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EC, HFEHICA->TI D4 A5 HIC, KEK [EEEHE
MIZE 2 (KEK-SAC) 2 SBEHMNEE & L7z, KEK AV
L PHRERT 270y 7 M OBIEIEN ZE D % KEK
[ 7eFhis i (KEK-PIP) 2022 OHE DTz, Draft KEK-
PIP 2022 TREINTWVZ 90T 27 MIH LT,
2HEZREENHm T LE YT —>a 3 HTHE 8
HiICEENze 7 ) Y JIcEDEF MM ITHONE L,
PUFRIC, KEK-SAC O HZBMNLET, Category 1113,
ME—, FEHCRIRE D7z D R&D MEH TN TVE T,

The SAC divides the nine proposed programs into three

categories:

@ Category I: Recommended programs for MEXT's
support without ranking

@ Category II: Recommended programs for MEXT's
support with ranking

@ Category I1I: Others

Category [

@ R&D for New Synchrotron Light Source Facility

The proposed R&D, a hybrid ring with two photon beams,

is a highly original and flexible design concept which

leverages a unique combination of outstanding expertise from
various accelerator branches of KEK: PF, ILC/STF, cERL,
iCASA, SuperKEKB. The remarkable scientific potential
of such a lightsource from both a national and international
user community perspective will be enormous. Not just for
existing user communities but for those yet to be established
once the true scientific capabilities are realized. The
application of simultaneous time-resolved and spatial-scale
studies of materials would be a significant justification for
many users alone. The PF is the oldest major lightsource still
in operation and has been acknowledged as a world leader

in synchrotron science. It has been the testing ground for a

range of new technologies and has had a significant impact

through the mentoring of international communities. Building
on decades of KEK innovation this project presents a unique
opportunity within the timeline of the present PF transition.

Once the feasibility is established, the construction could

even be staged, with energy recovery and FEL as possible

future additions.

(Category I1, IIT 41%)

4 27 HICBAfE & N7=58 129 [ KEK et T,
[(SAC DFEHICIFRH SN TV ARWLD) BEHEIIHEMED
BHEEAVTITHY, ho7ay 7 s OB IEN %
DFBTLixl, FPHERTZNETHS EDERZ N
72Tz, BIRESOBIFENIZE IS AR & 1 E TR
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[1] K. Harada et al., Conceptual design of the Hybrid Ring with
superconducting linac, J. Synchrotron Rad. 29, 118-124,
2022. (https://doi.org/10.1107/S1600577521012753)
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g



5 MR AREBRESIC K B0 v T v TR

LBEEENUENDITo7z, W oh { OHufgihod s fah
BRERoRVE I ICIE SN, FREAINHTE,
BRI 3 8L, DE D 1500 L % 3 JEERD 4500 L
ST, HUR U T O O A EER ZFR < X 5 W&
UTzo HufimoOmE OE L, Bk Tt Bks 7z £
BiAH, (1) Z70—1—THHA S NZEZRDERDIR
RE, (2) HZEf&CEE Z Ui Lz lREE, (3)
EAR ORISR, ANEMEA AFSEE BN 7L, ki
B0 1 HEM 12140 3 FOIREE T HGM Uit Erti 7z 17
W, BUEMETH % 50 kv #ufki - 22TOIRETZ U 7 L
o (K5, BERABIEERBNOKRGIRAZ 97% LT
FCMBT 2L ICHBET = Z—CEHLAENBITo 12,
ETORWERZKZ, 1 HIEDOMHMNZE LTz R T,
BEBERER & 72 % PF-AR 2411 2 @B 27 0mM
M GHEERSE T T3 DN TER, AR DIEEERA
MOMHHE & 25 NALR O TR ERHLIRKROHER 217 5
REETATHBDD, SHOEEEEE I NNT VAR
B L, TORET 10 FELL ET TEITT 20 icidx
JETE S &MWL, MmO EZ L 2T L Lo Tz,
C DM K O, (i) FE R A FE RS [T Ak b © R4
HAEIRISBEVIAE NS FHEEDMGEEE 1, PF-AR ICHBWV
TEE LT G LRk T E 2 BHNO—DIlE > T &
EZTW5,

ESZIVIRFIVIN—FRNIVAR T2y FOREFIKR

S ESERfER (PF) Tk, BITOEH SRS H
5 RS EIRIERS, BT &S 2 ORI IS
Mz H¥Ed, G280 Llcaddy h—Ht
FTIVIAF 2 NN——AKB VA< 7 v b (Ceramics
Chamber with integrated Pulsed Magnet, CCiPM) Z#&ZL,
SR R TE & R B Z RIRHCHED TV 5, CCiPM &
B A1— & U TDOFZEN—XIZ, SuperKEKB IC 15
¥ % Linac TD 2 /N F R HLER EHEEES Y A—&
U COISHMNEIEE N, BIFE 2022 425 E A (R o
FBREANNT TINEFIC L E DB 2 D TV 5 A T,
ZOISHE LTI THIE 5% CCiPM 2 W2/ VA 8
M A HEAT O BIFEIRIIC DOV THE T %,

PF T, 7V A 4 fZERS (Pulsed Quadrupole Magnet:
PQM) M5, NV R 6 MuEEifr (Pulsed Sextupole Magnet:
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PSM) ICE S E T, 79V XA ASH Al D FeBki 7 7
FHDTETCWVD, T TIEMINTVEE—LEIS
TTICAF T2 TR, BEHEL—9D 5 d AFHRIC
NEAEF N RV, E—LAREERHRLENCEDD
['Transparent Top-Up injection] & FKIZE N, RIACHEYE
JRICBNTEZTORHENEEREN TS, T OO
EaE 5l XY 58, PF RN PSM AS
OHIRZEIGN U, SO OV A FBRAG AST ORRER TR
B2V A BRA DTN B SN TV S, &,
RO 3 RICKBENS, #1 R, BN TE U 2 METR
GHERBE— LSR5 Ly 7 TH B, HH2 mHEE,
AHIRFICEREC — L2 NIRRT 2 X O JAW RS2 i
IOHER & ASFHE— LAEIR T 2 0iE Ciliga 2155
DIKVRESGEAOBRMETH S, 3 HHIEE, T3
w7 AN I—T ¢ ¥ 7 ORERMENEEE — LG 2
ALY JOBEETH S, N5 3 DO, CCiPM
BN TETHHERENS LS N5,
ZEREIDOLE, a4 )NVOREE A, L TaA IR
FTEROMIICK O EREDOWSLZILKTE %, 6 Ml &
D E% 8 M, 4 KD A IVE Y — LHE RN D
45 BEOME IS HFRICEE U, PITEFRZRT T & THER
T %, CCiPM &, TOZERHIIVAR T 3w F 7z T
MRICRH LIz DTH B, 7%y ME, 400 mm DHE
MiEE oIy 7 AZ 7 FEEMICET 72, EE 300 mm, 0§
4 mm O 31 )L 72 FIEEICHDIAL T & TR KR
BIL, A )VREOHGRSE L 5IE ), KT X % HE7E
o, E—Lu— R KBBUSTITH U TRtg D DifEfE
HaAIVEEEEEELTCVWS (K6 FEE), a1V
Hisiclsd 5NT0a3H, MENEmXOEHETS L
L, Hm#bensd c b7, HEEH S a1V
ERRDTZRHICE T 2y 7 AX T F OV O E R KT
% (M6 H5H), &6iT, R7FEENELTBT LT,
RIGRE LRI T2 N TERT NS, I3V
ART S OO % 960 mm, @40 mm, FB/NIEED ¢30 mm
LRI N T—3 3 TN 2 BRI DM#ENL LT
B, ZRMTHBT LTI DOHEDS B 2 DOHENTE
JRENTHD, CCiPM IZZESR VAR T 20w M2y
ICENEE A LB &0 S BRI B A RSE O
Rl -oTW5, BENlzE—LA 2V E—&F VAR KT
B1HORY FHEAZ)VI—F 4 VIOV TIE, 1E
T DEFRTH O, HWSEDOWMEDRIN & 257,

~
N \
Comb pattern coating

X6 R CCiPM-O (Octupole) ZfAYMEL (), NHRSESHE (41)

R TN



CCiPM TN I—T ¢ >~ FIhER I3 R E Ot IR 7 8
AT BRZ—=IRT—T ¢ > T OHEHHEA TN TN 5,

TNSOPREE VA T oy NEWER N, a—F 1~
THMOBFEPER, 2019 FEIC PF TIEZESE VA 8
MiFERiAT (POM), CCiPM-O (Octupole type CCiPM)
O k2 A TOBMEITHIN L, 2020 FEREICFBENTERR L Tz,
TN B, 2018 FEEEM 5 IF 2021 FEED PF U >V 7'\
D% EENHE HE OMFNBIA E Nz, M E NIz NEIEER
BT OMET, BEEINBZED M EFRINZ YL
B, VAT LOWEFETH S, METORE, B PSM
VAT L ANEZ BT, 7OVAEBEROBFHAE EBIC
VAT LT A & TEHAZIA, 5T @40 mm D
CORZRMT 5T ETPF Y Y ZOYHEORZHIRT % C
L7 < PSM L AIREDOEE D AIC X 2 E— L ASDAEET
b3 LYW NIz, TORMEIHFERZZT T, BRLGEDH
D2 DOBlEN D S NT, RELITH LRz T VY
aL—2—#02 ORER 7 &, FiflzEY > 7 8 AIRA
7 MCEENS, FKET 8—F ¥ — 34 mm, Fr il
59 mm D PSM A 5 FHALKZ 7 b £75% CCiPM-0 &1
Y— R ZADBH 518 b MRS B TR R -
~ OfE, CCiPM-0 O LiffRAEM AGH S DHT 7Y —
IN—DFRE L FHFAREDORF TH 5, PSM DM E X
300mm TEI I I AXT NENT T VIR 500 mm &
o TED, CCPM-O0 DIANVEN0mm TEIT I v T
AZY ME 400 mm &IZIFF—TEWER LICF Y I HE
LTEBE L&V, 2020 fFFEICIFSCED 72 & D B2 R AR
DUEfFNEE S Tz, T 5 HEfig & MifT U CHEEE D EICTT
b ABIRUGED 28D PF & 7 2 LEFHLEHNIC A
I A RSOES HEEGEEERE L o> TWVd, THHGET
F, MY —LEE ASE —LHEAEDI) S ET,
BEEREE Y ¢ 7T —%E 7 VY 1 L—2—7x LR
YBR[k LT, ASRIEROUEEN L DR BT
TENTVS, FERIC, SOERTOAG St 7" 2 LEENE A
21 mm O, CCiPM-O HWWEE D[R & 7% % P e
WHo T, HHFAE 16 mm &5 > TW3 T & Tlalik
INTVB, iz, PSMFX 7+ OIEE ST OB
FICI#%E CCIPM-O TWEE VST LN TE, Top-Up ASt
WISV T AEH S CCIPM-0 ICKBITTENZE, NV T A
BT B IRELERE, <IVF2—2F 7 RER EOfif

X7 JEEEMRE (B01-B02 M) ICi&E S iz CCiPM-0 (W4 Et
BhaA o)
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RANERUDF BT LEAEEEEZONTED, PFTOD
dot, S koAU HERE L dEEE 2 A LTV B,
2022 4F 1 H g IEHR IS, CCiPM-O A PF U > 7'
WEINTE (K7, RET T4 AV FEER, ¥4 RS
Ab, T4INT 4 VT LNIL N3 2, KOEEE S E O
RRE AR A2 + 20 pm DA, BIEERAE 72 100 prad LA HA
Wiz, RERFIC10Pa- ms HEDAA—Y =D T T
WIEENDH ST, V= llzR2 il THIi-Eh, H
WICRREMSE T Ulee BifE, VB LRz e, H
WF—2EWMETIZE—LaI vy a =V IWETHRT
H%o, U—LABAOEANCIIIESRER ERED R
5 1EREMDS EEEEL TS, ¥T 3y 7 ANMH
Wit 2—7 ¢ > 7SO A E L, ERICHEZH LY
HEAL — LHFEMDIET TV, 450 mA DEFHE—LD
WFT 4 IVE—RTEE—LA VY E—R VA K B HH
d50°C LRICHIZENTED, RLGEMHFIELC TR,
WHF Y =2 N EAREORNTH S, WIREHX Y
F DFEAE R CCIPM WU THID THEHEIRY > 57
ICCHAZFRRE NI, SRR TRRE RMEN KL,
FERDMEIRVISHISEDHI 72 6 EZ T 5,

S 3 FEDEGZDE &8

K LIFK 21 FENSBMIFEEZTOPFY T D
BRI R L, TNSOT—REMT T TICLizs D%
X 8 1T/RT e 13 4R, T— iR A < CEUED
HIZETSH - 7z 3000 HF D 2 B & 75 % 3600 FERIC 7RG
Ulze TOHBEZEBIT XL, FEYY)Y > 7 iR
4368 IKE[H] (182 H) L— Y HEKREf 3744 WF[E CTREME L 7z
W, RO I — P EIEREME 3720.8 R & x> Tz, il
RFRNEFEERE D B RIS D> U TR 23 BEIN, MR350
0.6%, FEHERIFERER (MTBE) &5 220 BEl & 750,
BIE L [FAFEEOMEICEET % & & EIc, I— PRk
3600 HERE OO HAZEZ R UTzo PO NGRZ TR THS
&, R 3 FEE S 2 — B N D TV 34%,
BRI 22% TdH > 72hY, RF BHIC X 2 HER
1.1% EIERITIEL, REZVATLMIFEEAE N T TS
LRI Ul W nh o iz,

%2 &X 91T PF-AR O#ILffGI2/R9, PF-AR & [rlkk
I HAEEZ 2000 R 5 2 FBE D 2400 REfE 72 HASEIC 7
EL, FELPIDY TR Z 2976 i (124 H),
2— YRR 2416 REREIECR 95 K O GHE U 72 Ay, FERR
D I —YEELRFRTIE 2404.7 REfH & 72 o Tz MBRIRFRTIEVE
FEEIT FEAORIRIC A UK 11 BER, R348 0.5%,
VIR bR (MTBF) &8 242 Bl & 72D, °HB56%
BIE L [FAREEOMICHET % & & dic, I—PEigRER
2400 FERE O HEEMEAER UTzo EEDONFRIE, $60%H
B BEE, 9 20% VI - = 2 —BEE, §18% M RF
MEHTH - Tz, BHABEOKIETIX, EFLLIZEHO
HFEDEMIC, BRIABAUKH I LA—AH 5 DKiFnH
ZHTLZEICTHESTETCVBR T D, dJLKR—AXH
ZEDIRR MG LTV 5,

g



1 FER20FE~BR3EEETO 13FEMO PF Y VT D F2 FK 21~ DA 3 EEE TO 13 /D PF-AR OFEfLKE

HiAffRT it
NERPZi . MEEZ NPz . BRI
A A R R vy | D7 | asy | | T
FERE |ERERERD | T gL | RERY § HERE IR T JHfE | RERE ’
) ART 4 s h | o (MTBF) h) ART 4 EA N (MTBF)
IR (h) (h) IR (h) (h)
2009 2009
4,976.0 979.5 3,961.9 | 345 167.0 5,063.0 542.5 44457 | 748 | 107.1
(H21) (H21)
2010 2010
5,032.0 958.7 40508 | 22.5 | 2267 4,638.5 5425 4,037.5 | 585 54.5
(H22) (H22)
2011 2011
4,696.0 | 1,875.1 | 2,809.2 | 11.7 157.3 41315 | 1,162.0 | 2,941.5 | 28.0 59.3
(H23) (H23)
2012 2012
4.416.0 624.0 3,752.9 | 39.1 164.9 4,080.0 408.0 3,6432 | 28.8 111.3
(H24) (H24)
2013 2013
4,176.0 672.0 34514 | 526 | 1593 3,912.0 434.0 3,378.4 | 99.6 74.0
(H25) (H25)
2014 2014
3,024.0 696.0 23166 | 114 | 1552 2,352.0 360.0 1,955.0 | 37.0 90.5
(H26) (H26)
2015 2015
3,888.0 839.6 3,034.0 | 144 | 1325 3,336.0 552.0 2,753.0 | 31.0 | 1547
(H27) (H27)
2016 2016
3,432.0 504.0 2,910.7 | 173 162.7 1,821.0 717.0 1,085.7 | 183 84.9
(H28) (H28)
2017 2017
3,624.0 624.0 2,983.4 | 16.6 | 2143 2,448.0 312.0 2,111.3 | 247 38.8
(H29) (H29)
2018 2018
3,408.0 576.0 2,803.6 | 284 | 166.6 2064.0 456.0 1581.6 | 26.4 64.3
(H30) (H30)
2019 2019
3,504.0 | 440.0 3004.1 | 599 | 153.2 2568.0 456.0 2099.7 | 123 | 264.0
(RO1) (RO1)
2020 2020
3,120.0 536.0 24256 | 1584 | 172.3 2520.0 408.0 19439 | 168.1 | 150.9
(RO2) (R02)
2021 2021
4368.0 624.0 37208 | 232 | 2202 2976.0 560.0 24047 | 113 | 2416
(RO3) (RO3)
P F Y v/ &&EHist P F — A R:BEifiEt
6000 6000
w R m RS
U v JIRERRE U v U
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& 3

8 PR 21 R~ BRI EE I TO 13FEM O PF Y > J Dl 9 P21 AEREE ~ BRI 3 X TO 13 D PF-AR Djiix
ROy 57 Mt 57
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hNiEZREE 6 AXRADADEHEICDOWNT

MR 3 IV — T ORAREFUEBFN, 2 A 1 HATFT
BRICFMEEINE Lic, AT AL, FIEHiEEZRES X
T LOLRSE « HERS - WHEZIY U CHEL & e hic, Hiil
YEIEFHEIC 38U B BHFEMIZE 2 D723 T - TTEL T
EEMFLTVET,

ALK ZEBIARFTRNC BT, AR E O
R EINTOE LIEHEEBI AN, 4 A 1 BT TRAI
e UTRIEE 7 ZV—TICiBENE Lz, BmES A
AR A RO « $EFF - BHR 5 CIC BT 2 BRI
ZRITHOCHEE T,

JEIRES 1 7V — 7 O B HSEWNR 7L B BEREAT & YEIRES 3 &
— T OUARRHEMAEZEZD, 4 A 1 B TIomBHE
Wigh ot I R—v g by ER—ICBINC R E L, BTOA
&, BB RS V— 1B L, 322787 h ERL
ZeHUL & U T BESE NS 35 ORI FAHELE D A I 73 5 811 22 FHu
FTH, PORGDEEEIEIC BT BBEEY =7 v 7 DB
FRc BT I L THELS T B R L TV E T,
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R4 e RERMEER DIRIK

2021 4F 8 A5 OMEHEFEER OFIRDF R TFE L
2D, RS T 12 HPRERE AR X SREHAE O BHFE
ICDWTHNMLE T,

% BeBFR S ARER X EEHAE DR
(Fayz v FEEE  Bi#—)

EEDRE O 1 DIk, KERE 100 ¥ afg5m, )L At
FEFOC LT, PFYUVITRE, 7OVRAEEHORD, I
NERBERNYFOFIHMRERNA TV Y B (HB) E—R
2 SHNCHEBL TOVET, ATV 7 b T, 79V
A7z TS U 72 IRER o0 R X ARG TG R I Th N B K 5
K55 &9, FHABER ORI & FAFFERZHED TNE T,

ATTY 7 ME 2019 49 HED S ARSI IER) % i
RUE LTz, AT 27 b TR, MXFRO1I—9—721
R, HGRRCRIEZAZICHESK91CT 5
CTEREHME LT, ZFHERY AT LORFE &% HINFER
OUEZ D TWE T, WAT LT, WER R I a2
R DIESREREER L OREEEDTVET, TLT,
ATy 7 Mo U TS bz PE-S BIFRED U — L
Z2A4LZRHLT, Y7 <A 705 apEETor;
5153 AR X AR NG I D SERIE FEBRICEN D #A TV E 9

1) ZHHRATL

FZZEEANR (VUV) « BXHR (SX) 1 RAUC & > T
ENB, TOWEKOBIDENBHEETIE, E—L
F4Y BL) ZFTHEL, dR»OMIBEET, Rxz
FROFERBEZEZRENH O T, VUV - SX BRI LTz
ZRRIRE 2 BT 5728, FURHEMHIO B2 RS & 7k
5RVE T B AR AT LOFEEIT> TVE
T KR&UE He BRETOGURIAY & W& E2E BL O KE R[]
RRGIRT 2 EHARETT, TOXK D HEFPIRS AT
Lk, EWNTIX, SPring-8 ICBWTHREINTVET, T
NEBEI, FIREIEDTZDITT ISF v =2 & 2
RFTVIRE Uz, nIEIO ST AT LASEL %
L7zo

T ORI ZFHER Y AT LIS DOWT, BIERGEZ 1T
WL, 72V al—&ZY—L5A 2D BL-13A Tl,
90% LA FOWERAZ BRI ETWVWE EEHERLE L,
—F, BEDE T3, REEBE—LT A > D BL-11A Tl,
TRAENEEBREEEENTETCVETA, KKE
He BRIEOFIHDOBIC, ZEDO He WMHEIND T DK%
WS, He ZRIHER AL ERAATVET, RS
WEEZ IR TETCVETH, BfEDO LT3, &l
EREDZ LI TETCBLT, SHBOBEEE>TVET,
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MMETERERIERER MTRIE
(2022 5 A 2 Bf1F)

2) ZEHEXRRERE

7)) —R—FTHMHT 2EZBEOREHFZEDTVET
(K Do ZFH S AT L EHAEDE TRLUE He Bl
NTORHPS, EmEZZHEE LWl Oz HiY
ELTVEY, NN E LT, dRMESDEHICHE)
AT —=VREL, BRI D2 BRI T 5720,
OV VITEILDT 7 AR AT MARRE LTVE T, M
HeRe LT, Bbomd” + & A4 —RFLHHCE, )X
SV 3y RU T MRdsF v > 2 )VE S E 2 H
MTE2 XS I fizEDdTNET,

3) {EBNE - BBV ATL

HB ©— RO KBS FH 5DV A% FIH T
1, REL2DICRIBNET, 1 DI, iy
FEHOBESH YO LT, 80 OV AREGHEC X 555
TEIDBHERICA D K5I 2EETT. &9 1 DI,
LISV FEOBEEIC X 21552, N2 FHh 5 DG
HICKBESH S L CElERd 2 51E T,

FLER T ANZESNEM R TH S LTI, EHOMMNE
720 C5 < RUBRICHE U 7o B2 M EIC 75 D £97, A/ N
FEHDREDEC X BEEDFLERD =8, KT A —Hinds
ff&aw 74277 (Boxcar) ZHEfiL F L1z, PFY
YR L TSR AL TE, WEkiESTh-o
T/ ARHENDE T B T—2NEENET,

400 eV DYDY 3 x 10° photons/sec F2fE (U A>T+ b
XA 4 —RT5nAREE) §5N55%M%5, Boxear ZH
WAURAINI N FHRICK BEBZ /A AT END T &k
CRURTETCVES, EEl 7+ b EAA—R, AT AT
74—, ARV IV EEEROMAGHREICKIOFHITE S
TEeWIFEENE L,

1 ZHENRX IR OB, PF FERHEf R — )L Tk

He UTCHERZEEOMRZ L TW5,

R TN
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M2 # QD 7z >¥ baV VERKIEHRORESRE K WU R

M7 iR X ARRUN A X7 B )bo 515 nm D7)V A L —H—
PRSI (SR &IESIEK) 0.13 msee (AEHRD) THREGKZE
bz TE e BETIE, L—P—MEHT X 2 hhEIR
REIHIZIEERM L TV 5,

4) L—%— pump - 53¢ probe I & % BRI 93 f2E X
BIRIRZAANRY FILDBIESR]

R X AT K 2 IR OGRS ATREIC 75 > TE TV
9, RO X FREHINC X b, TR E 2K
IO ERS T ERHIELTVETD,

oty 27 LEEH LT, WikakEhcd s L
—H— pump - G E probe 1 & 2 IF[E 55 fRHR X 32N A
N7 M)V (SX-XAS) Gtz iE ik THMEL £ LUz, PF-
AR ICEBWNT, KR R X AR AR BV OHEH S
TIATbNTWaEE (D 7+ ¥ hu) VEkkiaRz
AL E UE LTz, eIV WV 2 LA IR O RE A DY
AL L, KB OREICH R DR ZE U E Lz,
515 nm 7V A L—H'— LA U 7- 2835 K UGG DIRERE 73
fiit SX-XAS OWEICHKIN L E Lz (K2), FHIRTI, E
FIBEMNGIN TS, XK TS 2RO LR I N
BTNT VY TH b EAL— REEAL CTHEDRIHE
ZX5TETT,

R X BRINGEHI 2 U T H TN, <A 7 LT OR;
[ RERE C DI X RRGHINC BN B 2 771d, 71y =7 b
FfEAETTHIR K EE W, 3) THM LIE SR - 5l
AT LICDWTH, MHHBITIGCE T,

Eer - HEFIARER

2022 FFEH 1 OEEE T D, PFIZS H6HIC,
PF-AR (3 5 A 12 HICHIEZBIRT 2 TEICE> TVE T,
PFIZ7H 8 HZET, PF-AR X7 H 1 HF CiflinZ ki L
£9, PFONATYUY FE—RIZ6H 14 HNSIRIZET
DFETT, PF-AR I 5 GeV TEIEZBHB LT, 6 H 10
HLR# 7 6.5 GeV Cilfii U % 9 2022 FEJEH 2 HD @A,
6 HLAITAICIRET 2 TETT,
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PF-PAC D &K Z33& 0 3 H 23 HIT Web 22 5% /7 X TH
HEEN, PARVIRZEREC —L T4 >V O/ERICBEL /2
BL-11 & BL-12 OF R {HaTHA EDNFERINE Uiz, 50
IZDWVWTIE, AFERdEE TSI,

AERE)

RIRIC, A EIERtRIC B 2 NRREIZME L E 9,
4 H 1 HNT, HILREE ADIEDEIERRR - I EE
PR DUEBIZICEE L X Lice BT « BELORETIE TV
— TN LEY, Ko, RANT, KETES AN
BICEEL X Uic, 3 AicIbR zog Lz E 7, &
WHARESFICHRM SN, GIRF — LD X N—=L LTH
WL Uiz, HARTFT—LZHEL X I, 3 MR
TR B2 B TERNREREES AL, 4 H 1 HAT, %5
Bl MIC 2B U & Ulzo 3 H 31 HAT, EHEARME
DIE—ATBENEFE LT D K U, JIERE, BEHEHE
SRR ORI & L TEIB L TR T, EFEOLEEA
DD, 4 A1 HAT, BEDESBRER - EE MO
MR « Rl ILERILE ADVEE L £ LT

g



BB FEE—, FHARRODIRIK

IELCslc

2019 4F 4 AIC PF BAGROFMKUE 2170, BEDERIZEES
—FFERIC KR AL & [E R ER L 5B, e
TERFEES PRI P RIRL AR & MG AR Y Ao
FIDREAL: U CRI 3 EDRED E Lz, A 3 RO PF = a2
—ATEARMZHMELE LD, ZiiX, TERIE,
HRYERERH S (VAU R) BE=Ty ReL, G
NEEBAA, EHIGET, HEF, oAV EDOMAL
TR TYE - il d s b3 vy
ave L TVET, 8bAA, Hlca—P—& L THik%E
FIHT 2D TIEEL, REET W5 & LTOR Rz
RAMRICIER L, WI7ehszE X0 EBERT S7dic, E
BRSOV RD AV N—, i h LT, ¥ AT X « RV
TV THTGFEMAERZ T T ERRI v avei
DET] EHEINTVET, 5%E, VIEHOMARES
TIROEHEEMLTHEZVWEEZTVET,

ST, 5 KOS T %] Iedicid, &5
2 PEAZ D AR 353 CRIE T 1Lt /517 &
fEL TV T RYITTH, ZDMEELRR FITIZHIRIIC,
HIRARD LD O 9.5, & TEIERNTRAL
WHRRMHEA TV B @RI X - C, K DUV iEs
T, XORRICHLET AT ENREICRD, HLkY AT
VAWMKELSRET B MR EINET, — S TWE -
MRS BWV TR, B O EZD Tl E R0
BETKEAHD, BFOHEMICE b bNAnEHLL
a7 FOMRNEBRTEZRID L TV D EE
T3, LUF, PFOFEKEHHICHENT, EDXd ALy
YA L ADEANR TE B2 ZEZ THIZVERNE
ER

PF f¥3REHE ICH T B 5T LWL FIRHREADHRRF

PF ¥ VRV LI ETEMNDNH -T2 K 1T, PF TR
FokGEImE LT INA TV KU YT | 2T TVET,
CTOHLWEDERDOa YT Mo Tk, 1 Ho7 L
AV =A% TELIZE W (https://www.kek jp/wp-content/
uploads/2022/01/pr20220105.pdf) s /N1 7V FU ¥ 713 &E
Y > 7 L BIEEIE IS 5750, EHE—LNH0D
FEEEURYE (SR E— L5 5710 ps D 7SIV ZHEH 2 ns
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Discovery of liquid crystallinity and sequential micro-Maltese cross array of insect elytra
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Figure 3 Polarizing optical microscopy images of (a) elytron of jewel beetle, (b) elytron of ground beetle Carabus insulicola, (c) elytron surface of
Trichotichnus longitarsis Morawitz. (d) Elytron inside of Trichotichnus longitarsis Morawitz.
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Figure 4 SEM images of ground beetle Carabus insulicola. (a) Front side, (b) back side, and (c) cross section.
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Figure 5 Result of synchrotron XRD measurement of elytra of the
ground beetle. Reprinted from, Micron, 150, Hiromasa Goto,
Kyoka Komaba, Reiji Kumai, Sequential micro-Maltese cross
array in the ground beetle Carabus insulicola, 103136, 2021
with permission from Elsevier [4].
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Z, FEHNC X% hERG F¥ x)VD 70y 71X, fHoMEE
54, HEOU XLEZRL, R LTrY Y QT fERE
R, MY —RFRT ko FBGEEDABIRTEIEN
EBMNB T EITIR B,

Astemizole [Z R & <HIS 7z hkERG FHEHID 1 DT
HBo LET LIVF—MRROEFEEE U TORE ORI 2
HABFLU EHE N TV, SEE & IRRBEROH 5 A5
AR, KEAEMERNR (FDA) HFEE L RIVERIICE
T2LR— 22T, TEISHBUT: 4], Biff FDA
T, BEEMDFEFD QT MIFFIEED Y X7 25l 5 728,
I AT DA IS % U C hERG F v 2 LA FH 7 Hif i
IREEBEMN ST A M9 5 K9 HEEHICER L TWD, 70k
TR, A2V a0 FEEMBLT, Bats
YID hERG I K9 2 s M2k g 2ilA DD 5N T
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Bh, WIHHRNET Ta—FThH3 LIEWV ARV DOHNE
RTHB, FERD 1 DL LT, hERG F ¥ IVHEE LT
LB ED K 5 Il AH THRERIAE T 200, DD
FENC K BBHEA = X LICEHT B IEHRORNENET SN
%, T TRDENBZIEFRD—DH, BHEHFEL hERG F+
FIVOEEREETH S, UL LahS, hERG F v %IV
DREIERNT I HE S EDIERICE L, 1998 FEITIRAID A )
U LF v OVEREDBA S M TN [5], MURBEERA £ F v ¢
JUREE DS T N TV HICBWTE, hERG ICBIL T,
FADEFERT R THEEDME DD - 72,

2017 4F, DWW IZ Roderick MacKinnon 5 @D %7 )L — 7 H,
754 FEFEME (Cryo-EM) % W2 Hric & 9
hERG F ¥ X)LV 3.8 A DRRETIRE L= [6], T
OGNS, hERG F ¥ IV DEEARM I HEREIC DWW THEE
ICHIHEN A Z & ka5l LA LAEDNSHEDHT
X, HHEODRAESS, hERG 79 DR DIUENRFRME (C4)
DOREMN S, hERG ICHSEE U7z BHEAI O BEAZ AU IH S
KENTWiEh >, TDRe, LA SRAEEYIN
hERG F ¥ FIVICHEE L, ZTOWRERINET 20 Ah=
ALICBIL TR, REAHARREE LR ->T05, ZC
TAWFZETIE, hERG DBHEA|TH % astemizole & hERG
L OEEEEZE L, FHNC K% hERG BHFE D777 A
A= ALDRIAZS 2T L2 HE L, hERG DRIERRSE
ICEF Lz,

2. hERG (Astemizole free) @ Cryo-EM f#th

fiE AT 7 — 2 OB 8 T3 )L S — Ik Ba i 25 RS o
175 3t R EE - WE AW Talos Arctica (BB FIEHEMHIHEE LT
Falcon 3EC) ZHHW7z, ZUL T, Cryo-EM IV 7 b
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Voltage
sensor

Figure 1 (A) Cryo-EM density map of astemizole-free hERG. (B)
Ribbon representation of the hERG core region and voltage
sensor domain (or transmembrane domain) in the same
orientation and colors as the density map in A. (C) Cryo-EM
density map of astemizole-bound hERG. (D) Superposition
of the transmembrane domains of astemizole-bound hERG
(colored) and astemizole-free hERG structures determined
in this study (gray). The two structures were aligned using
all four subunits. Only two opposing subunits are shown for
clarity.

7 EPUIR KB HEIT—2WEICK > T, GFlFT 1,49
WOB TG HIE L, BEIITIE 173,770 O R 10 {4
M5 3.9 A DRIRIREER & D = RITEE v T O FHERR

WP LTz (Fig. 1A)s A1V T LA 4 > Okic Bl 5 LT
% core region Tl 3.6 A & HLIRIY W RBEZ /R LT
7e—J5C, core region Z 73 T OHLE LIZREIC, 791K
Uil 372 % PAS domain 7% E V3 e AT 0 FREEDY 5 A FEZICHY
FoTWiele®, ETIVOMFIIIRELR R A A > (core
region, voltage sensor domain) DEEEX v TDOREEH L
7z (Fig. 1B)o hERG 73 FORNIICHZ# 9 &, core region
0)/]’%/%%% £ 105 selectivity filter NI BT, BRIE
BES Y T2 DRI E NI (Fig 5A). AW TIETA
(ﬁl#ﬁ“ﬁbfﬁ?? W T ONBENS AV T LA A& UTHR
U7zo ETIUREEEL 72 hERG 73 FICB U T Z RS
&, AT L [AIARIC, selectivity filter DE N IC 4 DD
WEKTER 7y S REEDFEAE LTz [6]e E 7z sensor domain
IKBOTE, T7IVFZ oY vy b FEMETRED,
AR Z N7 RRE TR L T D, FefTifgt & A kk
hERG 7 1 )VOENAKIFIEZ T G & 75> T,

3. hERG (Astemizole bound) @ Cryo-EM f##R

2T A A EEMBIAATIC X > T hERG HAD RIS
IS Uz 728, LURFOT-1£ T hERG & astemizole
EDEEHRBEDOISED S Uiz, HEKORE ke
L Cl&, H#%D hERG X L Tl E D astemizole 7z il
Z, astemizole {24E FDEMFTTIVIEMZT % & TEE
KB TwB, FLTC, TOYYTIIVIEDONTH, hERG
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HAKDfREHT & MRS, Talos Arctica & W 7z HEj 7 — &
HIEIC & > T 1,865 WD E FH#RG 2 IR L, ERAICIE
290,998 X D ki 1 Wi {2 FIWV T, B v 772 HE L
1zo ESILIED 70t X Tl astemizole FEFETE 0D hERG
DT & RIS, C4XFRDHIFIDE & 3D classification
& 3D refinement ZFf7 L, BARDMREE3S A DY Tk
T 5 T LIk L7z (Fig. 1C, D), Core region O
selectivity filter NFIC 1 astemizole IETFFE R D hERG T%
BEnzEsic, RURITEHETIVOMEZLLIK-> T
WBEEET y TS Nz, THUCBIL TS, hERG H
RICHBIT BEREFRRC, AU T LA VHROEE L
U TR U7z (Fig. 2A),

Selectivity filter D | 5 IC I, astemizole JF 7# /£ N D
hERG W HHUG L7z~ v T TIRBISR S Nish > e REO
BE< Y THFEEL TV, THIC, TORESY Tk
selectivity filter 18 FDZEM D Bz 59, HHICHEET S
hERG FREEIYZRBUKIER T v b2 65 K S ITHFEL T
B0 (Fig. 20), FATHIEDNEERN, AWFPEAN TG L7
SR LD K D, TORFOEE v TH astemizole
WKHKTZEDEHWI LTz, LA LAEAD, astemizole &
EZBNZEES Y L, C4XMFRON I FE x> THFEE
LTWziz, TO astemizole & EbNE <y TDIRIR (H
BWVIEY A X)) A, hERG 53§ N T astemizole DEN N T
WAREIRREZ KL TH 59, C4 MFRD RS 2R
LTU‘ Wb ol T T, BES Y T EXFRMEIC

BB R J28, C4 XIRROFIKI 2 B E fif A (LR 72
Eﬁa,%%%k@mmmﬁ®ﬁ¥¥@ﬁasjA®
SIRRET C1 CRIFREDHIIME L) &g~ v 72157 (Fig.
3C, D)o WERL IR VST HEET IVCDWT, % chain 2
g9 % &, ZNZEND chain TREREWNIZMEFHLIL

B\ﬁwvﬁp :

“’@Q

/ﬁ nm,xﬁ
A) Y652(D \ﬁ

%m"
"o
P )

Figure 2 (A) Close-up view of the selectivity filter of astemizole-bound
hERG indicated by the red square in Fig. 1C with the density
map of the astemizole-bound hERG. Only two opposing
subunits are shown for clarity. A dotted line shows the
symmetry axis. (B) Cross-section views from the intracellular
side, as indicated by the black square in A. (C) Close-up
view of the selectivity filter of the astemizole-bound hERG
with the differential maps. (D) Cross-section views from the
intracellular side as indicated by the black square in C.
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Figure 3 (A) Schematic diagram of the pharmacophore for QT-
prolonging drugs. (B) Chemical structures of astemizole.
Fluorobenzene, benzimidazole, anisole, and 4-aminopiperidine
in the pink circles are pharmacophoric points. (C, D) Close-
up views of the astemizole (magenta) binding site in the
astemizole-bound hERG C1 structure. The density map
(C) and the differential map (D) as well as the orientation,
magnification, and depth, are the same as in the figures 2B
and 2D.

TetiEze &> Tz, e TR ZE7E, & chain
7Y 90° " DIEHA L7 AL BIRICH D, hERG 7% C4 X
D31 Tdh2 T &M, WNEEDRKIZRO TIN5
B TRE N,

ClEE= v SIBNTE, selectivity filter [H NI Id X >/
IRTEETIVHEREZ 55 TV AREIDEE v T HETHI
Eh, THICCAxFEOY Yy FEFRED, IERFRNEE
IRTEHEL TV (Fig. 3C, D)o ZFL T, T astemizole
FTOREEMEICKH D X, astemizole Z1Z UH & LTz
hERG FHEANC X B, F ¥ FIVERERHF D X A= X LD
WT, LFDEIICEEK LU, (1) Astemizole lX, hERG
F % )V D selectivity filter [E FICIF(ET B BUKMER T v b
IKIEERDRATLSICHAL, EDOXIICT 4V E—DI
TFN TV B, Selectivity filter (X1 4 ik REZH - T
WA, 1T LA F 2 Dffikld astemizole DIFIEIC K
oS TP DA ENICHE NS, ) 742D
selectivity filter Z3#i89 2 BICIE, A > ORKADLE
TH Y [5], hERG F ¥ X IUTIEWTIE, selectivity filter 0D
A BIFLICALIE S B S624 FRIEMN A1V 7 LA F > DK
FNCEHFG L TW5B, # LT astemizole DS ANIEZ E I
ANTZFR, T D S624 1S astemizole A E/EHZHi> TH O,
ZORERA VT LA F 2 DFKFNCABERERENSE NS
HIcIxb, ZDiz8, hERGILWICT 72 A LTV 7 L
AF VEBOKFIRBEICE S T E N TE T, kM HEI N
% (3) —75 T astemizole i3, #i31C & > T hERG F v *
IWVORGEZ L ZFHE L THEY, XA FIvrixkaryrx
A= ayEC K A7 A7)y 7 EAFEEHIER - T
WAV, AIFEORRE O FREEINE NS DBFICE >
T, hERG F ¥ 3 )VICTEA U 7z astemizole (& 1 A >/ ik 7z
fHEL TV EEZ BN,
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4. HEITNhB astemizole DIFEAAH=ZX L

hERG DA # > F ¥ 3)UIEEZBLE L, Long QT JEMREF
ZlERITEINTVEHEAFICEZ T 7—~aT7 1Y
w7 IR E LT, AREHEKICHRT %3 DDHEEN
D (Cu € C) &, ZN5DOEBEHLOE SITHRIC
fiiE L CWAERANGERRT N) DMEET LS
TH Y [7], astemizole 77 7D H, C) C, Cp BXT
N A% 11 Z 1 Fluorobenzene, Benzimidazole, Anisole, 5
X U 4-Aminopiperidene IZxf 5 L TV 5% (Fig. 3B). F 7z,
hERG F v )V DZFUASRITIC K > T, FWTHd % &2
PR, £ F v FIVERICEEEZ 525, WDhD
72 EBEREDEIE SN TIE O [8], HTE core region IC
HET % Y652 1%, 2 DY EDREFICHG L TWSH
DS EESTWS, & DD Y652 [IFHD T FHERD K
D B/ TE, astemizole ZF 5% < O hERG F+ %)L 71
W H—EDIEETARAIREENT VS, Astemizole T#7E
D hERG 73 F DX v T, astemizole IFTF(E N hERG
D=y T L5 T ETHERR U differential map T,
Y652 BED HHFER I K E IR REI O v THBISE N
TWd, TORFIE, Y652 AT 2HE< Y TH,
Y652 BRIEDIISHAD A TIEFHTE RN L ZEKRLTEH
D, astemizole & Y652 M n-n & % W& n- 1 F A4 VHHEAE
RAzH>T\WaZ 2Rl TW\5, £ LU TAWETIE,
FATHRTHE SN TV R HFEL, TNHOEBRT—2H
5, BES Y TOREESVPIRICEDINT, Y652 5L
astemizole % n-n fHANEHZN L THAGLTWE D TET
Ve REER U7z (Fig. 3C, D)o

Astemizole 77 F D Gk X & LTE, Clcdbid
Fluorobenzene 7%, selectivity filter [E |/ 5 i U % Bl 7K P
RT v MITE X DIAR, C I DH T % Benzimidazole 13,
Y652 OFMIESMINICNIE U nn HEMER 2B, NIcH iz
% 4-Aminopiperidene I3 selectivity filter [5 | 0 77 1~ H1 9 1C
FIET 2B LR > T WD, 77—XIAT 47 GlILHz
% Anisole l¥, ET IV ZMETZ2HDZ%EME LT T
IRFRIKY hERG 43 TSR E N T e DD, ET )LD
MFICH Wz Cl Yy TNTIE, N & C,OfEZRTH
JED T TF Vg o Tziz8, ShldnTET IV 5ER
WTW3, ET VR E NIz hERG 7 T OMEIC BV T
astemizole & —EHEEANICiE T 2HHE 2R LTz (Fig 4).
Astemizole ZHU D FI A CWAREZ H 5 &, WiH )L <
BUKMHBEERZERK L TWSEHEDNDMN S (chain A D
Y652, chain B @ Y652, chain C O T623, V625, F656,
chain D @D S624, G648, S649, Y652 /Y astemizole & Bf
IKEMEER ZRD), Zofl, FEMEEo L LTI,
astemizole ¢ Benzimidazole @ 75 7 ER /%, Y652 (chain C)
DEFERETATCERSD X DI 4 A DMBEIIFHEL TN
C &, Benzimidazole DZEZJE 1h3 chain C D S624 £ 2.9 A
DEFEEICAEL TWE I ENEFENE, TIHE, 7
77— 37 % 7 D C, TdH % Benzimidazole &, hERG D
chain C WFFD Y652 58 & D n-n #HEAFH, FHKT S624
EDIRFFEGEZTER L TS REENIEFICE N EE X
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Figure 4 Orthogonal views of the key involved in astemizole binding. The hydrogen bond and n-7 interaction are shown as dashed lines.
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Figure 5 Close-up views of the selectivity filter of astemizole-free (A) and astemizole-bound (B) hERG, K+, and astemizole with the density map of
the astemizole-free (A) and astemizole-bound (B) hERG. Dashed lines show interactions between K+ and oxygen atoms in the selectivity

filters. Only two opposing subunits are shown for clarity.

5 N %, Fluorobenzene (Cy) &, hERG 73 F D selectivity
filter [EL FDZEMN ST %, hERG F ¥ VKT OBUKIE
R b B2 X SICFELTED, 4-Aminopiperidene
(N) 1 selectivity filter (5 N D72 & &b T 7z, REIC,
4-Aminopiperidene 1, selectivity filter 7 K NI A 5 %€ <
HZELTOBREZHRTZL TS EEZ 5N, hERG F v
IVOBSHERAFH D F 7 2 WENZH-> TV B LD L HEAIT 5 T
EMNTES, LLENSIHS M E K5z astemizole & hERG
STOMBEERR, ZNENOEREEREL T I /IO
EMRMN S, astemizole (& 4 DD S XA T OMENEH
(BB, m-n SHEVER, KERSS, SUKMEMHEER)
74t LC, hERG F ¥ )LD selectivity filter [E N T LA >
TWA7 I /MR L a2 7 b L, 5RENC hERG F v
FIVERBTHEDEMINT 5 LM TE S,

5. AUITLAFEEY A oW T
hERG F ¥ )V D selectivity filter ICTETES 5 4 DDAV
LA K UEEEEAL (S1, S2, S3BXU S 1F, KvF
Y XINVDRESTH) T LT ¥ XV TEEIREFEINT
% [9], AWIFE T, astemizole JETEAE RO hERG HifAD
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EE<y TICBVT, S2, S3YA MTAVT LAV E
Bonz®mEg~y 728l Lz (Fig 5A). TNENOE
JERET 2 &, 2V A MSIEHET B DONK DRy
TJFIVERALTED, HEEEICHEGLT0hE80LE
ZbN%, —/T, SI & S4¥ A FTIEEES Y TI3HI%
ENeh o Tz, Selectivity filter N CXITE 9 % chain 0D B
2B L, EERINCAATIIE THE SN2 DX D KEL
o TED, F627 DAIVRZVEBREB DKL 8.2 A &%
> TWiz,

Astemizole T£1E RO hERG X D 155N ES v T
WX, selectivity filter N S2, S3, S4 A FThHU Y
LAFUERDEE <y THBIE N7z (Fig. 5B)s S1 Y
A N ERERRT % F627 D 77V R =)V 2 M o 7 1~ BH B 1%
chain A & chain C £ T 8.7A, chainB & chainD T% 8.7 A
T®H D, hERG HADKEE L [AERIC, ST YA MIxtd 5

HV Y LA F VOB NE D EHERENS, ZLT
SI U A MIEES Y THBIRINGZVHEEZZFFL T
bLEZOLNS, Tz, astemizole JEFELE FD hERG & D
BENELT, 4V A MBUI2BEDERNAZET NS,
THBHICE LTI, selectivity filter (5 | @ astemizole D1+
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TEDS, S4 ¥ A KA LicA A v OTRMEZ I TV 5%
WKEKBEEZLND, ZLTINSDOFEHIZ, [Astemizole
MHEET % T LT K o T selectivity filter ICED TN, HHiH
& LTA A Vi ik ENICEET 5] &S, ik
DR8I d AR TH 5 LB BbNn s,

6. WU

AWIFETIX, hERG F ¥ FIVOHEFIMNED L 5 7 A A
Z XL ThERG IZHEE L, A4 VEikZzHEd % Dhic
DWTRIAT %728, RENEIAERITH S astemizole &
hERG & DG HMEEZ, 75 A 4B FHEMETZ V-
R FREFTIC K > THE LTz, B5 NI rikfiE kD, @
EDMRZWMFRIC K > TTFHMITENEZL L E, Kl
AR ENT T o 72 hERG [HEF O EY A -
=, MARTHDTRT T EMNTEN, F 7 hERG HNEBD
astemizole BC[M]*®, astemizole JE T E T B8 L DY
BH S TRELRASEA]D hERG ICHES L, Z ORERERRH
FHLTLESDON? ] LVSHWICHLTE, BEHEICGHES
WAL ToONTZEEZ D, — /T, BINOWMGED LR
FHEZHIEEIN TS, HIZIX, #EEY A SABHEHIN
772 AT % 12 DORREER, hERG DM RS ML
T B AN ALEARRICHERFHDFEET, bzl
EMICT % T EWEST4D hERG WD S 5, 91
ARWFFDORRD, EEMLOBETH, [BhE, OVWTIEEE
DL RD, —iHTEHS TENTEZDTHNUEFEWVT
b5,

g
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Abstract

ULAE, FEROBWESRM MCEI NI Z oM 54 XT » R OFEN &
BREG MICED N TGN U T & RIHBUE R XAFS JIED AT H

EoTW5%, EHEE FIGETEE, R&UTE

ERFETH D, LALEDD, Byt K iy 3d ERe)E

L 5 D JIE S b B Ml X #ipe - 2 8556, XEROZEE ) MR 7e O RIUEPF COREIREEZ L ENTET, £T T
AWIZETCIE, KRB T & Mk X IV 7 s IR XAFS MEalaex )V 2 AL, £ OMReZMEE LTz,

1. [FL&HIC
WA, BB -7 NA X, BFEMM R DN T,
ERRD S SAFITE VIR DR ZJEST 24 XT VR

HEDOFTHRENEE > TWVD, B2 TFEOTTE, ¥
PUEHE T O @O X R DT o Rk, EZEIEE R
ICEDNTZGRIDIREEHT 21T 5 DI L T\ 5, FHCX
FRLAARAIRE S (XAFS) &, XEREhEICLE S HicEo
WNRIE D 5 22 E AT N OE FER 2B L T
D, TTEBNMCELEE X U & U {L2AIREESD R AT
EBERENTEZ FETH S, 4keV U EDOTRIVF—72F;
O X FREEIIC 351 % XAFS {lE T, GRS X
RS, FREBE U T XFRO TR D & W2 H S
% Lambert-Beer B DBMIEN A T ¥ — 5 FETH S, X
RN LI W EWERIOG AL, BRI TENRET % H0E
X e 1% WWL@mﬁém%WE&% AR SRR E N
A=V ET - ZRETOREWET BE FICEEE
Dézbf,éﬂ&&ﬂﬁ@x«ﬁkw%ﬁégkbfﬁ
Do

B X AR BT, ERE KDL RXT > N XAFS
BB fTbNTER, LML, BT K 3dER
&8 LIFOBIANCIE 1 keV LUF O I )V F— 72 R D i
MX DB TH O, XA E LN THERFENMELN 28
K AAEE R TORFHIEFIDA K Z WV (1], BRI, X
723 &8 2B 2 R DIEF IS SipN, - Sic iz
HWT, #EBEEIR Nz — LT AV ERSH A%
T LY 2 BN D B, HATEE RIS I 2 Mk X
M XAFS JEICIE, BT XKD BRI ORVEDEXERE
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Mt $ 2 HOLNEZENE TH B, LA L, HOLINEZREZ
FFUEEIC LTI B DI IV 7 USRI EFETH S
Tedh, HEUCEEDE T > TV B TH B LR DL FIRAE
R 2123, B L2 WeED KL RIEL TV
ZREND B, iz, HOUNEETIEIHCEIICE>TA
RTBIWVDINY T T T FNEBEATUE S 28, HEVEk
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Figure 1 A schematic drawing of the ambient-pressure CEY XAFS
cell. (a) Exploded view of electrode block. (b) Cross sectional
view of the assembled cell (left) and enlarged view around the
sample (right). Reproduced from Ref.10 with permission from
the PCCP Owner Societies.

PF NEWS Vol. 40 No. | MAY, 2022

25

TRV HEINTEERZIOMNT S LT, ElE
TR HE 5 X 51cE>TWV5,

Fig. 1(b) I3EMT 1y 7 L3R T 0y 7 2B abE T
LEDOWEKTH %, skl 71y 7 OO ik 25
BT BIHDEMMNRTENT NS, 77 UIVEIDOR
BICE-> TR IV ZHHR L TEBH, BEREEN-S
NI FicikR 2R 2 C &0, MHRERZIETE
X9 HE-oTVD, kT oy ZOMEICIEH AT A
ZRFTEBD, WMHEERMICHRAZEANT S &0
HETHB, BTy 7 il 7ay 720V 7 BT
=g BT eIic kb, R OZER & Nz 2
YoTWnb, BT Oy 7 &> TEZHEE & KREHE
WY, BART Oy ZICERZI O T TWB T,
HERW S T iR Tay 7RO T 720 Calk
TN AHETH B, Tz, 77V IVRHEOEmEIEEZ
3T L TalRl E EMOMEEZ AT 2 C EDAHETH B,
AWFETIE, BTFOREZINADDT/0IC He ZHETE

% &9, kL EMOMOEEEZHK 1 mm ICRE LT,
3. RERER
3-1. RBAE

AWIFETHIF L)V 7% HW T, KEK-PF @ BL-13A I
TLURD 2 FEIC KB ETINE XAFS IE 2T Tee &
B, AWMXE@BEO 7O 7 7 AV —LT4 2 RHED
Au 2T —THIE LBz O THIE Uize ASTXHR
DIFINVF—IFERZHADN Is = t* BBEOTL X )VF—
(401.0 eV) ZHWTHIE L [11], WEX R THEIRTIT
-7z,

(1) 2F I E (TEY) % ARz HZ (~1.0x10°
Torr) HICEE, Y7 Y A—X7& DT XERIRIIC X -
THUSaRERZNE LT,

(2) CEY £ 1 KT D @ #ME He H X 7% i & 50 mL/min
TYIVNITEA L, CwAuw BMICHEEEZHI L AN S
AR Xz iagt U ¢, S is X UalRERZz E
UTzo TBIEFIMCIGZEM B X CELEIR (Keithley model
6487) Z2flifi L7z,

3-2. KREBETICBELER0RIE

F¥E L 7zl 72 v Csk X #7250+ CEY XAFS #fll
EMATHEIR T L B D B 12T, L ix RS 7 £
DAT VLA (SUS304 : SS) O Fe-L,, iiii XAFS #{l5E %=
To7ze MERICHRIERRZIEL, =%/ —)ILHT 10
DB IS 21T - 720 Fig. 2(a) 1i& CEY i (+1.5V),
FU& TEY ¥ THIAE U 7= Fe-L,, fii XAFS AX%7 M)V TH
%o KM SHAGHIED, HZEhHE K&E FTIEIER—D
AN RIVIMEENTWVWB T bbb, TDT Eh5,
AW THFE LRIV VT, Wik X K& E CEY
XAFS HITEDHRETH % T L MDD 5N Tz, Fig. 2(a) I
R UTz Fe-L,, fifi XAFS AXZ MLD S B, ~7084 eV DY
— JIERINHFET BB D Fe* K772, ~709.8 eV D
=23 Fe R LTWS [12], £z, ~707.5eV I

FOEDOWIEN 5



(@) Fe-Ly,edge ' j 4[(0)Fe-Lyedge | CEY(+7.5V))

Ls

3k 4
L
2+ y
Drain Current

Electrode Current

2t J
i ,\r—w_
TEY (Vacuum)| 4+ 1

700 705 710 715 720 725 730
Photon Energy (eV)

CEY (1 bar He, +15 V)

Normalized Intensity (a.u.)

Fe?* Fe*
700 705 710 715 720 725 730
Photon Energy (eV)

Figure 2 (a) Fe-L,; edge XAFS spectra for the SUS substrate measured
with the CEY method (upper line, in 1 bar He, +1.5 V) and
the TEY method (lower line, in vacuum). (b) The profiles of
electrode current (lower line) and drain current (upper line)
taken for Fe-L,; edge XAFS with the CEY method (+7.5 V).
Reproduced from Ref.10 with permission from the PCCP
Owner Societies.
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Figure 3 (a) Time evolution of Fe-L,; edge XAFS measured for the
SUS substrate with the CEY method (+7.5 V for lower group
and —7.5 V for upper group) in 1 bar He. (b) Fe-L; edge XAFS
spectra of each group in Fig. 3(a) normalized to the intensity
of Fe'' component. Reproduced from Ref.10 with permission
from the PCCP Owner Societies.
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Figure 4 Deconvolution of the Fe-L, edge XAFS spectra measured
for the SUS substrate with the CEY method at a bias voltage
of (a) +7.5 V and (b) 7.5 V. Reproduced from Ref.10 with
permission from the PCCP Owner Societies.
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Figure 5 Time evolution of Fe-L; edge XAFS measured for the SUS
substrate with the CEY method at the bias voltage of (a) +1.0
V and (b) +0.5 V in | bar He, which is normalized to the
intensity of Fe’* component. (¢) The relative intensity of Fe*
component at different bias voltage (upper plots for +7.5 'V,
center plots for +1.0 V, lower plots for +0.5 V, respectively)
compared by further normalization to the first data.
Reproduced from Ref.10 with permission from the PCCP
Owner Societies.
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