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BOREBAFATHEZRT 2R 7 —2[HKT 2
CERAMELT, XS T —HONY¥E T u— TEER
DRMIGREHEBEORAK % T 72, £ —LRIE
DR, EHE -2 5 A4 ZDWMEZEIK B 7201213,
5mrad A EOKRERARADMZRL, B mzi LD/
SHMRLEREOLmZ O ORHOXEI 5 —% 1 nm i
JECHMIIT 2 2 kD55, RFHHEEORE L
T, 100 mrad DL _EOMER L 710 %2 HIE TRE T dH % iy
AN v R BAIE T 5, 2015 4FEICRESEL
7o RMIRFHEEE 2 T, 2016 4E I EBEOEH
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AR XS 7 — 2T 21cH7h, S 7—KD R
F—Y OEBHER, Bl v OFHEE & G
PESFE S 5 —2 AR L7 4V —T8E & ol -
AT AL —OFHliZEML 72, XS -7y P EL
7= +5 mrad O AF A E S OMEMBEHIRXER S 7 —
ZHWTESE LGSR 1.3 nm RMS) ZZ)R L., X
RS 7 —BFSICRIA L %,

(2) BRI 7 —a—T 4 v 7o

YA PRI L ca—T 4 v IEBEEZHOTE—2L
FIAVTHHAING T F—~Da—FT 1 v 7 EfTHoTw»
%, 20164EfE I, 600 mmEDENRI 5 —BL27SUD
Bz owTa—F 4 v 7 2fTo7, $7-. EBEE
HFRFa—T 4 v TEMORFEE LT, a7 b,
AN =Ty b ENNER D EIIRE % 2 EIFE 2
7 —DRFEEED TS, 2D T —IHHINSIEN
TIEMER % AT % S EIROABRRUR & 5l 217 - 72,

I—TF 4 VY 7HIOFEREIOGEMGREZHNE L,
IX¥ 2TV 7RI K 2 EEEO L EREE T
7z, AL OREE LT, KEEZ50 nma—T 1~
LTSI I X v 7REE L, a—F 4 v
PUREDBRETR R & 2R L1, £/, Ut
et E LRI & Sifs o R A L
VR bR AT 2 L R R L 72,

4-4 EERKEER

(1) R = v b DML AR > 7HFC 1 72 5
XHE — 4 54 v OPRRICHAA N T 2 HPEA
Ry 7OEFMERE L LT, 2015 4E I BT/ O 130
WHI2EERE % 4 7 7 4 I CHlEt U 7z, Bkl
A AL VPEFEEEE LD LT, BELLE 10%
PRSI T &, RSTRABNIE3 ~ 5 FMRERE k2 & A
¥Fns, 2016BIL D, 7TROE—L T4 v DOHFENY
FICEHBRMNICBEA L7, Hie Ry T3 28EE b A v
N—5 —HlHlD 70, BL A X, BRI ZE L.
RERBIR Y 7% NNy 77y 7HE LTIREL, T—D b
7 TV 5 I AR T F 5 44001 2 i L 72 Lot
ZBIA L 72, 20164EENIC BT, FIFISERIC KR <
HiER I T3, 5l EkE, BRI/ 4 X, IRE) -
BRE . ORI S O FEEER DU D CRHili 247 9 .

2) EHEPER L=y POFHRR Y TD4 F v Ry Tk
WAV 72 B

XBE—L T4 vOPRFRIZY —Ry TRy 7 Lk

R[AE VT THRINTHLS, Insid, RABMBED

BT3B ETH D, R - LR D H A DT

HEERETS, L2L, WInyHEBHOPEHER Y 7
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- ST Tl =M )
M3 —HEStBOIHERYTLELTRBREALIZ2E0
AAYRYT

TH DD, Je¥y FHNORENE, BEEiE, FEE
0. FHEEER AR Y TS0 TR EERR - BRI RIS
CCl~3EMRETHRTFVBUNHEATH S, 22T, HEE
REDHERF I NS 2 & Z2FifRIcEHR R v 7 LT
ABBLE 2 244 v Ry TORMZBE L 72, HERE
WHERARLR v 72 E Ik &, ZnsEER v 704
Fa R bMEE, ERENE, B b, REZERICD %
N5, BMEDEZEEDBEZ N ODPDE—LTF4 V-
7T a v It L TRE - et L. A 3Ry 7Loik
BWOEAZBIG L 7, MM E CE 2R IEHT 2L
BRI BRI OB OIAARKID A A v R 7 (300L/s) %
Bl L7 (K13), 2017 4E IR BNEIR 2 Bl 2 TE
Th 5,

5. 8w
51 Ny FN—FUzFPAVTFUR
(D) UToE—=074 vy FIZEALT, Hil, FEAN
W, ERRHL T EDORSF R T T2,
BLO1B1, BLO5SS, BL12B2, BL12B2, BL14B2,
BL22XU, BL26B1. BL28B2, BL29XU, BL38BI1,
BL39XU, BL40B2, BL41XU, BL43XU, BL47XU

@) UToEe—=5674 VICBL T, SUEHEAND RIS %
fTo7,
BL19LXU. BL24XU. BL32B2. BL36XU. BL41XU



@) UToEe—4u7 4 vicBAL T, FEXY v FBHIHIER
~OWR, BIE - 15, EHFEFREE T - 7%,
BLO9XU, BL13XU

@) EHEe—2 74 iz L, HEREY =744 FELWY
T v v ¥ —EOREEEM - TV ATy T2k
E—AL 74 VHBFIHERLET L, £, 20D
MBEOBWRZHEHE—L 74 YEICHAL, L3k
HEZfT- 7%,

(5) I0H21 HicH4: L - B0 EFA & L <, B
v FOBRIEFEEZ R L 72,

5-2 HRFERERRETE

A0 R AT AT HIES 12 3\ ¢, BLO5SS o Fl) i 7] #8
B AREEEBRMEO T AHLE, FAGROLE K N2
v 7 b VEELO R BE IR S B FEA o FLE L % FE
L7z, ¥7-. BL32B2 D%k v F Hiak K O BL36XU 5
BN F T s o 9 H R AR BRI ) R R AT o
HELZ#EEL 72, B4 REHFAHFEITE VLTI,
BLI9LXU iy o LA ICHE ) ME i o JiE U %17

27,

5-3 E—LT54 UHEBRERRE

7Y I FOXYRAY vy MRARITOEFEICHES
R RIS % BL13XU I T, £ 7. BL24XU D%k
2Ny F BURERICAE 9 T % S50 L 72,

5-4 MEHEAIER UFEDRFE

H770 3y 7740 LEAID HEEDLRS Z 5] & i
EfTo7, Fho, BFHREFH X 2P HETHEDORRT
W 2, AT — FEICER Y v 7 IR R HICTT -
7z,

JASRI G - Je2ERiM
Hrh Bk, &fE  E. KiE B
T R, Bl RBIE, Bk ®iA
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2-3 EFXTF— 3>

2-3-1 £tHE—-—LZA4 >
BLO1B1
XAFS
1. ECoIic ZHv, HEHE 1 (H)x0.2 (V) mm, W HEE :
Y—A 54 vBLOIBl Tid, AL IR L ¥—4H (3.8 1.3 umTiHll2fi>7, 7A FHIEREHE, 7 387

~ 118 keV) (b 7 3% - FHEARHAIE 5 in-situ IR
Iy IRIIGE 7 & %7 Tk % Bl 7 XAFS IIFE 39206 & L
TWw5, 20164FE S, FEERA T —>a VIcKRELRT S
TN BRIEF I —F—R It I N, BT
DE—=L 74 VORW, v= 27 )V EDRMERIZ
BLO1B1 A —24-<— (http://bl01bl.spring8.or.jp/)
BEHINn T3

2. CT-XAFS sHl> 2 7 L 0o & H#81L

BLOIBITlZ, 7v¥alL—%—¥Y—2454 v Tldi
Ll mmBEL EoilkiExg e LT, BNEBIcHE
19 2 MENRILREOLARES L CRATEE O 3500
AR=Y v 7 R5REE D 1 um R TfT 9 CT-XAFSFHHI
AT LADRFEEAED TS, 2016 FE I, K2 RKILH
FARGH A L ¢ QXAFS 251§ % 2 &1z & b CT-XAFS
F—& ST B EY 2T L OREEITL, 7 A MR
Bh& o 7z RE R SR B & 47 - 7o, K1 i CT-XAFSEF
M 27 LDOREZ KT, WEHIHEEREEA 7— ki
BIE L 7o, AFPDEICNT 2582 VA2 EE L 72 RE
T, QXAFSA ¥ ¥ VT X Y 2RILBWXAFS A X =2 v
R Z AT o 7, Z OFH & Rk L Bl £ R i
-65 ~ +65° (1°step) TIT9H T &Iz k H, CTXAFSA
A=YV T =8 %G, ERXFEOFHNCIE, 206
i & sSCMOS 2> & 7 2 A EDGZS B X it A4 X — O Rl 2

z::qix&ﬁ—-f»ﬁ
o M

1 CT-XAFS&EHHl> X 7 ARCE
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FIZ — B A I N IR D LiCoO2 Eith M 2 F v,
Co K#blEf# (7725 ~ 7729 eV, 0.1 eV/step) Tex-situ
BRI CT-XAFSE M Z 7o 72, o7 =256, 3
RIGXAFS A X — 2 HREE L 7z, X212 LiCoOz it
TR D EARMTIR T 172> & B 7- R R WX 2 =3, W
% \Wifsr ik LiCoO2 BE ISR T 5, ARME ISk, 50
TEEFEL %, 55, FHHEIE ORI, G B i -
MERT v 7 Oi# b OME 247\, GHIl o GEAL % i
O BEIETH 5,

3. operando XAFSEHEIICA F 7o RIS H X HIHH - 247

¥ RAT L DEF

BLO1BI Tid, filt i BARHE M35 D A4 2 BSOS IS § %
operando XAFSEMHIY A 7 A D E kL2 HED T3,
2016 4E 1%, fR4 2 IRIBH A DI - 3 HT 23S0l dE 2
— 5 4 U T 4 DB X O XAFSHIE & o ENHIfH s 2
TADOWEEIT 57, K AT LDEAFIZ, TSGR
B LK 70 Y = 7 MLETEERI SRR B L
FRIERED A vy — T LA &k Bl - Eith o rFE K
WgHlri (ESICB)) & DWhFITHEML 7z, A4 AHIH -

IS AT LE, (1) 6BEO KGN ZDREE X O
IR A ARG 22 A A IRAEE, (2) KGO ON 2 D&

Etﬁﬁ-ig#?%&v47nﬁx7nv%7?7(w
GC). 3) AR Z ) 7NN ¥ A4 L TEZ Y T 5 VUHEME

O AP R 4

2 LiCoO2EBEMOBBUTE A RA, D Rz
3RTBRBAGETER
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e — }Vent

Y
+y in-situtzJl

digital output

furnace RemoteDAQ
contr‘oller QXAFS 7'y
start trigger
|
»{ control PC s
temperature er

3 RIEHRENE - MTEE () ERRERESHBS X7 A LfEAE bt - operando XAFSEHEIY X 7 A ()

BHESHEN (QMS) oIty s (K3), Zhs
OEBEFIIEFHAF v ERy MiZISh T, E—
L7 4 LRI p-GC & QMS % RG5> & OHEH A A D
Y7V TREEICER LEM T 5, K AT A2k D,
E— A7 A VAN DOFBRENHE ROSEEE O AR KR
BB I N, £, E—0 54 Yol - g 7n s
FLERL 77 v bk —25DLabVIEW % o TR
W A7 LZ2BFE L, BEEOGEHRERIHES 2 7 & LAl
A& bt operando XAFS &Mz EH L 72, AL 25
L& HWT, BEIEES R WAL < x5 9 % operando
XAFSEHMIZ FERi L, B~ A (C3He-CO-NO-Oz2) B
BT g o> 26 8) & il 4R o B Y26 E) 2 (W] IRFE 6
T3 LIRS 72,

PRI et 1 7 —7

g ms. e R
B X TR OISk
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BLO2B1
BERBERITE—LS 1Y

1. §IE

BLO2BI &, WXtBHAZEHE LLE—L T4 ¥
T, FELTHEMSHENC X 2SR E HINE L
ToWHSED 7e ISR S Tz, B, RS MRIT % 32l
T D YVENEE & & OB R S 22 T AR E
BHENTw3, Ny FITid, 28R T
7= (A&a—1) PFEINTEDH, 2hznX
ME — L DA LM OE A MOENREZfT> T, &
Hlc, UG (5 2/5M) Ik DKM
RIS e XME — A 28N 5 2 LIz k- CGElRMzE T
DE—LT7 7y 7 AEEZROTEY, UMMz H
TREBIZOWIELTW S, PNy FIIREIN TV
SPring-8 #E#ERI O 43 Hods T e B e X — 2 L ¥ — 1%,
4.5 keV2> 5 113 keV ETTH % 5, HEMERICIX, 18
keV 725 35 keV 2 {9 3,

4.5 ~ 113 keV (Si (311)AEHERTE , Si (111),
Gl EA 7 74 v FReEIZX D)

IR NVFE—5MREE| AE/E ~ 10* (@E = 35 keV.Si (311) TH¥)
> 10 phy/s

3OV ¥ —HI

7| (Xt A v 35 ke HHIAL00 mAD &S
. 1 0.15 mm () X 0.15 mm (FEH)
E—hFAX
PRI 77— =R K-> N/ =R
CEAt4 ) (X3 7 —(FE) ROV Y2 VvER (B|E)

12 & 2 1H)

i CcE 2 EBEE L LTid, FITUTObDNH 3,
(1) REREBHIP A X5
(2) CCD
(3) 4@kt

K1z, H2%%% - FEMAT—>a LA 77 2R,

Optics hutch

E— A 7 A v ORARNER & FERIEE O R IX, http://
www.spring8.or.jp/wkg/BL0O2B1/instrument/lang/INS-
0000000581/instrument_summary_view % i L T Jd
ERAATR

2. FARR

2016A 11 2016B & H ¢ T 38BN FNi S 7z, %
REK3, 2016A M1, 2016BHiz Lz, 75.0%., 60.7%
THot, K2 () iz, 20164 » BLO2B1 D )i
5 RIGER OB & 2R 4, BB OIS - FRIR
I, REFBHEERRD S <, 538 HE - FRIN
24 HE, ENZHIFEREBISE A3, 5L 6 HUE - FRING HUE,
HEOMEBE A3, IESE S EE - SRIN2FUE, PESEFIH Y, E
S - RIRLAECh -, K2 (HAK) 12, 2016
FEORE—L I A4 v OMATTHEGZ T, HEHET
Wb % <L S 33HE - PRI 12 FUE, RS AT
GG LA - BRINI2EHE, BA - A, IS
P - RINTETH > 7, KE—L T A Tl fkfiE
L C20164FfED 5 201 74EEE THR— P F—2—F 3
# TApplication of synchrotron radiation in materials
crystallography; (f43%# : Iversen Bo  University of
Aarhus) KON 2016 4~ 2017 4 £ % ¢ 5 IR R
M@ TG 2 > 2 e BERE Akt o A1 S b il e B it
D SRR S L 72 oo R o 9288 ) (R -
R HEBURZ R O FBEDTHh TR ) 514,
NS DHEIC X 2 REERGHITIIE RO E—L F A ¥
DRI NG, E7o, BRAEAFELA AT,
2HE, WL, 23D FE N S T

4
58
é.
g

ia 2 ,g- .g
£ 8§ 56
gl s mabbdy ;
B e A el e =g AL
- o 5 & R ' -
ISm 40m 45m
Deflection stage Elevation stage  Distance from the source Yn

M1 BLO2B1XZ&HL4A47 U b
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38.79%

24.77%

n REATFFEES AR = AR

u E RS

M EE38EE
SMA - FAR24AERE
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1. 3%

12. 38%

19.59%

n EERNT e EEEEET e EA - ISH

M2 2016%FEDBL0O2B1 DIE « RIFEROREREG (ER). HRL/FHE (AR,

3. BL02B1 DE{HIKR

2007 4B A I N RKIBHIP A X 1%, ZnF
THEREEDT S5y aT7y 7k b, BEMLG
EFLET 2L DRREEAMLTER, —/HT, &
ABHNT I, BEL Tz b, R2EREO R
HE D7 D CCDMEILERPE 7 L7 L A Mg 87
EERMAT2EBROREVBRAZITOND XHICh->TE
7oo 20124FJEICIE, REALTREZRAL T, —fia=7*
A= — IR LABRDBBIRTOMENTE S L ) ITH
filiL. VA 780 Mercury2 CCD 2 H# 7T 212 E - 72,
EF, Lo EB D BUN, ALIE I B a2 E
D) 2% nh, WBHEIcB YT, XD ED
fEHE 22 BARIEE T X MR RIE L > TE T, Z I T,
2016 41X, T4 A O EEBEME (M205C) DE
A%FTo7 (K3), APEMBIORE L Tid, moiEg
ELFEFOESFEZMZILTEY, X—LL VX280
7o R =T AT LITE LT, AIEE % BRI PER L
77 R7BR— b RATLAEFHHALTCWEEZAILH S,
L7035 T, Ef5HE2 6 BEFHRE TEGED WS
S, BUNEREREZID &) BT, JEFEIRIER L R

K3 2016 EEICEALEFEMESXT L

EAITAXYETY =I5 Z EDTHE & 22
27,

Flo, REMERIZ, a—FT 1 v BRI EEI N, S
Vay - BB AT L EDFEICED, HEIF v
TL =¥ a v INBEME Ot HEIWICHARS 2
EWHRETH 5, BIEMERELKY FERE, VT LI A
L2 7 b = 7MTERARYD . %Y 2 Vil Lo R
—IUN=DMEROEFEIE L CRT SN D, HRET
DL, BEMEBERRESM O BB S, RES LR
FA=FIFEVOTHHRIHT I LB TH S, Lh
> T, APEMEIE. MROGEEOREL T TR, Ei
BlcHABOREE 2 AV a Ol ETHMT I LD
nEETHh %,

4, £L®

20164, B, 22— =D o DBEED LD - 7
ANEE L OSBRI 2 I EINICIT A 5 K H IcT B 7201,
FRPAMBIS AT LE2EA L, =L T4 DR
HEREL T hTid, GHBERR 0% 721 ¢ <L Bk
DB LR SN E— LY A D2 ETIEH L, #
NEREZAIHT -0 0EELEEELE S Z 5,

—J7. 2007 4EFE I A L 72 REIEMIP A 2 513, M
H 72 104EDFRE 9 & LT 308, REREERERTIC
BTy DEEHEFLTE D, O - =05
LEVIGZHTw5, LeLads, 5%, PN
ME LI AT L OMEN ZHE IE RIAL 2 L3 TE T,
Bl R EREERT 2 IR & L 23S 2 5 o D)
ML o T\n 5,

BURIE, Mo, BEOREZHMIPA X 7I1cffs &
2% B 0RITH 208, WATL T, A, HoMEHE
EORVLEI 2L X — X TORBIFED B\ % S
fEMTHRERI S 2 5 L %25 L T BB H 5, 20174
JEiZiE, N4 7Yy REIY 7 &)L CdTe gt o A %
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L TE D, SROERPHIGFINS,

A RIFZE e
WEwE 1 7 —7" BfRE T — o
A A
+ /77 7 a Y —HATEHEE 7 v — 7
7/ St SR T — A
L IR, R A
Bzt 7 n— 7" Bhiscdg s — L

IR
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BLO2B2
ARG RIBEAEAT

1. 8=

BLO2B2 I3 fR B A Z R E LAY —4 54 VT,
F &L THRABNC X 2 SEERIT 2 BN E L 7%
DRI N, BIE, MrRETERIC X D MHik
B, s L, U — bV RN, BERSRET S Y
BRE LY L OB Z A S 2T IR S T
V5, JEFENy FUTIE, 2/EM AR O LIRICHETIE S 7
—PHRESINTED, XY — 20T LR O EHRED
BEEfToTW5, AiliE I 7 — 0 ASA 2 mrad 1Z[H
ETHY, ERHEHRED DI, X 2LE =126
U<, SiOHEMIZNI F/EPtH3a—F 4 v 7 I N7k
WKERRE S CTEMAT %, 2/ 6a &, SPring-8
FRHERL T, J0GR A1 SE (T D s 2 e Tw 2, o
KR 2 XFR T L ¥ — 1%, 12 keV2> 5 37 keVTH
%, M1z, % EBEAT—vavyL 477 %
Y, E— AL T4 v OEARMER & FEEEE DM,
http://www.spring8.or.jp/wkg/BL02B2/instrument/
lang/INS-0000000409/instrument_summary_view
¥ X % Rav. Sci. Instrum. 88, (2017) 085111 # £ IH
LTwhkFEERLw, ERAF—va vizid, 204k
WK6HE DOt mBREA X -7 7L —}
W 2 #H L 72 2 KRBT S EHR I T v 5,

2. MARKHR

2016A 1 2016B A& H¥ T 63 EMEM S iz, FF
REI1Z, 2016AH], 2016BHI 2z 2N, 86.8%. 66.7%
Thote, 13EH 710 D2016AM, 2016BH D

7 B ENFR, 46, 4337 FTH o7, 20164E
& BLO2B2 D )i 5% - SRIGREEB DO WIFEHEEY - /sl &
W, RPFEHEHEAI RO S . IBEET77HE - #R
DS, ENZHFEFERI S S 4 3 - SRR S E, o
ABEBEILTEE | R - R L B, SRS 1 A -
BIRIBECch- =, KE—L T4 v OWRSHEEGT
1, EEERAS YR D % (| JHSE61 FRE - FEIRN43 3R,
B - TR, BEE I43E - RN 123, KK
JuAR, RIMFLAMGE, 7/ Md, ReEE S - WA R
EDNNGE T I - BRI T EVE, EESERIR DY, BEE 1 A -
BRI HECTH > 72, RE—L 54 Tld, 20154,
H8— b F—2—F—FE TR - LR XBRETIC X
2 Ed G A O RESE . (IR« AR THETHER
BIRERY) OFEBRBITbNTEY, 5%, oD
B X 25T T2 DGEEHN, S REETIT
HRROE =L 74 v OEEAMDFEINS, . BE
A MR 23, AR A BB AR 3 B,
KB BRI I3 13 EE X Nz,

1l

1

3. BL02B2 DE{HKR

2016 4RI, BERR O %3 — KT g i Y B & i
L 7= HEE RIS 2 F 2 DHFZ2To7, Ih
% ¢, BLO2B2Ti%. skl - ilplow v s ) v 7%
19 72012, BNy FRTOEERT) BEDLDH
D, Rz, PILFELEBERFICAEN R —F -t B v
Tk, 205 DEERBNE -2 74 22 FHEL T3
Lo BHRI Do/, TN F¥ AL RAEMBEL, I

—
=)
<
=
e
E
= S
=] -3
= § = E 5 B a-._xé '8
= E 53 BEsE E
@ = g 2 8 g d§ ES
E 5 S B o2 S g
E 3 2 g ¢ @ e g =
S 2 b = 5258 E
a5 B § = E 2 8 & =
58 3 5 2 8 8538 )
- &= O @ O =oeA o) ‘
Frontend | W ] Experimental hutch
: P == il | S
40m 45m 50m 55 m Distance from the source

&1

BL02B2 XZF2kL 147U +
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M2 EESESEHORy b5 L7 BLO2B2 OMEEE

5 7% 5 EREER KRBT T — 7 BN ALv—T7"y ML
ZHIBEL T, B, HiricilBcf o Ry F 2% L,
BWERE D Wil RIEHrEHcEA L 72 (K2), Zhick b,
AR EME 2 P C COMEEROr 2B L2 —W
—DEHEZ RIFICERTE 2 2 LN TE, HIETF—42IC
LU ClEmDE %% T 5 2 ks EiffE g,
PRI Ry b CiE, 1250y F30OfHDOF Y ES
VikblZ =D v P32 ETE, v E7YRHI,
HANMEBEZHWTRLVY —IZEEL, sy =Tt
Ny bzeo vy b$5%, FrEZ7VRENE, Ly b
houaRy b 7=k D [FETEO b iEEE A &
XKINs, InoaEMREE., EXOBETh, FrETY
ABNICTE I N R (2350 7) ks, 22
NP SRS LY IcEEFEnTw 3, TRk
D, Y E7VRERORELZZOF FHRFTEL L
DHHETH 5, RIPTFHCHE I N F v © 57 VR,
CCD A A 712 & Y HERFAHE S 1, SHEkEED ¢, K
Y, Ziflh, 7—27#ioRY, RZEHIC Xk D, ¥ v &5 Yk
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Amin s eadaAn AR

T 1

K3 M KREINAEROFHBY 7o 7

DIV ITVHBTIEITING, ¥ ) v Ihfk
TH TNV RGO, dHPHEIT
\fE L (0.5~ 0.25 Hz), —RyePEAERERIC X 20
KEHTHIESFEBES NS, 2B RS 3§ 2 BRI,
Y ETVDT 74 AV bBEEATHRI-20FE
Thote, 61T, MR T — & OMEMRAFENE <
SXET B 7 oic, B EOMRIE - miRs St
LEORAT—VHZLOE L, FRICHHATE2 X9 Ik
FrfTot, ZHUTK D —HOARIH - Skl v
Vv s WENSHBITEETE 2, T s 2HEMER
FHIEOHRIMY 7 b7 =2 712id, TNETAE—L A
YORETT TS L ERL 7S v b A — 240 LabView™
THFETV, W=DV 7 b =27 THEITTES &I (2,
A NI ATHFEEIT>7 (M3), 2—F—lF k)L
¥ — MCERE S, B, MIEIRE R & ofiRE
FHOAr— 2B LY 7 b0 2 TICHAAER B
JTHIENETIND, s DFIFIC & ) EHRE %
90 ~ 1100 K % TOIEIA I CHIE L. %kl
WL CEABTHRBITEREIT) 2 LA E 2o T,
B, IR a Ry M, fEROAL A=YV S
T —F2HAOCEMECBCCHHATETH S L&D
i, TR S fEEICERIRETH B, kD, iR
KR 0% ZIASFHT 2 Z L HETH D, B AN
VRV VTV AT LERNAL A AFERAEIET o %
DL ARSI, BR 2R L 2 mRERS, 12—
W —FHA ORI L TR BB HIG T E, JEHE
WCHHEDE 2= — 7 L v F Y — 22 BR R 5
FEN T HE 72 BRI DL S Lz,

4. FLOHLEE

2016 AR o E RS L TIx. AR RN 7 — & B
DA ANV—=7"y MuEEEL T, lBgiia Ry + %
BAZE L. BES O i RIETEH S A L 7o, A%E LI
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Z D OMEROIEREZ FHIRD SN T Vb DD,
BERD/NRIA F v F v N — L BEEA AR E Wi
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BIL Cid, HEMFHAL TR LFFr 2757 —
Y—D7Tu s 275475 =5 Visual Basic TE
BREN T3 7%, Visual Studio 2015 express (Visual
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T % FH o 72 FEBR A TR 8 75 = FE T S0 2L S [ 47 S g
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—VEBLUOXAFS A7 bVEKISIZRT, ZOHITIE,
BFUDICXBMIZLF— 9.5 keV, HBIEHEFE 30 g
FTXRD Y — v ZWEL78, AT v 7 AF* v R
DI HEAREREN T Zn-K R IZ 81 52 XAFS 27 b L%
HELTWwS, TOk) EBEELNEZERTS L
ICk o> T, A—HEBTHOXRD 8% — v L IVXAFS 2 <
7 P VDSHUSAIRE & 75 72,

INA XARERELEE

BL19B2 0/ X AR ELELEE B Tl 20 124F LIPS L
AR A EM% e Ay b (HummingBird, [X4) % fH
LT, BIRRKAIETOBEAE (BA) HIENEHL T
W3, ZomriRy M, AR - Bk SA iR
IZHMIGTRETH O, Wik EWREEY S 2k, T
WOAZ7AF»E7Y — (BEIK80 mm) ITFE L TH
Wikl E LTHIETE 3, vRy PAKIZ, 300K
ZeUy b TE2HBI ARy bR 3R 2 3B

4 HERHEy MEEIESGE L 7oA X EREELEE B R X

SPring-8DH K & BETE

T
Zn 101

(@) -

1000 l[
100
10 yl

1.2
1.0
0.8
0.6
0.4
0.2

0.0 =
I I

96 97 98 99 100 g 1x10°
Energy (eV)

3 ZnEREEREN D (a)XRD /88 — > £ (D)XAFS ZRZ kb,

Intensity (arb. unit)

| |
28.0 29.0 30.0

2 theta (deg.)

(b)

Normalized absorption (-)

(K 4(@) DFDED) IThoTwDE2, BB IR FEIC
WA ZHARICIFEZIC70 mm EFTOHIRBH - 72, Z
2T, HED Ay MBI & LA ATRE 2 A I SoE S
52 LT, mMTEROESHIRZ KIEICENT2 2 La5T
7 (K4b) DHRDELS), Kale) iR TEICF Y E T
V—%2 v LIREZRL TS, ZOYUEICEL->
THEROE SHIR (EFH) X hEvwilkl s %45 (28
BETRE & 2 D AR Rl S . —ERR K
CHERTED K H ko7,

PESEA s =
PEER MRV — T
KIR B A WL ek

HE

AR v b HummingBird, (a) BUERT (BiED € v MERIBIK).
(b) BIERTRE LIS ICTER (FRHty FEEIB2E). () PREMIALTRTRICIIY LA AFvES Y —,
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SPring-8DH I & HETE

BL20XU
EFE A AXA=—IV T

1. 8=

BL20XU i34 7Y » FERI7Z P 2 L —F ZHFIC D
D20 mOPRE—LTA v ThHD, &Y VT
BHNICH 2EFNYy FIOERL D80 m B L UOHFRE—
LT A v EBHEERNIC D 59280 v F 2060 & D 245 m)
BHD, WHTeA 7uCTR, ZHUXERNYTr % Hads
H¥ 7= XRD-CT, #Hfiin-situ, operandoA X —3 > 7'l
ENEMINTVE, EL5DNy F 269 I3mnE L
IN27 7y 7 AEE, B, 2t —L Yy RFEIEC T
v o T 528, R AEELSEERS, BIERTEH
DEIT IV X — XFFEGREEE TlEF oy F 2 FH
LSRR TN T\ 5,

2. PREA€— 3> FZP DRF

XAEBEMCT 13, XA GRBEMEE AR E2MHL 28
SIRAE3DA X — 2 v JHCTE#E & L ¢, BL37XU,
BLA7XU T2 — 4 — L A SB35 & 41, BL20XU T %
HAEBRICHTZRESED SN TWE, v Lk
WER N L -~ A 71 CT DM S HAEDK 1 nm
BEICHBI N TO 2016 LT, 20O XFREBCT 132
M43 28 100nm FiiB8 3D A X —2 v /B TchH 5 2 &
o, F/CTEBMENS, AYRTFIZ7 LRV —V
7L — I (Fresnel zone plate, FZP) Z HH\»TE b, 4
B THH IR TwE, 2OF /) CTOR—RE%5X
BAEREEMOEERICII L Laedd s, S\ B W
THEWZ Y vy, =y Ui, #lary b7 A FB4T
I Ty OERMEZF L CHNR D L v BEIETE
ENTwk, FERHREUTOEBY TH B, WMEE¥ERT
56 N 2 GG OZEIBRE K &R O RG TR BIE
(point-spread function, PSF) D& HAATEI NS, I
2T, NET OB & PSFid 7 — ) 2 &80 BI%
2dh b, — ISR IF IS I OB D % R
DT, ZDPSFIERy VBB IS v 7BI%E LT
HMoid, ZNo6DEKIEAA v E—=T7 DRBHIZY v 7
WV EBEEN D EBDYI A FE¥—7 2003, Off-axis 54F
(FHEFRLIF) Tl 2 3B RIA B OISR O WA 5
WKIGC 727V v P ) 4 XA&BKT 2, 2% D, BN
MINEL VA THoTHINLD /) L RFFHET S L0
JTERARL, oI, MRS ZKBEL TW»3 DT,
WIRD/NZ VIR CH > Thia vy b7 A 24D B,
L Li#EicwziE, PSFIZU v Z7uzidinid /) 4 Ao

Apodization FZP

Type Conventional FZP

Qverview
E hick / o
ven zone thickness ¥ decreasing zone
I ot 11 D, L
Aperture
(= 1st order
diffraction
effciency Rectangular Gaussian-like
distribution )

(Gaussiarmbearm-optics)

Point-
spread

function " i : .
Bessel (Sinc) function Gaussian-like

1 fEROFZP (£fl) L7 HRF1 €~ 3> FZP (A-FZP,
RERA) OBRAR, RROFZPRE—HFLY -V EHEH
DDIZF L. A-FZP BEFEDBIITC LHVEH DR %
ICIhE<HES (ER), chic& hBEOBKERFYS 7>
RO (FHT). 72—V TEICHEE T 2 2 &S HEHD
HYv 7Y aRL (FR). #USFPrE—LXBRER
RT3,

FEZMZZIENTES, VY 7VOEHNPSFO—>D

WA TP BH L0, Ik Z2E, ETBITITT

YOX) MR ER AR ZVHOZ O EE, A Y

ST VDOPSEFWEBTE S, ZokHic, Vy il

ZB7OI7 =Y TEICHELN R 74 NVIERET LI LE

TRYA X —vavi ks, COREREZAML T, XEG

BGEEAMEED 7 ) v ) A RDOBEEZHNE LT RS A

Y-y a VIR & FZP 0sBs S V2, ez

112Rd, FZPOBIIIBISUZ 1 REFTHIE A TET 2

EDTE D, WHEDFZPOH AL, Fld o FUE £ T

—ME = R TE D, U PRI

W cERI N LB E RS (K1), — AT, K1

HIZrT kHic, FFRAIDFHIZWCIZONTY —VES

DUNE L B k) kiR FZP 3B >4, AR S

FAE R4 IR T L, HRAEREZ R 22wl o7

VI RMOME, DEVATETRY AL AHONMNE

FZP(apodization FZP, A-FZP) £ 72 %, NTT-AT 1c#l{E%

KL 7- A-FZP OMEREEi & LT, w4 7 vE—L4FA

TLYyPAFy Ik THIELZENETR 7 74 V%

K212 d, 8 keVoXHICH LT, HIMEIES0 nmic

HLUTARY FHEIES5 nm & IFEHF RIS

BELNTVRIEZRLTWS, £/, ZOHEFZH

2L, VAR MZoNTED, A7 ViC

Fn7a 774t noTw3E I ENbhrs, ZDOFZP

FEEIC 7 CTHEBEICEAINTE D, HEICGR DR
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1.2

£ %8 "FWHM 55 Am

< 0.6

EOA- "l"

£ 0.2 P
0 ' 00 -300 -200 ° 0
02-400 =300 -200 -100 300 400

Position [nm)]

2 A-FZPICLB3EXARy b 7O T 74 () XBIRIVF—8keV. ¥4 270 —ALAFATITyvPAF v VICTHE, £F
BARIES0 nmIci L CTEX IRy b OEEIESS nm & IZERFBRFICGEVEXLIBELATVWS, AR IO T 7 1 VESRSH
DK, FIRTRLUIRRDOFZPOEXTO 7 740 (GBRfE) LHRLT. Uy T 6TV DS80S

LB REE 2T T\w5S, HIZ, A-FZPICiZfliof]
MH B, ZORTIEHDOFZP LiE-> T, A Y
— VRS ENRMERCICT 258N 0nED, XhE
DR F T, HHVIF LD EELZETLFZEDLT WV,
FZP %A L 72 XERBEMSIZBLIR 10 keV RO T 2L ¥
— R T LM TE LD o705, AFZPD Z OFiE:%
FH LT, BL20XUIZ 8> T 20-30 keVEEDE L 2L
—EI X BRBERER O FIFE D S Tw %

B R

[1] A. Takeuchi et. al., J. Synchrotron Rad. 24
(2017) 586.

[2] A. Takeuchi, et. al., J. Phys. Conf. Series 849
(2017) 012055.

HFRIFZE e

NAF V7 b=TUTNVITN—=T
M A, BB EBEZ
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SPring-8DH I & HETE

BL20B2
EI= NG SRR/ |

1. BE

BL20BZ2 iz fRIAERiA %2 IR & L et P RE—L 94 &~
ThHhH, BBV IHMHNOERNy F1IBLORRE—
b4 VEBRNOER Ny F2, 3128 WT, X<
A 70CTZIFLDELILA A=Y 7 (HEFHA) &
BEIcHHENTWS, Uy HNICH 2EBENy 71
TEHIICEHOEREE NI L T 2\ fass i sk
EREE2T 9, JGFED» S 200m ML LR 7 TIRSEE N v
F2, 3Tl3, HORWLWKABHROXBE—LZ2MHT 3
CEWHEETHD, EHlae—L U AEZHEE T X
DI AHERE AV BREHIT 2179 2 L SHEETH %,

2. MHHBRBOHRNQI-CTEEDOHK

X CTE YR OMEEZ SRIGTIHETE L TiETH
%, BL20B2Tid, X#tCT DM o e wAl %o e 4
OB EEAT 2 2 L TR 2 S TETEH
D, REDEMET (M5 FEE 10 nm R, 15-30 keV
H7:D) TIEHFHREFIZIOMT T2 LHARETDH
%, ZOHBEHECFIRRZFH L <. 9RoEme
WK - RBEDRET % & 5 2 3 &) BEBBIThbITw 3,
FMED R LSRR MR TEERE T, B VB OR
M fRAE COEWEB A 2 Z L bR L Lo T3,
MRLOIE LY O %2 A 2 72 1o, MRS
BERLIALZ—F—EBHOH 505, W DDLDKR T
FHERGT R I REL S N T % LI F e, —
DRMEEZXAZADODRY) v —HOXREDEFEETH 3,
b9 —DIXEEHE & L CIEIERIC oK b & L EEE
REERZERIND DD, Znmilc T &9 L&D
BFEEINTLRWIETH S, R v —fELEIFmER
BB EREZE S, ZHUEHTOSMINZE T 300
FIENZOHM &2 3, £, MROBEMAE T HE X
XAEGRERH (Rfi2 7 — & BUSHIC R 2302 5 CT 31|l
WKBOW TS GEORBIEDH 5, BFRNICE, BhH
h0l3zarrofIsaryREOBRERNRAEL
%%, TN EOMETOEEIX, CTHMERERICEIT S
Big(e—>av7—F7727 MORKER S,

2016 4EE Iz s offEZ IR L, JEEFHREICEY
BB OB ZE % T 3 72 0 DRiE % B L HLFE A
EEEE LTAB L 7, BEEHEZR1ITRT, EED
BT AR IC X % (B4 SPU-12), SEAflo BT
IR EERE 2 i 2 T D SRS L T b SRy

AL - _
B1 BL20B2ERNy FIICRESNIKE (HEREBR
SPU-12), &K 2 kN OfNE % TEIERE TEHRIATBE,

Yl 23T v, 4, MELE AT —Y DN % MK
WZEHHIT 2 HEDTRECTH %, SN (IR EME D
A2 KN) 132V v 7Y v 7T RS A 57— Ricgz
eI T D, HHERHIIE L T 5, REEHER A
Tld, ETEHICHITEEEZE T2 L) ICBRDA
I, A2 E LG 2R D 8 X OEMEIAHE & %
27, ETORY)AFFHEIZ20 cm DL ED A R— R % 3
FTw3s7d, EXRF R EDNEE DT 2 EEI K
fEHHICRIETRETH 5,

Z DEEE & L TR %A T H % Styrene-butadiene
rubber (SBR) D 8| - ) I 3 1) 2 M2 E) 2 vl 3
patazfio e M dllEER Y F LIt Tiib
Nz, FRFNIZEGEEIRDEBYTH S, X FLF
— 125 keV, FEHHFEY A X 1 13.2 um, #FHICIKRFRH] ¢
5 msec/projection, ¥ : 26.4 mm(F5) x 3 mm(#E).
FeE 0 900, Bl -8R D M : 2 nm/sec, 11D CT ik
WICH T 2 EMI27.5 secTH o 7z, X212 400 F R
(0.8 mmIcHHY) Fl-o8R D, ZDHEE00HMREFL 72 &
EOWMBRT—% %R/ T, ZOFHITIZF130M453 D CT
MR fTbi i, M7 — 4 ®IZE X% 100 GBIEEE
Eot, B—=FeLDF—=F0olk, 5l-oED 2ELL
IW7EHD S SBROEMVIHE D, MEINS ko
TR s N7, Wifd 513 SBR DI,
JED3> T RA FENGEL T R A B 2 BN
ELTWE ZERThoT,

3. FLOLSHROREE
RFBAR DMEAR 1< & 0 S HE DS RE & e o e, 29
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K2 SBRIL®DE|o3RDHBOBEFEERTIEICLE DRI XR
Hif, TLDLETICIIEEROESBRENMIFIFTH S,
FLEGROME LG E, DO (M) 2RLTVWS,
B2 5400 TEl o R D OEMEFEILES ¥, (a) BB
X#gf. (D) CTHBDRS v 7 h b EDHBTE 28 D H
L7z (c)(b) DEBDKENDMUED CT e

7% L ENEEA~DWIREOYE £ 5, EBICBL20B2 TfT
bNTOLLEBIZENZDD XD DENEHROBED
%, 2095 1/3BREZBYERTH 25, &F
MECHEGROERD L, AFETRL7EEIZ, 7T
I ODDFECHHA S I O, REBHSOH 3,
SHIEZDEBEORT VYL ERIEHLTW X R
BT Z 5 TH A9, BENITIZR U nDiHle
BRIF OB A X 2L HRAEOFHTH 5, BL20B2
T I NLIIMC b R4 RBINBIZE2fT>TE D, 2015
THE o 7 il 2 AHIICEE S ¥, SHROBEZRITE A
LA—RIED TV FETH 5,

E = BN

[1] K. Uesugi, M. Hoshinio, H. Kishimoto and
R. Mashita, Proc. SPIE 9967, “Developments in
X-Ray Tomography X”, 99670V (2016)

F HWF TR e
NAF < YT b=TIYUTNIN—=TF
¥ BEA, b2 #KH
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SPring-8DH I & HETE

BL25SU
BXIREFDHE—LT (>

1. kLo

BL25SUIE, YA ¥ ~YALT ¥ al —F %N
ETLZHHAOHFE XM E—L I 4 BLTHD,
1998 DL HBHIR > & BIFE F CREIAMIE: 75 % Hr i s &%
TR X B e o3y 7 —< £ 2> T3, 2013B
HOMHEBKTH, F/ - =4 70 —L O R
iz HNE L7y 777 L — Rz v, 2014A 18]
DaAZIyTazvlEET, 2014BHin o4t Z A L
72 O8] Bl o e — 454 vik, BOZRLX—5fR
oA 7ut—2fHlx2H#ET AT 70 F L, AE
KON ERE T/ E— o HEH#HET 3BT
7 VF TR L 7, PUT ., FABEEERI, B3
R, B O, BEEREHORIIZ O WTHET 2,

2. FIFABEEBERR

X112, 2016AHH & 2016B i 3 V) % FREFE R F i >
7 FEAEERT, 2014A 2 S fkGith oo PUBRE X, #K
X&gF /2 € — L ORI HEAN T & 262 AIR X 1 MCD BEf
HEBAM ORI E . Z ORENMMAFRICET 50T
b5, i, 2015A D & Mkiserh O RHHFHED 218,
2015BIH A & fkfeH O Fror B AR F HERED 1 & £
T3, —MHEOFIRKIZE A IRIEDF TV 2 23,
20154FE & Ml L O hnfEmic & 5,

M2ic&7 7 v e EFEBREEOMAEGZ R T,
2016 FEEIC BT 257 T v F ORI HE G IF R &

40 -

3] m2016A

30 2016B
25 ~

(%)

20 A

15 -

10 1

5 -4

0 - ; ; : : l l =" =
PU #iHE R B% FH RE —B

X1 2016AH3. 2016BEIOBEEREEE> 7 FHOE A,
Mg, 1 —Y—FERo2> 7 MICHT YT FEOE
&%) ERT, ‘PU.HPH R .“BE" “BE".“R
Er — . FNFN NS— b F—2—Y—(PU) B,
FHOBAIRABERE. RPNBEE. RRLMELHAR
B BREEERE. K¥REREVHEE, —RFETH 3,

Pulse-XMCD __

Electromag-
XMCD J

NanozXMED

A-branch
(43%)

B-branch
(57%)

M2 2016 FEEICHBIT 375> FELRREBOIAT 7 MK
2j4 (BLIBYEFNR), 2D-PES (ZRTRRENEF 7
F 5 4% —). PEEM (XEFEMIE). PES (KEF oK
¥E). Pulse-XMCD (/$)V 2 BB XIEMCDEE).
Electromag.-XMCD (BH#A XK X#EMCDEE). Nano-
XMCD (EEHHXIHEMCDBEMIELEE), Others &, —
BHGRLAAZEECHAPORBONBRBICHEYT
50

eotz, £7-, PUBGE, BRAEABHELFIHEME, Hioky

BB R R & 72 A A IR X R MCD BE M 58 25

I8 & B 2R X A MCD 255 o f] K D3E o,

3. BERKR

2016 I R - A Ge i & sCc8ud, 20174
3H31 HR i T33 gk (1998 4~ 2016 4 £ D R
Bz 4200F) THYH . ERTDSEM DY & gL T 17
YR L 7z, 2015 4FEIZIERHTD 5EM DY & HiE L T
25% A LT 7zds, ZHUE2014AM0a Iy a=y
TSR L COR s d 5, JUEBOE—L 7
A ¥ DIREMNRE LG o 7RSS, Sl 23 NEER 1 47
bUuhdbDEEZoND,

4, FR,. BLU, EREBORR
4-1 E—LSAVHFER

INFETAT IV F TR, SEHIDOE—L 54 > Tffi
AL oMt Z2 AL Twids, 2015 ~ 2016
RIS THAER T A — 5 — 2l b L 2 [| g 7~
DEF#ITHoTCER, T, 20154EH12 3004 /mm &
10004 /mm OEHHE T2 L 7z, S 512, 20164k
12600 AR /mmDEHHETFZEH L, TRTOEFZ%ET
L7 ZOREHR, B XN X -T2 VX —MBREICIS
U Cly) e Mg+ 28R L TR 5 2 & 25ARE I 7%

27z,
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4-2 ZRTRRBEAEEFF7FSM4 Y —%E (A-branch
F1RXF—3Y)

BN st o) i O T A B Gy A A
TELHONMBORKMAE L, L, BEBELET A0
757 4 — VU PECEECE TR IC X 2 5 i
b B mEmosE IR (8 2 ohE o F b ssE R L
TE7, 20164EfE X, Zu— 7Ry 7 205 ORkhE A
EAERIC L. DS o B2 aURHl% 2 — v 7 — 212 b ot
BT 5720, AEREAME - ke —HT L, £ W
F—77n0, 7 A% v 42 [T $£8i0, / SiC/87 —F3
A4 AR O NJE TR o R B 2 e, Ma i
JE TR IRAT O I FIRZE b EA T %, MERIN 22 fR5FIC
0, HEERXLENIHEE L T3,

4-3 HEFEWEEE (A-branch F2257—Y3Y)

Yt B - ¥H % $5 (PEEM) % & (PEEMSPECTOR,
ELMITEC GmbH) (. 7SV AL —¥ —ZDNGL &
% FH L 7 IR R E 2 R s LRI S T
W5, 20164FBEIZ 20164 F IS . A X =Y v
717 DL DOFRAE T O E 2T O—EDORRIFE S
7o, RELRENZEHICE > Tk, BEOEML
DRELRFEHRTH 2720, X bR ~oH
VismBich 5,

4-4 HEBEFHNEE (A-branch HE3XF—3Y)
ABEE I, 2014 ERICHI7ICEA L - iR
36 (ARPES) #ETH 5, RIAFELEOERMAICLD,
#it# > BL25SU @ ARPES 2518 & Mg U TIREEASH 1 Hi1ml
bl £%.74 7V 7% —f&NBE T4 (Scienta
Omicron 8 DA30R) 12 X b, BOMEZEFEE L F
% T D ARPES Il E A3 BEIC 72 o 72, 2016 4EFE I3 FI &
EasEF I T h iz, 20174EEICw A 7 0B — ALl

BSEE PELTWS

4-5 NRIVZEHIBHRXEMCDERE (B-branchF1 X7
—>3Y)

B-branch#1 25— a v Ii3HiEZ L — L TRETE
¥R AT 5720, BB TRA %7 7V r—
a v ERHAAL Z EDTRETH B, 2016 4RI IRFET S iR
HEDI-ODXIET 2 v N—EEP L -V KL IAALLE
%2 BB L CU s 2 i L 72,

4-6 BHAXAKXHMCDEE
—>3av)
B HOE N E I & 5 XMCD Il o ks L 2 BN
& LT, FrcicEit Bt L (3EE - Quantum £
NEHEALK, TNEAFETFIVaryFY 7 MK

(B-branch 2 X 7

Xspress
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H# (SDD) tfiadbETHilTs LT, 547
¥ M BT 1065 LA L kS E XMCD GHIIASHTRE & 72 7z,

4-7 EEFIMXBEMCDEMEE
—>3v)

AT, JUEEE 70 Y 2 7 b <M R LS >
DRI Z 3Z T CHZE S Nfz, 100 nm BUT D v 22 5y
RREZ B L. WS T CLRERMA ~ v © v ZHIED
TE RN D 5, 2016 EELITIEFHIIRIE DA/ 4 A1k

EEHHY 7+ =2 7 ORI Z KD, 60 umx60 pm D
W27 oM THETE 2 k) Ich>7, 2132014
FEDREF DL FIFIER & I LT 20 f5 D _Eowdibic
ML, &0 EHOMERA ~ b RS RO BIZE
ST 2 LR E o, ., BEEAT
AT BE 22 G B S MW D 8 T2 5895 TICHEREME T L T
W5 REANDORIGHHE L 25> T 5,

(B-branch 3 x 7

23 3Lk

[1] h##th 5 : SPring-8 FIH HE#]. 19 (2014) 102-
105.

[2] vh#t#5 5 : SPring-8/SACLA #I] il BF %% iR 5 4.
3(1) (2015) 186-200.

[3] Y. Senba et al.: AIP Conference Proceedings
1741 (2016) 030044.

[4] F. Matsui et al.: Sci. Rep. 6, (2016) 36258.

[56] F. Matsui et al.: Phys. Rev. Lett. 114, (2015)
011501.

[6] K. Sugita et al.: e-J. Surf. Sci. Nanotechnol. 14,
(2016) 59.

[7] S. Fukami et al.:
064029.

[8] D. Mori et al.:
201603.

Phys. Rev. Appl. 7, (2017)

Appl. Phys. Lett. 111, (2017)
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SPring-8DH I & HETE

BL27SU
X FEE—LFA >

BL27SUE, 8DF 7 v ¥ 2 L —% %26 & ¥ 2 EfYRE
HXFE—b T4 v ThoH, E—ns4vizRi s
IANVF =GO XM E G T 2 DD T 7 v F 9o
I TB Y, AWROEEER X2 AHTE % 2
EVR—DODFRHETH D, BZFLF—T 57V F (BT IV
F) T, SIIID) A a2 R L T2.1 ~ 3.3 keV
DEZANX —FHHOMX Mz, KA LX—7 7V F
(C7' 7 vF) kB Ea ez fmEL <, 0.17 ~
2.2 keV DR 2L ¥ — XD FI e CH 5, FHL
SIRTFIE, XN « HOEX B BT - XS
W lere EDSHHTR, XA 7 E—La%HHL
7= AR TR X FRBABOHNE 12 & BB O BIZE. WRIL
S BB 2 AGbE L LEREy Er SR E
Thb, £, ZEHPFRLCEEREEZMATL LT, K
SUFBEE (AU 7 5828 L I ERHE) 2 o B
T, AEHRE IC A bR TIRIA WS ollE & E %
BT 2 2 eoveE 2P RRITIE. 2016 4D E— A
74 Y ORARGL & Iz, BRI >V TG T 5,

1. 2016 FEOFRERFRR

201642 (2016A & L X 2016B ) ICHIZE S N7 3
Z65HETH b ZDdh 5 ASHED R - EE X iz,
M1z, W 2 & o HgEHE SR R L 7o (RIWH 3
M ZEC CIHEE LT ELTw3), &b
HEEDY% WA T IE, BRI 2 P & L2 ER
L8 (20 : 2R D 31% ) TH -7, TS DFEIZ,
K4y Hsoperando BIZZ I X % BifE vh o> B i X2 BB AR D
FOGHEBRERENT, & 5\ ik, KIGH O iGMEREZ2 ERE i3
ZZLEABLEIETH S, T THLE. BithBEF B
WP 2 WIZEARE R L TR R E o TR D, S4E
JE b 5 &t & MRS AR S e, BRALEDE LA
Tk, HYEEEMHL 2 OB G 2F0 7.6
% )%, WonHEE R E L 2 MEE M RIBE T (84 ¢ &k
D 12.3%) 7 £, WAL TVEEE DR LRI 4 © %
VX =Rz L 2REESE W EEEZ O Tw 5,

—J7C. MIERAL A By (1441 © 4tk o 21%) % AL
(AfF:6.1%) 2R E LBENL W &k, b
MXBE—L IV EDHELEDT, TOE—LTA
VORI E o TWE, TNSDDEHORMMHEHGED., &I
FETIIMRBE L T20 ~30% BEDOHEE HD B X H Ik
STED, MXMEMMAT 28 L WIFRETHO—D L L

FIF S EF R R EEER RN

TFHH, 6

1Bk, 8

(B5T6558%E)

B1 2016A% 5 UIC2016BEl IR S Nz, FERH/BFEOH
EHER, IPoREIR. E2BFOBRBREMERT. 2
ITRIT—FF. BERBELEICE—LT M ViBYE
PRHELI-DDOTHZ, LH. REPBFABEE L. BRE%*E
LTIBEL LT,

TEBELTELbDEEbNS, REBREOHHENE
WZEIZED, TERDIXEFIHCTIRRENTH > 7B
KPR RIS T2 BB E T2 0 e, 8%
STEFIC LT X R DRI DK L T3 2 L8
W25,

2. E—L54 2 DEERR

BL27SU X, E—24 F 4 v O 5 154D L3k
LT3, BEDHERGERLEY —L 74 YO HRNZ
A% 2T, 2013460 5 B, FIHBEEE MR EEE O
AL o CICREEEE 2 ED TE L, BEESON
REBOTHEERIZ, REIWE—L T4 v OEHIE
AZINTbDTH S, 20164FEEICIF, RIDHERFORE
HEEOME - BEEERZE T I, ZrUc kD, Bl
MR KEIBEER OB TE T L e, Nl LX)
FIAAR=ZAPIER L2 LTk b, SRIIAMFIC &
2RLIAARBBEOZ I ALKl 2 FFE IS5 2 & & FHH
LTw3, ZFANFARAZEEOHHREZIN L3¢5 Z
L&D RO PREEN 22 HUE O 32 A R BRI I
HDHTHLPETH B,

7. HHRONABED —D L LT, H I o

_62_



X RNy e B D % 8 Z 7o 7o, AREEA T,
X S RMBURNE % 72 U<, MRl 3R - S Ees
DALEIREZ nm DR CIRI AT T2 2 L 2R L ¢
2, 20T LD, RAVTFET 2 SR OB,
MR DT AR 7 &2 fR R U 72 P95 %2 R 1< S8 4
22 ERHMNELTV S, FRMITIE, ZRITLOFEM
XAFS tflAaabE B T LIk, =ZRI0F /LR EE
OhTHE E L CEZED T PETH 5, AT,
BEDIEEOHIEE L O, BRI >V THET 5,

2-1 RSHBBRINSAREEORF

NG IEFL OSBRI TR & 2 68 108 e X R
ik, IEfLZ AR T 2 XEROWRIE I Hl 2, 2 2T,
X MR ORI TIE 2 S ZREBRY O IR ZAL % ik =
FUX—OFE LCEHIIT 2 2 & T, WINGTEETTH
EPRNTH S, 2D, BT 2 ZXERYIC X
> Tkl o OB IHEE S 2382 2 Z L 2 FA L <, R
KD 6 DEES L U 7 L RESH A R L Tw
2, BlZIE, —Mic, RETFINERIEIC X 2 T EHIE
TUEEEIERT 2 6 Hnm, HEETIEETD S EH nm
~ 1 ymEToERERKENTHE L SbhTw
%, 2 ORRIZGARHNEE % JEIE T T T & 2 X Tid.
AR DAL IR B % YR S ST NS T T BE 28 1 2 T B
D—DITH 5,

—JiC, FHiH» 5T T 2 KIEDO K - FH O,

N : IAVI%4: U=
1835 1845 1855 1865 1875
Photon energy [eV]

F2 (a) BAXROBHEEOAEKTFELZINA LIRS SR
AEZEORE, (b) A LIRS SRUTKEONER

_63_

SPring-8DH K & BETE

SRR I Wi G 2 B T 2 ko B Wiz, EiboF
ETIIES DRI ART 5, MOEI 2R CRI -
R 2B T 2 FRO—2IC, XS nz@wk 5
BN 2 ZRERY O A EREED S, S RO
MeBrHERD B, HlAIE, A= 2 BEFOMESA
Z R L 22BN YEHE IS & D FREROEEE O R e
DOREMETER O SHMIF 238G S hcw s Bl 2 ook, &

D OHTREDBRENEOEX A2 w3 2 & T, ZFr»ro N
V7 (~$100 nm) 12 2 % R DL IR EZ L % W= 1
WY B 72 8 DR % 11 7=,

WS NEMEDFEZ X 2() 10, F7/, B L 72 2EE
DONBLZ K 2(00) IR L7, KAFETIE, SOEXEo
WX (Tbb, DRI )H, SOEXKRO B A Ik
H#T 22 EEMMT S, WETIE, SABEHIR L THREI
Xz AB L, AB XS L TER 9 5 A7 i A7 s
AR X AR B 2 Bl U 72, Do U AR 28 1203
WisEH 4 RA313 pm, ARIHHERAHI1024x1024 € 7 &
)LD IR 43 8 CCD # i #7  (BITRAN #1: #1 BK-501X)
AL 72, SRBIOEIETE U 2808 XTI~ D
PHEPTIRET 2 72O, IR S 3 #HEXFRD
AEDIEFEERDOEIIKRET 5, 2Dd, AHX
Be e L L Ot X o B AR & gz iz, &
&L CRMEFHTEL ZHAXBEOARRHE I NS (X
(@) DFRAR) s —H. B E B HE X D3BE % B
T % BEEEDE < 72 5 A XBRA AT LTid, BRBHESE
25 DHOEXHR S BB I B 7o, AN
X 7 EIE CUEEREIN D 3 )L 7 EIR T AR L 72 5B X B b
BaS s (K@ oEMH), ChoorEzfML. i
EBUEAI S DR 7 &)L TR S L5 806 X Rk
DAEFEIBNTT 5 Z LIk D, TS HEDOLAREE Wi
JENCRIT S % 2 & il A,

X3z, AREEDFMEE OFERZ R LIz, SRR

(b) ©

—— 752-767 f\‘\\, iR Si " o T
A H
(a) Ve i
L ;
Si 120.5 nm H
20.0 nm —— 608-623 2w i 784-799 w2l
205nm 7 . . e
1990m =3 B T I A ot
S0, 120.4 nm = : +

—— 464-479 p 1] H W

W —

—— 320-335 HaE W WMM
S e Vil

—— 176-191 WS ——— ®5R
MMMV‘" Wl J”MMMMMW
525 530 535 540 545 580 1840 1850 1880 1870
Phaton energy (eV) Photon energy (V)

Si substrate

Hormalized intensity (arb. unit)

K3 (a) RHRATHOZERE (NMIJ CRM5202-A) O
KR, (b) BEOKREETHRE LIRS HBBINA RS
Fave (¢) 71 RO KRB THE LIRS HBEBRINZ R
a7



WiE, PERRBEMLRS L T\ 2 3 & 4 MR A o) Rt Sl
(NMIJ CRM5202-A) %l L 7, itklofiEiE, 20 nm
EoSiO2)@ & SifEnRHIcy Y a v LicsEfEn
IR TH % (M 3(a), K3(b)(c)ITid, ZNFhBHEL
5 NS A FE D KB THIE U 72 B0 X BRTE S @k
IMEDFERZ R L, AT PAVHTR L ZBUHEIZ
MHHSMOE 7 2V EFITHIE L, €72V ESHEKT
ZIZONTANI DL HLRANEWNEL TS, WD
HES, 16E 7L T EICARY P VRE RS L 725
2, B G o gL DS EZRD D T ETHEED AN
7 MV EET,

BEOKRIZEB T BHETIE, E52RHETsE7¢
BRI L CARY PSR HICHN S 2 & D3R
I [K3b), ZoBERIF, BELZELSIO2EEEE
WSIBWRHICEBLTWAZEEWIGLTED, F.
BoNTARY FILIZSIO2DOHRE BHIGL T3 Z &
5, BRI 2 WE R It T E T B 2 & DT
FENT, 7. 20 MmMEOEEZ 16 ¥ 7 )L THRIL
TETVWBRILEDS, 1EZ7RLH L) DEINMHMEER
1.25 nm MY $ % & BEED oz, Rk, 71 %D
K FEIC B W T, IS AN L TARY PR
HACELT 2T DEZE Sz, 1846 eVARTICEHN 2
E— 7 i3 S-OfA IG5 & TH b, SiO2 & Sid
RAEKHEEL T akt2, 74 ZOERED S i
BIBEMTEL,

— T, TAFZOH TR FE(RT» 5 HE5ED
SiO2) Z MR T B L TE Lo, k. H2/G L
WA D AR 7 P LB WL TIE, SFOKAICRIGT 2
1846 eVAHE T, FEMENHEA LT3, I DhE
Rz, EE0NIBERICEB VT, AR XBORAIZIRES
BMHINEXEOHCRKINZ E2ERL ThihWnI &
BELTWwE EEZ 6N, 58I N6 DFIIEZMARA
AEBNTEZIESL T2 2 E0HEE L TE-> T3, K
EE T TIBFHcft TR ) Bt ko2 -
FEOHT 72 EDOHHCFHIA S RO 72, S, SRIE
EEDIT— Y OISR T 2 £ Ebic, SRR
MERDORBFRHE T~ LR AT ZED 2 FETH 5,

E BTN

[1] T. Tanaka, et al.: Rev. Sci. Instrum. 70, (1999)
4153 .

[2] Y. Tamenori, J. Synchrotron Rad. 20, (2013) 419.

[3] K. Amemiya et al.: J. Phys. 15, (2003) S561 .

FARFZERERE, el 7 v — 7
ZsHN BESH, BEH R

_64_

SPring-8DH I & HETE



SPring-8DH K & BETE

BL28B2
HEXEREHT

1. BE

BL28B2 13, SPring-8fRIMEK A2 6/ 6N 5 HEaX
M, EEOBRE VO ERETEZET I L ZD
FIFATERE—LI94TH B, 2O, /INE)
PARBREEA X — v 7 UERIRIE D 72 O O JLRET
%2 HOXEEE XA X —2 v 7 Xk s EM RO
AT, RERT S0 iR = 2oL X — 43 HOR XAFS 12 X 2 fil o 1%
B A L & oL RIGERRIC B 1) 2 BIEE AL
BZE, B RV X— XA 70 CTIiz & %480k
D IRTLHMIEBILE e & SRRBTRTE, FERIC
I &, B XERE TV 22 3 T o B FE R A RESE
DEMIN TV 2, 20164FICE T 2 ERTFHEHHRIUET
oY TH S,

2. TXNF—HHBEINEMEO SR

BL28B2 DFHHIN 4% HERFIETH 5 T3 )L ¥ — 3@l
[l97 B (EXDM) o Eikfgfb 2 175 72, EXDM &, %
Ao ERINICB T 260 - O T RO D % FEl $
L2 EDHEETH B, RFHEIE, BRI S O REIPT A R
v b DX RV ¥ — & P EABILER (SSD) & 2L F F
Y VRNV TF T A (MCA) THIE L Tw3, KRFEDOM
RITREFEDO—2H, BlfTD MCA DIF 5 WIAE S D
KX TH2, EEUHEENBENE, ATV L=
B o PR IE L 72 XR D = 2V X — (AR O i
oY 7 PLTLE), BHFARY b O, % DM
PHBICED S EFIETHY, AT L — DY
BTy TR REOREL T IFTwi, Iz ik
T 20, EEAHEEHOEBTY YLy 7S r7a
vy v/ (DSP)HEEZETSEMCA(T 7/ T—¥—+#k

-©-MCA7700

1.0E-03

T 80E-04 | /
@

g

U 6.0E-04

e

Q 5.0E-04 |

] 40E04 |

] -#-APU101
X

1%

H

2.0E-04
0.0E+00
-2.0E-04 |
0 5000 10000 15000 20000 25000 30000 35000 40000
A7 kL—Heps]

®1 MCADOFHMEHRR (hv>vblL—bETRNFE—DYT b
£, itk MCA7700, E A#E: APU101)

_65_

BIAPUI01) 2 A L 72,

X 11Z MCA OFHlifE R <dH b Bl AH 7> L — b,
B XRL TN —DT 7 b ETH B, HFRTEDL
FAEX—DT 7 MEIFE5x10%E L7z, Zhud, EXDM%E
EDORM PN EMEDPSRFEFLZZIRANF—DY 7 FET
H B, HERBEMCAT700) TlE, 25,000 cpsD & F iz T
FAX—Dr 7 M ENExI0YEKEHMA, —H T,
B L 72 APU101 Ti3, 35,000 cps® & FIZLRL¥
—Dv 7 FEMPEx10MZ DO TRICBATE D, Hhls
DA T L= ETHIRTES LX) ICRoT,

3. DXAFSZEER o= MR

2016 4F 1k, DXAFSEHHl> 2 7 L o &gz By
& LT, RMIRZE LR U 22 AT DA 2 R 27
BH¥E % 17> 72, DXAFSEMHHIC & > T EXAFS T s i %
MEXE2701213, LDIAOCI 2L —HEOHED
TR RSB TH B H5, BIEMHA L v 3 e
25450 CCD M 2R 0 XFR IR I X - THIBR 2 Z 17 Tw
%, WIRDGZS R 2 Roni R IE . X & DG IC ZE
T 2GR, RN Z 2R ICREHRICEAT 202
DDONFL VY AB LV 2RIGHIBERD BRI N TE D,
ZHTEDLE—LIEIE, 2RIGMHBOEZE T A X LN
LUV ADERICE>TRE S, —J7, ¥V VXD
KL 2RI BBDOMEY A X0 5156 1 5 ERHFEY
A4 R, TRAVF DRI ET 2, SHEBEIFEL KR
HEETIE, 2RICHBHEEE L TET Y 1 X 13.3 mm, [H
FY A X6.5 umDsCMOS A A 7 AL, HFEL v X
DN EZLTHICT B EIck D, ©—0%2kiEZ2RE
KD 13 mmD 523 mmICIFET % & &b, FERhimE
YA X%20 pmA>5 11 pmic$3 Z LIS L 72, X2

—T 7T
25500 26000 26500 27000
Energy/eV

B2 BAR L 7RIS (%) & Ag R4 Jbd Ag KIRIRES XAFS
ARZ MV




IZBEFE L 2 a M B X OV Ag s A4 L Ag KIRIRUH @
XAFS 27 P V&R, AHERIZE D, 25 keVAHE
TlE, PERDF 1. 765D 1.6 keV D T %)L ¥ — Ak %
W42 EAAREERD, TRV X —fREId 1.265m
kL7,

4, RRERXB4 7 0CTAERTMBEABNZ 7 —

DEA

FEaXfic L CESE 7 VY 28MAT 5 L, At
XMOBZ XN X =Kozt LA 2 2 L a3vfig
THB, BEMIZIE, EZ2 mmoghe, FZ0.5 mm
DY VITATVvERGWEZEICED, 200 keVicE—7
o AXMARs FLeEs s sl 5
IEANF— X4 270 CTORENSRIE, §0 s v
ShBEEEDL, HLVIEIERINIHTHD, FT
b Rl KRB &\ o 72 B JE BRI R o i F R 92
BB KEsE 5D TwE, 2o oikid, ERERW
AT, Z20eEBE ZAF v T 503N OB A
T TRBEHA e =222 03, SO fHIE
LS & B OMIEDEE L > T, %
2T, MEAIAT 300 mmO R Fa—2 & bR RNER
BHZ G E 2 Xt~ 4 7 0 CTHBE 2 57— DA
fiot, HMBEER2K3ICRT, XEeA 7 v CTEH
W7 WER T — YRR, A4 XV RT— U
I N, Z2OLEIES NI +300 mmBET 5 I &
DHEETH D, S5, AL T8Ik D, Ny

ZAT—TIEHE
+300mm

WEFrRH—
BLUT S v 29—

b

ez e -
- S e

K3 E—ALZA Y ICHRELIRRENXE~M 7 0CTRTME
2F—JOHNE

SPring-8DH I & HETE

FABLVOE—L 74 VEOBELIEMZESDITTI
LITES,

200 keVAEIS DO E T 2L X — X B WT, ERINIC
FHTE 32— LM, 1.5 mmBETH 20, E
R 28T 2701, shiE ez EET 2
DEDD B, ZDTDIMETTART —L ODBEIEEL T
. HORBRBARREREIERI NS, EHFC,
RO X< 4 7 v CTEHIZ 1T - 7 BE 0 ZlRH Rl
DOZEAMEIE, 160 mm OB L CAHER 22T
4.8 ymTHhH, 7VAru—2%2ZE¥TH ] mrad% F
[\ 2 ZAETEREEIF LN TV S,

SIE, BALZRBRA T =Y 2w, ERBEH
NI BB A X vV TEOAFEZED T FET
H5,

=N
[1] #E#4 7% —fih : SPring-8 - SACLA 4E¥#{, 20154F %,
63-69.

DA RNt ey 1 |
NAF <7 b=2TIYUTPNALIN—TF

RBY EA B EF
aET s v—7
higg - M5

PESEH e S
PESEMMSR 7N —7
i N

_66_



SPring-8DH K & BETE

BL35XU
= 0 i 5 IE 3 M RAL

Bz

BL36XU i3, HEAM7? v oL —9hoHon X
AL 72 meV 43 FRE O 54y i RE i XL ©
—LI7A4VTHD, E—LT7A4TiE, RS %R
il 0 B IS % R 72 22 IR A 7 27 £ 5 D FEh
BN RS HT 94 F 2 7 RITMA T, BTI3HE
T— FOOEBERY & &I - SR T COMMEREZHEE L,
IR DRI D 515 & N7 EJE & D i D> & Hi Bk
OB DMRFE % Hig T HIERBZ W ADHE DL B 2
b Twa, 20k I IZBL3EXU TIZ, K4 RIS
WIZh 2 HRBE I b Twad, Lh%ELni—
FEERT270IC, kO EREEBRGZRItT 2 C
EDSEHBEE RS, ZO—BRELTC, @M E L THA
L7 0ERBEER & D b RM B T O RRFNRIREDTE 61
BW2 K774 F ATy FDBFIHTE S &) LBRIEL
L7z £, WE 2V E 2 —F OHEFIHEWHIEDE
B - @R L 0T, ZORICELTHRE
T 5,

HeBBRA2KZ A4 AR5 v bOFIBICAT 7-2{FE

AP B T, RROBEERHEO S FICE T
RIS T O MIDSNAE & > T B, M BEEIE IR
BEIRCUE, WhE234.2 KOWRIEA~Y 7 LM I NS 2
EDB 7 e ds, D EIRO ISR O HlE &
WY NG EANY T LEBRNTDH 5 T L IO Rk
ELTHEELY, 22T, BEXHEMOLHAE—LF A
Y TORIER IR E FRT 220, Ml e LT
VY LEBRAD I FAF RSy V2B LI, AV T4
AR5y MiE, HER10 KIEEOERZ BT 2 2 &30
B ~Y T LIERRK 7 94 A2 v b EABEOERE%
B9sary7Lyy—(HEKETR) ZHML i,
NY) Y AEBBOY 2 — - FAYV Yy (JT) 218 %%
L7a—)LF -~y FEERD FIF2b DT, EMIET
RARIREE 1.6 K2ER T 2k E o T 5,

K7 IAFTREY Y MIHHOBXBE—LFL v TD
HEHEER E LCHHTE 2 L) Icditshtws, 2o
728, SPring-8 DIEMEM R E—L T4 >~ X 1) H 370 mm
B, KA 5 1800 mm D S ICHEMIED D D . iR
BLHE b BRI A i v BL35XU ¢ & ] AT g 25 A8
Lo T3, O, V7 74FARYy bARIKELaY
TLy P —ROMEREE ) 7o BHMEOHTHE 5

_67_

E1 BL3BXUT2KZS5A4 4Ry FOERKR. FEICR
ZBRYTDBBICAY LS ABREEN, BEEHROD
IEHMHEADHBORIHRBAOI > Ly ¥ —DEE
INTW3B,

ZEERFIET 370D 7 LA 2RI E o R o il
ZIOEL EAHELL>TWE, £, INFTOE
EOWETHIT, MOWXFRE — L 54 » TIZRIEE
(FIHTE2RETHS, M1IZBLIBXUTDH Y 7
AFARAYy P HRREIE IS EZORTERELZDD
ThHb, BEIF, 794 FAF vy bEAVTREPTEFTHE
Bkl 2 k& A Ic A bR T, JEBME XEREGLA R 7
FLOREDHRETH B Z LR LT3,

1R TEET, XEE—20 23N HE L 20
TR TH 2 RAKIRE 1.6 KZ23EK T2 2 LA,
1.5 K2 6Bl F COMEOBEICHBRETH S 2 L
PR LTz, 5. KV 744 A% v MIBL3XUIZE
WTHEBEEZ IO T 3HERTD7 1/ v lkIcE
T22—FEEICHAHIN, thoBEXHE—L57 14T
b BEIR D UHE I @R & L TtEns,

BEBIY 21— DEFICLZATOERERL « B
AINZ, BL35XU TOMELRE KL Z D AR >
WO 2 K 212 g, FEE XA AL S B T IRl E
MarvEa—rz2—-HBIZENLTwS (KPA), 2—4
B, HiEary¥a—% EoXRica~wry FEANT
ZZrickh, FEEE (CleC2, CliZavEa—%
I T B X N7 BT C2 13 SPring 8 v 7 — 2 3
AT L%ENLUCHIMEIT 2%ETH D) Z2EHrL, H v
yTRoNERER S, fonkerT—5% (Nv o7
7V P CHESI NI T — 8 2&T) (ZBERIIAR Y —
ND)ic7y 7a—F L TSPring-8#Mc B L Tw 3,
X#a# I spec (Certified Scientific Software#h#4) & \»



a A
O—AHlikee HEIVE1—%2
t—4
B
nIH Bt
HlEy 7
(spec)
£—% DRk
e, FhaBL
=
(@)
£—4&

SPring-8 BL control
network system

M2 BAEAIrEa—%LZ0EBOEREAR,

WY 7 FNTEIEL TE D, K~ 0@EE - il
filliz = 2 v (spec macro) £ MEEN B HIED 701 75 LI
LI bhTns,

WEayE2a—% (A) BRE»SEEBE, OS
(Linux) D& ¥ 2 7 4 EfIEBELC TV, $/, v 7
1 (3 BL3SXU #BEU N AER S e b D2 L Tz
7o, EEHEEOEVGEREICRELINTEDY, Tul
7 b BRI 3% Hot, 22T, WEMa v E
2—% (h=F7=7) 2XL, &HFDOS (Fedora
5 CentOS ~NEH) . wHOHIMHY 7 + (spec v.555
VONZEH) 2BATHI L ELE, HHRIOC 2 0t
L WHIEY 7 v Lo HEBES o, (A
W22 Do AT OWT) =7 aZFH /Bl L 72,
OBGbE YR F vy 7 LT O OHE
Pz 2B v, WEDEBIL W bEE I ko7,
DT zo0EME26RT, BB, (2—F»EMET )
a<y FIZEHAIET (TREAIRD) AEL Twuian,
F, BRI — N D)ND T v 7u— FH ek h
THb, 2= - SBRFAY — NI 27— Off
BHHEPIRIR T L TRy, AR o HEfiF I % %
T, BE AR sSHe - PR B C ko T,

RN FERIRAL DB % 89, BL35XU JERM: X SR L
FERTIEIERMEBELA 7 PV 2 B DI, =R ALX—
2l Lo vy Y OBEE2EB ), 2L, B
RSN LT, EREOMERMEIZRE W, 20 k) 2fF
R (= (UER) — (BERRE)) DEET 2 DI,
Bl 7 b (spec) DMMILRFEIDSH 2 7 T, FEHERERY
FucHliEy 7 Mg (TRTD) A vy TF—F 22T
3% EDEHET R > T\ 5, FEHRTIC IEIERIE X B
FART bV AT vy 2B Z X TOBREE S 2 012
150 dpo T ((1), v 7otz Ik
W, R QIS L 2v) Hl#y 7 MMEEETLD
Moz, TG, THHTRIZ 10FREEICE 2 Il HERY
DI 10.47 L D fEERR %2 1.1 (=1.5-0.4) T
5T ENTEL, ORI ZMERMICH D IR 2
LIk T, DEKDT =V REM{LILEBTES

SPring-8DH I & HETE

ko koTws, BRNLEHEZKI3ICRT, KPidsE
HIHIER T OMEYIE (PMMA) 2 v 7 IR BEL A < 7
PV (&EF—=%) THD, EL5H-3053meVETD
I F = OWT, f#51% 1.2 meV/min & \» 9 5
ETE I R> T3, KPP o&HE S ORI 37
TH 5, IMEEICET 2 HERMIER I BV 4.4
534MicHk oz tT (R, K3DfITIEZDT R
NX¥—FEETOF — & SHT7] HD S 89 SIS L T
%, 2, XI0ELoF— Rk REUREIELETRE 2
TENTEB LI ERRL, F—FDHENHE
FETCHARTHELTW3 Z E2ERT 3,
RicEmBbofl 2R d, K4I3REERE /7 7 aifh
DIZINEF—ZAF Y VAR ML THEB, TOAF vV
& GEME XS acEL SR ) R OFIE ORI LI X
AX ¥y ThHH, AF¥ ¥ TIESPring8 %y Fv7—7>
AT LN LTE—FZHIHL2OWIEZE %> T
3 (K29 C2), KHPEHFHi% CHMERE L CRBAIRRH
FRTT ER26 M. BRSO Z05HFH), AX
7 PVARIZIFZE L v, BHEHHITIZZ DA F v 1280
WhdoTwi (M4T), 20 (Bv) HIERR 235
Folt-HMiBio—>o & LT, BL35XU @ 2415 13HlaE a »~
Ea—%-SPring-8 % v F7—7 ¥ A7 ABDEED (B
EEHR) EL, WE Y Ea—5 0w 7 va LA
BRELBETILERS - EBHITFoNn2, S

x1 HarEa—sEHARICETS
FEHME X HREREL R R 7+ IVAIEFTE R O HER

10#HHE R}

(BT 2 1B B

(F91H) (F1E)
BEHTH 11.5% 4.4%
HHS 10.4% 3.4

S

AER 892

SERTA
AER 712

-3 2 -1 0 1 2 3

Energy transfer (meV)

3 REYEDFHHEREARS b,
THAarEai—sEHEN. ELERE

_68_



BHR
, AIERE3 1R

B
I I HITE R RE80F)
-10 05 00 05 1.0

Mono angle (x10 deg)

M4 RAEBZEE/ZO0O0IRIVF—IF v,
FTAar 21— EHE. LHEFH.

DEF ORI TLE 2 IR 2 H 2 72 E D~ 7 1 D
bZ2 B oo AR, WERMZ 31 BicmFEcE (X
4F), THICkD, XDBEOUEROFBENPE IR 25
XAk oTnw3s,

A RIFZE fEEE ]
WEYEL 7 v — 7" JEsERGELF — &
Wil e, ik B

_69_

SPring-8DH K & BETE



SPring-8DH I & HETE

BL37XU
DI

1. BIE&E

BL37XU Tl&, EHEMERIT AT Z TR L L TRHE
WIS A X =2 v 7, 0k - S o gahk
72 E DEHEE X Bk X b WE O - LR -
{L2EIREE - RFTHSE O Z@E L <, WEO b >HWEe
BEREMEIH I M 2 A RBFZE DS Thb T 3, 2016462
FHAT = a It KER 7 70k, HMRlERIC
YA N, 7201651 EE2 K00
A RIPEM XRF/XAFSEHHI D2 3Ny F~ D@ IC X %
EafEEE L 21T\, 15 keV BUFT 100 nm D43 figgE % H
T 2 2Rt A R B XRF/XAFS 5Hll 2 BRI L 72,

2. 2R TEEEERNBEMXRF/XAFSEHAIOEI Ny FA
DEA
20144EICEE 1 N w FI2 8\ T & L7 A

. RILICR 938D B EZ X 2R 7 —2ic kb

BREI L s, —EDREMEE T VAE—Y —a v

te—=S—oHNINEY A4 I 7V AERBILT

EWXHRD L IFHEEXEREE S %2 on the flyill$ 5%,

B ETMEZ 22T —JIC X O BEIL 2085 2 D

ZREDIBLAT) LIk D EREILED 2 K001 = i

BT2FETHD,

i e e e - Step scan
X M = ==~ On the fly scan

measure

Stage position

S

1 2RTEEEERIEMXRF/XAFS 518 O B #E

113 2 X0 EGE A R M XRE/XAFS GHl o g ¢
H5, M1EITRT &) IHERKD step scan ik TIEEALE
TOFIERRDBEETH H F 7 ROHFE A~ DB E)REH
WaRAY A L ETR>TWWiHS, on the fly i TlEEHTIC
MEZREIT 270, O RAY A Lk L EECEA T AE
E D, SEERARTED S S L5 EZ2Ms Rz H
HLTHEI Ny FICHESIN TS 100 nm L THE
% KB I 7 -8 ERZAMA L7, THuc kD EnE2R
JLAE A RS XRE/XAFS &1l 2 100 nm o 7r fif 58 ¢ i
T2 EDRBIC R o T,

3. 2RTEEEER XRF/XAFSEHAEE# B WA U I A
BitYho BT 3FBEWRE
2RILEHEAETRMXRFF MY AT 22 L 728 & L

T, W EOFE 2 Bk LA BB D180 % 17 ) KB E

FAZE L FIHZ HR E LT, BALETTIRDLOEREE & D 9

ZNY Y AR OeFERPRL v, Bk EICNT S 2

RICTEnHEE AR XRE/XAFS %z ] L 708 2 03 3,

ARFFETIEERR & T oKEBRET T IC B W TERIL

L 72adbb 2 oGR8 ) 7 ABLIFEE T To e

FP L VOREHZEHL, ZoRIIBIT 2 ERKT

L v DL R DA O E G D S BREDRIL O fa

LB HEMT ST LICHIIL 7z, K2i2id 2 XITXRF

AA=CEFT, NI LEEERLL VRO

T2 LIk AR O HINLEREN DL

WS & o T %, BITIIAREEDFEENICED 2

RIGA A =Y OHURDEETITA 5 L ) I » 7,

spot-1 I:!' E%'L

K2 EJIGER (a-d) EHiB(e-h) L DEREIL NS 4 FEB O
UXRF 4 %X — <, (a) & (e) & Ba, (b) & () X As, (c) & (d)
iZSe, (d) & (h) EZFenpmERL TV,

SE Xk
[1] K. Tokunaga, et al., Chem. Geol., 447, 59 (2016).

H I EZEfEHE TR
THIET T v—T
B 3 SFH ST
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BL38B1
BEEYFII

RIMERG %2 6 & 2% BL38B1 Tld, LEEDE
E— 2% L8R N0 EkEE 2 5 v o8 7 B
77—y ERE 2 huic, Bl aRErE =8 —
T 54V 74 v B JEEE R B T DO MG AT %
WEEIC 2 ERMEBREE 2 &, SRR BB Rt L
BFEIT-o TV 3,

2 —F—HEBOREEPREEZED 5 %D, 2003
FLoRL—Y =7 VLY Y =T —FHEY 7 7 =T
BSS M, #i CCD et . ARt IP B 4 08 Al &
D> AT LR MED TE 7, 2005 ~ 201041213 H
By 7L F 2P v SPACER oA Lv/ 2y b E
UIBDOEEAELT) & E bz, AEREIED 72 0 DRk
B, WESME, BT —4% 7% EOBEME(T ) R 2%
AL A—NAVHIES AT LREA, I5ICINE TR
XEERERS AT LD HAH 2B L7, 2011
~ 20144EEICE, XELRDWE, HEER CCD M
WA, E— A A4 X0ERENE, RIPTEE/ B R o B E
BOBAZIT> Tz, GURIRIH R O W EE TR & #5 5 D KIS
RV —a—T4 v I7EHOEERE XSG T

DREle 7 v P FiEHAGHE) OB % 1T o 7, 20154F
B, B/ SRR T — Y INED - D&k,
FERNFRECERS 2 Al w7 ERE L, X ER T 77 4 —
HIE > AT L OREEE, FRNTBIR O %2 1T > 7, 20164F
JEb 2015 4RI e E ik RE L 2 D T 5, HAGHEIZ
DWVTIE, BlEREFEET>TV 5,

1. BRE/BYERLGRBEARLT 2-HOBMREL

BL38B1 Tli., HAGHEZ AW iR To 7 — & IUfEss
AIRETH %73, Z DERORI O BURFRESE 3 100 Ko 2
TAFWMEE IR, BHTERORNICHSE, 20
M Z BT 5 72 0lE RO 2o, 6 Hz To
Geme st L ST BE 20 B o0 CMOS ML 4 & v FE8 e ik ]
RDSATRE 2 T =4 X — % | RIS 2 7 4. 10 Gbps
BHROEHRA L -V llAaabEY 52 LT, 1801
ORI T — & WL 30~ 1 rBRETHR L %57,
2016 41, m%ﬁﬁ%®ﬁﬁ%EMka\ﬁﬂ«
DX B2 EE BT I 572010, T=F X —
&L@Xzﬁmwﬁwmwxbm—7#%k%mﬁm%
FhiL 7z, 512, CMOSHHI#R O H#EDS 150 mm [E &
ThHoltd, Y ETHETOHTEZ LT LD
12, 50 mm ¥ TOMHSRHERAHBEE 2 EML, o
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Fi
M1 SHESEEEI=4X—49 ECMOSKRERBRICEE vy
& — L RAIE

1.6 A@ A =1.0 AcollEZEEL L(K1), 7.
HFCC X D EMEDRARLETH - - X ¥ v 7 Ol
WEEHL 72,

2. ENMEEZRERAVEEEL

INFTIT, T T—IC X3 XMELoRG#EL, [AlEE
B IR BTl Elc & b B L R D T E 2,
20154 & D, fEEY A RD & 5 7% 2 HU/MUICRIG T
B, M ERIEDEAR TN — T DM Db k|
Sy GRS O JERFRELEA (K2) 12 X % @ Lo
MRt & PR SEER & T - 7o, BE, fiMOEAICHKT 2
LEZONBHESADE — b Fslz I A 5 REAE R
@%Lzﬁﬁmwﬁ—%@ﬁbtoA%\:®F%$
HEDHTHLF

L8 — DR & BRI 1T R S 51
ECH 5,

4 4 “‘f..'a:-

BT 5 I MECERESR

X2 _ff*aaﬁfﬁ%’%k



K3 X#EERITS7 1 —FERR

3. XBMRITS T4 =R AT LDBR

XS S E RN Tk, TER RV ESMREL T —%
ZRRT S LT, KDBELEEZMITT 2 2 Lotk
HoNnd, 2 THKLIZ, ¥y EERNE OISR,
R, REM. FHMYORAL I X 3EFT~DE
BEWRT 2720, XBEFERT T 74— XRT) Ml
ERORERE L MEFEOMIE 2T, ITNETIT, &
[y e O —RouBR AR 2 Fl» T, Ho BT O
WIBHEE O ME %2 HE)TT 2 2 HBERVHETE X,
2016 4FREIE. K D/NELZR IR AR b = 7 A pL B RS -
oy IRAE CMOS i 28 (C12849-101U) 2B A L. HE)
Lo AT L 2FHMELZ (K3), ZOE, fERIZZH
1) oD W] B [ 203Gl % H0n 2 -30 mm 22 5 +60 mm TdH
27223, 100 mm OEEXTEEE 2D, K EADH
PrmzfET 2 LD LE ko7, Tz AwiXRT
HEFEOFE S 51D S,

4. HAGEDEE1L

JiBb U2 HAG BN, 2 90 F T oo AL < I il
RGN, RERHEY — o XV F 2T D LT,
W TTHE 2 iR FE D34 ~ 20°C £ CTHIGTTRE & o 72, &
SICERIE R EEREZ R L T 5201, BEOEEEEL
D7, 51T, EERNOTEIERE T ORERT 2 1)
LT B0z, & )EIRTOHLZ T & T 2 &t
I D SR E A 2 T o 72,

« 4-20°CK IVREHIHERERE OBt

T JEE P G D AL & o BT BRI T A2 Pk
ZHAL, WEOEKEAZED T, I 5, Bz
moERIRMEEmL ., BEO/NULEED - (K4),
2016 4R L h 2 ——FHZFK L TV 5,
CGREHET - XY FoE el

FEMEEZH O CCD 41 £ 5 & LCD D&% % 800x600
Y75 1920x1020 E 7 LA FE ¥ 2 E LD
I, FERBEHORREEZLE L, ~NY R v RO
Mz b7, 20164FE X ) 2 —¥ —FIHZBIH L <

SPring-8DH I & HETE

Ut ERITAT R TN

b et P
4 (ERNGHRETEEEHMMIBICKRE LIERT

w3 (X5),

s BRMNIGHRITEEE DR

5 Vo8 7 B DRI 0 4 BRI 1S AR
[T I E L & — M IC e > T 3, RN TOFEMER
REICE OB CREEMIT 217 9 2 &1, BEREMRHT IC
BREEERE G OICEETH S, D DIRESIH
THE 2 TS B O BFE D, 20 ~ 40°CHFH T o il fl
DR L e o 7o, 20174REDIRE, COEEEZMHL %
EIRTEOMFKEED 5,

ZE R

[1] G. Ueno, et al.: J. Synchrotron Rad. 12 (2005)
380-384.

[2] H. Murakami, et al.: J. Appl. Cryst. 45 (2012)
234-238

[3] S. Baba, et al.: Acta Cryst. D69 (2013) 1839-1849.
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5 8 7 R R AT HEE
5 v R ERERETIE 7 L — 7

B e, KE E,
EAN Aot BA 3Ek,
Nipawan Nuemket, J@IF 2%,

TR
s} RN

F A WS (et
i<z 7 n—7"

S
Rk
HEH
JUK

fakE AN, AL SHE, B
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T
PSS
EA

FLAY
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BL39XU
BT A

1. BE

BL39XU I3, XI5 ik (XAS) . XA M =&
P (XMCD), X#FeHsrt (XES), 8 & OIS < HGEL
EEACEAARFRCEINTY S, BT, KR - )
W - | E Vo EARK T ToX#atiEe, 100
nm &N XHRE — 4 %2 v 72 BB XAS « XMCD A
A=Y v NS OF R ED, FLEFHICERE LT
W3, 201641, HAREXBI AT —v a v (HE
By F1) Tid, XESHIEDEKE - BEELEHIEL
7B O G 2 TR 2 XES AR tux—%
—DEARITo T, F, XHF 7 OCEMER 2 7 —
vav (Fy F2) Tk, KBS 7 —3E0EZELE
N2 7 — DB ORI E T B E— L
R & BTl L 72,

2. BERBXBHNRAT—>ayv

ARATF—v a v Tld, EEEE (KR / Sl - 50k -
) TTOEBFIRE - BEXCREZ BT % 72 H D XHj
56 (XAS, XMCD. XES4) FHlZEE BTz /18y
IZHED TV B, T, XESHIEIZETIRBICET 3
M ERSRONIENRFIETH L, Lol Bl
SIRAMEN 72, ENEE R AT b L ORISR MEICE
DFFTICIE R WHEREZ B E T2, ZOfTE% IR
T57:0, WGEE - BEEAZEHELE2LVF T FIA
P—HXES A7 bu X =% —DRF%{T- 7,
M1z, BALZFXES AR Fa X —F—DHHgH
ZRT, EAFIHEH M TOLEEYTH S, O KK
15 DERAE M EAS 2 T 5 2 & T, Bk
TOHOLXBIRE DM D IAARZABE L T 5, @ ZrGHW

K1 JIWFF7FSAF—BXBEEDLHAARI bOA—5—D
HBERE R,

AT =Y RERPICHIET 5 2 L TRAIC X B HOEX R
BEDOWMEZ NS 5, @ FREU D2/ %2 I R L.
R AFEORIEELZFEVEE T2, @ BGon
HfE ORI 2R L §5, ©® T2V X =@ T
DHHLAHEE T2, ® WEADOEHEZARELET S, @
AR FARA—F —DIF VX —SBEEIE1 eVELT &
T2, BRI, BASMEORME /A, v
— 5 v F2E££820 mm, Bragg 413 70° ~ 83°, HkHLf
1390°+£45°Tdh %, HOEXHRDOFEREII Y 7 LA A G
KT TORMMAEE L > Tw3, Si. Ge . InSb4t
iz V3 2 & T, 4.66 ~14.13 keV (FEffifE) TD
XESHIEZITH) Z &3 TES (X2), 7ZL, ~Hox
TV X —FHIBIC I F 200 LTz,

PIART bu X =% —TH 5 N2 HEREE M 2
7o, BETED Ge BRIANA M43 GG & Ic 4 2 = % ov
¥ =R s L OEXBEOMEEZLERDART b u
A= =% HT{T>7, K3i2Ge 333 KGHIcE T 3,
AL 2L ¥ — 5.845 keV (Eu Loy BOE6%) i #EL
MR X 2 REAMAS 2 R T, BLIR O fE AR T RS BT RE 22
S DGR TRTIERNL T, 22V F -
0.4~ 0.5 eV, fR&EM% Eu{bAWIZKT 2 Eu Loy #1C
L CRGh 1 72 ) O 4,500 cps #EBIL 7,
ZOFERD S, SROKEmEBR LV FTFIAY
—MXES AR buX—%—%FHT 2 LT, 1D
THAEFH LD ERTCE RS ERDARY Fr A=
— LR T, XESHIEDEKIE S L VIR MN5 51 m Ed
22 LMW TE 2, M20BIMNOBFEIZEA DG

145 TR T T T 1171 LI T T S L B B S BB
Ll mam sid00(1) 8.817 - 8.200 keV 12.343 - 12.489 ke
13- =m Ge331(1) —
Ba
12 o
b Int
1.1 = Ge333(7) -
F = Si333(7) 1
1.0~ m—a Ge 440 (8) -
z = InSb 444 (1
z 08 m—m Ge 620 (2) -
© L —a Si620(2) i
08k | Ge 444 (7) -
. Si 44d (7)m—m
1 A Ge 660 (8)
7 / G 7 o
o7 81800 £° Sosa te)
06 Sb 88 599 (17]
o A ]
e Si 880 (6) Ge 777 (7)| _|
051 4 654 keV' e 330 (EY—gH g o SiTTT ()
L St | . ]
5.290 - 5.452 keV (=
ol e e a1 B S8BT BT

4 B 6 7 8 9 10 11 12 13 14 15 16
Photon energy (keV)

2 MBEOHXBERTHN—TFTBXBEESHXBEOT XV
¥F—HEg, BINOBFEOAEROREM S ZzRT, ]
BEOHKERTIE. KEBOWMA TREINIZTRIVF—FEE
IZIEFMIEL TV L,
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Normalized intensity (arb. units)

Relative energy (eV)

®3 IREEHGe 3330 KM IC & 5 T V¥ —HEEEFTE
DB, E/70X—F—1ESi220, AT RNLF—
5.845 keV(Eu Loy #R3E{%. Braggf6p = 76.912° ) TOMH
MEELIC £ > TEMLTWE, BMERBRABETHERLLT
Wb,
BWmOBEBZRLTED, &4 253 )LX —FIcD
W ZOKRES ORRER EBHETE S, 5% &
EEHIE DS TRE 22 (BB DGR RIFAlBE %) %L
¥ - OEZHE L., 2RO ZED T WL
FETH D,

FARY Fax—%—3, 2017 4EEDIRRIZ BN v F
LICHEHRET S, ARZ baX—9—D#HE L, 5Dy
FeFEEIZ & B XES A X7 b LD FEHIGEIC X 2 2 E T %
o7 kT, 2018AHI» 5 DIHABKBREFEL T3,

3. XS/ HHFHHRT—> 3y

RAF—aryTid, 7/ —2EBROEE XAFS/
XMCD FHHlE X ORI R XAFS/XMCD #HIE A3t
FEFH IR N TV 5, 2016451213, 201548 (C
FhiL 72 KB = 7 —SEEBGEORE TR B -0, FEhE
— LD 2T > 72, ZOUOETIZKB 3 5 —HiED
BHELE &bz, ZROEN S 7 — D E Rl o REL
iTot, BMEFHOEN I 7 —DHEEHEME% 460 mm
75 200 mm 12 T3 2 & THEERDOIEE ST R DA
REFED, RKEEFEZ VL LSRR EOEERYIC
Ko TKEED 100 nm £ E—L2DWEE T ET 2
ZERHWE LT,

B4 1280 E — A PhRE O MR SR 2 8 37, BRIV
XD ZNE—1Z12keVTH %, HENY FIH, i
FEF v FIVDARBAY » b (TCRY v b 1) 2R
JRELTHGY, AV Y b A X2EZ5 T ETHENE—
LAY A REFEMEE 7, REHFEFEIZAY v M2
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107 — 1

8 MR BT R R TTT AT R AT EENSTR T SR AE R AT S TR ET

10
(10 nm)? {100 nm)® (1 pm)® (10 pm)?

Photon flux of focused beams (photons/s)

Areal focused beam size
M4 KBEIS—¥BoMEIcLsEL— LD E L, £
ARy FRIZELONIAFHEERX YA X (AE) 3L
TinY. (ROUA) BER. BEEHAIENRE BEEREEL.
KEFRIFRIEA R & FER C7Ek ) (Fh)BER.EE -
KEFREDRBAFEEFERBLIEN , (F=A) REE.
EH - KFHAEEBRBAFREHER LIZEX,

72REE (B2 pm ~ 235 ym) THw, TCAY v + 1
AR E Uz, mEHMIZBHL TE, TCAY v M1
2o E L OGRZEERE T84, TCAY v F1
ZEHOT (BlIT4 ym ~ 27 um) {REGHEE L 256D
2 DO DEMN T 21T 7z, RIUAE L R =M 05%0E
BOENE— L2 LT, |ESFHOENIIOVTIX
HlR % EERE T 2547100 nm £X2EKL 72 (R
Pufy), BEHO (100 nm)? OE— L% A4 ZTOHT7
F v 7 Z123x 10" photons/sH35 5 11T\ 3, tiEHT (5
A) EHRTE0FED7 7y 7 ZADMRKEREB L2, i,
YOl DS TIRAEDEIR A Y v F OB H %2 EE 18 pmx
AKFES pmBL T &322 &, 100 nm L FOE— 244
A AMEBENT (R=1),

100 nm EXE—2DE 7 5 v 7 AMULic k> T, HZ
M RRE T DREEA X — 2 v 7 FEBR0 R o S T 92 B
TOMFHEE R LB X OHER R O REMiATA 5, 7.
MALEF N F 000 O XERERA L 2R8I s »
THENRLEVBK o NS 70, RoHElgERA A= v 7
T SHFEN R E— LY A4 L TITA S LR E NS,

dED S I —oODREEE LT, KB 7—nEZE|IC K
ST, T —REDTHRPIKIBICEH S 117 2 LT
5N %, HEkHe W ZFWATKBE 7 —2EM L T
EEITIE, HEREORNET S 7 —RE I wiE st
EHEL., T7—DORKEFLEDOET LENE— LT AL DMK
BRON, 20D, PEITEILIT—DWHEHEIT-T
Wiz, EZEICk > TKBI 5 —F =3 —132x10° Pa
MToBEZEEIRZNTED, 1 FHOMARD 27K
OB IR SN, E£HE—otkEoHlb Aon
eipolz,

KEgElickoTtHonkzE7 7 v 7 2D 100 nm
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E— 2403, 2016AHAD S FIAERICREI N TV 3,
F WAL

st 7 v—7 - MCD - — A
R EC, A R, K W
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BL40XU
575y 7 X

AKE—LIA4VRENVALT VP al—F 2R E L,
DN AT I ZHOLERGFF I 7 —TE—L 258N
FTHZEICkD, BHHEOOEMEXRE —o 2T
ELE—L 74V THS, ZOE—LEMEZIED> L T,
[T, kL, XAFS, 4 A=Y v 7k &, iR HER
BIThbNTw3, KE—2L5 T4 IZIZ IR A4t
ENTWVBEHEBNYyF1E, CRESTHIE 70 =7 M
I OERINEBHNy F203H 5,

1. EBRNY F1

FEBiNy F 1, JERS RO R # X R, 145
TEHEL, <A 7 v —AEPFTEBEED TbNTV S,

1-1 HN/ Xy vy 5B

FIEEO XY — A 2R L, &R fFRE O [T L
FLEBDTH T W 505, B XHRIC X b AR
BEEZZIT2 L3N T WS, AT XS
ZES 57D, WX v v S DBBATH 5, HE
B, HIKEDA D= ANKXBEY 2 v & %A L TE LD,
Yrv YHEL XL AHEEERZT, v v v ¥ DOBEIL
FA I THEEPRLAICKES k22 EOREDH - 72,
Z 2T, RUDERICIA ) B HAAN ZF ¥ F 2w
X vy ¥ #HFE EA L, ZOMEZR1-(A)IRT,
FyyUEL i (EX 1 mm, JE4 mm, 534 mm) %
FHEEIE SRS 2 L CEEXe v v 2 & LTHAT 3,
FERICXE— 2 Z2HE S, ZORRM EBESY 4 2
VI DS D EITDWTHHIT L 72, i X, PIN
FAF—FE2HOTHEL, E@EmE»1EH» 6 9FIc
#ET 5 ECcoRMERIEHE, vy YO - iR 5 A4 2
V7 S EBRIEDI50% 1 7 B F T HRIBIER & L CHE
iz ANN 2%y ZIZOWTIIRERXEEE — A
(B5200 um, #£50 um) IR L T, #E. Bz FIIE
ZAMNICEE LB L 7z, BA LA XY vy
% DBREHNIE 400 =1 7 o BBRET, MEROXHY v v
5 D300 4 7 afh L i LChiktarn SEIEL 2, £z,
BHEY A IV T DIESDEFICONTIRE~A 7 afbicil
ZoNTWw5, K- JHs vy YOBILEY A IV 7D
6D EIZ40v A 7 uPRETH > 72D, TEMEEH L
T BOFUMETH 5, XERHIC X 5 7L — FiEG5K
o BERICEEL L2 BILEY 4 2 Vv JBEOHKRE
FIEEITHDEEZEZSND AN XY ¥ v ¥ TlE,
ZO L) nEXEETE 270, EIER A S &
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Hils ({Xﬁ :Faﬁ B5RE ;

(A)

B AL —-—) ; time

Eile N e

(B) X$RE— L BABEERS (10% — 90%) [us]
0 190 2|00 SIOO 490 SIOO

e o0
#nsssss o
R I

@) B - B RS (50% ) D IES D [us]
10 20 30

s voson

IAVRSZRC |

0
1

40
1

Hnrisovoaoll N=10

B1 AR/ XEY v 95, (A vy s OBE (%) & SHE

HE(E) B) & v v & OBEMIEE (C) > v v & OEE
BRI (5 B > = S

WfrcE 5,

1-2 BREEI2V7 LARHBOEA

A/ (JEX 20 mm, H70 mm, & 115 mm)
DE 7 X ILT LA Modupix %2 #H 72 I8 A L 72,
Modupix {&, CERN THi¥ & #1 72 TimePix F v 7% X
—Z2ELTED, EZ ¥4 X565 nm T H R
14 mm#4 (256%x256 ¥ 7 £ L) TH %, H£E 7 RILITA
U774 M BERZDZ 74 D00 T4V TE—
Foflic, €7 2VICEBEL 72 7 b v FER R % i
$%9 % ToA (Time of Arrival) €— F2F[HTZ 3, /)
RICF—yHAaH LIRS ) REECHATE 2720,
ANF - IS TRIIRE RIS oD A F et FH o e & LT
DOAHZEBI LTS, £ToAE—F2HH L, [
HOB)E % SHICHE 2 5 FEBR ENDICHZ ATV S,

2. EBNyF2

EEoN Y F2 TR, EYRA v bHEEFHIEEE % A
L 7280 XMC & 2 BN LS S RSE T =, > v 7L
NYFPS5DEaM XAV ZAZHH L kiR vy
v DIRRIES 7 VS D 7= D XFRA A — v 7 EER,



L= =il X 28RO R Y 77 a — 7 EER TN T
b)%o

2-1 X#FayR—YRFLOEA

U TNy F 2 ) B $ 72 12 Forschungszentrum
Julich# D X 8L 2k L 2 ¥ —DF S T & 228,
TR X D REEDOREDSE L TE L0, ML D
BIFBfTON T RXF a v = 27 5 (K2K) %
BAL T, BELEBRD R LB TD OV AXRY)
DL ZfTAS KHIT L7,

XEF a2 v = 3K FHATREE S % FEICES D5
7% % 2HBDOWEN > Th . XERANEE T 5 A1EIC X >
T, 1000Hz % 7213 2000Hz TD > ¥ 7"y FH ) L
DHBEE o TS (K2F),

HEICEXZAT =Y LRI T =2, AL R)VAT
—CHEBEHL, ZNFNDAF v vICk>THEBEDOHE
EXWE I L) WCHHBEERITY, £, ATV
JHIIH Y 7 F % = 7% National Instruments #t: ®
Labview CHI{EX ., EY v V7 ORFES LE—F DL
EEFDIA Iy 72FHIL, flHHaY Fa—J g
Eawy FEEELT74—FNy 7%2{ToT03%,

M2 FREALEXEFa v—(£) &
X#RF 3 v /N— OB (H)

K3 NyFICRELIZBEEOXKERELE— LA
(HRHBROBRMEE1 X 1 1m)

SPring-8DH I & HETE

M4 BREHX-LLVVX

FEIWNUL I N 2 ETHEEEN Y F 1 L 2ANDBED
fificz D, Ny FLIZXEFa vy R —2RELTI I
— BRI L > TXRF 2 v S—LED S LD > TL B9
A RDKE 7 XH GREMZE Y A 20.8x0.8 mm?, [43) %,
Ny F2UCXBEF a v =% FE L GBI S 7 — 4
Hd 5 Z LIk A2EMEOFEINEXME GURMIEY A X it
23x 280 nm?) OFANHHETH S, £/, V=V 7
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Au 4f |

[ Al Ko, (1.5 keV)

Intensity (a.u.)

%9 88 86 84 82

Binding Energy (eV)
B4 UZ77UL>RAuEBO AU AR b

(2) ArA v ARy FHET2T7NT / — FX#E%E
BALL, ArA AV ARy Z#EIZ, ANy YTy F
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HEFHN - ~420CT
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Photoelectron Spectroscopy: HAXPES) T,
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DY —NZEMATED, RSB E THNATRETSH 5,
BIWMEZ1Z U0 LT 2 EEWEOMEZ T TR K
XME—L T4 vl o EERET CHlE L 72ilkt
ZDFF, HAXPESEEIZFFBIAATIHET 2% &,
SEIERAMAMESRIAEN S,

FRiL 7z 220D E0, L —Y —BAAEN
72— — 2 miF, BL4A7XU HAXPES ¥ @& % & h H
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SPring-8Channel (URL : https://www.youtube.com/
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E =GN

[1] A. Takeuchi et al.: J. Synchrotron Rad. 24 (2017)
586.

[2] A. Takeuchi, et al.: J. Phys. Conf. Series 849
(2017) 012055.

[3] E. Ikenaga et al.: J. Electron Spectrosc. and
Relat. Phenom. 190 (2013) 180-187.
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AL, SACLA O #IMI A I M1 1 7o Bk 4 % R&D I
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HREZHET 272010, BIEIRDIIFFE —L 54 &~
EHRELTVS, BETOMEFE—27 4 Vi3, By
VR 7 B OWUNS RS RT TR R BT T B 8 =4
v YNNI E—LTF4 v (BL32XU) ®, akt—L
b XIS & B EEREPTEBE (¥4 277714 —18)
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() Resolution vs CCy;,

12

1)

0.8

0.6

0.4 =—0.1degstep —+—1degste
0.2
0
3.58 2.09 1.66 1.45

d [A]

15

0.5

SPring-8DH I & HETE

— Data collection
(b) Beamline BL26B1, SPring-8
Detector EIGER X 4M (DECTRIS)
Wavelength 1.0A
Distance 100mm
Osclllation range (step) 0°-90°(0.1%)
Exposure 0.1sec
Spacegroup P 41212 (#92)
Unit cell 57.818, 57.818, 150.38
Resolution range 45.83-1.40(1.42- 1.40)A
Observed reflections / unique 318648/51141
Redundancy 6.2(3.4)
Completeness 99.8(98.9) %
R-merge 0.068(0.588)
lisigma(l) 15.3(1.7)
cc1z 0.999(0.601)
Structure analysis

45.83-1.40(1.42 - 1.40)A
91287/ 3711
0.1664/0.1741

Resolution range
No. reflections (all/free)
R work/R free

2.5

R.m.s. bond 0.006
R.m.s. angle 0.988
(d) Resolution vs R-merge
2
——0.1 deg step —=—1 deg step
1
0
3.58 2.09 1.66 1.45

d[A]

E2 EIGER# 2% M L /< Fine-slicing’5IC & 2 7 — s {EE DM L, Thaumatin#5 R OBEMRT (a. PHE173EOBEFZER.
b. fine-slicing &1 7 — # EHE) cHWT, ARV OBARME—EICLCRLGIRBA(1ELOIE) TRELLT—%0
HREHECC1/2 5 & UR-merge DB (c. d)o WINH Fine-slice ZFTHREORAELGR LN (RFETO Y k),

HEOM E (K2) ., fHBHEROZODI AT —AF
Y U T — 7 NEDOEHLICHER L TWw 3,

E =GN

[1] H. Murakami, et al.: J. Appl. Cryst. 45 (2012)
234-238.

[2] G. Ueno, et al.: J. Struct. Funct. Genomics. 7 (2006)
15-22.

[3] N. Okazaki, et al.: J. Synchrotron Rad. 15 (2008)
288-291.

[4] G. Ueno, et al.: AIP Conference Proceedings
1741(2016) 050021.

[5] S. Baba, et al.: Acta Cryst. D 69, (2013)1839-
1849.
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e Y REOFEEED S (K3), 74 YETIEAE
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WY 2 E TRtk 2iT ). XYy b ELTUIHADT
EBICTAXE )T =D 55 E EIFUEES IR
EWMOETIENTERZIETH S, BRERYBL %
BIHESBOIFEICEEN TV I#EMAE 2 mmADE
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oIz A LIz P LEHET S Z L EidA
oo TN TIRE LM E T SMIET (M3 2)
2 EDSHIRETC, I AS OB (AL H 72 D DR TOE)
ZHIHCTE 32 & HMRL 7=, 7— ¥ IERHZ Y
ay& 2 mmf) 1IN L TEECXEZ ARWT 220
b it D BUEE FETRIENC X D il 77 17 O EER f i X#i o34
o TLEWEHZRBIEISG s wlEE2 R TE
%, 3D &) IcZHpRIZHA TIEM L 7z Lysozyme
DUNESE Z DO F RS L, NCITHEcRIEL 2=
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ZOREE, 1F 15— ED 300 Eofs5D &7 —
FUERFTH T EDRET, KA 55 0T OHRD
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B2 LI, Fibl~T vy FEETIE, TR
DB DR E 1 SV —ITEE L, BT FEEICH
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BfbimE L DS THEET 2 2 EWTHRETH B,
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[6] X.Jiang , et al.: Proc. Natl. Acad. Sci. U. S. A.,



133(44),(2016) 12420-12425.
[7] W.Shihoya, et al.: Nature., 537(7620), (2016)
363-368.
[8] H.Tsuchiya, et al.: Nature., 534(7607),(2016)
417-420.
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3. BEEWHFE—L514> 1 (BLA5XU)

BL45XU i, & v 7 B ORI OGS Z OB)NE
b, BaTHEOME B - PEhEDF /) A7 —L
D FRT %2 XA/ A BEEL (SAXS: Small-Angle X-ray
Scattering) MIEIC L DEDTWB, E—LF74 VDI
RIZBREREDY v FLT7 ool —F2NREL, &
RTAXEY FiEfE BT L L — L5000 - B
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8. EF /¥4 FZ v I RAE—LT A >/ Quantum
NanoDynamics Beamline (BL43LXU)

Commissioning of BL43LXU!'”! continued through

2016, but the bulk of the time was for user experiments,

including some installation of new equipment (see below).
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Figure8 XZ stage for the diamond quadrant BPM on
CF114 beam pipe iust upstream of the high-
resolutinspectrmeter sample position.

The present report will, as usual, emphasize both the changes
and the problems at the beamline, in an effort both to provide a
record of progress and to provide useful information to others
working to develop SR instrumentation.

Work at the experimental stations has largely been done
by members of the Materials Dynamics Laboratory, with
assistance on some projects by members of JASRI, and RIKEN,
and, occasionally, members of the RIKEN beamline support
group. Help from part timers included some for more general
beamline tasks (Shibutani), some work on technical drawings
(Taguchi), and some support for software (Nishimura),
though the software person left SPring-8 unexpectedly,
unfortunately before the break-even point of output relative
to training invested. BL43 also began to have help from full-
time members of the engineering team (Nagare, Umezawa) on
specific tasks including standard start-up of the LN2 cooling for
the mirror and mono, and, sometimes, beam size measurement
and setup of sample refrigerators. This is an ongoing process,
and the break-even point (time saved for BL scientists greater
than time invested in training) may be soon for simpler tasks.
Beam Position Monitoring: Two diamond quadrant

transmission beam position monitors (DQBPMs) were
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Figure9 Scans of the RIGI through a small (~0.05x0.05mm?)
beam after a burn-in period.The plot shows total
current in pA vs x-position (mm) for several different
Z's (see text). The radiation damage is evident. See
text.

installed in the beamline. One was put just upstream of the
high-resolution (HR) spectrometer sample position. After
that one performed well, a second one was installed just in
front of the medium resolution monochromator (MRM). The
sensors were both RIGI4-M's from Dectris (3x9mm2 aperture
with four 1.5x4.5 mm? quadrants) followed by at TetrAMM
4-channel picoammeter (CAENels) mounted on an xz stage
(the chamber/stage combination was designed in collaboration
with Kohzu based on a CF114 cross). The DQBPM for the
HR spectrometer performed nicely, even at currents down to
~50 pA/channel (~1 GHz flux at 25.7 keV), with position noise
less than 2 um for a beam size of ~300 um. The DQBPM
before the MRM, however, was not stable in the high power
monochromatic beam (roughly 5x1014/s/mm? at 21.7 keV)
- it had a burn-in period of several weeks, during which the
output over the beam spot dropped roughly a factor of two
(figure 2), before mostly stabilizing. As a practical matter, this
BPM will mostly be used to measure small (~10 micron) beam
displacements so it remains useful. However, the burn-in issue
is worth noting for others.

The DQBPM for the HR spectrometer is used to stabilize
the beam position at the sample to an estimated ~1 um for a
5 um beam size after the KB. Note: the temperature of the
support was carefully monitored and found to be sufficiently
stable, unless either the hutch door was opened for a longer
period of time, or new equipment was placed in the hutch. The
second DQBPM will be used to stabilize the energy zero of the
MRM in the face of angular drifts of the mirrors and high-heat-

load monochromator. (Baron & Ishikawa)
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Sub-meV resolution: Building on previous tests,
commissioning of the sub-meV setup using the Si(13 13 13)
reflection at 25.7 keV continued. This included new offset
crystals, and substantial fine-tuning of the optical performance
for stability. Notably, the thermal heat load of the beam from
the high-heat-load monochromator on the stability of the offset
crystals was a significant issue. World-leading resolution
of 0.81 to 0.86 meV for a user instrument was obtained in
useful operating conditions and, if the beam was attenuated,
0.76 meV was possible, consistent with 18] Several samples
were measured including user experiments. A new method of
reducing the power onto the backscattering crystal to obtain
better than 0.8 meV resolution with higher rates is now in
progress - this will also be applied to, we expect, achieve
1.3 meV at the (11 11 11) without attenuation. (Ishikawa &

Baron)

5 pm Micro-focus: A graded-multilayer KB setup was
installed which successfully achieved a 5x5 um2 beam size
at 17.79 keV at the sample position of the HR spectrometer
with a throughput of ~60% (>90% peak reflectivity on each
multilayer) and a d-spacing for the coating as small as 22
Angstroms. The setup time for this is significant (2+ days)
as it requires removing the cylindrical mirror usually used,
and a realignment of much of the beamline (including manual
translation of several transport channel components). The
new KB setup did greatly facilitate experiments in extreme
conditions in DACs, reducing background from gaskets,
allowing the x-ray beam to easily fit within the laser heated
spot, and allowing a new, through-gasket, geometry to improve
rates. It was greeted with great enthusiasm by the DAC
community working at BL43. (Baron & Ishikawa).

Collimation & Masks: Several new types of collimation
(Soller slits & related) were installed downstream sample for
high-resolution spectrometer and shown, e.g. to significantly
reduce the scattering from the diamonds of a DAC cell.
(Baron, Fukui & Nakajima). In addition, masks were designed
for the sub-meV setup to allow improved count-rates with good
momentum transfer resolution at low Q. These allowed clean
data to be collected at momentum transfers as low as 0.5 nm-1

at 25.7 keV with sub-meV resolution. (Ishikawa & Baron).

Medium-Resolution Analyzer Crystals. Two good analyzer
crystals were used (~25 and 27 meV resolution) and showing
reasonable count-rates'!®). One notes that the best published

data on electronic excitations before!'®! had >50 meV



resolution, and similar rates with a much larger solid angle,
so BL43LXU is doing well. The glue failed on one of the
earlier poorer analyzers, but we have already moved beyond
that design. First tests were done with a combined T-gradient/
dispersion-compensated setup which was found to improve
resolution from 260 meV to better than 60 meV (this is at
larger detector offsets than the 25 meV resolution). Three more
analyzers are now in progress and should be installed early in
2018. (Ishikawa & Baron)

High-Resolution Spectrometer: This operated reasonably
over most of the year, excepting issues with the granite
alignment/floor stability. Early in 2017, the granite was re-
aligned by Huber/Oelze but, then, after that, the alignment
drifted again, unusually quickly, forcing additional work in
the summer. The performance has been mostly reasonable
since then. The fluctuation of the granite stability (some
years very stable, but occasionally not) leads one to wonder if
the problems could be related to floor motion due to ground-
water changes in the gravel layer under the concrete. Two
other issues noted with the spectrometer include slowing of
the response of one air sensor, and slight (few micron) motion
of the sample associated with the two-theta arm motion. The

responsible company, Huber, has been contacted.

High Resolution Analyzer Crystals: Three new analyzer
crystals were delivered. The performance was acceptable (~1.5

meV resolution) but not as good the best ones received.

[17] A. Q. R. Baron, SPring-8 Inf. Newsl. 15, (2010) 14.
and A. Q. R. Baron, in Synchrotron Light Sources Free.
Lasers Accel. Physics, Instrum. Sci., edited by E.
Jaeschke, et al. (Springer, Cham, 2016), p. 1643-1757.
See also arXiv 1504.01098.

[18] D. Ishikawa, D. S. Ellis, H. Uchiyama, and A. Q. R.
Baron: J. Synchrotron Radiat. 22, (2015) 3.

[19] D. Ishikawa, M. W. Haverkort, and A. Q. R. Baron:
J. Phys. Soc. Japan, Lett. 86, (2017) 93706.

(Alfred Q.R. Baron & Daisuke Ishikawa)
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72 (2) CsCIAKBH P CHEML 72z Aut 7 Kir1d, fF
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DNVEER T I ) HEBCs EREAEIET 2 2 e 0o
oo IO, Csx Mty r o r Lyt
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WET 2MEE L CHERRBOKRE VT 2 M Z2IEH
T 2R B L E NG,
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FEHOERND—D L TN T35, DNA ASHUEHRAT I E
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ot BT HBMEILE (EPR) S2E# L. T4
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S 5 Nk 22 LR BB XL IR G 2 557 T 2 b O s
HO—oDEMHTH 2, LRI EIN2 %
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CEDERAEAT TR AA R E LRI
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WM AR 2 00D A U729 O FBAT IR I K AUIXBER
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Sy TR e & i & 2 T - SEAMEIB O T 0y
DMEREZLD IR TH D, 2016 FEI2IZUMP I
Xt g 2 FOEIN R DK X fi T 2L X — Rk EE 2 HE L 72,
2 FE KR WIPUR I 12 137 7 > VI FE o X I I
KL, 2o liA4 A4 v EROETFINEZ K L 7 BEE
ZFCR OB S . i A A v AR L
THREFEGEEC b0 Bz s D oo
DERNMMORIEFICHKEIETHS2II LTV T
ETH 5,
(T fRER)
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RAF = a v Tlid, 2V 7 BRI XEOEE 0%
ZHOC, MHBEETFRTH 2 7 LEW L Z DHE
YWETH 55 A SEDOBFIRE - EKIREOIISE
ZHEDTVE, KBEBTFANMUEAT—>ayitBWT
3. ARG E T2 (ARPES) % F v 72 i AH B &
BRI B LR ED T %, ARPESIZME D NNV F
Mg & 7 =)V S EENICEMN T E 2572 FEHTF
HTHBH, T ETOARPESHIE T, SEH)FZM
NORFED 1 RILD N Y FigiE, & 5 WIdRED 2R
D7 z)VIHARLE, BENBHMEICEE>TED, 3X
TR B FMEZFEOWEICH L Tid+o Rk ERH» 5
SNTESHT, i MBS AT+oRRNICH > 7,
ZzZTH5HE, INFEFTEZIOSNT I o7 3RITH
LETREZEHT A L2ZHAME LT, AT 2
V¥ — LM DM #HE % 53 5 3 XL ARPES(3D-
ARPES) %% L. #AHBI Y 7 > L& URu,Sip 120 3
% FWi% 17 o 72, URU,Siz i3 Te=1.2 KD EWETZild
BEFETH 25, 17.56 KAHECHIEZ ZXHER %2 R
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CTBENBREMH, EIENTE D, BB E
WTHRERFE RS> TS, W D URu,Si, 12
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NTOEREGLEERIRIGNNY FREEE 7 2L ST
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5 DIEAM G IZU 5B 2\ E LTI o7
NYFHEIZI > THEINE ZEDBHS I o7
., — /T, UBbfMER TNV FOIZLX—08ignN
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D7V — 713 Fe Mn % & &g 8k, A 5K
DIN—TIFF Ka T hIHEE, LT, RERKE
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JICHATE 2, Hic, kL EHED v FHOREE
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2. MBEAAZNOT7—EIFICLBHERYT M4 FERD

AT FIVDEIE

FhoN v F 1 BT, JaEBEE 2 28 7 —
IICEEE DB & BEREM BT E A~ DG % B L T 5,
2016421, JEHE A 28 7 — Al Ic & 2 HafkS Skt
D JRIFTRESRREERITE OB, A2 IINED 72,

R AN P =43 THIE DXTGR & 7 503135 45 figE
DI B 08, WL, {2t Ed S HIERBIASHICE 5% <
DYIFTHD BT 5028 (OFe) DX AN 7 —53Hhs
RimoenTsh, SR LAY oE HRECKIED TS
CHFIHE T 5, @H, SFe X 237 7 =463
STCo %t y 2 F\ 7Bk T i b, A7 MR
Mo 74V ~—y7 b, EBSHE, WS & v 7:
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FURZEDOERETHEL CTIDIBT I LI TES, D
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EBLIIXUIC 5T, difliCd v S Co il (100
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— [T OERE E R TE 2RI H 2 (12, 220,
AW ClE, EREEREYE X ANy 7—y Bk b [ET
SHEEEELL T, MR A b ERER L CREAHTREE
RIA—Y — % PETE D TFEOKET-7 B R
WIDETIIVEETIE, WKL Felitr 4 ML TH S
27354+ (FesO4) DOEIRAADKERY A FERY A~
7 P VEHEL 7,

27 %54t (FegOy) &35 E A Y oL RIS (%
MI#EFd m) ZF5, MEMPENICELZ22O00FeyA( %
32, A4+ (8a) (EFed 23, BH A + (16d) &I
BDOFe LR ANEHLTE D, FEiRDOBY A b Feld,
BTIAHIC X D Fe?S L LCBIIE N2, XIS HE
2T, YA N ONFRED A 2720, KGR T2 A
YA FDH, WITBY A b DA SR B IR IEAE
T %, MWL RERE. 77y 7/ (0g). AV A b,
BH A F OMERHTZ2ELICRT, £2AT, XANYT

MEIRARNGT— 1 18

10 10 0O 5§t

666 &F

BI1  FesO, DIESMEM &4 MBIRWX 2D 7 —EF OBE
A. B. OEAS 1 Mk BH A Mk, BEERT,

£1 Fes0, DREHEM. 75 v /. ARUBYA FOMEET.
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—ETE RS A FE2EIRL TR PV REINT 51
. BEEL XD 2IHIL. 21 oG FIcRE T
BMHTICHEF S L FRHEL (v B DFEART P Lo
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TE 5%, Jiud, nlREAS L7y BUcd 2 B EEL D
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P CIEE FHOLIZIIH S 5 23, SIS BGEL D fRE 1
X, 6 g4 DEIFHTYH, NGO E 2i#ES &
TG T ERMEZ K . ILREELO ADFEHA RS
FLZBHITE 2 & W) B HEDWT WS, 1155
2% X 91266658 (05 =232.26°) &£ 1010 054 (6 5
=46.48°) &, 77 v ZAHA5INEL | KRG T,
ZNEFN, BY¥ A b, AV A FPOAREZROD, YA b
BIRL 72X 2N 7= 27 LV OBINEL Tw 5, X
LiZid, AV A b, BY A FGERWICEZ X AT T
—[T O &E R T, SROFEFE T, BREFFHLSET
THEEAIREHAR: (FZ3E) TAR L 72 °Fe % 95% &
b L 72 9"Feq0, Hifiti i 2 sBHT IV 72, 21020, S
AANY 7 — AT EERDO NG ER EEEDINBEEEL R T,
AREEE R L e [PFeBO4(111)] 2 v g,
NV R 15.4 neV @ 100% B RG (r i) L7-14.4
keV DI A AN 77—y it [E— 234 X3k 1.6
mmx #£ 0.4 mm, HEHFADFEEMAIZIHM] %\ rzET
il cHHEBEZRBICHETE S, HEIAT—PI2i3, 0
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X2, SHIRITEWTHEN L 72 666 KD X 287 7 —[[lHT
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720, BEEL IR I TE 5T, EEELE
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HEERL T, 666 KD ARY W VR 7 7 ) BT
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10 10 OSSR D X AN 7 —[E[ff A2 b V23R, 10 10
ORFDOBETFHELDMWHEH 1L, P~ 0 %2570, &
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ANDHFGMEIBKELZZ T DT, 7 7/ FhRIEF LB
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BL12XU
NSRRC ID

BL12XU is one of the two contact beamlines operated
by National Synchrotron Radiation Research Center (NSRRC,
Taiwan). BL12XU has an undulator source and two branches
of the mainline and a sideline (see Fig.1). The mainline has
been fully operational since 2001 and used by many domestic
/ international scientists. Inelastic x-ray scattering (IXS)
experiments are mainly performed in BL12XU, and also
several other experiments, such as high resolution x-ray optics
experiment and micro-imaging, are carried out. In the side
line, hard x-ray photoemission spectroscopy (HAXPES) is
intensively performed. The sideline is partly opened for users.
Some adjustments and commissioning are still made by Max-

Planck Institute, Dresden.

Instrumentation:

LR mode

LRbeam (~ 1 eV)

We made the following upgrading in 2016.

+ 5 x 32-ch strip Si detector :

We are developing a Si strip detector,
consisting of 5 sensors having 32 strips of
125 pm wide. The detector are developed for
(i) high-resolution (~25 meV) non-resonant
IXS experiments using five analyzers of diced
spherical crystals and (ii) low-resolution (~1.4 V)

experiments using 15 analyzers of bent spherical

having small offsets in Bragg angles, and thus the reflections from

15 analyzers are detected at the same time. The detector is working

well and many of the experiments are made using this detector.

- High-pressure, high-temperature furnace for
supercritical water :

We are challenging to derive attosecond (10718 s) time-
resolution response function of supercritical water by IXS. For this
goal, we need to collect IXS spectra over a wide range in energy
and momentum transfer. We have made a furnace and a sample
cell, on which IXS experiments are performed in a wide scattering
angle, from 2 to 150 degrees (see Fig. 3). Using an aluminum
cell, we achieved 210 C and 5 MPa this year. With further

modifications on the sample cells, we will try to increase the

@@@mﬂ‘} 32 strips x 5 sensors @E—V?‘Eﬂ[ﬂ
HR mode
HRbeam (~ 20 meV)
7 sample — sample

5 diced analyzer array

3 x 5 bent analyzer array

Fig.2 Schematic diagram of IXS experiments with 5 x 32 channel strip

detector. Low resolution (LR, dE ~1 eV) beam irradiates a sample

crystals. For the former, the foci of x-rays on the
detector are divided into several lines, allowing

us to perform a high resolution experiment with 5

and scattered x-rays are collected by 15 bent analyzers in LR mode
while high-resolution (HR, ~20 meV) beam and 5 diced analyzers (dE
~ 15 meV) are utilized in HR mode. Highest resolution we achieved

so far is 256 meV (overall).(channel cut) monochromator, PRP a

sensors simultaneously (see Fig. 2). In the latter,

each sensor collects photons from three analyzers

phase retarding plate, FM a focusing mirror, and IXS an inelastic x-ray
scattering spectrometer.

?5IIII1OMILII!I!IISLOMIII1.5I5||IIE?0Mt If..ﬁ‘ '.lﬁnllllll'.lqdl!.'.qé
"
oyt 0 e o =
CM FM
peM FRMERP IXS Spectrometer
Side Line Main Line

Fig.1

Schematic diagram (top view) of the BL12XU: DM is a diamond monochromator for the

sideline, DCM a double crystal monochromator for the mainline, CM a collimating mirror, HRM
a high resolution (channel cut) monochromator, PRP a phase retarding plate, FM a focusing
mirror, and IXS an inelastic x-ray scattering spectrometer.
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Fig.3 Photo and drawing of high-pressure, high-temperature (< 22 MPa, 370 C) furnace to produce supercritical water.
Inner cell seals HP-HT waters. Wide opening is made to cover a wide momentum range.

temperature and the pressure up to 370 C and 22 MPa, at which

supercritical water is available.
Experiments:

In 2016, we had 8 experiments of non-resonant IXS, 2
of x-ray emission, 13 of resonant IXS (or resonant emission),
2 of high-resolution x-ray optics, 3 of micro-imaging, and 7 of

HAXPES. Interesting examples are introduced below.

+ Suppression of X-ray-induced dissociation of H,O
molecules in under pressure:

Fukui et al. investigated molecular dissociation induced
by 10 keV x-ray irradiation in dense ice at pressures up to
40 GPa at 300 K. The dissociation yield estimated from
the oxygen K-edge x-ray Raman spectra, showed that the
molecular dissociation was enhanced up to 14 GPa and
gradually suppressed on further compression to 40 GPa (see
Fig. 4). The molecular dissociation was detected for a rather
narrow pressure span of 2-40 GPa [Fukui et al, Sci. Reports
6:26641 (2016)]

- 1s3p Resonant Inelastic X-ray Scattering of Cobalt
Oxides and Sulfides:

In order to establish detailed reference materials for
cobalt-based systems, Samarai et al. applied 1s x-ray absorption
spectroscopy (XAS) and 1s3p RIXS to cobalt oxides (CoO,
Co50,) and sulfides (CoS and CoS,). The Co* ions in Co;0,
contained a large nonlocal peak intensity in the pre-edge and

that the resonant 3p final state of Co3;0, was dominated by
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Fig.3 XS spectra on H,O at high-pressures. As pressure
increases, a peak at 530 eV substantially becomes
weaker compared to the main peak, representing 2H,0
— 2H, + O, dissociation suppressed [Sci. Reports
6:26641 (2016)].



the two exchange-split peaks of the tetrahedral Co?* site. In
contrast, the 3p final state of CoS and CoS, showed a single
asymmetric peak due to the large screening of the 3p-3d
exchange interaction. [M.Al Samarai et al, J. Phys. Chem. 120,
24063 (2016)]

+ Transparent Conducting Oxide Induced by Liquid
Electrolyte Gating :

Optically transparent conducting materials are essential
in modern technology. Recently, it has been shown that ionic
liquid gating can induce a reversible, nonvolatile metallic phase
in initially insulating films of WO;. ViolBarbosa et al. have
used hard x-ray photoelectron spectroscopy and spectroscopic
ellipsometry to show that the metallic phase produced by the
electrolyte gating does not result from a significant change
in the bandgap but rather originates from new in-gap states.
These states produce strong absorption below ~1 eV, outside
the visible spectrum, consistent with the formation of a narrow
electronic conduction band. [C. ViolBarbosa et al, Proc. Natl.
Acad. Sci. 113, 11148 (2016)]

N. Hiraoka, H. Ishii, Y .-F. Liao, M. Yoshimura, T. Tatsumi,
K.-D. Tsuei
NSRRC, Taiwan
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BL12B2
NSRRC BM

BL12B2 is one of the two contact beamlines based on the
collaborative Memorandum of Understanding between National
Synchrotron Radiation Research Center (NSRRC, Taiwan),
Japan Synchrotron Radiation Research Institute (JASRI), and
RIKEN SPring-8 Center (RSC) since 1998. The user support and
end station maintenance of the beamlines have been provided by
NSRRC. BL12B2 has been maintained to serve for material science
and protein crystallography users since 2000.

The current schematic layout of the beamline is presented
in Figure 1. The beamline is equipped with collimating mirror
(CM), double crystal monochromator (DCM), and focusing mirror
(FM). The measured spot size and total flux of the beam is about
250um square and about 1.5x10" photons respectively at the
protein end station at incident photon energy of 12keV. Four end
stations, EXAFS, X-ray diffraction, X-ray scattering, and protein
crystallography (PX) end stations, are equipped tandemly inside the
experimental hutch of BL12B2.

The EXAFS experiment is measured using two ion chambers
at EXAFS table located at most upper stream of the BL12B2
experiment hutch. The users can carry out experiment by placing
their sample in between these two ion chambers. Powder x-ray
diffraction is measured using image plate at XRD table located next
to the EXAFS table. X-ray scattering experiment can be carried out
using HUBER six circle diffractometer. The sample environment
of these two experiments can be changed from 20-400 K. High
pressure x-ray diffraction can be carried out using CCD camera
at protein crystallography table. Protein crystallography (PX)
endstation which is equipped with CCD and SPring-8 standard
auto sample changer system has been installed since 2009. The

user interface software of PX is SPring-8 standard BSS. Remote

Gl [
SE 0!!‘_‘::‘—1 n‘é! = nlz'-z: u»—':c'!u‘ullzt!‘ﬁfn:-;
L =il R sl V8§

o

Aol =k =S

access capability of this PX system has been tested and operated
from 2011. The CCD detector has been upgraded from Quantum
210r to Raynox MX225-HE in 2014. The fast read out and
wide detection area of the new detector will help user to collect
high quality data. In 2016 we prepared electrode(AUTOLAB
PGSTAT204(Metrohm)) for in-situ electrochemical experiment
which is planning to carry out on 2017.

EXAFS, X-ray diffraction, X-ray scattering end stations are
serving for material science users. The material science experiments
are covering wide area of topics, such as environmental science,
nano science, geophysical science, etc. In 2016, BL12B2 users have
published twelve papers in SCI journals. The material science and
protein crystallography users have published ten and two papers,
respectively. Figure 2 and 3 show the selected result from material
science users. Figure 2 shows XANES spectrum of TiggMoy ; Oy
and Tiy gMoy,0, sample from Prof. B.-J. Hwang(NTUST). They
have studied molybdenum doped anatase TiO, as a Pt catalyst
support which is important for polymer electrolyte membrane fuel
cell(PEMFCs)[P1]. Figure 3 shows high pressure x-ray diffraction
spectrum of iron based superconductors. They found new insight
for possible superconducting origin of K, Fe,  Se, system[P10].

Until 2015 the beamtime had been shared between material
science and protein crystallography users as equal amount. Due to
completion of 3 GeV Taiwan Photon Source(TPS) at NSRRC, we
reconsidered our beamtime distribution from 2016. The most of the
beamtime is allocated for material science users. The major users
of the B2 beamline in 2016 were from Taiwan. There were also
international users from Japan and other places of the world. Users
support had been provided by three local beamline scientists and

one engineer.

Fig.1 Schematic layout of BL12B2
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Fig.2 XANES measurements of TiggMog 1Oy and Tig gMog 20, sample with Na;MoO4, MoO,, MoO3 and MoCls references.[P1]
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Fig.3 XRD pattern of K,Fe,_,Se, single crystals (a) the quenched sample and (c) the slow-cooled sample. (b,d) Enlarged views
of (a,c), respectively. Asterisk mark means reflection of NaCl used as the pressure medium of the diamond anvil cell. In
the both quenched and slow-cooled samples, the (110) superstructure reflection disappear around 12 GPa. (e-i) Pressure
evolution of the peak properties and the structure parameters of the quenched (red circle) and slow-cooled (blue square)
samples. (e) Peak position of (002) and (110). (f) Full width at half maximum of the (002) peak. (g) Lattice constant along
the a-axis. (h) Lattice constant along the c-axis. (i) Volume. Linear dashed-lines are guides for the eye.[P10]
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2. E—L54Y - RREBEOWE
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747 (124 v F£) BLXUOCMOSH X J Z2EfF L T
2, RBIZATF =23, 0/20Ma=FA—2L ARXF
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T\ % DAFS (Diffraction Anomalous Fine Structure)
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BB S 4 FNDE L DE—LF AL Y THOUSNTE
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ETIEHBIE AL D & X D IEHG b NEE L o 73D
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Keithley428 ¥ & O'HiEd #A, # BE X OV #C % F v Tl
ExfTo%, 2B, ALY 7y Z7ORMEICIG L TV/
Fayv \—% o, #SEHELToTo» 5, BER
flizaTl20W e L, MERMREZEBLQTRSIIRT,
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HINEHN, FREFFEEN LS DL oMiar Tt
VEELIC ko TE S LB GeV IR O s 7oL ¥ —
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F— 7 YHEEBEEHEEL TWVwE, L —ETHE—
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IANF=DEVIEEREIRANL T —DL —F—BTHE
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X — DR EERE € — L D EHDIFTBL33LEP LU
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1.5 » HMEEZEIEL L Twikod, FI4E L b BEK
M3 2 23S AERI 3070 I D EER 232173 % & & T,
LEEOHERS - WEZ LM TIT> T 5,

2016 4E % 0 LEPS B T3 2015 £ 12 5] ¥ i\ T,
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BEHOERRKZZLTY—2.9 GeVD Y — L THEBEZT
o7, B EICREEKEFENZHv, X7 PLK*H
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2. LEPSERTOMEHR
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D CLASIcE W THE s iR (WBENg T —%
25 DRIE~DINE) EFIED R EpREng B
BRI X —lD 7T — 7 12O Pomeron 384+, n
RO E TV TREBTE, K 2L X — Mo
T =13 Z OFIMEAER &L THH S 210 E 2 WA &
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BENEZ NS, LEPSTIEBECAY 7 LA 4N 6 D
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LIA4 V) TlE, WE3BS MmOl —¥F—%%28 GeVD
EMET L2 7 VLS Y, kK24 GeVD v
(L —F—ETR) E—azBT0usl, 2016481,
3~4BDL—HF—IC X ZFAREASZITV, 1.3 GeVELE
DI 2V ¥ — TR K 2.2 MHz DA v 2 e —
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BGOegg

ERIN w3, 2o OHROWRICHE LT —F L
L2 2015 FFICH EHET VL, FoRBI 2 LY —%
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v b7y FOBEIT 5 LEPS2 Y L /A ¥ FEER D M %2 5
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SOBIZ B 2 FREHRED 2 € v @ Z2 KL Tw3, 7
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HEREE L LTI 228, BRARY FLICHIRT %
BRI RVE =SB T, HIBIHO AT
REPEVICEL DG, BFE—LIERNFRE, Hid
TR RRBOG O WS £ R WTRIRE (FPREREED R © vk
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JIE i, =i SPring-8 #I JH # 53 Vol.18 No.2
(2013) 75.

[2] T. Ishikawa et al.: Nucl. Instr. Meth. A 837 (2016)
109.
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ZOFW, HROERHEBIC LYV EEAE—2D% A R
PIIREERZEBTEDS L) IR (K4), $/E
VA= LVERICHIIRY) v b RFRET LI ET, EVE
— IV OFEHES LA EER L T3, AAHER
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HETEIS D 7 — Y IEZRTRE L 2> T3 (X5),

ToFRA=FEEZTR7 Y > 7 %R L 7SS -
EEHI=F X = 2L TS, Ra=F X =513,
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J 3 2 LATE, inverse beam setting ? FEER SRR K
(ATA %, X512, TOI=F A—#F, SRHE %
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B ZEAEDT oI, ABRSEBEMESE 77y 7 4
—LHEDOIEERZITCHAELIAXTAT - 2
T2 2 LT, BTERD 2000 A E KK T-E R DR &
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TR DM Z D T E 7, AWE T, BLO3XU DF;
bR, 2016 FEEICHEMEL 72— v F D E AL
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BT 2FECcH s, K4z, KFETHEL ¥~ 7
DYEMEBIN & WL S — v &R T, LD BB S 5 |

3 GISAXS-CTE DR

-150-



q./nm”
o

00 03 L 05 0.0 [\
= q,/nm qy/ nm’

H4 ZBXFOHE/Y — > LEHER

XFHE Ay ¥ FEE SN2 RERTH D “F”, “S”, “B”,
‘LixEnEn, &, /7755 7555 S5/
LTSN - OBELEENE V., ZRFNOk 10 G-
SAXSITIZF A BHEEL S 7 — > S TE D, R
PR ED3F”, “S”, “B”, “L” TENZF N oTWw»
BT ENGD D, RiT, KEICHIE L 72 GI-SAXS % CT
BICEkoTHBRELBEELNSTH 5, . HIEL
7222 TOGI-SAXSBRICEB I 2 RED E V7 L ILALED & #
LB ZHIIL, CNEHBET s TRk, BE
DE T L IATEICE T 2 BEIRE L, FFE O JEIHEHE e
TEIRA IR T 282 BWR L CB D, 213, SRr
WCHIR T 2 HCELEREE 2 fhi - PR T 5 2 &L CHICF 2
IR I NI g 2B 2 LI LT (5a), —/5.

B Of 27 |

L=

0
x/ mm

0
x/ mm

SPring-8DH K & BETE

T —ROGIERNT 72 & TIRAA L 2\ 3088 2 il 2s B
T3 EEEMNO 7 e UAED S BELBRE 2 i L. BRo
HERZRALFERL, ZoF ) E LYy 7L GHE
L7 (K5d), ZHUIIEFEIHREL, Fr DEED
AR EBZTHIHELD ., £ DEREELTw5 T
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Sﬁgig g{gg{é

BARIZNLFX—50keVTH ] pmD~<A 70t —24%F]
T2 EMTES, XAFSPADIZ E A EDRIEIZIZ,
BEONFZREH TN D,

2-2 HIEFE

BROEBHE — L 74 v CHIHATE 2 EFEIZ, H#
BN v F 2 TXAFS & SAXS, %N v F 3 TXRD & i
#HH3DXRD TH 5, DLTFICiiic M E 2016 41
DEAIHERE %2 R 3,

(1) XAFS

BAICBAFE L 7z a v o8 7 R edtic & B mnllaE &k
HELTWwD, a7 FgHEeRIESE (111) B XTSI
(220) DF ¥ Ay MEfE, ZNENY—FE—F
— ICTERS L Ciei# 50 Hz Tt & MR IR E X ¥ 5 Z & T,
10 msec THOARY PLHlERTREE LTz B avs
7 b NARTHIE TE S T 2L X —#HiPHI3 4.5 ~ 45 keV
TH s, FHMFICITEH 2 24bit A-D % (National
Instruments # PXI-5922) #H\22% Z & THEWS/NILT
DOEEFHL T3,

HHEDin situ MIERKMBFHFEL TEH. VF 7 LR
Wit D FEIE I AE D 1F - AR O REEMRNT Z [N I2 AT 5 72
3 @ XAFS-XRD 0 [l Il5E b B L T 3 B,

(2) SAXS

AR I REE ecmDIEfD 5 4.5 m £ TO/MEHE
MWHEE E 2o T\ %, #H 22 1Z DECTRIS # PILATUS
300K Z VT2, SAXSTH D in situ &%
BAFE L TH 0. BT IS o 5 H B O R E B R
DZOBBEEFEmL T2 B,

1 ZAE—LASA YOXFROBH
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Si chip (5x5mm

—-A cu nanoparticle
sintered layer

<+— DBA substrate
=AFAIN/AI
(20 x 20 mm)

Cu (£ 30~50 pm)

L~
Al (t 400pm) <l

SPring-8DH I & HETE

Ti: sputtered (1 0.1um)
Ni: sputtered (t 0.2pm)

Si (t400pm)
Ni: plated (t 5um)

<« AIN (t 635um)

K2 NRT—FY 21— VOEBRHA
A& (). A-AlrE (B)

(3) XRD

K2 0MhzHT 2 XMEITHO ST =4 A — 5 —
(Huber ) #3i#E L T\ %, B & L CPILATUS %
DXtk EZ AW RITHEZ T E 5729, #
HUCHES - AER AL I VR v F2BEFE L., Sk
DIEEDOE Y B4 ¥ MEED S O E— 7 ORlE % 1]
BELTWw3, AV y MERZMRE L2 &T, HIEH
oMb % 2L & BRI b lE IS —E Il i B &
JickoTwa Z rima U 2y v b & PILATUS#
HEZ KRR SETAET S 2 Lick b, Aw
IEHPH DT A <27 F L ORGfRE TR L L7z D),
(4) EHARI3DXRD

% i < B DS SR R & FENEEECRENT 3 % 3 RITXRD
FEIF W ODIRE - BRI N TV 208, HL DD
LY 4 2 N2 AR BHT I 1 IR 12 R e 508
HBlw, AV F LB E L GEERSDXRD Tk %
BHFE L C &7, 20134EE $ CIoJFBIMGIER 258 1 L.
2015 4EEICE 2 V¥ —= A4 7ut—Lo &2 i EofE
feco AR SDXRD @i 2 B L 7 O, coFikok
iz, w4 7 v =2 X 3T EREZ AW TR L
TW5ZED6, fEHAOFEEERTIEZ C HMam
BonsZEtThsd, 20D, KDY HAEETT
RN AMNIA OO NE Z Eich D, MHEIC
XBRHNDOOTHONM %G5 2 L HTAHETH 5,

B) VESTITI4, T2 TTT4

NI T OM BN O S0 R REREE AT = — X D& £
DICHET 5720, XfiavEa—% €757+ (CT)
BLUI3 /757 4 BlIEEMizEA L, CTTIZ1 um
DT OREREMFSNTED, THET I/ 7774 THH
1 pm O RAECOREEBILE AT & o T &7 [T,

3. ELEHERE

(1) 937797410k 37—FY 2 — VEAH DN
2mhE 7

NA Ty FHZEOEHABHHEOEIRHOO LD
KR =8P 2 — DD 5, ZOWREm L &A%k D
72, BV 2 — Lo/ E  EIREE L ED EEZ S

NTEH, AEEOKIELRMBRAEN S, FERINIC
BEATDIRALETRERMAERSA oL HIAEN -0,
FRT O EBEEORHCEAFIELBRELE INTVDS, Z
DO—oDFEM L LT, HIPIRD T /2 RFEAEE S
T3, AL CIRDF / FrEaEME L TEY
2= VEZ, BEMNEO SRR Z IR B B
BT 5-0DFEEME L7,

N =Y 2 — )LIZK2ICRT X9 kR FEaihtEz L
TWw3 7o, BEDCTETIIBZETE 2\, SFHRIBIR
ABOBEICHE L7252/ 7o 7 0k dEA L, Rk
R 2 B L 72, 3kBHZ SiE % DBA (Al/AIN/AI
OREE) Ko F /T TEELAEY 2 -1 T, F
R HDEZIE30~50 umTtH B (K2), 7377
7 7 4 FHINE, 29 keV D E FvwT, ik E 30
AL 7[R R 7 — P ICFE L. 36004 /360° T
PR L7z, X313 1.3 pm/pixel OETHlE L 72+
B oWinERE R T, 0 (Ewilss) Kz t20 ~
50 um D 2 WEHEPBHZE I LT 5, Z2FLITBERREIC
A AN T HE T, BB WA R Y IS L
SRy EEZ 5N B, 0.33 um/pixel DS THE L 7
BEDONREEIR 1 numBETH - 7,

_ AI??&LUMW’E’EMW“YII

>

Side View

H3 Cur/fFEOBERE
Sifllx o K7-brmE (). A-ABTES (F)
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AR X b, SR Hig BT H 2
CEPMRI N, THITED RTU—EY a2 — L2
WD % T, WEETHAET 2 5028 OB ASATHEIC
o,

(2) av ey I HEEEEHI N T 204 2V —7"»  XRD-
XRF [l 537 18

SR, 2 TFUTPAL v 742 TF 4272 M) 12X 385
BMEHER BRI S hTws, LaLl, BROF—F X
— A TRFHMEHRR I+ ok F— B3 &R I v
3 EIRVAR WD HIIEU 2R %2 KB ICER -
AL CF = R—ADHITEERLTI T BT E 25T
W3, SE. ZOHWDDIZ, 4 v 7Y v FRIRE
TR %2 20 & & 72 Wi 2 JEA I % i U L . XRD &
WX (XRF) o @t a kGG s 2 Wt L 7z,

kIR v 7P 2y VSV YDA v
I BRI AR 2 AUTHIR - BRI 2 2 L1k D
BRI L 72 (K14), XRD ZHHIC 13 PILATUS 300K % XRF
HE 12 4FEFSDD 2 v T, 1EkD 72 ) 5f ¢l
L7 (KM5), Z#ic kb, 81 /MR % 155 fLHE
THIETE S Z Lbhrol

B4 4>z y b TV EFALTERLZEM
030 X30 mmZ I FER EIC81EEDS 1
75V EHE

SPring-8DH K & BETE

S E Xk

[1] T. Nonaka et al.: Rev. Sci. Instrum. 83, (2012)
083112.

[2] HZERE, SRS fih © SPring-8 F) HHLEI R G =
2015B7001.

[3] BEHHHESE fil © SPring-8 F I #UEE F2 Ba o 2
2015A7003, 2015B7003. 7012.

[4] ARMIEEE fib : SPring-8 F| FH R E I B S =
2014A7012, 2015B7012.

[5] ARMIEEE fib : SPring-8 f| FH R E I BRI S =
2015B7012.

[6] Ml —BR, sk 58K : SPring-8 fi| F#LHE I b 3
2016A7002, 2016B7002.

(7] ARRHEEE fill © SPring-8 F| F LA S BR 5 3
2015A7012, 2016A7012

[8] HH I ftl : SPring-8 Fl) H #E I B 5
2016B7030

(BR) B REFERT  ohrEs
HET AE
A== E===—-r=
=== = == =
12 14 16 18 20 22 24 26 28

20 (deg.)

X5 81 #£loXRDEF CGAERMN159)
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SPring-8DH I & HETE

BL28XU
ENHEEBRBILREEREZMEREC-—L5 1>

BREABEL 77 74 N A7)y PHEZR EICREX
N X MR ABHEOMIRIFE X, ALK EHIKD 72 0
DY AL E 2 2EMBEFED 1> TH B, DX EB)H
ICHSE T 3 a 7l E R chd H, FEithEMD
B LR ABEO TGRS 12 AT EE2 6N
%, 22T, MABBIRDY F 7 44 4 EEt (Li ion
secondary battery: LIB) #i# A % T 3L ¥ —%E % FF
%, LIBIi A DM AMESLHFMmE2H % R A+ LIB O
Y% HiiZ, NEDO OZ eIt & LT 2016 42> & Fopr il
LI A IR B A% (RISING2) HH¥EZ1T-
Tw5, ZORISING2 &, gl Eihsainfly 5Lt
7% (RISING) FEDBEMFIE L AER T S 4, RISING
TR N EHMEEB LM R ZTEH L, F /7 Sl
LaEihChibmEEL, MIHEAERRRED4ODH
PIRIERELZEIRL T, 2030FE0EFAEEME LT
FAEHEEL T Z2{T> T3, RISINGTIX, 24
ETT v IRy 7 ATH - - EBIMNE D KE % EHE
K 27 DDEAMBHFED - HIz, 20114 X 1) SPring-8 ®
BL28XU I ¥ MBI EH DO E— L 7 4 v % ik -
L, RIS TN D 7 8 O BT AT OMET &
Z DEMSIE ST~ DB EHEL cx 2 1, 2L,
IOV X — S S TR I & 2 A P 3 %,
XARIEHT 73 ST I & 2 TRV E N O #7071 15 O # B it
BB IR EBb A LAt 40 o, mXEOEE
IYVIT X B FRMR A I A2 12 K 2 7 M2 1 4 oD 138 S A
7 7 L OBl 2 T o> CE 2,

RISING TORRICHD T, RISING2 TIIFA V- R2E
MR —nicE T (1) Ko EmEREHE, (2) 7
WE BOGRENT & Iz B fgie, (3) #EAs 76 A e S m
BIRREAD 35 DF BT L, Zho o
FEPRAZ I T 72 AL IE S e D ) L E MR DM iz k %
HERFDUGE D 7 d DEAMFAF 2 ED TV S, I 51,
RISING2 Cla#izzic (4) EfR, BWE., chooPH
L EMAH O E ARG 2 £ DT v 5 L RYE TR
WL, 5) FEUNIMTHRET 2RI ND 5 0%
YIBRIA 2 E AL B R IR O 72 8 D F AR BI S 12 LD A T
Vw3,

1. E—LIMVAFROBEL (BRE. BTRNF—
FA)
RISING2 ¢ @ #LEMR B A1V 7= A7 o fiRBE o 1) 2l

ERHOBED DI, E—L T4 VHERDORRZIT-
7o HERAZEEMO FEAICH ) 7 = 2L X — %A -
D7 DIERAL L 22 8% cm R 7 — )L D EE D KOG
DHEEDINT 2701213, BRI RV —DXHi%EHWT
WEE BRSO 2 08P H 5, T E TBL28XU DK
YoNy FHRICHKBEINTWASE (111) Fr¥ 2 LAy bE
J rasyEiz, 5 keV—30 keV £ TOI )L X —FHK
PRATELD, kO EHRERIOSE (220) Fv 2 Nhy
N 7SR E R T 52 £ T5 keV —42 keV ET
DEIZFNEX — XA E oo, £z, KR
DM2 37 —ZRARERBANCLR TS & TE—LLE
Mo Fbitatz, D EDE—L4 54 VRO EEIC
0. BIZITHEEVICEIT 52300 X — oo s X
reid, CNETEZ 100 pm BHUCH L T30 pm D 2e
MR CchH - 7h, BRI —OFHb GO A
DEMEBELT 2 2 LI2X D EX 150 um BRI H LT
20 um E CHEMS RN L TE L, £k, 42 keVOEF
I 2N F— XEBHHAREIC > 2 E T D EWESE
WD SBR[ RE & 2o 72, U ED X IT, BT 2
NF— XA T2 2 8tk b, X EHNLESR
TN T D KOG % BT & 2 SATHHFE 0 HME % % L 72,

2. 2HELAEICL 2 7EN 7 7 AEBEZRILYWOTHE

*H =X bR

WAE, BTHEEMmO A I L L. WA R
FTE IR EBIFEHINTWS, ZOHFTHTEL
77 AF Y v EEY (a-TiSa) #R&E L T28ELHIL
PNFIERR & L O BERAR (700 mAh g) 2L, E
BeEr a7 o, BERMELR SICHRNEWEEEEZ R
L. ¥%®&E— ez H T 570, BRRHA~DHEL
PHIflE N5 L) R 2R, Z0 s OMEHIRA %70
MEA A ZRALEZHEPIZT 5 I E1E, B RLF —%
e 2B 2 3%ET 2 L TEETH L. I
DOMEHZ VTN B RS RED L CI3ERETH 2720, B
HORPHETIIMEZFEMICHE T2 2 L8 L v, 2
2T, XAl & 5 {45 1mBd4k (pair distribution
function: PDF) ¥ & 58— # 5y 78 /135 (density
functional theory-based molecular dynamics: DFT-
MD) %flAGbE 22 LT, aTiS,ORMEA H =X L
ZHGPIZ LT, ZOFER, aTiS,DORME R A = X L
E, SRR A vy =L =2 a VHITH Rl a v =
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TCarvBlTy i, MEBPRI DS bDIEEbroT
(8] Lift&HIML 724 a-Li,TiS, (X = 0—4) Bz xiL
CPDFf#Mt %2179 £.2.0, 2.4, 3.4 Alc 2 Z N S-SHEA.
Ti-SfiéA, & 2SS SHEIREI N 2 -7 288 Nn 5,
IS E B ROSSEEADMD L2 Lo, SSHEAD
fREEL 72 2 EAVRR S L, WIS Ti-SR O, 55238
BESSEOEEMSHRI N 6, TiIAY DSDRLH:
BDPEP T 22 EHBRBI NI, FEITHEN 2 DOREE
ZAGII SIS X 5 2 &35 h o 72, DET-MD % il
LT ENLT 7 AREEDET VIR THHEEERE B L 2
HET 3R %257%, I5iz, Ti Kedge LTS K-edge
XAFSJITE D & 1 FFEILE HiHE T IR O B KRB SR
IKEbY, WLE L b Redox KBICEHFLG LT3 2 L
Shrotz, &5z, Ti K-edge TS 2 fEy> pre-edge 78
RDBIEDIRD LT 2 &6 TifA b OECAIEDS 6 iihr 20 5
WL TR ENTho7, F7-, TiRLLSD X ) &
v N— a VRSB, XANES K INXRD /8% —
PO RBE N o2 L6, a-TiSyDFRINERX H =
ALITIETELT 7 AR B A MEGE~ND A N—Y 3 VK
BEA vy —hL—va v RIGOMTEE L TWwb I L
PRBI NIz, DLED X Iz, S-SKADMEEETER & Ti
BB DEFN R 2L Z IR Z 5 2 LT, TEL 7 7 ABE
A DRI 2 FTEMEA D = AL WA ST BTk
MWTERL, TNSOFRIF, EFEEMLDSH OB
MREEEHCIA CEATE 2o CHERARTH 5, £ 72,
INGDT VY LAROMESHTEAM L, FHEEE MO
FILEA DA LZHSPIZT S AT, 2 TUIhoh
WIMHADY =)L L7 5 2 LRI NG,

3. BT EROBRIEEMEOEFREREN

WAR, Fr s OB I L L <. WA RS
K2 S BmERP TR SN TS, FThifithf
fEE OB R (820 mAh Zn-gl) %A L &5 il
B KR FRAREBEE 2R T 720, RERELEMEICHE
N ARRERROFIHASTREE > TR, = v 7 Lilh
i, HghREM R &R PLICIFIAINTER, L
Lads, 225 coEiRut (oxygen reduction
reaction: ORR) & & 3% ¥ /£ K & (oxygen evolution
reaction: OER) OREZLHBENREE k>TED, H#
FLICZESE7 )V —CR7 A A VEHETTORERD
G 2 B A DO BAF BB ETH B, R T A Y
TS 72 OBR B il 24 1%, RuO, 2 IrO, %5 0 & 42 )& filt
BUZRonTEh, LV EELERSELEI» LR E
TR DR RO SN T W3, EEKRL I, 7T
25— CayFe,,Co05 (x = 0— 1.0) ASFEH 1< i\
ORRIEMEZH T2 L2l L 7 ) Kricx = 1.00
CayFeCoOg 13, 4/ RuO, LB SRR LY hin &g
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D Bag 5S19.5C00 6Fep.403 & D b ol % R 4
SEdbirot, 73UV T—HEE (AB,05) IE. <
O 7 AAA MG (ABO3) #o—o>TH D, 4FEh (Ty:
BO4) & 6Fifiz (Oh: BOg) DMEED AR E % -
TVBBERBEEESTRT T AHA MEETH B, C
DEGEZ R T ANA METHICEBEEOBERBZH
T2 2 LD OMEEEISER L Twb EEZ 5, Fe
& CoEFET 3 2 & Chlied TRl 2 F-EL L T
%, 22T, hEMBo4RN:E 6RLMEEF IS 3
BYEESREOHEEGEZHS »ICT 272012, Fe K-edge KT
Co K-edge XAFSHIE # -7, #DE5HE, TylLED Fe
IR T % pre-edge E— 7 OMMNTEEE X, CoEA0.5 F
TIF—ERLD, BIERISICHZIZ LWL LIRD L Z
EDB, ConET O, EEERNICERL, CoRi0.5
BHZ L ETEEZERLIRD S 2 LW Th o7, DFTEE
BICEX2ZANX AT 7LTHIDEI RV A b
IR T T 25 R 2572, 20k 9 ICBL28XU Tl
H7aY s b NTHS N FRMEB O % o i
HETE B &I, REMRTEAM = 24t T 5 & I RiTE
MD7 7y b 74—z HiF L CEEMFEMR
DO RFTEAT DB 2 FEHEL T 5,

B

AT B F 70225612, NEDO o #5575 % & ith
FRALIEE R BB A H¥E (RISING2) I X 5 XiE%
%Lj’%fjﬁ L f:o

SE 3k

[1] H. Tanida, K. Fukuda, H. Murayama, Y. Orikasa,
H. Arai, Y. Uchimoto, E. Matsubara, T. Uruga,
K. Takeshita, S. Takahashi, M. Sano, H. Aoyagi,
A. Watanabe, N. Nariyama, H. Ohashi, H.
Yumoto, T. Koyama, Y. Senba, T. Takeuchi, Y.
Furukawa, T. Ohata, T. Matsushita, Y. Ishizawa,
T. Kudo, H. Kimura, H. Yamazaki, T. Tanaka, T.
Bizen, T. Seike, S. Goto, H. Ohno, M. Takata, H.
Kitamura, T. Ishikawa, T. Ohta and Z. Ogumi: J.
Synchrotron Radiat. 21, (2014) 268.

[2] H. Murayama, K. Kitada, K. Fukuda, A. Mitsui,
K. Ohara, H. Arai, Y. Uchimoto, Z. Ogumi and E.
Matsubara: J. Phys. Chem. C 118, (2014) 20750.

(3] ATy, AGH#kR, B B 28, (2015)
161.

[4] T. Kawaguchi, K. Fukuda, K. Tokuda, K.
Shimada, T. Ichitsubo, M. Oishi, J. Mizuki and
E. Matsubara: J. Synchrotron Radiat. 21, (2014)
1247.



[6] T. Kawaguchi, K. Fukuda, K. Tokuda, M.
Sakaida, T. Ichitsubo, M. Oishi, J. Mizuki and E.
Matsubara: Phys. Chem. Chem. Phys. 17, (2015)
14064.

(6] W, fEHBSAL, W, Ka B, AKARM—R,
WS —RR - UG 28, (2015) 124.

[7] K. Shimoda, T. Minato, K. Nakanishi, H. Komatsu,
T. Matsunaga, H. Tanida, H. Arai, Y. Ukyo, Y.
Uchimoto and Z. Ogumi: J.Mater. Chem. A 4,
(2016) 5909.

[8] Atsushi Sakuda, Koji Ohara, Katsutoshi Fukuda,
Koji Nakanishi, Tomoya Kawaguchi, Hajime Arali,
Yoshiharu Uchimoto, Toshiaki Ohta, Eiichiro
Matsubara, Zempachi Ogumi, Toyoki Okumura,
Hironori Kobayashi, Hiroyuki Kageyama,
Masahiro Shikano, Hikari Sakaebe, and Tomonari
Takeuchi: J. Am. Chem. Soc. 139, (2017) 8796.

[9] Etsushi Tsuji, Teruki Motohashi, Hiroyuki Noda,
Damian Kowalski, Yoshitaka Aoki, Hajime Tanida,
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SPring-8DH K & BETE

BL36XU

FTimfEBERICY 7 Vs A LFHAIE—

1. BIE

BL36XU \&, BEXMEBREVHFLE LD, FTFF#
WFERT, Al BREDSE L, Fiz 2L X — - EEER
WA ER (NEDO) 7uy =2 F oMLK T —~
P A 1 3 TRk A itk 52 PR AL B, EEAR Be AT B 78
MEA M B} ORI - SO - Ve RS B fif A B 56, 1R 22 8] o fiA
Xt (XAFS) S51C X 2 il B & St AT |
POKELZITER LY —LF4 v ThH%, BL36XU
., BEtEoH T, RICHBESRETEHICH VS
N3 [ERES T RlEm (PEFC) 29 —7 v b e L
TED. @R - WW‘%&%%o%M*@%M@m
XAFSE — & 7 4 v & GHHBEARTE 2 BRA L T, MRRLE
FEENE T IS T 2 BRRAED F / HEiE ﬁ%wﬁkm\
LRGBS X OB LEEEZ Y 7L Y 4 A TZ D
%L ZN6 DX N =R L% W & 22 CEE T %

I & D BB M AR R AL o S RE L B X R A

@%%ﬁ?%t Olc i R ER Rt T2 2 L2 H
WELTWw3,

BL36XU Tl&, 2016 4FREIX 393 E % 920 L. NEFH I
EAZIT- TS, PUTIC, 2016 MR 9206 L 7= 27t
e A7 L OBFE & FMABRRIC OV THRET 5,

2. FIHEHAC R T LD BEL

2-1 in-situ B EREEXANES SIS R 5 L RIS

PRORL A M RE & Ao § 2 ARG M I, Al
IS 2L AR E S KAET 5, Zokd, Kififk
EWETE ORI, AR AR AL R I B\ CEE
IR E 7 %, ARUFZEBRFETIE. BARIE MREKE) T T Pt fil
B -2 DAL ERE O EBEN 2 BE2TH) 2 L& H
& LT, in-situ @y fEee XAENSEHHI > R 7 & % 5
L7, RLICATS 25 A DOREZ2 7T, SZRRIE
LD 6 FE SN HOEX B IZ 8 B OB IR 7+ 7 4
¥ (Ge 660) 12X Db, 2RILXME 7
VRHESRIc i En s, AFHHl A7 a2k b,
B I o e b — M1 72 B AL A MR R IS T b 2 A
79Uy 7 RLE AP =Gl & TR DY 6 o R
XANESHIZE %479 2 Lic k b, MR 1 Eo{b2zms
DL )V AREMRGTEIEZ BT 2 2 S L 72,

2-2 TEAKHEHAXPESEHEIY X 7 A OREFE
AR, MWERAEREXHOEE 7o R E OB TEIC L D,

LZA>

1 B9EEXANESEHEIY X 7 LRE,

AZFEFSR T OFEHI R 2 6 XFREE T2 ellE ko3
FESTE N TV 528, JERME SN0 B IEN AFEIZRA
15,000 Pa (#70.15 %T) FREETH - 7z, BL36XU T,
HERAUT R X FETE 1 B B D B~ D e 1 DL
Dﬁ&m(?ﬂ—%v—)&ﬁﬂt@ﬁ%%f?%@b%
(T3 EickhEFOBBHREZK T2 Lt
N—=F v —DROREENILTIHEE2ITo 7, zéﬁ“}lm
DINEDT 78— F v — 2B IR B I3 E LT
B3I TH 5, AWFFRHTE TR, 2 FREAERT O
Bty =L, 355 2MEERICMTL, 2
@%m;*%4i/t LINTAZ & D 30 um DR %E H I

kb, g i 7ue vy ba—v
%W@Lto:ﬂﬁﬁ%\Tﬂ—%V—®E%ib%¢§
CXFREEHL, MBofiEz T s 27 0%
BfdsZLickh, BERKET (100,000 Pa) T
DICETHEHE I R o TR L7 [, Ak
FHT, il RS B M o BB S 7 ETE R & A
D% R T CHEEBEE T2 Z L AREE & D, B4
OMICAS I N T 2 EHIfFTE S,

3. MABR
3-1 in-situ XAFS/XRD RSS2 R EHANIC & 2 BiEfL
BOBESEBER ISR BERE [

BL36XU THAFE X 1172 in-situ W55 iR XAFS/XRD [d] I
FHHIS AT 2 (REfEl5fiERE : 60 ms) & FwT, Mk
AR AL Pt/C @R E A (0.4 Vrug— 1.4 VRug —
0.4 Vrur) O SFEEFEDMEIIZALL) L7z, AREHI 2
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7 L2 & D, XANES 7 — % %5 white linef &, EXAFS
F =% 5 PPt &8 X OP-O K& DRz E, XRD 7
— 506 PR T @ a 7k RERIC KT 53 uLFFK
W SREE L S N, TS DT —F DI
ﬁﬁ%ﬁ&f@So@ﬁﬁ%ﬁ&ﬁ%%:aﬁﬁ#b\%
NS DEEERPIE SNz,

3-2 7/ — FHRHUCHES MESBR oM B
PEFC Ditl#E) - F1k#MEL 77 /) — Fﬁf\a)ﬁ%ff’*‘ff
2ZY D EEZ YA 2 VPYCH Y — FEMmE I X E
Bz, 100 msH?rf'ﬁlﬁﬁprAFSaf(ﬂﬂ%ﬁﬁb)f’@ﬁ]‘%
{7 7=, PEFCHINENM %Z 0.4 VrRug— 1.0 VRug % 1%
1.0 Vrugg— 0.4 VRyg ~“BFRFIZE) D B 2 72 BR D XAFS 2 X
7 FVEBNT S E, 7/ — FAAYIDEZ BB
AL, BMZELEIE O PHilidk, PO 54, PP &
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16-17 6.52 30 7.0 480
2017/02/15 10 : 00
6.52 30 7.0 480
6.52 30 7.0 480
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7.84 30 13.4 260
2017/03/18 17 : 00 ~
16-20 - - - -
2017/03/22 17 : 00
2017/03/30 9: 00 ~
16-21 - - - -
2017/04/01 00 : 00

-186-




SACLAWGEREE DI

1-1.2=v ¢
20164 IR G821 2= v b oiflE % FEME L 72,

1-2. 2=y FDER
B =y MIFIRER, FH R, i R R R
THER L T3,

1-3. AR ER K UIER R ER

FIAMZED 7 DITETEE - FEROXEL —F —%2 %L
ENHHE T 2 2 D OM ORE. %, MRS 2T
37 OMIR T, FHAZF~DXHL —F —Diftizfrb
oz,

1-4. ;BEREHE

FIAEIS IR X, JR#ER 4.0 ~ 15.0 keV, 2L
ALZNF—Y 7 3P 2 —)L T 24 WiEEHENE 2 T -
72

2. 1EFRRFfE
2016 BTN CEIEIR) 2 DA IR,

JEIARF R 5,861 L]
(NFR)
(1) 1) P AR R 4,026 4

(2) R E AR 1,749 N34
(3) it 35t e i PR 710 K5

(4) v 74 L 130 IH¢ [
(5) HEIERFE N T35 7 v ¥ 4 L DEE
#12.22%

BROE  BUROEREAIT T E S

-187-



SACLAGEREE DB

1-2 FABwTZFIR:

1. 2016 £EE 0 F BT

2016 4 J& o | JH I 12 2016A H (2016.3 ~7) &
2016B# (2016.9 ~2017.3) TH 3, 20154EED 5
FHEE 2 PR L T\ BL1 (BKXHRFELE — A 5 4 V)
2T, 2016AH1 & b A L 72,

1|

2. ftARAEH 5 2016 £E £ TOFBHEB

201243 H & b SACLA Ot 23BtR S 4z, A
DWTIXERZ AW, B 28ic Tk L, AR
ZEAE IR RIS LIS - EED ) ZEMI N TV 5,
2016 4E 51X 2016A IS U 2 B TICEHEE T2 2 L8
WREZ R FIHHIE (3% 1) . 2016B IR IESE g
IR EA R EMHBILE (%2) 2 Z2hZFnBAL %,

X1 2016AMI X D EA, A (ERehT#RCE) nhisk
B3 fRb Do e — AR (BliA 1,098 T-H /2
Kif]) 258 S s, B — A% A ARSI 2R HAL,
M, HAEWICEARZET 20K Ik 2 (15
& (FEBREMEH) IR ICATE T 277) 1R,

X2 2016BHA X DE A, FIHOKRHASHIR S 1152
A ROEREA RT3, 5% bR
T TEh, HESINAZHEIZIERBEEI NS,
SN N o mdIVE -5 < ¢ - 3R 92 B ==X SR It il A
HEL 205, E—AHEHE (BLA 1,647 T /2 K5E)
B onsd,

£1 BE - BIRRR (FFEEELZEZREXEFEOFE TXS)
- _— EER APZHERE | EATHBIRNES SEHMEE =t IRE
” pEREy | wreey | vesey | wreey | vesey [wreey | neaey | wreey | neasy [ wreEy | GR/09)
1 1 30 10 12 7 12 7 55 25| 45%
2012A BELIRRE (RRFEFEEH) 16 5 4 2 8 5 28 12
—R%ERE (RRIFEEER) 1 1 14 5 8 5 4 2 27 13
3 1 22 14 1 7 13 5 49 27| 55%
2012B EoHREE (ARFER) 15 11 6 5 9 3 30 19
—BEE  (REEEH) 3 1 7 3 5 2 4 2 19 8
1 1 26 11 15 8 17 4 59 24| 41%
2013A BELOEEE (ARFEEER) 16 8 9 6 8 1 33 15
—GERRE (RRFEHEER) 1 1 10 3 6 2 9 3 26 9
1 1 28 12 17 1 22 6 68 30| 44%
2013B BEaIRRE (RRFEEH) 19 9 10 7 8 3 37 19
— R RE (RRIFEEER) 1 1 9 3 7 4 14 3 31 11
1 1 18 12 12 8 18 7 49 28| 57%
2014A EOHREE (RRFER) 15 10 7 5 10 5 32 20
—GERRE (RRHFEER) 1 1 3 2 5 3 8 2 17 8
1 1 29 11 16 12 24 5 70 29| 41%
2014B EaEEE (ARFEFEEH) 22 9 8 5 10 3 40 17
— R RE (RRIFEEER) 1 1 7 2 8 7 14 2 30 12
0 0 26 12 19 11 21 10 66 33| 50%
2015A BoHEEE (RRIEER) 19 10 12 6 11 7 42 23
— &R R (RRERFEER) 7 2 7 5 10 3 24 10
0 0 23 13 18 12 22 10 63 35| 56%
2015B ELOHREE (ARRFEER) 15 10 10 8 11 5 36 23
—WEE  (REEEH) 8 3 8 4 11 5 27 12
3 2 25 15 12 7 25 10 65 34| 52%
2016A BRRRE (@iiFgﬁ) 19 11 8 5 9 5 36 21
—pEE (RRIFEHEAR) 2 1 6 4 4 2 16 5 28 12
(RBEH) 1 1 1 1
3 3 29 18 17 13 36 8 85 42| 49%
ooren| |ERHERE (BRHTH) 20 12 7 5 13 4 40 21
_pymen (RRIFEHEER) 2 2 9 16 10 8 23 4 44 20
HRE hmen) 1 1 1 1

-188-



3. A RREDHR

2016 4 DIGE: - TR ZE F 1,

2127,

2016AHIC B W T IZHIE565

2016BHlIZ B\ TIZHIFESS D 9 b 42

PE D ) b 34

R SR DL %2

PR 23,
HENZENZ

SACLAWGEREE DI

HHE L — ¥ —H IR ISR ES & %

N5, 2016 FEIHHAFHHE & L TEA I N BRE

ARAHIEEICB W TIEAG - BT & b THGE, R

HEE S, P T, k. MHPTZEHE
1203, 2012 FEICBIG & L SRR AR Rt TX R

AR EREICB W TIZ2016BH{iIC 1
72

A 3TN X

BE  BURDCRIAT S E SR

®2 FREEBRR (EEZREZEZERBIEONBTKS)

- - EER APEHERE | DATERIRESES B EE 5t
e rIERNIE: AP e e T ENE: AT
1 2 10 50 7 42 7 32 25| 126
2012A BELAMIERE (RRIEEB) 5 34 2 12 5 20 12 66
“wEE  (mexss) 1 2 5 16 5 30 2 12 13 60
OLZDEN. JASRI R Y Ik DA N\ ARENE 4 BE (51 14 2T 1) Fhe,
1 4 14 76 7 44 5 30 27] 154
20128 | [Emwmmms (mRE=s) 11 64 5 32 3 18 19| 114
“wEE  (mEEss) 1 4 3 12 2 12 2 12 8 40
OLZDEN. JASRI RF U Ik DA VD ARENE 4 BHE (31 16 >0 1) The.
1 2 11 48 8 44 4 23 24 117
2013A| |EmwmEE (mEkss) 8 34 6 34 1 7 15 75
—REE  (RRESH) 1 2 3 14 2 10 3 16 9 42
OEZDIEA. JASRI 5 U Il kDA VD ARBEIEr 4 B8 (31 10 ST 1) 2h,
1 2 12 54 10 55 7 28 30] 139
20138 | |EmmwmEE (RR*EH) 9 42 6 35 4 12 19 89
—REE  (RREZE) 1 2 3 12 4 20 3 16 11 50
OEZDEN. JASRI Y U Ik DA VD AREIE 4 BB (5 14 ST 1) The,
1 2 12 61 8 43 7 41 28] 147
2014A | | EmwmEE (RREEH) 10 51 5 28 5 29 20| 108
—mEE  (mRkEH) 1 2 2 10 3 15 2 12 8 39
OEm0Eh . JASRI RY U Ik B VD ARENE 5 BE (31 1527 1) Fhe,
1 2 11 54 12 58 5 26 29 140
20148 | [EmymRE (ARESH) 9 45 5 27 3 15 17 87
“wEE  (mexss) 1 2 2 9 7 31 2 11 12 53
OLZDEN. JASRI 5 U Ik DA NI ARENET 4 ZE (19 27 N) e,
0 0 12 54 11 48 10 42 33] 144
2015A | [EmmmmE (RRE=s) 10 44 6 26 7 32 23| 102
—mBE  (RRFEH) 2 10 5 22 3 10 10 42
OEZDIEA. JASRI 5 U I ek DA VD ARBEIE 4 BE (31 12 2T 1) 2h,
0 0 13 56 12 54 10 42 35] 152
20158 | |mmwimemE (mEkss) 10 39 8 34 5 21 23 94
mEE  (mRksa) 3 17 4 20 5 21 12 58
OEZDEA. JASRI YU Ik DA VD ARBEIEr 4 BB (31 12 ST 1) Th,
2 5 15 77 7 29 10 47 34| 158
soten| |ERHERE (RRFTH) 11 56 5 19 5 20 21 95
. (RRIHTH) 1 5 4 21 2 10 5 27 12 63
— g
CEEE) 1 o017 1 0
OFZDIEH. JASRI 5 U Il kDA /D ABEHEL 38E (31 10 2T 1) 2,
4 8 18 90 13 66 8 33 23] 197
ERWIERE | (RRHESE) 12| 59.92 5 19 4 17 21 9
2016B| |psiRssERE | (HRER) 1 0.17 1 0
. (a=ExEA) 2 8 6 30 8 47 4 16 20| 101
“RRE T pews) 1| o047 1 0

OLEZEDIEN. JASRI 25y TIZEDA V/I\TRRENE 4 RE

-189-

Et1227 k) =k

FEN
FAREH

297N

461N

268N

400 A

430 A

527 A

552\

538A

650A



SACLADBIR £ BETE

2. SACLAUHE%:‘: =EE

2-1

2016 4E £ 13 BL2, BL3® 2 ADXFELE — A 5 A v~
kb, 2 —F—llErz Ay — X8, THHHR2S
1 BL1 TOHXH (SX) FELO 2 —+F—FH bl E N
72o K112 2 KDXFELE — A 54 v & 1 KA®SXFEL £
— L F 4 vHE & 7= SACLA g% (20174 3 A EIAE)
DA %, 1122016 FF DM T — & 2R T,
BL2/BL3 ] FH 5B i IRf [ 3 WE 45 e sk (2 4R e R oo Y
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DD, BLI O 21—+ —FIHI % & o iU, 2474000
IR DAL > Rl PRI ] % fECR 92 & & 23T & 7z, 2015

%=1 SACLA OEHR#fEET

FY2016

Total Operation Time per Fiscal Year 5861 /5934 hr

(Achieved / Planned)

Operation Rate ~98.8%

Machine Tuning Time 90 hr

BL Tuning, Preparation & R&D Time 2369 hr

User Experimental Time (BL2,3+BL1) 4026 hr
BL2,3=3402 hr
BL1=624 hr

Downtime in User Experiments 101 hr (BL2,3)
29 hr (BL1)

Laser Availability ~97% (BL2,3)

~85% (BL1)
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FHEHE D wXFEREFE (201743 A31 BiRTE)

ok 2

Beamline Name Publc U5e | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | Total
BLO1B1 : XAFS (1997.10) 244 54 59 58 75 65 73 92 72 69 16 877
BL0O2B1 : Single Crystal Structure Analysis (1997.10) 98 10 13 19 12 18 36 43 34 37 5 325
BL02B2 : Powder Diffraction (1999. 9) 307 66 65 67 82 59 96 70 76 79 18 985
BL04B1 : High Temperature and High Pressure Research  (1997.10) 17 14 20 21 22 16 20 19 16 16 3 284
BL04B2 : High Energy X-ray Diffraction (1999. 9) 123 17 26 28 23 28 28 33 35 33 4 378
BLO8W | High Energy Inelastic Scattering (1997.10) 96 8 12 12 20 19 15 13 19 13 227
BLO9XU : Nuclear Resonant Scattering (1997.10) 78 12 9 9 13 13 15 14 18 12 1 194
BL10XU | High Pressure Research (1997.10) 198 33 24 34 31 28 20 28 23 22 7 448
BL13XU : Surface and Interface Structure (2001. 9) 76 28 16 18 25 6 16 20 23 31 6 265
« | BL14B2__ Engineering Science Research I (2007. 9) 2 16 25 32 36 52 53 59 42 10 327
2 | BL19B2 : Engineering Science Research | (2001.11) 82 22 20 18 35 53 56 61 62 54 20 483
E BL20B2 | Medical and Imaging [ (1999. 9) 121 26 14 16 25 34 28 25 32 15 2 338
g BL20XU | Medical and Imaging I (2001. 9) 54 24 24 36 28 20 40 44 37 28 5 340
':S BL25SU : Soft X-ray Spectroscopy of Solid (1998. 4) 211 24 21 20 25 22 24 30 20 17 5 419
I BL27SU : Soft X-ray Photochemistry (1998. 5) 200 36 15 22 31 18 40 33 22 34 5 456
& |BL28B2 : White Beam X-ray Diffraction (1999. 9) 55 16 14 9 15 9 21 18 20 15 2 194
BL35XU : High Resolution Inelastic Scattering (2001. 9) 4 19 5 9 12 8 13 13 15 12 4 151
BL37XU : Trace Element Analysis (2002.11) 49 13 12 22 23 13 31 28 30 20 3 244
BL38B1 : Structural BiologyIll (2000.10) 182 45 53 47 46 60 58 48 62 49 10 660
BL39XU : Magnetic Materials (1997.10) 114 15 27 15 19 21 19 25 18 19 10 302
BL40B2 : Structural Biology IT (1999. 9) 234 25 30 43 42 43 70 54 50 49 14 654
BL40XU : High Flux (2000. 4) 56 9 13 11 13 18 36 19 29 30 5 239
BL41XU : Structural Biology I (1997.10) 383 61 78 65 66 53 65 55 57 54 9 946
BL43IR ! Infrared Materials Science (2000. 4) 40 13 10 5 8 11 8 11 17 13 7 143
BL46XU : Engineering Science Researchlll (2000.11) 46 19 13 20 22 15 36 27 52 40 6 296
BL47XU_{ HXPES*MCT (1997.10) 144 22 27 27 28 17 35 36 25 23 9 393
BL11XU : Quantum Dynamics (1999. 3) 9 4 13
BL14B1_: Materials Science (1998. 4) 35 3 3 3 2 1 1 48
BL15XU : WEBRAM (2002. 9) 24 5 2 1 1 1 1 35
% |BL17SU | RIKEN Coherent Soft X-ray Spectroscopy (2005. 9) 1 4 2 1 7 6 1 11 5 2 1 51
g BL19LXU: RIKEN SR Physics (2002. 9) 5 1 1 8
‘_é BL22XU | Quantum Structural Science (2004. 9) 4 1 1 6
$-§| BL23SU | Actinide Science (1998. 6) 38 4 2 2 2 3 2 53
© SS BL26B1 ! RIKEN Structural Genomics [ (2009. 4) 3 8 2 8 5 12 3 4“1
E’ M| BL26B2 | RIKEN Structural Genomics Il (2009. 4) 1 5 3 4 7 8 28
& |8 |BL29XU : RIKEN Coherent X-ray Optics (2002. 9) 8 4 1 1 14
® 10 |BL32XU | RIKEN Targeted Proteins (2010.10) 5 5 8 9 13 5 1 46
BL44B2 ! RIKEN Materials Science (1998. 5) 13 1 4 1 19
BL45XU : RIKEN Structural Biology I (1997.10) 61 4 11 8 9 6 7 9 12 18 3 148
Subtotal 3547 663 657 692 800 737 986 959 966 876 195 11078
BLO3XU | Advanced Softmaterials (2009.11) 1 5 8 24 21 14 17 3 93
BLO7LSU: Univ. Tokyo Synchrotron Radiation Outstation (2009.11) 1 5 6 10 12 11 16 6 67
BL0O8B2 : Hyogo Prefecture BM (2005. 9) 1 1 3 6 7 5 5 3 31
BL11XU | Quantum Dynamics 50 7 7 9 6 13 16 14 8 16 4 150
BL12B2 : NSRRC BM (2001. 9) 87 9 7 28 13 25 22 21 22 24 2 260
2 BL12XU | NSRRC ID (2008. 2) 18 8 5 15 10 14 1 16 17 14 128
£ | BL14B1 | Materials Science 55 18 16 18 16 1" 10 15 19 14 6 198
g BL15XU : WEBRAM (2001. 4) 66 17 28 35 50 41 59 56 46 49 5 452
c<lu> BL16B2 : Sunbeam BM (1999. 9) 28 3 6 6 5 3 3 6 3 9 1 73
G BL16XU : Sunbeam ID (1999. 9) 25 1 6 5 2 2 2 3 4 8 1 59
g BL22XU ! Quantum Structural Science 31 5 9 15 10 10 14 19 15 14 1 143
S [ BL23SU | Actinide Science 85 25 22 15 22 20 17 27 19 23 5 280
O | BL24XU ! Hyogo Prefecture ID (1998.10) 111 7 8 5 6 7 8 5 4 5 166
BL28XU ! RISING (2012. 4) 3 9 5 5 22
BL31LEP | Laser-Electron Photon II (2013.10) 1 1
BL32B2 | Pharmaceutical Industry (2002. 9) - (2012. 3) 15 6 1 2 3 1 28
BL33LEP ! Laser-Electron Photon (2000.10) 24 3 5 8 2 3 4 3 2 1 55
BL33XU : Toyota (2009. 5) 2 5 2 8 4 10 2 33
BL36XU ! Catalytic Reaction Dynamics for Fuel Cell (2013. 1) 1 7 6 7 1 22
BL44XU : Macromolecular Assemblies (2000. 2) 122 22 30 20 48 57 58 46 54 41 12 510
Subtotal 717 131 150 184 206 228 270 296 259 278 52 2771
® BL17SU : Coherent Soft X-ray Spectroscopy 20 18 13 12 10 13 3 7 4 6 106
O | BL19LXU: SR Physics 50 5 11 7 8 1 12 13 9 2 1 129
c
? BL26B1 : Structural Genomics I 99 23 13 14 7 8 7 4 5 3 183
8 | BL26B2 | Structural Genomics I 24 19 6 18 18 19 13 4 3 5 1 130
g BL29XU : Coherent X-ray Optics 105 14 9 15 8 16 14 9 10 10 210
% BL32XU ! Targeted Proteins 2 9 8 8 8 7 1 43
o | BL43LXU: Quantum NanoDynamics 1 1 2
BL44B2 : Materials Science 165 15 10 9 12 1 13 12 17 14 278
BL45XU  Structural Biology [ 146 16 9 8 9 9 10 9 12 3 1 232
Subtotal 609 110 71 83 74 96 80 66 69 51 4 1313
0 .
<] o8 Beamline Name Publie Use | ~2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 [ Total
olee
<|Zw '
1%} “§| BL2/BL3 | XFEL2/XFEL1 (2012. 3) 1 13 26 37 44 4 125
| Hardware / Software R & D 355 ‘ 22 ‘ 34 ‘ 35 ‘ 35 ‘ 56 ‘ 65 ‘ 12 ‘ 34 ‘ 35 ‘ 3 | 686 |
| NET Sum Total | 4438 798| soo| 71| 9as| eas| 1172] tose| 1105| 1025| 2ra| 1aes7|
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