

FEZ(CHITAEMEIRO BHETE

- REFMLEELE. SRR EH(BEH) °H
ABENZLY

— LW BT iEIRE S | E1E2:ER D AL

Congenital Anomaly Research Center, Kyoto University Graduate School of Medicine

ErEFHFIKaALI O3V

Carnegie Collection

(FA)A- Dc)

x*‘ K iR2E §EIE37:8 ST
l"\‘r\"---"':
) Blechschmidt Collection

(B H T2
| ouss ENE

i

ZHE1%8E SZHRE%38E

Kyoto Collection of Human Embryos
GR#fa LY 3Y)
+ 1961~ £ MEF - RIBFEARDOIERSR

SEREBERBHEI—

Kyoto CollectionZFTig = 2 DERANBEOHHES LI,
~ HRERFEOEE ATHEREI- & 5184 £ IR
F-fRIRaL YAy TR s 1975  HWERARESEAETItL 52—
- l%lﬁh‘bﬂliﬁﬁﬁé‘ Bl TN + 19924E~ EE{EDE Y A %uaéﬁéﬁsﬁii&
ors% e b R
~ =n, - t. = s = ~
- ig;i'*t”‘_ﬁh He & BRERAT AR S I T LN B,

1970 EDHARE




Kyoto CollectionfZ A M ¥

BHAREEE (IB-BAERER) OT . ATEIRFHEIC
&%

PFIRE — =8 (~1EIR13:B) FTOIEERRIOD
DHEKRFZEEDD

BAOEREL. O/ R TREAIEITo>TLVEL

mEaL UL ORFEEFE t Fo) IE#%E

FERAAOSHAEZRBRLELOE
E ALY (W)

H—R X —REERFE RS IR A A—

Carnegie Stages (CS) e

B ARR HR0E |

= AETER
S22 S RA0E

256 IR

L
HD - = - 0y
Ei AR A
EfTRRET A ; 4R E (BRIRE) (254
. MREE 82 ol o | \aH
. fIAEXH @ v (BRTRL TRAFA R
E*EX%’%CT B ‘ BTRERD) BEF B OOy Al e
. BIERARMRI(7T B = ; Dead embryoCl&k. ZC&F

g SHBNDT
Magnet) 72&\ ), éﬁ%ﬁ%lﬁ*?ﬁk;ﬁ\ i
. BRERMRI (3T

Magnet) B\ ,
. DTI(3T MRI) - | y 4 " ) Yamada. Congenital Anomalies 2006; 46

Yamaguchi & Yamada, Cells Tissues Organs 2018;205:314-319

MR BB 55
MRIDRIEZHWNT., MY TILERET
HDIHHELI-EE,

; y!; : \.IA

1.5T magnet 2.34T magnet 7T magnet
(permanent) (super-conducting) (super-conducting)

638
Smm 10mm 16mm 23mm

40um/pixel 50um/pixel 100um/pixel 120pm/pixel




A1 ES FRMRI
7T-magnetZ AN - s
MRI Bi 0/2! ker Biospi
6cmIZELLL\DY
:{ A FETIHHE A

HE

- HEIZ1008 B R EEELHEH
ESHREIE L S

{E ¥ : 4,000~ KoLty
8,000M/h

wRx

BEERRAaAILIZOLA Y
FCEEL TRE

0 TSRFYIEBRRARRA
[Z1% 7 HAO—R5)LE#HT-
LTEE

(IFAXHREEMER Y AT L

SRE XI5
[ Ve

1unit = 1033.2um) Aunit £ 3598um

f& PR FEMRI
EEMEERICILELEL. CNETIC
E(f=-hTET7I7EANRIE S
RIRAEL REBORBETS/NE LIT
S EHTAEE,

s
e ¥ ¥

A:90mm B: 112 mm C: 129 mm D : 170 mm

MRIEH§ D 3R T EHE R

SIEXIRA A=Y
XER DML AL ERI AL L BRHFT LA A—S0 )
BRI NS R MER
AVFSANE i
(RARXHR) r

-BREERTHELOAXIR ﬁ

B ~MEVSEVFEED | s
EARESHRETION  Egfy CTEMHAIE
J

KL FS A NEE
(RLHEXER)
B AHE (EFHEE)
ZE{IETIOICHF

REGSOBENOOE Lo 4 CTEMAME
ffgv Y71

CS13-17 human embryos

Cs13 Cs14 Cs15 Cslé cs17
B C D E

4 ";'*-’.%‘
£

(A

+ sagittal plane

A-E: surface reconstructions
F-J: sagittal plane

Data Analyses

Morphology and Morphometrics




Brain development
and Morphological
evaluation

3D resonstruction of the human brain.

Yamaguchi et al, Cong Anom, 2018

Our tools for 3D analyses

MR, CT, etc Image Data

Image Processing

For statistical computing
and 3D graphics
Amira

Annotation
...too many tools!!

R (R studio) (and require a lot of money)

statistical computing and graphics

MATLAB
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SlicerMorph Project

A toolkit made from 3D-Slicer

“The toolkit enables biologists to retrieve,
visualize, measure and annotate high-
resolution specimen data both from
volumetric scans (CTs and MRs) as well as

from 3D surface scanners effectively within
3D-Slicer”.

https://slicermorph.github.io
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3D Slicer

Free software for
medical image
informatics, image §
processing, and
three-dimensional
visualization

https://www.slicer.org/

Our tools for 3D analyses

MR, CT, etc Image Data

Katsube et al. Prenat Diag 2017
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s,

28



IRFEDHLEERIAD
SEYF B

= 67116 6E#50007%&

= BHIRAER (Mississipian - Late
Permian, 320 Ma - 251 Ma) @it}
BhSZEL, i

\ Fusulinella
Miklukho-Maclay et al (1959)

 RELAE U TOREROREES
B (B/\30~40RFEE)

XS A — S ST EOMILE,
BB DR EREARAD _ il $
&P DRI RETE BiETERC N

The Carbo 012) with minor mos

HRIBIEIEC LT - : - DA REEFIHFTDFE
FHIEREDORT> S v FLPTextocin e e e %
/

IV F7HKERORZE

BRI e -] X HIBRIELIEEE © EAIk, 3SRV ‘ CTIC & B AEMBES DA
wramsamonsr ([ | I
: B R

T KD FKEOR A H B R
: : HRREOER
(LGB, RIFIREE, BRE, PEMRE,
SEBEIS, MERE,
HEEMLE HHAET

Carboniferous

LD BLRSR(EFIED Y

J—\chenmEoncE=n N el i HERIEIE, HRER, =
RERIE R =13 P HEba, ERE,
l = = = HERRI DRI S IS

=5 Iﬁ(DEimin’(‘DEEiﬁ*@kzﬁﬁllﬁ’&ﬂﬁﬁ?<79734‘— . SR B

4h4E 1 EREEIRT 38 LS HhSERAAD SR

HER{EFI0ER | EF, AIER

HRRIROWEE
WIS, HuRkiER,
HERRID DR F A Y

(CEORS), REFRE,
HELR, B, sEpmE, REE,
I S

1Wid (2D) DFr b BRMEIC L BEE : SO IcRRENY
A FRS DR > FILOREDHD 3 DREARE, 1Btk = RaHC
DREDBIEERZR T RTAE — =

Tokt*‘”rﬁﬁﬁ*ﬁ(a_CT(ztﬁﬁb\bﬂfcm")7‘ DH

BiEEI OB DET Incisivosaurus gauthieri®DEAE
BRI U AR GO DRERLLRHBE

LR

[—
200 um

ﬂﬁEtEE. (EI—E) DR E G > IERBICLTISIO, ‘cé‘ﬂfﬂ/j)b
(CaCO,) =BEENFEALFELRBL |\ FEROBEETHEZ LN
> BRRUCVAEMESD/INES (B~#+um)

HBED (2010) Fig. 3-A & —EIE Balanoff ef al. (2009) Fig. 9 & — =Pz




XERAABA A= T (KD
ThiERFTDER

Yoneyama et al. 2018

-50 ym -125 pm

650 jm

nd (b) expansio imestone from the Carnic Alps in the Carboniferous period. Red circles indicate two kinds|
sp. (left) and right).

{£ELS (BLO7) TOXHRAIAEA A—=>T
EEEZHERNIpponitella auriculla
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[1] D. Takamatsu, A. Yoneyama, Y. Asari, and T. Hirano, J. Am. Chem. Soc., 140 (5), 1608 (2018).
[2] D. Takamatsu, T. Hirano, A. Yoneyama, T. Kimura, M. Harada, M. Terada, and T. Okoshi, Chem.
Commun., 56, 9553 (2020).
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B 74 RU IR DT (IS) AR CES SRR RREFEMEBADS VNHAEN K E

m BARER_CEBL T AR THEA A BE RS BB A Bt e S
#t(Lead Acid Battery) DG | tFommeEE : sElt |

“Diluted”

S0

“Concentrated”

Large stratification
(Inhomogeneous SO* distribution)

Bl mER sl IEE Bl AR

“EWEREENEREL. TEEIREL
RERERD  WEGREIEM BARE ok BwE L FAEDSHEUTILENE
IET : PbO, + 4H* + S0, + 2e° j‘Pbsoa +2H,0 o DR EEL Irex siturt )
1
fF Pb + 50,2 g—> PbSO, + 2e- gii; -
£ o
KOBESR 1 H,0(1) = Hy(g) + Ox(0) %1‘22 .
. N N b2 S R o
[SEHARTRBITE(HAFELE) [CLDBIEHNRN #am
= RECEBOZOHZ LN ST HRIEE ELETA LI R
[1] Encyclopedia of Electrochemical power sources 4, 677 (2009). © Hitachi, Ltd. 2020. Al rights reserved. 6 33
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e e -
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BT XER \'\ | [imege]

(XRD) M

o (e
534~ Mo & OERBMOTOBE AN TR

XAS: X-ray Absorption Spectroscopy, XRF: X-ray Fluorescence, XRD:X-ray Diffraction
LIB: Lithium Ion Battery

ASIXHR
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r L r - L - " - L3 L
> 40 L : T T T 3
S 35 1
2 30¢ B
§ 25) 4
8 2058 BW, . . . . 1

0 1000 2000 3000 4000 5000

Time/sec  3CL—h (0.36 mA)
:3'= 1.8 mA/cm?

A = L, AN, z ZAC;
i

BEZ{CcIRREZ(L
L : sample thickness
re : classical electron radius
4 : wavelength of X-ray
Zi : atomic number of each atoms
AC : nominal salt concentration
Ag : phase shift change

EREERFTMER O RFEAHES LR OHERE (RENME) ZMHTIHRE

Takamatsu et al., J. Am. Chem. Soc., 140, 1608 (2018) o wiachi L. 2020. All rights reserved. 5

beams

+Electrolyte: 1M LiClO, in EC:EMC
*E = 35 keV

+Exposure time: 1 s

(5-step fringe scanning method)
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2-2 S vaps

LABLZ)LDER%

B(+)IEAR PbO, | BAZR | Pb Bifi(-)

WK : 37wWt% H,S0, (tb&E1.29 g/cm3)

Reference BSRRE) SH Tk
@) ()

phase  Galvanostat (GS)

Xray  ghifter

M2

LAB cell
2nd crystal

Interference
beams

BWPF BL14C (FE@BEEXIRTIHET)
BAGIXIRIRILF— 1 17.8 keV
mt—-AH42 1 20 mm(H) X 40 mm(V)
BXERNASVHR (12.5 um/pixel)

WEFEEY 0 4008 x 2560 i’?ﬁfi)ﬁw)x Lamm g‘(ﬂ;(ftx’%z()v:«)xa.zt(r) mm
WEERSE © 5 sec/HR -
miGER : 3@ 9 mm

WERE ¢ IEAR/BERR/ S aEp
BFERERIOMAES T M SOED Z T

Takamatsu et al., Chem. Commun., 56, 9553 (2020)  @Hitachi, Ltd. 2020. All rights reserved. 7
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LAB : €L —h3EiE

ENRL [CRAL. FTEE TERRERENMEN
B FRNEROBMRRCE LT AETEEENFEE = MELZRIR(E

(Deep Cycle)

B [RETEHRRE

4.375 mm SO
- C/2b=M*  soc100-50050 Saernzy  SOCT0-S0CO SOC0-S0CT75
2 24 -50mAn A ~70mAh 75mAh
> 1
Z 22+ ] 3 i
w20 —; 4 A D :
a B c E I3
18 T T T T T T
0 2 4 6 8 10 12 14x|0
Time / sec
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31.250 mm
£

°

2o A
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+0.019 gy 10
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20019 | -10
0038 | -20
-0.057 |l -30
-0.065 M 35

A2 B:98  C:208 D:201 E:439 F:583 G:741  H:896
(30s)  (1700s) (3600s) (5040s) (7600s) (10080s) (12810s) (15480s)
2R KE—N—TOATSA VERERNS, 1C=100 mAh LER
(+)PbO, X%Eu([%ﬁisocloolqﬂ”‘
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LAB : TEL—M&F (L THM)

B NE(LERERLDEREROSTHNERE
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1CHE = 1CKE

T
0 10002000 0 1000
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B KPR BHEBANK, BIRATIE - REFRICHEIRE, RIZ N, B8, &

REE RN BREEMEL ((AVEEER)
|§ME$E‘.AH (Thermocell) I
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] e 0 N a4 B ? 6 &
A ;Red Eh

BFOIRILF—
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m
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Ox 8
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™) Redetm |
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e —L

+ 7k BEE  pU-K =
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IoT: Internet of Things e Hitachi, Ltd. 2020. Al rights reserved. 12
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vi: EFAROSA T 0I7 1V OEREL

LAB : &L — FFEHE
B ARSI MSEIEUR EFEEER.

h2 : KESEORISEIE

1

i >25 . RS
< S &
w 20 r =T,
l—'{ h1 t
h2 4
[Z
h3 _ t;
3 E
< 104 L 3
§ 204 0.038 o
il <
h4 t
T T T T T T T T T Pb: PbO,
t ot 0 100 200 300 400 500 600 700 800 @ 2mm
(-)Pb (+)PbO, Number

ASOC100TMDAP = 30 rad = L FEEZE Ap = 0.057 g/cm3
TE2{E: Ap (g/cm3) = 0.0019 x A¢ (rad)  [BE#R : LLERIFEN)] 0.03-0.075 g/cm3

[1] Encyclopedia of Electrochemical power sources 4, 677 (2009) @ ritachi, Lt 2020, Al ights roserved. 9
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icL—-b fac KEHBEDSA YT OI71 N DOREREAL
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KRR

ThermocellZ)L DRk

l( Teoig) AU | FEEER | Au (Thor)
VB : 0.5 M Fe2*/3 K&
l7’7UJL§§’CJL (EFIC2tL s

Thermocouple;

WPF BL14C (f5@BIELXIRT#45T)
BASIHRIRILF— @ 17.8 keV
mE—AHAX 1 20 mm(H) x 40 mm(V)
BXERNASVHR (12.5 um/pixel)
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#_ 164 b 04 8 12
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~12 e 1
W g Cl YA TS
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0 't 500 1000 1500 2000
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