E55%
g4 =

20165 1R

RFEDWRA T —ICOBRHDIHIRREHXR

s KR B =% EE @K F®
BRFOMEL IETEITIIBERBIIEMARLI I EEHKE

M Howon Kim‘ E§HI %m
AN BEEAPOERTRAEVRICEBERREYR—IVHER

..................... B KB. X8 558

B NV RBMEDIC [BEOMSER] #%8 - -« - - -+« - 0:ZE X

URAAMVRE1—5iE
O ~#BEFEHAST RMEREER FARSLREER~ - - K B2

N METEBEIN T - - - - - - e e e e e e e =iE W e

N MEREIEEE (OB) LT - o« v v v e e e e e R = 3
MR ESHEERERL T - - - - - - - - o - e & IR —
EEFFEEREL T - « » + v v o e e B B
ABEABSFHEERBRLT: - - - - - 000 - BEHNIA, Kamran

N 27 EEMERRPA—RARO®RSE - - - - - - - - - - - - & R
FEOOOMMUEEFEOFRBEERS - - - - - - - - - - - - BBR AN
IEERRPAE S

g YMURRAAEIF—
WHEH=—21—2X

0 O ANSBR®

O RRAFMUARPAARISOLSICOOT
MUERIC L UEES5EBR (F15~5845)
fmSe&REC

RAKNFYER AR

Copyright ©2015 Institute for Solid State Physics,
The University of Tokyo. All rights Reserved.

ISSN  0385-9843




ARRDESRAETY —IZDORNLHBL 2R

ERSR RS FH AN R AR . =% & MUk Fl (8- RBeR5)

MRDER

WIPERFSE DR SR — R D A2 (AT BB, DESERICIE~ IS TE ATRERDH S| W IHIRBER L HVLND
MW, T LIERETEBICHOP ORI > - FIIERERA L HEVMNL VTR LD, AYBIE L OLDOEE X HITIE,
HAEN=— RSN T 7 —FREETHD, €9 LR THRIIBEE T ROERE2EZ L&, RYICEILLZ
IRIGHDO—ORRERMEATY —TH D, FMERMEATY — L1, S THEILZ 072137 1 ORIEN S G IR L%
HERFEFSND () —~ VU —FT7D)FBER T TH D, BIEEITLTND £ /2014 2—3y MeIoD) ) 2B 5EE%
EBzxBHE, BIZERANRAEY —THNULEWTTHMEA G TE 5[1], FEREAETY —OHE L L IR AT
U—, BFEEATY —, #HEMATY —, KA AT) —72 EFEx 2R TOMENPEATEY . TREIICERTEE
Find b, RD—2L LTHRFESN TV IR AT Y —DBA. IKEERE BB ORBINHE L toTW\5, MK O
FITO,/ 1 OERERBT DHMIAET) —CIIEROEBZ ARG 25 EIHEBNIDRKEL 25720, AV E
N L DAL R: EREGEE R SN TW5, —H CHEARFZROBFHER, Wbwd~ALF 7 xr A v 7 PE TR
BT IR OBGHENTRETH Do, L0 BMAEE CHEROEBESALRPI/HTE D, 1FLEACOWENMKIR
T AF7xal y ZREBIZ2 LRV, EEHERT BRSNS T & THRRBRTOBSHENRETHDH L)
FENRH L, o b bEMITENEZBI LN TV EWEN BiFeOs Th b, ZOWHEITIEIK 270 EETvLF 7z
A v ZIRIEERREF L, TOBRME S ANENRFERD 10 UL EE WS ERREEZTRT, ZOOEHEORWYE T
IEH T2, H— RA A ORMEFER N2 o 72720, FOERBETH 5 BEAMKDREOHMITHTH -2, Fhix
X, EEEFITR G EET O EE D S GRS RE) U7m RELHE — R 2 o RS 211 R L T UL A BRI 4 O T8 8 22 e
F1E[8]% FIW T BiFeOs DEBEXIER DR AT~ & 25, PHANOBEZHEA T =2 B2 TR L7-[4],

SIS

BiFeOs (X7 R3c (B LT | o pmicEs e T I
MG T B, SR TIE ab EN TS T2 5[ 1) HA E 300¢ E
K], = OENTOREA CALEETITTH S, ERICIED LT Q 200F 42K E
SENTEY . ZJ7EHO<110>J FITARHE N2 F L (Qi, Qe Q)% 5wﬁ E
i o 7= BRI (62 nm) O A 7 04 REIRBEE BT & 73, —RRic TR L Y
{7 A NSRRI A S L BN TE Y [5-1]. ORI
BB ROBRNME + Z HEICAE LD LS G, H0E. T soof ) 2K EE
B 1@ L= & 5 1R 42K © 2 110 P 0B al O ¢ o
DL, 20 T (HECHA 2 0o RERRRIFAHEET 5 £ CoR E. E\ ;
TSI 260 pCm2 BEOE(LE R, —F, BkdFiko S0P L —FH,
BRE I L TR -7 Y R OMEER CIRETITS &, Z bbb b e

O

10 20 30 40 50 60
T RDOK) 3 i OER WAL BIH S [K 1)), Y HROERy u H (T)
HZAEOREEE LC10 T I FORSERCRATRBIROIOET g1 01 2 sapeng ol Lt BiFeOs o5

o T ORGSO LTI LETRE CORBRI S, —EBYS  opgakiEt. @) P Z. b) P Y (EEOERIT
ZEMNLZBIZWHRE L EORELRF LTS, ZTHIIRER @OFARZR), WERETE bIC42K
PEAEY = BOERLERLTWD, Z0AEY —HRITHEK N

AAORAE LT TE 5, B\ T TIE 3 20 Q X7 MV TIRE SN ABER KA A MR L TWD S, B
T —~ RO A Y U RERE A & WENZ/RD KA A U EEITIRDTEOR KA A ORSGEL R A S LD,
FEBRRALE 21T 070 & 2 A, ZNEEMT 2IEFHREL OB ST 5, S BNRRRC[4,8 1278 5 23,
Y FCBRl S i ER G IIE, BRI RS ey u o AR — SR CIBIRTRE T H D, Z oML

Bl B B B B B omecccccoeicoereeoneesaneesanneessnseesasseesnneesneeesneessnnsessnnens WHEE L OB s B4 e ]



ERLTHA 7 oA FREKEFIREBICI T 2BROMAFET 2 & c WMoz ab T Q N7 ML & FEE RN

Z B RESESF RO BLOMAE L TRV ERbAD,

— R AT 5 LRENR LD TLE 720, REOUHLEZER L THREZZERICE L T L HERE L7283,
X1 OWMELEREFHE TEhotc, ZHUIAT Y —ENRBE CTHHRFFESNTWE7DTHEIN, TOFEEIZR S F
TIEHAHRLA2WHHEROT — X IZHHE M ET T, BRI Y FINcES N TRl S5 IEFW iR 5 BV 2 115
SHE DI, BIFMICESZ T UZ RV, EEE X FCEE 2N L 72% THO Y SIS 245 & 10 T L
TOI AP RIELFNDEIET L E2HAL TS, FEmBEINREBIIEIRT—, AU EHE L T THLERFES
NHZ EHLERLTWD,

FIRICBIT A AFEREEA T —REHLNCT S0
300 K CHIE L 7= BRIMBO BB % X 2(2) IR~ T,
X 200)1Z78 L= AIHNIRRE A CIIERET~7 h L Qi ~ Qs Dffs
BIZHIS LT Pr ~ Ps OBEKITWBIRAET 5, —F., BESEIN
TH— RA A AL L7ZKEE C[IK 2(c)] Tl P i — Mz #34
b, Z O TR LI BRIIBO RS (P iE 300 K Y
T600 pC/M2EEIC K ATEY . ERTHNMI N EE LT P, \\\ Ijoo uC/m?2
FHREV, ZNDDERIC L 5T BiFeOs 235RiR TR -
AEY B RE T RERE SN, BNOBEL O S T

FUEQ 7 bV EFRIZ SHATR LT ATE0, oA Y — 2 (a) 300 K THlliE L 7= BiFeOs I2 51} 2 BRHO Yk
%010 2T i&<0/1/2@3m%ﬁréﬁé EHIR % BT, (b)5 £ OOIERIE)D A$ LT CITHT 5
HEICIERTRETH B, BRSO % RS B,

HHROFEZIARIC 10 T OWLENEL T 5 AEY —NFEH
MTHDITHRRN, EWVIHIFERBZATEZEITHDIN, Fxl ii%d)%i%f%ofb\é BiFeOs OHREME A E Y —
HREERT DHE. SRR LTEBEIROTHITH 2 BB L DIREE(LE1T H . WS % AWV 7= 4B oRRIX
COAEY—PHEAIETHEL Y 2REOHS T TIILETH LI L2 R LTEY, BAZIEST THER LW AT
V=, LCOFEHHFFTE D,

(a

~

T T T T T[T T T TR TTTT

b b b b bees

AP, (uClm?)

bl

L% DRE

A B ORFFE TIEBEGEIINC X > TR Z 2 WA EIREE O 2L 281 L7223, £m®@’i%@L%%?%é@ﬁ’;é@
SRFEOERLETH D, FilEHEx DT NV—TTIIESHIC iéﬁﬁﬁﬁk%@ﬁﬁtﬁmﬁé%ﬁbfkwm
{BIZIANT 7o AR JFBIIREST L2 & B 2 T D, AHRITEROIS BT RGBS Uk E25ED \ﬁuﬁﬁ
{EINDAEY =T DELEHFL TS

i
2 DFSHRATERHAT R AR OPHIRIE LRAHERIE R, AR E OSBRI ¥ O ST R
FIFBERZOH)IMERERZ L ORFENETHY . ZOHREMED THILZHR L BT 5, AUFFEIIRAURER i) & G

1 23340096, 25610087, 25800189 35 L U 25287088) D 3 4 % F TIT LT,

& Tk

(1] JEEo, AAMPESRES 70, 814 (2015).

[2] T. Ito et al., Cryst. Growth Des. 11, 5139 (2011).

[3] H. Mitamura et al., J. Phys. Soc. Jpn. 76, 094709 (2007).

[4] M. Tokunaga et al., Nat. Commun. 6, 5878 (2015).

[56] H. Katsura, N. Nagaosa, and A. V. Balatsky, Phys. Rev. Lett. 95, 057205 (2005).
[6] M. Mostovoy, Phys. Rev. Lett. 96, 067601 (2006).

[7] I. A. Sergienko and E. Dagotto, Phys. Rev. B 73, 094434 (2006).

[8] T. A. Kaplan and S. D. Mahanti, Phys. Rev. B 83, 174432 (2011).

[9] S. Kawachi et al., unpublished.

2 UIMEWIE LU S5 8M 45 ceciririrseinirre e nannmn TEE NN B



FRTOINE F I ETH TR EMERIEIIN RS L2 R# A

Howon Kim. E&JI &k

BN DR Z DT, BTOREREE CIRAM T2 L, BRREICH B FWEENBND, EEEIC
TR SN D ZIRILE TR TlX, BRIBEENE (a2 7 Z A (Go = 2e2h) DEEELE L 720 | IBOBNTLY: 5 BEBHK
DELEE DWW PBER SN D,

BBETH, AROZTLINT-ERBEBREFBA SN TEY, PO L2V A P —%5|-08E0 | OINDEATTOE
RUBEOREEZTH & T, BEROEMPIRZ BN TND, LILARBRL, BRNTOETFKREIIR T A XRE L E
<, RO S Z ORETORBEAERSND —H T, FEOMEETIE, VA4 v —TRIRE THE LZREIT#LL . F
Btk mWEHIIEIREE CTH 5, Z OO FEEORIE TIE, il - W2 (ME LRV IEL, HONCERBEEOSHND
R R 2 I T 2 FIERER O TE 2, L Lans, MR EFIE CTE 2V LI AHE LD AT Y 313
K& <, EBREOYELBIS % Bk LT 5 alREME S R STz,

F T, Bxld, EAE D RVERE (STM) O 2 VT, Z ORREICE
D#lTeZ & & L7z, STM HREF 2B REITED T ERICHEM S & T, R
YA XOMEEFFOR TR ZER L (K 1 OMKXEBR) . 2 0BEKEE 2 E
THOTHD, STM &HWD Z L DI KOF L, Bl ael & m o i1
Bisl%z STM 4BIZIC L VR TE A2 THY, ThEFIH LT, Hétes:
filt S DAL % ERECBUE Lz BT, BB R Tt 2 JERk L. £ D&
RIBBEWEST D Z ENFERE 72D, BlAIE, 1 O T, AOBEE
K7D TEE] (on-top 1 ) TEfil L T D DIkt L, A OHEEHIE

1 RO, ZEofRE GEE)

KD 3 OOJFTD T (hollow A k) THEfL T\ 5, ZOWRETIE, = . ZOEBE R, F OO
DE 5T, OB TRELFRT LV THE L ECORMBEAERT  [8h) SRl THY . hOREO%E
RETHY | WRURH LIFTRF & OBEAD B AN LB, P oo T
W5,
" 2. L] L] - L] L
HEE, fec &8 Td 58 Pb)DEHE R Td 5 (111)F fi ; on-top
. 1.5

ZFI, BEEHLD b LS THOE L7 b O % LT -9 hollow
B, WEHEIEMICER L Ph(111)&RE OF T4 % T 0 2248 ’ ; (hep, fec)
B A TR A REBHRITITIE S . S AN ] bridge

THBBRERZ TS, STMIZBIF 2@ DE— R TH D
b2 VEE TR D B RS TE R S N D I E T, B 1
SRR I M O BB & 52 70 03 B i I HE AUR B 2 0.5-
EL, ZOEMAEREELTHHL T D, ]
X 21z b= ERRERT, STM 14 (i AX) THZ ”
ENTWBIFEFEI 5, on-top ¥ b, hollow ¥ 1 h5 .‘
ONEZEOH L, TNENOYA FTEHELNZEREE —
DR EHI ORI AAtE 2 267 LTV B, BRBHIRE -60

50 -40 -30 -20
P ERL TV B B (BT, A 0) I, FERBI IR Az (pm)

(REEERIEINT 2 b FVBIGDIRDEENA R S 4503, X2 : B b RAVBEMELC L RFE FAR) NOEAE
ﬁin; &:‘}?/D“ &:Oﬂimjju@gu/_\b§ 17 > FO . S Ep\i‘ﬂ <. %ﬁ'?ﬁﬂi@ﬁ?ﬁ'ﬂ@i’tﬁE%%Zﬁﬁ’%(ﬁﬂﬁbf:%ﬁ{ﬁ%fﬁ@

FHIIE 5 < " i MR LR, DAL Zay b, AzIZHRHEOZLETH Y . AOFFFITRRE 2T
(Az< -0 pm)A> TWVDHZ LERLTWND, FESITF TS D LR EHT S,

B E E B B 5 s s s WHEE X OE S5 B4 B 3



ZORN G, HEitFEETIE, hollow YA FOEXRBEEN KL E <, I 512 hollow ¥ FOHTEH, 2 J8HIZFETN
H5 hep A FA, JRAD fee A MR, BOWERGEELZETDHZ L5,

HAVEIE, ZOBXEEEOK/NIEA, FEEZ 20pm 1T L2872 ZATHIRT 52 & Th D, X2 T, 42=-35pm
TOESGEEZ RS L, on-top VA F TCOEXGEE ROV A MILERTEL R-oTND I ENATHEND, HEfitiFo
BRIREE L, Bt A MC X o T, REKFTHZ LN, ZOMRICL VAL E Y | Bl A ST 7ebbEsfitkio
FRAREFIDHE SN TWRNWZ &3, ZHE TOMRIZB N TR ONTZEMD /ST Y X DJRA & 7o T d EHEH S 7z,

on-top %A K & hollow A bk TOHAMERUGZEDE

. BROZICE > BRAREE OWERR T, BEo tunneling  =ess———)  contact
BREHERZORFRIICKE CKEL OS2 L 2E () Q@@ (i) crossover (iii)
BEL TG, £ LTI &L, FRHRNE T & Ak S ' 209
BT & ORI (LR A2 BT 52 Lo LY | M 127_f ontop] @ ‘Qf
BB S S (3), HEHEIESY S L, £91% on-top ¥ 2000 0090 0000
4 R CRENECE L oML A DR RIE S . S PO99 PI99Y : Y9V
CHET BT v R AR SN CRRASHIENG < 725, 259

L LZOFA FTEL ST THRET 2R T ORI e LA A 200
D72, —F, hollow %1 kTlE, {LFHEEEMRB IO :1; :, Foliow] “‘ “‘

F o AT E TS & 5 IES 5 0B 578, 2000 0000 2000

3 DOJFT LFEE LT v R ETAT 5 O THEIRRETIX YOV YOV YOV
EBRURGEITELS 2D L THIshD, T7hbb, 42=-35
pm FTIZEIT 5 on-top B b TOEWERMLEEE L, £
DY A FNTORFMENRSHNZOHTH O, BEETO
hollow ¥ MZIBITHEWERREE L, F#lT 2R TEHBZW D EEZX NS, 7272, BB TIE, hep YA &
fec V4 F TOBRGEEDOZER PHMIZITHATE P, 2TOHEBHHEIN TSI b TR, 58O LR 58
R ZED R To LTV B

B8 : A E & 8 SOBRFOMTOBMICHY BT
LG L EET ¥ R AR OB T

ZOBEBRAERE T, KR (21K TToTH Y . HEFEE L b ICERERE TORE CTh 5 (RIS G E DAY
Xx v 7 XD EWEETHE), Z0, BfERICS O CE SN ERETRFEICIE, a7 Y VERSCSET
VR — T RENC LD FHEAIREEN BN D, ZEHT VR L — T RO D | (RETF ¥ XV DR E DOF b= 2 5l
THIENTELOT, BUE, (BET v RNVOESE OFIRMHER L AR 7V 4 N & OBIESCHEMRIRTFEEL R LIS
BOMATHS2l, ZNDORBBERZE U CREFEEMCB T 2 BREEOMANELR, T A7 —/LT /(A « H
BET A A7 EOWMRF T OGHEEEICRIT 2 Z E N TEIIXEHIFL TN D,

[1] Howon Kim and Yukio Hasegawa, "Site-dependent evolution of electrical conductance from tunneling to atomic
point contact" Phys. Rev. Lett. 114, 206801 1-5 (2015).
LIFOH A MO ES ST,
Physics Focus, "Atom-Scale Ohmmeter" http://physics.aps.org/articles/v8/48
Physics World; "Tiny probe reveals electrical conductance of individual atoms"
http://physicsworld.com/cws/articlemews/2015/jun/02/tiny -probe-reveals-electrical -conductance-of-individual-atoms
Nanotechweb.org, "STM avoids 'tip crash™ http:/nanotechweb.org/cws/article/tech/61378
2Physics; http://www.2physics.com/2015/07/site-dependent-evolution-of-electrical. html

[2] Howon Kim and Yukio Hasegawa, "Site-dependent conduction channel transmission in atomic-scale

superconducting junctions", arXiv:1506.05528 (2015).

4 DMEIFEL UM SS B 45 errrerirresirirreerse e r s ananean TERE B N



RHCE A ORI FAE VRICKSERAE Y F—IVaR

T AT =IVITERRFEEM ER KB GINUBRY) . R &I

WD 5t

EFNFEO2O0HHED S L, BWMOBBEICMZ., ACCOHRELRALH-R= L7 ba=s A0S Big
TRV br=7 A, WERFNRBERRES L LVEATINF—RTL Y br=J AT, AOER~OHFFN G, H
P &S H O TR AR Tl T 5,

Ay b= ZATRICEEREL LT, EREAEC BT, TAEY) ETHERAL Y (A AL Y) BHHF AT,
TN EBRITFTHHE LAWVAE U AEBIEORILDAPAERINDIMAE iR H 5 (K 1a), ZOHA I, 58
MR IFEREIE R FIN) A ISR AT Z LIS K o TEKRT A Z LA AETH 5 (K 1b) , IREEVEMARH & i 5 BT L
DIFAEIC LY AU R L CWD e, BRAMK TS T AV & | AV ORN R D, —F, FERENMERP CIIorEk
BTAEUARBUIFE LW, 1 A& | AV OHUTFE LW, 20 2 DOWEOBICER (A E L EANER 1)
IR Lo e, WEEPEAR I T 2B O A BRI A KB LT, FEREMERRIC IV T B IRBEEIR & OB EERF T T A
Bl | AV COBBRRDERNPEC D, T AL | AV OBIE, FEREMEERT O FIN 8506+ i fiigk T
FE L R2TNERS R0 T, FIN #6HE Holn -l s O TA L O EE 5, X 1b Tix, F/IN 4
FROEFEAFEATWZRWFEIRIZIN TS T A B UTIRED S VEES 0 DIREMEWARNCILE L, —F | AE UIT
FRD SRS ~EHT 5, ZOEETIXERIZ 0 THIM, ETOAEUAEESIREOKTN (WA 25 234E L Tn
5.

INERRDFEL LT, AEUFA—APREFAOCTHAE VA ERTHZEBARETH D, AR —AZNRIT,
A UGB AER OB EICERZRT &, BUbEER - A L HFROEAICE Y AL OIS U TETOIEAN
i i, wBiiJe) & BEGFAICHA B FIs) B ERINDIBIR TH D (M 1), [FEROEIEIC L D Ml v i 2 Eitic
EWTHZLHAHETH Y, TNERICH R E U AR LIRS,

ZDEHIT, FNEGRAE U AR—VRE AWV THEMICHA Y e AR L, 04558 - T2 2 &13A s e
=7 AQBEELRPEO—D>THY | ZODICEBOPER2RICE T H A, 777 2 & oTokix IRED A ks
PEDOBIGE ZivE TIThITE 7o, KRS, AE R — A RIIREEE O TIC BB - A B AN IR TH H 7
W, AEVHEREEROROASRH VAL E VS TEEB TEDAE U R— VRO R E SOFMEN R SN TE T,

a b ACUEEER WA EUH C | 5
PR EF $ ¢ ¢ f —
A I | | |
L) - ) J ﬁ \
; : T | 4 |
e Y 7 g é \
o] e [ |

1: a, AEURMEN & A U ROBERR, KWRANXETOWRN D FMEERT, b, WREEIEERFERMEAES %
WA B AR T, FERMEERT OBEH IV AERITIZ T A ATENLAIC, | AV UITAENDEILHILD,
c, A UR—IILEROMEEK,

Bl B B B B B omecccccoeicoereeoneesaneesanneessnseesasseesnneesneeesneessnnsessnnens WHEE L OB s B 42 5



LML 6, ERRO LI REEEREOERBLV T 7 = bW I EIZ R, BEEETIZEIT 5 A v U iaksl
LU DR (FRICEBRIIAFZE) 1B L CidZ o3Miid T2y, —J7, BRIz < o0ftbh Tl v, f#ilx
SRR IBIC 31T D A ¥R OGRS T S AU[1]. AWFSEEE CF O FBRIYEFEICARE L7z [2], A

B AHRICHON TR, BIEERETZEORE SAIEFEITHRT 2 2 ENERICTPRIS N TV D723, JeHE» S
HERER T TORE Uk, A R— RIS AT REERREE S 25,

ARTIE, ZIETREE CHONLBEERP~DO A EACETLEHRAE S Lo, SEFH2 BBRICHKD) LT
HBIRER P TOAE VR — VR BB 2 ZBRE R 2 BRER P TOREUEEOMS & & IR 5,

FEETHE R

ARG TIE, AEVHLEFHBEERN RV =47 D58 TH L2 E(b=47 (NbN)ZBIZE AR L LTHEHA L, NbN (TR
EORRE & W AREIRIEDO M T CA B VIEAZIT, WA VR —AGRIC L » TEKR SN D E BN BEIRGE & FaERiE
TEDE BT 2D ONTELE LT, K 2a ICFERTHWZR OISR Z RS, ZOFRCITEBER (= v 71—
i, ﬁszmﬂwW#Mﬁw@ﬂ(bﬂﬁh%%@M@f%ﬂéﬂ SEREPEARFERGIE R W (R B AR D %
‘)ILT bl el . TRBEVERB BRIy 2G5 Cu FICHLA BB AR S LD, B SR ¥ oL IE SRR

b R/IN %@Lﬁﬁ¢é LT RAFX—REREL 2 D70, AV UHEMAEIERIVNEV Cu @ FIZ NbN 78 &%
E/ﬂ@ﬁEWﬁ#ﬁ%W%g%ﬁﬁTék\Cu*%%ﬂéXt/m®*%iNMJCﬁﬂéﬂéo_@iiﬁiﬁé
AnsZ ik, AL UVHEREEARRE VEICHA U2 EAT D 2 ENHES (AN, BASHE
A UfEE, NDN I Cifi A B R — VI K D BRI # &4, NbN Bl B2 AE T 5D, EASIIZAE D X
ERY MLT Js, AV URBATME s, WAL YR —APIRICL-TELIENE Je £T5L. ZLHDMOBERIT

Jdec x s X Js (1)
THEND, NDN OB HEHAEERICEY ., Xﬁyﬁﬁmwzﬁﬂéﬂtﬁ%\ﬁWﬁﬁKKﬁé%K%ﬁb
BRICAEREINTLE S 720, IJs O EEK 2a T NbN/Cu A IZ ﬁﬁ:&éo:@tWNMWDQWﬁW@ﬁ%T
EBIEEABHT 2 7202iE,. OOBFEND s D% % NN ORSFEICEEIZANT D LER S D, s ITAE UIERES
2 SRR ORL T & KT 5729, %@@?ﬁﬂﬁﬂiaﬁmﬁﬁmﬁiﬂaﬁrﬂ CEEE SIS EHNANBGS H ZFINL ., s
DIFANCxTT 2 NN BiE D EEDKIFMEEZRET 2 2 LItk ALV R—EENHELILD,

FTHOIC, ZDFEFD NbN OBERRBIRE(Te = 10 K) XV HE R0 K)C kBT 5 k& D NbN D 2
VY AR—MESEK 2b RIRT, NbN MRS AE U A EES A VU EABR CHAME LA B U R — /UGB, 74
MR OB LIRIE R S U CHOMBRES OB & EEMI TR 524 U, EIsmEMR OB a3 2 B350 EOREETIE s
DHEXHL—EERDED, —EDREFEAL D, EEMEAROBILIRE L OXHGE, X 2b T OEBLER O 27 PRSI
NE L OB B30 D,

a

o

super normal
ARisue™ " IARisHe”
- =3

- [=] =]

< 2 8 8.
m

—~

W

Bo |

Sx

o
o
atk
=]
S|

InA]
X 2: a, BIE NDN (2B 2 A B U R — VN RERI O 7= OF i, b, T=20 K TOWAE U HR—{E5 (LX) & Py
DRI (FD ., e, T= 8 K TOHA L LR —/MES R & kD720 D T = 20 K TO#A LR —/ UG5 (F
B, d, T=3K & T=20K TOWH AL L HR—/MEED A U EANEROKENE,

LI /L 0l L R =7 30 = TEE NN B



W, FF%E Tc LY bHAERED 3 K FTHEIL, MFEDRIELTT 72, ZORR, BISEIREO NbN I8\ TH
WAL R —/EFEBRIL, SDICAL U EAER T Z/NS LTWIZoh, AL VR —/IEFIEREHERLE
(4 2¢), 72 I=10nA TR B R —/UE SR ERERED 2T~ 2000 UL EIZ2 o7z (K 2d), 2D &9 72
AV ARG T O R IR BRI I T AR B O A D EBR Tl S h - 7= (K 2¢, d),

BEERECBA SN E SR ERIZT A A=A RICHKRT 20D THLINE I DER D7D, RQ)IZHEW
185 OIS A FEARTEMEIC D W CHlIE L7z, AEZRBaffi AKO L ) ICERT HE, WA YV HR—LEFIX
ARisHE(6) = ARisHE (0=0)sind O L 9 (2 01ZxF L TIESZHFR 2 i < (ARsHElZXI2bD L S ITERR), NS OAE X 2
BEShEFEZAE I LTI ey M5 L, K3aD L 5 ICHIE S 75 F I3 EBRIC ERR R (O 2R I
BL—ELE, ZoZtn»bb, MIESNEZEERTAE R —ARICHKET D HLDOTH DL Z END0D,

a_ . : : ‘ b c
08 0.1 , ;
i T=20K, /=300 pA
)
y <) g
g
2 S S
)
i —+—400 nm (= d7)
z —— 10 um (= d2)
o . i . 0T—"Z000 0 2000
0 90 180 270 360 -4 —2600 (I) 20I00 Magnetic Field [Oe]

0[deq] Magnetic Field [Oe]

X 3: a, BIERRE CTHR S NIZE B O A RN GRA) LEFR D PRI N D ERMR(ER) . b, T=3KIZBIT5 2250
BB daFolFBFNLDOHAL U AR—E5, e, [, T=20KIZBIFTD 2 ODFFDOHAL U HR—/IE,

VT, %fﬁ%bﬁﬁﬂﬁ?éh?‘:@% CEDEHTHEBE G ZTWVDHENTHONTH~TZ, NbN O L 9 22l % O 4R isE
[NISES A —EIE Y — =t A A TEY . ZRHIZAC U AEHREAZESZ LN TERY, F07-0, B
%W*f@xtymkiﬁM%EM%ﬂﬁ Lz s, Cu 75 NN ICHEASNIZMA BT, A AR—2h
BRI Lo THERL i~ & MR S 41, NMJ@@QE%ﬁﬁA#ﬁLTV< G ER 111 %%%t&Eﬂ%%t@ﬁ
AEbLEE LTFEEL, ARIEBEICINT Y — /=% OB R 03 FhiEd S U7 DR IE Tl 2 0 2 DO b A3 %
LFFEL TV D728, EMRERMITFE LRV, —FEA R —AIRIZ L o TR MR T RSE U6, 2
OFHRRBED LI, HERIF DR T v o Y U TFHRIREED TS 72, FBFHIRNE & IEFLAYEIE & O R CREMA R
RN EEND, ORI OERT v UL, BIREMRIC b R3S 20 UCH SR E Vo Ema Iy 11
HZ LK VRIET DD ENRHED, BUSEANIICITERIIEE LRV, BEER TN A B R — L BRI
THAR SN IR T-OILFERT oy VERBT A2 LICEY, AR AR OFEEHRERT D ENARETH S
[8]c ARBFFEIZAVZE7-TlE, NbN/Cu FfiiZ NbN OO NA U TnD Z ENREIND T2, AL T CuE
Wa AW THIESNEZETL, WALV R—AZRICE > TAEUEER TR T Uy LERIEL TS EEZ BN
%, ;@/E'Jﬂiéﬂéﬁ*i%@ﬂﬁ%ﬂ‘T//ﬂ?)l/d)jtéf L. EAARHEIREOEFIC LY . WAL R—AZERNAETT
W55 (2 2 T NDN/Cu 56 H T) 706 Cu B E TOEBELIT, d &7 2)ITRFET D, HinEERICHAVWTIEdIZ
ﬁ#é%ﬁ®%ﬁ'iﬁ&t&wtm\ﬁ%@dwﬁé%ﬁ&é_k CEY ., BRERZOBRICERICHFS LTV D0
EIMEFRD Z LBk D, ULEOBEETIC, Bx X2 00RED dELOT NS ADEBE L, = 2 CTHAE
&7 BUERL T DIEHRBEIC H DILFER T Uy VMERMT 2K S & LT, Al OBEMAWHEREG um)z iz, ZOfE
EHEZ, dOfEE LT—20HFTTIEd=400nm & L, 95— 2DHFTTiLd =10 pm & L7z, NbDN OET-7 % /
UREEIE Al OFN LD HIRWVZH, NDN OEMABHEREIL Al OLDO XD LS RDIENRBZLNDN, 2 DDT
NAADdDEIIRESER DD, ZOHETHIESNDERIZEZZRLD Z ENARETH D, K 3bIZ, NbN BN#EE
EIRBICH HBEDOEEEZTRT, d =400 nm OFEFPRKEREFEFERLTONDLIOICK L, d =10 pum OFEFTIEED X

Bl B B B B B omecccccoeicoereeoneesaneesanneessnseesasseesnneesneeesneessnnsessnnens WHEE L OB s B4 e 7



I IR AR, —J7, K 8c DL H I, NbN BWEREIREEICH 2 HA12IE 2 2OFE T LIE SN E I3
ERBEOEAZR LTz, ZOZEnBYL, BEENZOERRYAE U AR—IMESOBANCELE L T\WD Z L NMR SN,

Eals)

MEOWEIC L VBT R Lo T LE M, AR CIIBEENDNIZBIT 2 ERRAE R — A ROBLANC DWW T
iRt Uiz, FEBRRERIZOW T, FHOBRERIEICRT D8 A B VR — NG5 O R R IR 2 BEAF OB T2 Tl
W2 Z ERHRT . S%OBBRIIEAT 5, F72FBRIE TlZ. NbN/Cuiftid O filE 23 AN R OMIEIZ I TIEHR I
BECTHY, TSR VBREFENREELSFHET 2 Z L 08HED Z &b ZE L7=NbN/Cuft i D IFRITA
BOZTERTORETHD, AT BT 5 2 & OHkR Do T ARFFER I OFEMIZ OV T[4 2 SR I N2,

E 133

IV IR PR TR T R AR & 4 BR S T R R S e B aR it 22 2 e, BB, ALK 4
B EHIFTERT Bauer RFZEZE O @G —ARBIE. B AR RSB S R R o 2 — Rl il o ¥ — R & Ok
MR E LTithhvE Lie, FHEROE CIIFFICRMHERTZ Ik 4 727 RS ZAETREE | St 7= F T REEDF
PERIMNTICET 5 AR R EMEB I TV & E L, ABIROICE 2 2 HmIRS 21T b o siEhE, willlzr ¥ —
FACIERT — 2 BT 2 HGRNRIRO S CBIRAZEHE ZOHEM Y THILEB L EF 4, - RAHFIEE 05 R
PETBh L GRKIR R UESHIE) . RARFER A (RFZEBEE LEREE) (21— EH R R I BT B i e EHFJE Ok 4 221/ T
ThiinwicieEx E Lz, Bt L P ET,

[1] T. Yamashita, S. Takahashi, H. Imamura and S. Maekawa, Phys. Rev. B 65 172509 (2002).
[2] T. Wakamura et al., Phys. Rev. Lett. 112, 036602 (2014).

[3] S. Takahashi and S. Maekawa, Jpn. J. Appl. Phys. 51, 010110 (2012).

[4] T. Wakamura et al., Nat. Mater. 14, 675 (2015).

Fo R Y i ) - 30 = TEE NN B



NV FEBfbic DEEORE 23R

MfRIE—L > MERERE R — O HE KR

ANLTRIZ T /T HEEIZB W TR R S TEWEERAGDED 2 & T, WHEIZH LW EZ R 2 e LIFLIEFRE & 72
5, TObo b bEER—FINERESIET(GMR) TH Y . FEMMRE & IRBEIESR D 72 2 ZEBEIC B W TR HE
H L7, 5RBHRDOERBFAICB O TRARIHE Lo TS, 260 GMR OFRTIiE, MR LoOREIERIzB VLT
WAL SOAT O E @ OVIREL, SHATOEEIRNESIE 2D | ZOTHA L LT L SIS, MEIRPULEREE
FEREAC L OMEERICE T, SV OWEIZBWTHFERT S, 2Tl i LT GMR ZER & [FED
REEL 2> TND LB ZOLNDHWE SrCosOn Y _EiF 5,

[ 1 (a)%3 SrCosO11 DFEibHEETH 5 [1], Co(1). Co(2). CoB)D 3FEHDY A hA3H Y. ZHETOHZEIZLY Co(3)
YA NOA DU TR A DB E . Co(1) & Co@) VA NRNERURE LA ) Z &R0 oTnD, SEIREDHENE
ZHEO Co@IZ Lo THORVB-TNEHED, FFL~ULTO GMR ZEFEENFEHF L TWHEEZBNS, SrCosO ?
WA MEE TR OBER DO, K 10)D £ 5 ITHBOBEE L TR 7T h—HEEFF>Z L ThDH, 77 b—IiF
1/3 & 33 TAHUL, 13137 T | HE, 383131 1T 1 HENLK->TWD, ALAZ GMR ZEMK & FERIZ, 26 ORGM:
OB OEERR Z OB OSSR ORIR Ch 5 B2 b b, Thbb, 38 ik 8/1 FIZHSTAY U HELR /N E L,
FODITERIBIN/NEL DB bND, £ 2 TARIFATIE, SrCosOn OEIZFHMARMEAMIEZIRET D721,
LR X MR EELRSXS)HIE 21T > 7= (2],

(a)
Kagome _
Layer

Octahedron —\E¢

Bipyramid
Sry.,Ba,Cos044
-8 x=0
- x=0.03 A
—A— x=0.05
—v— x=0.10
| 1 1 =
-2 0 2 4
Magnetic Field (T)

1: (a) SrCosOn DiEdLHEE, (b) Sr1xBaxCosOn DAL,

212, Co 2p32 (780 eV)IZI W THIE Lz, B vy T Cofkix 2R E CORKEELY — 7 277, L=n/6 (n=4, 5,
6,7, 8, NONMBEICE—7 BBHIS TS, L=1.37ICH D/ S TREA L LW =213, Bt ik s &z
HI5, L=l DFITHES(CM)E—2 & L=0.8 & 1.2 JAL®D 2 SDIFHEEACM)E'— 271X 20 K (Ta) THNL D, ZhbHD
ICM v — 7 [HREKTIZf > TL=5/6 & 7/61CH1E, ZNHLDHIZI12K (Te) TR v 7 41D, Tee TILL=7/6 121X L=6/5
& 8/7T DEREEN B, FIRFIC L=2/3, 4/3, 312 I — 7 MBI D, T RTORKE — 7 OREIIAS X MO o > n
DI ST, 2L cEIFMOA L DBRABEL THDH I L 2R LTS, ZOREIL, £ < OMEHEESE ol
OIRBETHIFEL TWAZ EZEHRLTWS, L=n/6 (n=4, 5, 6, 7, 8, YDNLE I '— 7 BEHISNT=A, T b IZHEMIC
1 DOMEEERT L=1/6 BMFAET 2 & E 2 TR 20372\, #lx1E, n=5,7 D — 2L ICM 725 CM ~D 7 h 23
BV, DD n=4, 6, 8, 9 TIXZD L 577 MIRLNR, ZDdH, ZNENOHR Y — 7 1384 Bipo7z
MEEIHR LTS EEZ BN S,

Bl B B B B B omecccccoeicoereeoneesaneesanneessnseesasseesnneesneeesneessnnsessnnens WHEE L OB S B 42 9



T FY 23 K

780 eV (Co 2p3, 0 i ¥ ) T
‘-\_2§if®@ﬁME g 20 K
FEs 1, e \TES
) 18 K
~
A
i3

BE (ILF

2 B R s T Ok 2 72 THIE L7z SrCosOn DR E—7

OIS PCOREEZITH 2 & T, KBIRT X 9 ICIRE GO E L TRERMNERD Z LMK, 22
T<n>IIRERE I T, SrCoeOu VEHLATHIAIC c BiF I 2 20 Co@)HEE 7=, (002) R EAN DI S 5 it ks
E—27THY., QODIFHHMZRT | T | ORmENELZRT, > T, <2>F L=l v —7, <3>T L=4/3 v'—7 | <4>{%
L=3/2 t°—7, <5>IL L=4/5 ¥'—7  <12>F 1=5/6 '—271ZxhEd 5, T 1 TIRREE 1 T L IREE(<3>) oM osE Ikl
HIEIC Lo CTRE S, MMOBERIIAIED RSXS IC &> TIRESNZ, ZOMKIZ, KR SEBIGEK CT% < O
SEYBREE L COWDRETLEZRLTND, 22T, INLDOBEEED > 2O XX —3IEF T, TFRLF—
FEDRE OB I CHURITIKE L TV D, [AED S5 E 00T CeSb THAM &AL, CeSb 123\ T b REKHEE AR & 1k
ORI E LAY D, ZOHET TEEOHE] o5 0Iix NEEOME ] [3,4] & TN, %< OBEMEENIMN T
A—H—(ZOE, BE L) ORT7 A —2—L LTHREITE 5,

3.0F
25
2.0
1.5
1.0
0.5

00 — 1 1 »f 1 =]
0 5 10 15 20 25 30
BE (FILEY)

3 : RSXS HIE THRIE S 4172 SrCosO11 DEESETAHIX,

SR AR ﬁﬂ

<2>

WiE (TA3)

10 I iR R RO TR U = «xxnmEEH N



ZOBADOBMERBRFICENTIX, TOAND=ALI—MEOEHE L KEHEOH AR ESZ XAV TET IV
(ANNNI £7 /W) THATE S, ZOETNTIE, FIHJ) & REEJ)DA o 7 A REOMEERRHA L TB
0. REEL Jofd DBIEL L COMMICE N TERAF =D < ORERMENHN S, SrCosOu (ZHWVTIE, £ DIk
WER/LNTRERIE ANNNI 7L EFEFIZELS KL TWD EBXBND, o TH AL, SrCosOu NEEEIC THEE
DOREE) O F I A, ThbHIZEAER LT RN F—2FOL L OMKAMOLIFRE, NEHRL WD L LT
D& R APIRBIIREE ORI X > TS, =R VX —BICRERAIZ T ARIEN D, L, ERICBR S
3 DM ZEEICHAT I, AV TETNAOX I RIEWVHEEHOHREE 2 2 D Tlid7 <. Ruderman-Kittel-
Kasuya-Yosida RKKY)fHE/EHZID ANTZETANMLETH D EEZHND, SrCosOn LERETLREAE O
BMWHEERNS225%Th Y, RKKY MAEEANEEREHEZRI-TEELOND, - T, SrCosOn (THLMZ
ANNNI EFVOHIELBEZ THY |, FAEAL Y LEEEFLZBIC AN LV EMERET LV TLYV RRRTES LB R
b D,

F b L, FHxiL SrCosOn DHEMEMIZEKEW T, RSXS 1T X » THEMARBIEAE DI EIZKRD L, BEOMEBD .55
FVEBHI L, ZE, EFICEERAR 7 I AR L= a UIRKREWVWZ LOHRETHD EHEZBND, EEREL, —
RNF=PIEF LR 2 XA OIIRRETH Y | EF IR TH 5, BIROMEMEL Vv 7D R )T
PEDTZDIZ, ZOWEITHE—OWBENICA L LT HRE R FFo T D, Uk, 8% T ~7T S 03 LI Tl
%é:k:ﬂbfk%@ﬂﬁfkb\%%®%E®%&%ﬁ%ﬁ@%:ﬁ#bkxtyku:7xﬁﬂ®%%:o&#5
REBRIEHEBRDMFTRERTH D,

[1] S. Ishiwata et al., Phys. Rev. Lett. 98, 217201 (2007).

[2] T. Matsuda et al. and H. Wadati, Phys. Rev. Lett. 114, 236403 (2015).
[3] P. Bak, Rep. Prog. Phys. 45, 587 (1982).

[4] K. Ohwada et al., Phys. Rev. Lett. 87, 086402 (2001).

I T T T T T PMEME XV S5 BFE4 B 11



URA f Y Ea—idH
~FHEE SRt SlbaRems AR LS i~

URA &k 2

FARBOA X Ea—E, 20154E0 6 AICBEL-ISSP U —2 g v 7 W - $HEIBH3E 2 3 2 5 IRl T
TEW23 B A OARM LR ERICKEWELE Lz, 20U —27 v a v Tk, EEOBYCHEE L TW A REOHI
WRHRIC L - THEECTHRIRINZZRENH 5 Z L 2B E 2. T LRI 2 50 ANFEEBENR E O X 9 ICHITE 55
REET—< L LTOMRIA T L2 b 0T, WMERIZ LY 55 % 2 5) AL TECIE (/) N~ a v 22k 5
ISR Ch H720IZ) LW I A T, F SICHIRIEH OSBRI W Tt B O HEEME & 4R 5T D8I
OWCHIRIEE F U7z, AWML FiE, 1987 EICHUK « AR C NdeFewB e O FE CiE L2 B, 17 - BFrEfic A
ARV TT A TR D IERE |7 & JIREkSIAT B ORFFERIREIC 30 L EFE SN TEE L, WS B AT =—TFT U2 24F
IFEEZENTOET, 2011 FICRE ~HIE LTS 7 1 V= 7 b <BHFFRGIERERAL > Ol - 15 - FE( T Liclib
DAL, EEERDOREEBOR, % L CRFEOERRRI E A< MAZBFFLOF T, AL, V—27 33 v/ TO
HEANEND S 90 LBSHSA A THOMERELC T 5 ZERETEE £ L7z, WM X 0 OFE 38R & B C B %
U D H 20D E LIVER AN, MEIBIROBUEOSIE ) DY ED B O FeE ~OWiFs & L TRER TERZTEVTOET,

20154E7 H 9 B  #r A& FEE&AR T

AR — U—7 T3 v TR, DB iR
FTFTHEWEZ EBNET,

AE— RFEOEAFTITH» > TREFLTHD 2 EITEH
LT, WOLEPLETHEWTWET, XM ICHm L
TR b - 7BRIch . Z O TRILeAEIYME
WP A B2 SO TRLIVE Lin, ik, AN
DIELD & EITHWIEICBI LR T2D T, AARKTIE
BT o TR AR - TURBh Iz Tl b v @Il e
WKEICHTFCTER LTS 9, 4. MEBRRHRE T
ORMEER O TYMEYRICHGFT 5 2 e REL, B
HEEFCTHEEZWE BosTNET,

AE— ZhicoVWTRY—27 v a v 7OBICH D LB

SR SURIZRBUROMEIEG IR < IIRIIREMIND . g Ui sk TSR T & 5 T h B T
WFE# & OMOBRICONT MBS N TOE LE SR, g et | oy ~5 07—y 0ol de o T
] \ L EMEIOB| S8R Y Bk, REEE, WYL, BN B 13 WA

AE— BUNZBFELIZVOIE, BEWBSTWVSA L TEfE OYIEM IR DR IE L 1T DS F ~T5 T/ < R/ TNE T,
LTLESTWND EWS T ETT, WMl ERRHMUIR S F ZOZLEFEMELTOAMIEEAEEEEAN, IR
VICHHERT ECNTERME LRVATT. TRED 5 7 L clio T B0 T, BRI, T2 8T =
PAELHROMOBEABMEE LB TOE T, L2550 e e e g
ARTREEFNETETOT, T2 OMEROTT, FEHHERRR & —HETILD BTN, HIE#IER D U =5 L
v & LTHDHTOET, AN A ADWIE)

SA— MFOUIRE L WIEOBIIEH ORI e o 2 13500 L SHRTH, ZRIE ST EED
FFCH 272 D PR SIBPIETR, AETTETND S 2 s gor s L BnE T, & RS 1 Cre < BeR

o Eowy sETLEonT PRSI C b . BEROREER LA L2 LT > TOET,

12 R R RO TR U = «:axnmEHHN



MEHRIZE 5T, YLD T L EETERICHE Y (272 5~ <
VRGNV T =Y THDIEDLON, BARTITE H THL
o TNDI EBRREREEZESTLESTWVET,

FAR—  FUIPHET CEEIB O BFIEIZHE D o 7o O THAAL
ZONWTIEHD THEOE Liznd, 2T, LT
URIAT =2 LSBT E» -T2 T, Gy T L0
Rz RS & REOEICEMAH Y £T) SHETO
WBERA A = ADREIZRRT &0 BARTIEI LTH
BEDIE L L TORELDERN T LIZR AN ENE T,

AfE— N A = ARARICBNT, ke LTE
RNV TWRWERICENE T, ZORar 7Ly 7 XA
WAHRZ LTI, BREIEVIRD EHME VWO ET
EZE I THARNZ LN b D 9, BRHERT O L X 1Bk
WZHFUZB WD T BV & B o 7=0id, —Homs S
TWZHEMFEIT T, BN BERIEA AR ENRENL TV
DI TIEHY £H A, H121F 16 LT B ARSI R R 5%
SOBME TH -7 2 LIFHBHREL LN THET, K
NV NIV E R > CTE 2, 15 57D L ROk
IO HARTEESNTVE Lz, MBEEESIZE
iz Eo THRICHE S 72D TT N, 2D X 9 R RKEAFEN
F—r y NN TIETETIC, AR TTELNEF I &,
Z DR THADEE PR R & O E b > Thicind &
b TnWET, Z0EH, HEOKITRfMOEHRIZAIT
EWVHIFPBH Y FTH, ZOBRKAIIHEOSZ FHLL L
W28z BT, Vol RE M S o -0 bk
PR BATED A — N TREICEM L-bT T,

#fiR— WHCEDNTHNE, HORREIZRHIC A
ATIKEY £ L7zAa,

AE— fMhizd, BAINIEITRFRIZEENTZE ST
WETH, A TEH. itk ch TG4 TT, vV
TUHA MEHIT 20 TTITE, XL &
. BEREREO TR Y2 FTRoTWNET, BEBD
BENE, MEFERILCIEEZRoTWVWEOMN? LERE
SbhsZ bbb ET,

#MAR— THIIEIRTT LR, VA =XV SRS
Bp a0 TR IEA X7 R o 7o LN E T,

AR— T, TOEENETMENR & YIS O
BEEAEATHWARERDO 1 SEEETWET, HiFTRE
LEC, BRICHEATTHIIZED Y £ LT, HEEAK
0¥ 10 FRICVEVECHEEEMPIED . b o L

TLES7ZE T, HHEORZEHENN - THHEREDH LL
R27ATHR, BiZ. Boloeolmk oo, HENE Y
N CAS CETDITIERIIIRA A — VDR SN D Z &
IR0 FE L, T2 0ORE), BEENS OWELSZ O
DREPEIZR-oTNDRbH D EHNET, 2FED | HF
IZHEDBE TN TL X 22, BFEAERITH O NCER
SERRR R TC, EREE MO IR A ORI L
EbHD, ZHUTHPPDLT, YEERDDOa T Ly 7 A
MRIZFES TNDOD, FFEEHIIEIO X HIfE T TH
DBETWVDEIICAZTRY EHA, MEENSTS L
WoTeZ L2, HETHENLLZWDDDIIPMELTIERVE VD
FEIN B SN TN ERELDOTT, HilxiE, 5l-%
D RERCE DRI 2 BSCx LT, A I EER
TXDEFENIENT=DIZ, MEORIEN I I TLES
TWEd, WELIE (£ /73 bv Y] OETTNS, &
BT & W 5 AR HIUTEIITH LT H SRS
b Y S B G

fBAR— ZHRWMSND L. HELITHBIONIEE Lt B
DWFSEE & OB AR T TV L RBEICIE, BICHMgE LR &
WO BFFED ST TAMEDEN L D I TIE R £ X 57
b o EARANR DR L DITONLRB LET,

Aff— fEMEHZ ST H ) —oBlosE#E, 742 -
I A AIRTZHIZ & o TIERICH TR AN TY, SR8 B
DFREEEIEIT, FEARIBERET D L P LET R, 2R
BRI E VD DI, BVLEL L I T OWRIC L > THREY £7,
FERRLZIIRE BRI A L X 2 T—EERH Y, &
IR~ 7 2R E RS, ORIV FEERRI K Z
{Ted, EBEO L Z AT, IESWIERRIN LV /S22
MR LT DT, B EENIFESRS, KEL</oT
WS EIIZRZDIRTY, &C, TORREI D~ v A
aty 7 R EEHOERICERANAToT2OR 7 12
JASTE, ZO%, HFEPREHEBROEALE R
SH, BB RERBOL CICH L TVWES, T2 TH
L EF7enold, BEEDPHEmEEM L T HRT, g
{EEATV, ZOBBTEUVE T AN, BHERG LD
THEIZR D 9, TOTRMEIL, LD L Z AYHBIG /20
T, WEOHGRNILEL 25T H5DOTY, [THAL) 1%
OMAIGIT, BHEENIC BT DB FmIIIERICEE L 2o
TETWET, —FH, B VO MUmEIRZD L,
WE - LS & O CHBERR O A EN (T I Y #F5E %
ToTHEY ., AR oMEIO TS OMHT L 72 < x4 &
A TETCHRSZ VA TS, FFE, Hx OREBRS
OMFFEIFHACTHLRES LWL oRH D 343, LlTd~
TR B O TERED 72D, 6 & 27N HHENT

PEMEXDE S5 B4 5 13



ZRVIREETT, o H—TWH &, FA-bMEHIR Z
THEBAZICHIT CHA~Y 22— b2 LEH LE-TWD
DOTTMN, R—ARE-THKRL T, T—/RTTRRLFF
STWHIRIETT, MEEB R L &, FEFITH ELW
KL VI DT, Th, ZHEMOF TV EENE
T, BAROEN RO 1 NEEEHCE D =gk
FeARATT,

#]AR— DEMEETOBETYHEIIE T HFHE—RIZAL

MRS TOETD, EEROMEHI T 20FE~D BRI,

BHRELED TESITEREMLOoH 2RI & BV E
D

AE— BICHFITE-STWAEFHELELER, oL
BARIZE 5 & SOMEFRITE T TR & L7
VIRBLIZH DRRICR A E5, RIFLET o Hu=0Tv 9
DOERFEO L ZAHTEHLE LD, RS> ToOW
R OFET LTz, WERIFIB T DR EORE L f#FE
9 & LThFamb,
FEL R TIEPNES T2 LI 2T LE-STVET,

B]ARA— 22IFE, TOX IR ER-oTZ Lid, Bib
TN XA,

Af— BBOOLERT D& T, RdRromEmE O
MNZHB L THEHT 2N ERXH 0 E3, Ut NEE) <
= habe—] Hi3a? &) fcd, ZhzER
THE, KEOEATDND o2 &ML 2, £V
EUThLbbNET, MEREE LTRWZWOIX, B
OFFRTIER THERIESHELZ ) L WO RS TR L
iz NREE) MEZDIBICR> T, E5H52L7k0
TY, DEVIRENMIZRBLTWDEONEND Z LEL
BWET, £/, =2 hr bt —2oWThH, WEHOFHHI
AT b —E22E L TR A X —%2 My L THE
RO LIIRmr—H L ERA, DEVAKBSF L
BAT N FIIRE—ARTE T IUI T 00T, BU)F3
ATV HDERFINIFTETHIEZ > TN &k
D, BEHEEZH > TO DB TIIEL RO R -
TWEDTYT, %47, ZO7WORMEEHRIImEL DA
WIEENE oIl xEd, £H5TLEH, = hrE—OD
HEES L0 1BEDTE LT N, a—r vy
LFRRXOFHEREZ LT 20, FoL 4037 K
DHDHEET—~<ZEBbhvEdAn?

BAR— FEMNIC, T FE TR SN T i & O BB %
OREIZBW TN ENEE T, ZRIFEE L b

14  BEFEXOE S BB S

BT I > T\ o 72D TT M,

o E— R IRIZONWTOH » EBIEDORICHE 5 2 D EERN
WMBEIZ/ B DI TR, TNEHENREZDINESZIX. B
PREFIC2 Y £94,

Al— mWAUICE L, SICBIT 2 ERE D HRET L
BN HLE 2> TOVETOT, M hrE—
EWV I BEEEWHELR S ADNVEA T 2 B4 OSREHZEN
HoHEHLEZXET, HEOEHENKFIOFHICAT=DIX,
HHA>< 521X 800 TR, k& 1EDHDIZ 1500 ED
BEENVERE 720 & YEET 1500 BN G LN 7
DT, FAUIBIFEAXE LR T, EIZE S &
TIEA O Y RIS AR o TEREHZE D 72912 1500 £ % IEHE
WCHIECE DIEEFEEAS L LT T I BB N
HEHHULE LR, 2L T, BIEDREMEIN, TRERE
L) EZATHHENZ 85 X )27 o 20N
BERNEDO RO 1 HTT, ZLTEDRD AT v 7T HINT
o F 0IRFRMOHIBE T L, 4. HAOENIR T
o TNDDIL, ZDEIFE LR RIGHIEZ i E S ¥ 25
i cHRIZEA LT a NG T, filxiE, FAKEBIC
b TNWE YA Y —DE S 4km TER 1m TT, 2
DIA ¥ —IFT—AK bmm OfEHRNATZHLDT, £D 1 KD
e AR BMET TR &, 100 -0 BCC O LA Y —
& 10 [T HCP LA Y —NRAIFEAE 72 - -1
RoTWET, £LT, 0 4km O/, 72771 >OXHEDL
72 MM EIED AA T D DI TT,

#BAR— U—2vav 7 THLREELELEN, TDOR
=T, T 1OOKBE LR LAEV AT &V D DITKRE 7
Hiffic91a,

Afl— ZZTENFEEVELER, 20 ZAZNIT
HLETHLHEEE L THAFEIT T, BANFRTIHLHTH
ST, AH=ALmTIEDH Y A, £ THE AT

B




F95LZADBHLOTT, (Migh L F 23, FHERET
B/ NPTEDZLIEFHVERS T, BLERITFETFHTIES T
WET, BEEICBIT S T ak AIETIEEME T, BN D
DOTEEEZE 5 ELHE L TES TWET, 705 & I
OIS D ONENEIF LIV, Fiz, T KM
I 2 FAE TG, A RE I TR Z &R
TENUE, FL Ty hrE—CET 5 Z &N TEIUE,
K& RBEODEA & IR A I C & | KT RIaONHIER L 72 %
D= UTHIEEZIEV AL Z ENRTEDLZ LR
F9, 25 LTHBREHITET S Z L3 v, BES %
HIAERIM B E L CoREmOEMERE BT I LN T
EETS

AR— P A RS S 2 L OBEBEMIIYETF T B
STETCWET, WHE - Mo THRe) 258+ 5 LT,
JbER RECIE T HRIR BB IS BE A AV TR SR L BE & 35 2 | %
SREE IS 2B LT 7L — T % Eo TV FETT,
SR DR IR DORFIRIC b I T HEIERBEEHR RO TT 4,

Afl— ZHFEHMOLBY ., BAROSMEFITIHE - HEH
HiEW EFLNTHWET, Zia. RWELOHR TR,
FENEZVEARLEX D L0 ) HROBRNSH 5 1T,
INSOEBH LWEEEFEATETCNDLEEIFETT, £
720 E LT, BRI E MBI R E WS
e, L LD DBEFOFERER TIIITEES L ZAE
TETCLESTVWETOT, HLWFEREREZEA LT
U T RWbiF T3, 4. T Tk L CTIE
WICRERMFFZ L TBY ., rDHbZENUTTIT 25T
ETDHRIEEH>THDHOTY, 72720, B LWFER
EDZ L1E, MESCHERGRZAORELTZVIEY BT
HZLERFETT, GADNIEEM LWH RAZ AL
MO —EAATeZ LT T, EbomnbtkES L. H
AROMEEIIFTEHEFT L INTNDI LR EEVWET,

BAR— ZHOLENREVEELTT A, FHENTHLWRORE
RO LWV a7 AN LRIEEN D 7 — A
1372 cdda,

ARE— PEEFUTMEBEIT S L TELR LI WERE L <
HBVET, TH, TOERRHDLZ L E2FTITbr->CHE
FhE, B2 L5952 TE, FhptttoFzE %
LIRENC D EWET, 4 EERDBYEIZRD TN
52 L BT IUE, R ORIRICIIORIT D Z LR TE
DT, A HRERDLSZ2V] | Ty hrE—»
OBV Rl & ZIUXBE X OREADMEV D
LIEEE-oTCLE-BMIC, ZOEIFAIENTLEY

F9, DL RWRIIARATL E VWO SIBICEIEE B
THRLWOTY, MEENS S Z L OBEICH ZMIT TIE
AT, RIS EWSFEY OFEL TIER< T,
DF 2 NBEBNTEIEVIZLTLE - 7LNRBELE 2
WZHdERSDTT,

FEREF e b AT Tk, ERLE T k4 72
HEPVLHSINRSTWT, BEOR] 4= 1 L O
ERBLENTWET, IhbRTEEZE, FFEHICE
ST, ZZITIEORTIFARL T, HEREDOERED ML)
ThHoT, ¥—U 4 v OWEIREEDLZLICL - THEb R
P RAZAVEOMER DG TWADTIZRWTL L 97 ?

#BA— FORHIZIV—I T a v THLRBEELELEN,
MEBBRFE OB TZ D X 5 2R 2 SN TV D HFO¥E L
LTCRERAWVE BWE L,

Af— BETOHLIELE LN, BOBNEENO—F2AT
Sl Xz, PHEICEND SV RELEAICER LE L,
ZOLEITIE, ENCERWVEMZE-72hb LvER A,
Z OB A - T, 30 4], BIBEOB-> b A Lif
ENARD LN LENED 20- TE T, e il r R
Dz, BICSIOFEMEHOFICEIVHLTELEVIH
BERTCHEIICRVELE, 22T, BHOfFEL%D
TIRVE-7Z & &2, b L, ZZITWmEinbiuE,
FIZH o LESHLIZIGEN W ER S DOTT, BN 30 4F
o T TERMNPSTL I EEBRIITRVBZTHRLWVWE - S
XL, EZIYEYERHIVTHERICTE S EESDT
T, BT, FOBFZER OJFIC b IEEMEHC B 21T CIEE
7o EnET,

PEMEXDE S5 B4 5 15



WtEwt 2 JEn T

rahE BOH

Bt OTHEE 3 ARICEFEREEIL T5H 10 » AiIr< B E4, 1986 4F 4 AnS 29 £/l H DR X (272 0 rEaric
BWMEECR D Z 10720 F Uiz, FEFE 4 AP DITHERFERFICHIEE & L TBIEGIZR>TnET,

RV Ko TH D LA RN KRR & IR E THORICERBMEM T 2 2 L1272 ¥ L7z, WEGE 3 A OB &S T
b, ZOMOZEE TE), TR, e 2% —7—RFE L TR L LE LR, BENEITC O TRIEE A
EfN DRI NS Te DT, T T, TORLEE X TR THEEET, B)EMNEETE VD SEEIL, P c
1372 CAHDRNERE 0D LLEF AN, XBREPEGRHICIE, 1 BEELIEOESZA R & . LERILRZ &
DD BV A FOETERR & 8B 0 T, 1L AL TOANL, FibEEmITIcE SN D X 2 ISEE ARG O
FHAT X BRETHELBG 2B /> TOETH, FAEH T, T OR~5 & 5 ICE ) FRIET DR A ihd 5 Z L1T
D EL,

T, WS E OBb IOV TNE T, RYIOHEWIE, BN TTA 1972 EICRFEFAE E TSART v 32
HFERF O - RSN RIAT 72 & & T, B0 T —<iE, X BROB)IFEHETHRE ChHb S 5 E IR
DAFAERFETT, 4B T, X BUEERE L MR T2 HIEO BT, BARMIZiE, SEZF T Si H
it AR 2 AU NREA SR B3, X#RD |y o Vi (X — 0 ¢ lhif) & RIS X CRbE R S DB &2 = oL
X L CEORBEZIET L0 bOTT, F—U—ROFENZ ZIZHDORELY e BunEd, Y,
B HSE I T O BAFSEE D B AENNCE SN TR b RWE T, FUIRMOKRFEGER 72 & b & AEICIZ# A%
FIEIHTIZ DV CRERICENT 2 NFHEE#E & WV o TRVIRILT L7z, FARKRRHT, # A 2 27 L < HEREFE R O 15 B 5
PEEEEE PR O Z B HRESE A 10 BN o7 DR CTEI ) EHET B O FEREINTHE Y, Rlilshs 0%
WLATHET LIRSV £7, SHTHLHRETEINTEAAL TAD 121278 T0D EBNET, o, BEIHK
AL D LT B L AETICIRIEE A CHEESER R 2O TTR, [J UM O ERIAT I IRIEIER > Tz
DOTEICEENZRE T L, T0O%, 1979 FHICHELAICHEA DN T TIIR 5 Z L 122 o 2RI, BtEHCE
HERIC 72 D L3BBIEIc L ChERATLE,

R XMREAEBEIEICBET 2 E A LT, XROBHZHEIT CIIER EHAEDHRD TEI —HT D2 L 25 LE)
NEFEEFDO L) 2122 X F T, 8keV O XHRT Si @ K% L% b it S5 B FINED X MAF A KT
PRI EIHBREMOB TR —HKLET, 400F2 DL, EFRIERY OV BUESE =1L — KB ORIE L
Ko TV L2 9, St BERREICITE nm BREOBRBILERH Y, 20RO Si oS tETLE
ENDHIETTTH, KBTOMHIRIBENTZDICEN L OFHIIMATE 26T, —J7, 1.6keV @ Si-KLL #—
VB OREAIIERIEEIC 2> TB Y . AFAREETFEERN DK E P, BT Si FTo%h5 %Y
AED S LTI ANZRWEFATE RN B0 £ LT,

HERREOTE THEFOBFITHM L THN T LIE, WANWARIIRICED L2 Z IRV E LT, ZD5HD 1D
WYL OBV A FEEHT AR U Pt o T, RS O IR & & ISR O SLRITIRIC & B IEEEIC
20, EFEFHEVD VAT AERDTMD Z LI F Lz, WO 3#hEF &R S S TEW O TTR, i
FIREL BIeBDT, B —LFA LT LICEBEEZRFFHIANNTEREZIT-> CQOE L, BAEE A DER S 2o
NAEBEAZERSECHEE RN E T S ETHEWZZE L LIZLIEH Y £ Ls, MBI - R E LI
DL EHATHEELE,

16 R R RO TR U = «xxnmEEH N



LIEBLT2DE, 74 b 777 B UPPHFEDRRD i, £ OUERIIZE L L CTMERFOMAE I e AR TRE
e UE O X 7 m EEDOBIRIAENT) (1979~198D) BEY . WO PFRET —< Il 2 Z &ItV £ L, £OHD
1 2O7 —~H X MREPFHELZ R L CRIMEE 28T 2 L0 o b o, & XREPT, XHEERDE, XAFS 78 &
ZRIAICB WA E RS 2R RIE L, BEEOFIAR A E 2D 1981 HEEHIZIEL PF EBRA—/LDZEE ZA—2R
IZEWT, BEEZEE OPERIERET A M L& fTo TV E LTz,

ZOXIRFET, PFOE—LEZMHOZA00MhECHES Z L2 £ L, 9. &Fm X REE, bbb
X%@ﬁ?ﬁﬁ@ﬁ%Mﬂ%&ﬁﬁéﬁwﬂkwb:&w%mbﬁﬁibto%@ﬁiiﬁ&ﬂn%u7%ﬁ%ﬁ%&ﬁ
SINTWARWKRE R T L, KH BMEFEZA AV L TEREZENR TS D HIZ, 4 H TiE CTR(Crystal
Truncation Rod)##L & FEIEILD D & H#iﬁjﬂff“ Si(11D)EEFEIZ Bi<C Ag 1 1 T B S Liz L 22T 2 EE U
EOIFAFINZNHRRET 2N TEE L, ZoFkimm XMREPHIEL, 1EHGELE WV D XKBOBEEAENLLTHOT, 7
FIREEIIFRO O TT RO & L OBIHIFE R S UL, EFEITZ2 SO FIEICH TR - B ML bICEWRERD S
BNDDTIRENARFEE VWA ET, RARHES TR0 THE L M EEAN, £E X BETHIAS O BE %
KWNZZIFBHHD 1 DL LTREEN., ZOBROERBIZORNDEZ LIV E LT, 2O, PF X SPring-8 Ti
t—A74/@?:ﬁb%ﬁf@%%ﬁ&é”i%%%iibto:@%ﬁxﬁ@ﬁﬁﬁ%%‘Lfﬁz%nt:&

X BEHTT —H LT Y oI e WD 2 ETT, T XN 2 E WV OIE, T X DOEWTIERL, %n%m
W#é@@%%k&wv_&fTo%h&ﬁﬁ%%b\ﬁﬁi%TW-7)#~§Eﬁﬁ%ﬁ%m%%ﬁ#é_&LWU
MATEY, RS AIER 13D IHHETA MR oD 197 —v~ERBLTVET,

ZDEHIT, VWbWwD X BEEATICOWTIIBEAL > -0 TN, Fii X FREHTOIFZE 28 L OEB20E i Hi
ERERVWBD LI LIV ELE, FRETHED EfZ L TR oD TTN, RfIZER Y A )BT &
TEE) PR EHT O A OREEPIIIEBEER HWZ LIZKNFEE Lz, &0 DI, WO ER T HEBHI RO
RET, RE WO bONERTE LRI TY, Lavd, EIFBLELFTERT DB, Kifi TOWR IR DR & 5L &k &
LT ANDUERH D6 TT, ZHUIx LT, W OHREREEARETT 72 & 5 B wrErim <id, Rmofk
RITHEENWITETADZ L IZH > THEIBIRZO L OITIFBEKR L ETA,

ZOXDBBEND, NG IZI T 28 ) ER R B & KR oOEE R R A2 LERE T2 R8T
%ibto%®F% Z—v g ke CTR #iiL & % 1 DOXTEFHINCHETE 2 LIV E L, 7T v 7Rt

TR OB S HOEIFTEGR O 2 — 7 ¢ VHIC 8L, 7T v 7 OT — VS ER R e R TRk S h D
(ﬂRﬁﬁ_—ﬁLiﬁoik\iﬂ?hﬂﬁwiﬁ%%fﬁyﬁﬁﬁmf@%%@&~74/%ﬁ%ﬁ~WLEMT%
LTEMRHINVEL, EBIC, ¥—T 1 e CTR #ELE RIRHCIE 3 2 23 RTS8 & (AH R I B L Tk
HOHLPELETHDLZ LD E L, &L EHIENEPTERIT= RV X — O AR 5 BlR/2 0T, [EriEE
IR E L TR SNET, ZOMRER, CTR MELL KT L LCEHETE . HEN 10 O~ X 10 LTI D
BELDHY . HOD T NOLEERFHERSNE L,

O & ITHEDEERIC T, FAE TR XME—LBFATE 5 X 912 o 7l GBIk E T 30 ELL E BRI &
FCIHE RABMERC2 ) £ Uiz, Rl X REPHEL, WEICHRZ 2T 5 2 L ORRREITEE 26 5 WERDH Y |
BT L L DABERDREICIIH D LITEAEFTATLED, MEROWE TRHEAE S ATERIZRY 22H0, &6
2. A B a—2OMRER L E & HITHITEIC BT LIRS BN L D0 S TWET, Bt e LTk Lotz
SONDBHBEOHGRERVFEZ DT, SHRIVEDODAPFMTE 2L 525 LB TWES, My, XBEERKER
EE I T O B 2SRRI ORI B KR E Do 72D TR, BT~ A 7 o B — L 2RISR D L 512k >720
THIFIDSFER AL D ATREMEDS & T2 BB e S D Z L 2 HIFRF L TV ES, THFIZ oW TIE, #iaO#EE Tt 5
TEMTEEHATLERN, JRR-3 TREFIHE—LT A VERICHEEDLETIHE . FHTORME AN LIRS
THOZLNTEELE,

[ T T WEE L OB s B 42 17



BEHEE L0 F RPUIBARERRFBEICS LD > TS EE 2 E T, FBoBED 1970 AT E S X Bt
U T OBEHMERRFEINE OLEERUINT L & T, FOMRE =R CO PF AGEREHE 1970 FREZEFITRE L,
1982 NG AR TE D L 512720 F Lz, PF MHUEIZD 572 1985 FEE A 5 13RO KRB % D 2B
A—PHEEZTLICSLHR Y BEBEETT - 2EBTHRET L, #R L LT 1989 124 @ SPring-8 [ZHUZIERRE L
F L, ZTOEIE, W) —F =2 o TEFEHETDIANZLOL Lo —F 7 —T7 S @RI O EFUZ AT TR LT
LT Z EEPLTHEL TWET, ZOHRHILEAD & BITEO/-RFIEIL, Wb 0EHO CTHET 20 & 1TENWE
WS DA R L CWET, RERIICBO R0 R 5 X 5 e a R LR 2t S D 2 L 2 UIC A
TWET,

BT, TNETHEEZFETHZ LN TEIZOITERR - R L VWD CENTREICERSETCHEWW-Z L, &b
TR 2 L CJEPAD N 2 OIFFRE A L3 — « FAEICEENTBRTHY . ZoREBMY LTBILEZH L EiIFzu,
BT D% E TR T TN AEETIEHOSEL B V20,

18 R R RO TR U = «:anmEHHE



it e w3 (FiB) LT

XK Fih

WEEE 9 ARAZ b TtERFE TR LE L7, S AWIDOZ & TLEA, BARNREES» HEEMMTEOEFHE N H
D, EoleRBZITTDZEICLE L, O TUEE OFMRAEE AR DOFENE 5280, £ 0% b RS
B OFEMOGBE TR OHESEICEHDo Thrhrbo TEXRILbHVETOT, [Fh, LRV LIEEHE
D FE Uiz, MSIATEIEA OB B ANFIIMEARFHEROIEZE 5 TTR, i bORRESOFE L H o TR E N 2 h
BRHPT 0P, ERREARMFENIA 26 HTI0H 1L HEFELWIRAEEZ LN LIZh>TLEVEL, 77T 4
CVIBRATH B HEROERBE T 7T 4 v T EZTBAMTH B KFORA b LTI OBUR DN LN &S Z
ET, BEETIHRPEE L THRZBM T2 ELE, RAFIZE S THLROBITARWVWERFETCLEN, 9
WO FE T, Y DL DF 22X TEEIZK) OEB L2 TN~ THREEBT LE L,

WHERFOFETE & LT, 1985 4ELIK 30 FFERE L E L7y, 2D 5 BRI 15 EMRAAAR, %P 15 ERHTLI, 4%
PIHERE & AARARRERZ SRR KL 20 L0 T, MBERICE D 2EVHO 2 EN TR Z &b ETO
HWR® L0 EBWET, MOEMKIIS TIEEAKMTRUI/2 > TWETA, 1994 FEICBREFEMH S LThlo
TR HOBFRIC & /NAROBM NG 5721 &0 ) BT, HERH—FrR Y ERELLEZ L 2%
ZTWET, NEAROHNS OBERIITYRRR SR OFER DN ETHY F LA, 20 FikoThHD & HORER
TRIREZRET L7z 2 LIIARYICER o7 L o TWET,

WVERF OB ORRFHTEI LTI, BB ARERICTAT o THEERES & B0 0 BV E LT, PRI & 5 BFFE D AR
FHIBEICIRE SN T TR A DN T E S LATEWE DO TLER, ZRFTFEE < DRI L - T, KBIC (RKYIOF
FHTIRIEN S 7)) PV R TAMH < 2 L2 £ L, MRORESCEREDHARIZ OV TTFHRL DF VI ENRVIEINT
HOXFELEN, TNTHRIICEH L TLEVICESTWEZ En&E b £5, TO—2lF, Rz X—Z—n)
PURBIZ B L TV A7, HEMICBRICBEAEDELIHITE VI bOBRRNI ETT, EOT2HEDTI T IIFA—
WﬁyﬁxCE&LT@%TH@&W@R&%@LT%??O%Eﬁ@ﬁéjﬁﬁm&&iofkw 1 Eoraes o
BEEMAZTTH 6 MRKEREORFE LM LT TTR, REFFBORENEGEONTER LEHEATLE, KEE
O KB T OMZBIERE OWAREZ TS Z EbHWERFATLE, £O7H FEEA~ORBEEER AT L~_—
X —DRETHFISNTET, —FH, HEOHETIEbo7eDid, FHEDO KT O—5E2 T 7 ABIZLTE T2
AHE T LT L FEREESROERBIROH LANE BT D720 R OBEOBRAEZE L2 & RETT,
PRI DT T A > RIZE TRIEBRATEOIXIEMRZ 7= L BnE9,

HEMIHENGED D ENANA L REANAZ T 5 b DT, MREOAREERFTILLMZ ) > THF v o S A~DB
HRZ RO TSR L Clo A~ AUFE T, 25 0EZIC X BRBUT TSIVE Uiz, FRPE D JHE 0 dep Bl
WEAMT 720 BB AOBEEICTT Y 26410720, L WVotFE ULIZZOF T, — RIS LI KEEBi T
EBE O 3T =R 7 R L — P —DERER %LtﬂTt/%Lﬁﬁﬁpmﬁﬁétwoﬁﬂ&F77wﬂ%é
L L2, RUORSE, KRR FICEOCIEKIEZ IS &\ ) K T2 %M L TR L T<NE Lz, £-. &RHBH
RIEHEDT=Aa— b bEBRLE L, TRHIKELEEANREDS HINT, & 5Ro TR L7cDO2NIEL R TR
WZ LI LE L, Z2EETIZ, MBIE[L] B K OWIEFAISL 50 B4E[2] DBICEWXELB T TRBEET,

2008 EEND 5 EHMTEEZBOE L, LREFIE - LEBFFEILA & WO BRIENEED 2 LIy | IREFFRIC
DEBDOF 2 O TN K > THRERFE ATV, 2010 FENSIIPEE LTHIERTHZENTEE L, ifto kL
FAT RO ESL R AEMEDIRER D DI E - 7o i85 234 LOBIE R A FOHBIIF 0% EEIC) EEL
Too B TITBWIT B E2NT 2 ORI BARELR EBFEFEFEL G BEXEHEOEK T, EENRXHORENF4 %
KR THEHEIZME L0038 £ Lz, WIFTRITb - L ETSNTND T L EHNET,

I T T T T T PMEME XV S5 BFE4 B 19



ST, RSB > T AR TNDEINEDL LENTEEEL X 9, TEMO X SIZ, FRITCRAE OMSTATENE
A& LT, Wrgehak (BHFEHIED) . AMER RERIBFE B 7 &) . EBERIRR EoFELEm L TWET, EICLHE
BRFEELINM L TND I L EFRIORTHID THMY £ L, HEROIINHEN 24T, b~ AOHE(FHER) N
REBIOMBOMY | IREROEETHHHROMY T FFROFELHE WS Z T TnET, I 10 2FTd
LR v —FEAOHIE S £ R £ 5 T, FEMEATHWETOT, 10 FES Y [TBEEM &£ > TR
DRI D IR ARE =R > TOVET, FIERFIHEHICOWTEEOH 2 TEN, TR LRI, WANWSRSFOHE2
a8 LATHET,

BT 1979 FEICHBMEERO T L LTRAL TWEZEWTLSE, 7 A U B TO 3ERUIMIT > MM cimZ L
Fli, BELTE00—EbERLTLESZZ SRR L TED LN TIEH W THAN, HEIHIZR T EL
HWORNWEZATLIEL, F - BAIREORY v 7R0RADES A LB LSRN TE THEETLE, RSN T
by DEFOHE - HIRE - FERE - Bl - BEOESA L AR =Y R EVWANARIEE THEA TWeE W2 L&
AL HBWET, BHFRICRSTMILL & HIT, SR OYMERF DS % DRRZ > TR D ZHRE LWz LET,

[1] [Ha v > 2 OMMERFZERT] EIRYER vol.35 (2000) no.8, p.569.

(2] TWtEfFsepi D5 L L) BAMPE s [VINRFE - MIMERFIET & 2 02 EILRIFIFH O 50 D57 vol.63 (2008)
no.12, p.919.

20 R R RO TR U = «axmEH BN



PtEwt TR BB 2R U T

KEBRFPERBEDF & Ji—

INRBEROBMFEC LV . 2015 FEFTHNC T A 7 — VR O BHEEEZ & L COREREREICEIT 2% v Y
TENNFENET AR EEL LN TEE L, HMPHBED e — L MR v ¥ — OBk ERE L ——%
AW LB T O RIEZITOE Lens, MHEFOZ OFIZTHAIWEEE L, FHE. ARazfEvELT
BRI L BILER LT ET,

L, PRSI T 2 G EME LIRS OMIAIC BRIV A TEWD £ Uiz, EERMIEROFHEMEDZ < 1X
ﬁ@mm&%ﬁﬁmm%&bfm ENTBY ETR, ZoMBO T TR, BEERITEF R LEFRICKS S, BN
WZEHDES>bDE LTI EbNET, LML, EEOWE TIX, EFROEIC LY EEREICIBO TR L Tz
JF D SO0, E OMEEITE TR & RO AN EAER (B8 TH BAEM) 2 BR8) /) & LT LU Pl s
%Ehbfk%<%m¢5ﬂ EMAZNE L CWET, PBEEEROEES, B RORRICE Y R NOW, R BE), #
IR EHEEHES e COREFEMES LA REICB W TRET 2 Z EAMONTOET, FUE, FEEEARENICE
J 5 L —P iR EEE 0L bR N RV CEREIE T LT, T CHURIL. FERIC L 0 A L bk
X VT OMEEE ) FE T 2 A MY 2 T RE TR L 0 iF% Lfiwbibto%%ﬁﬁﬁﬂﬁﬁé*&ﬁ&m
SERER L ERE TR & OMBEMERIC L A5 v U 7 OERTH Y . FeREEZICITRE ., mEm) ook
E&f@%é WS TIPS v U 7 RAER SN E T, 100 7 = & NREORFEZFFOR Y 7V AL L ViR
(CHFEA SN E TR %, B ORIERFR ZHIf L7272 —7 OV 2 K BT L LTS ED 7 = &
N 2 Ye P BT IRIE, =RV — - SEB RS IT D T TR O B 43 AT A FERERBIE T 2 2 & A ATRE T,
KREERFTIE, ZOFEE VTSV G E 1R OB 53 % = RV — « BN 22 L CHMICRE L, T OfEfmE)
NFEHE @ﬁ 2L LI LE Lz, oy U7 ROBMENFICET MR L FRERMBRALE Z /O
FHIOITE, BRI LTSV 7 ¥ U 7 RAREIREASEELT 2 MECRAmICB T 2 =) 0¥ — - EEEfEfm, i, &
ﬁ%?)?@%f WA BRI T 5 2 EAARBEMICEETT R, KRR FEOEE T T v —7 xR F—DfilfIc kv
REREENRTHT UL, MRI e — L FEREAFZE Y o & — D@k i L— 3 — % B T2 R AR 5B -4y
IIFREREICB W THREICEN TR Y | ARUEEZFH L CRERREICEIT D% ¥ U 7 ROEME) )5 B3 5 84
REafGdZ ENEEHBOBENTHY £ L7z, RERPOARDBNEKRZ DT L1370 FHATLEN, KRN
B R T 2 AR N FEEOZ(LE W) BT RBROEEREICKI NV LE L, RBET7 = A ML —
PF—HITED Ge(001)-cUx2)KREZEMBELEF ¥ V T HEAT D & 2 O SRR ARG IR 70 8 R 1) R > RREIE 2
WAL, RNy RX vy THICBEEFRA M LET, ZORRIE, @IRELIE TICdsW TR — & B SR
BRFMTEATLH L 2R LTEY ., ZONEREEICEIT 2 GRS R OB FimAst 2 b OfIlca %
TR ZONTel ENXTEEL,

AR L S PR SV I CREE L 72 EBR AT 5 2 L3RR TEE A TLEN, A% OEFE L7 L TE
RLUTOHLS AREHEREEZGONTZ E TEEHB L LTS LA EMTELOTIIELE L T £,
FRAcAE. MRSeA, WEEAE, SUEHRALD . ERICH TV TRV ORI RE BRI £ L, F,
RICEIR, NEERERER . FBBNZIE, DITEICBET DRk X R R O 2 SICHE R B 2 VT el E £ L7,
S BT, WM T B & ORIFENEICOWTHIE T 2B 2 W2 & 2ROGITHGHENZ LR, BERIERE
WIEEE E LTc, ARROREIC, W THERRICER EHEH L B £,

I T T T T T PMEME XV S5 BFE4 B 21



ZHEMBAZRERL T

BMEERFFERT  BEDER AR aIsE Ry — HY BRI

Rk 27 AEEERTHNC, MR b — L > MERVEIFZEIM, FIEREOFBHE & L TRBIEECR Y £ Lz, Fx Obf
geIT 7w ba UG AR S 2 LSRR TT O T, E2FHE SPring-8 2B T 2RI E— AT A4 2 07 128
WTIThILE LTz,

EP. BANT BT E Lz TR X BRET ) 2o T I L £, XBEFZO L0, WERSED
HTHEROLEARANRAEFEOOLSTHY . MEOHEEZMD ETRNT I ENTERVWLOTY, WEOMEIL, B
AR DJEYEE CH DT, Fxld, B Y — b2 OEMEE, E2EH e — 27 OME L) b BA O H O Ji 7l
BEMDZENTEET, L, MXBEEITTIE, 2O XD RBEOFETIER, XBOTR L X —FFEREL L
T, WEEHKT 5527 TORIUEE WV ES, XEBREIRTIE, #ELS XL ORI REEFER RN D Z L idh D £
MDA, WIS TiE, IR ITIRUWMREICRFER RN D Z EDBHOLNTWET, 20L& 5 REEKGFEEZFRIH L ET &,
Ay B EORFEDOITLREY OB TIREDOHERPEONET, o, FHMHISGEWAAE U561, WUED
TR —RHEICEWAECET, ZNEFIHT 2L, R K OBRFRELBIET 2 HFNTEET,

T O XD R ORER, X BRENFE T LEOHBIZ I > TELETHA, ZRIEIEICEXIEHERE E1 1L ->TX
BLENTWET, WIRBEEEEZIAD, SHEREBREEZ R TIRE THBEME LG END 3d BEERICAZOD 98,
BRI TERE E1 1L, K RIUHEZR HIX, 1sedp &72 0, Los WG/ HIX, 2ped3d &80 9, L7 -T, WihEx X
B9 3 3d DAY, Wi EORFRELZ BEBET 272010, Les WIPUREFHFED X iz 5> 2 Lick 9, o=
KX —#iFAIE, 500 eV 525 1000 eV Ok X #RaEik & 72 0 £3, KRR 4keV 725 9 keV O X BRI T,

21 AL 72 5 T, BXARETIE 8d 8 D W T AP BT 70 & ORRFIRIEZ BHEBIEET 5 72 DI AW TR E Lz,
ZOWEv 7 a ba U EEETTR, Rt Hie2ERE LT X BEREBEFL—YRIbY L, — DL —
PHAOFBIZ LV SV AENR T = 5 FOTEICEL TWET, ZoEAICE - T, Rr7& 7 —T7EBROFERN
FREEL 720 F L7z, Fxld, HFEICL > TEL 2 AV U OUEORFRIEOBIEZ 2 AL LT TR AR X AR ET
WD A THET, L—PRIC K2 HFRIL. BICBREN R BFREL b7 o720 Tl it LR L
BzDHZEICE-T, BHEOEBEBTIREICK > THIET 2 Z LN TEHOT, U, Ay, K FOMEERAETAML
TEHERHEEZRZLET, 2F 0., BHFERICH L Rl Z N2 2 2 ik > T, BRFRED dynamics ZIE L,
L VAR B OB RERD Z N TEET,

FORBOED, ERAEDPHEREL ZHED LTS JST O (kL EEROREOBTFRE, R RED X A
F 7 AOBTE] BHEICHFIR RS & LTSN, PRk 25 AEFEICHT LK X BREITEEE 28 A L% L, FASERAF e —
LT A 1TSUICHALCE#EEL b LI, AR TERREMAE Lz, L—HEADDOR— O, IF
RO EONFFEADT=D D, K0 IRVGREEM AR U E Lz, £o. MURITEE b, ezl vkl
ToRR X BREIPTEEEAER LIz BALTEY £9, ZORYTEEEIT, BEBLOT ICRE SN TWET, 4L, fEk
A LRI RREE D T2 O IR ORECHIE FIEIC W Ciima Bl E Lz, EEE L OX, O EFIREREKL TR
DEFTN, EE ZOHFEE, SEHEIZOWTZIED D T,

BZIC, REICTHEFBNZENZZ 80 KRE, B L TR0 7, AMFEEMECEINIIKRTLE LN, 4% b0 EE
THYMFREMGE L TNE TN EBIXTEBVET, EOFLALLIBHWHFL RIFET,

22 R R RO TR U = «xxnmEEH N



NEAFEFIREZRERLU T

BEHNIA, Kamran
Centre national de la recherche scientifique CNRS, France
ESPCI, 10 Rue Vauquelin 75005 Paris France
Kamram.behnia@espci.fr

Since my first visit in 1991 as a young scientist to attend a conference, I have visited Japan many times! Last
January, I started a three-month visiting professor in ISSP. T had done this once before back in 2004 and it was quite
enjoyable. My host this time was Prof. Satoru Nakatsuji, a well-known scientist leading a world-class research activity
on correlated electrons and frustrated magnets.

Japan is a fascinating country for a foreign visitor. This was discovered as early as 16th century by the Portuguese
sailors who set foot on this island and were dazzled by what they saw. A wealthy society completely integrated in the
world economy, today’s Japan is visited by many tourists each year. However, globalization has not destroyed that
flavor of otherness that sensitive strangers can smell as soon as they set foot on this high-tech island. I don’t know
any other place in the world showing such a capacity to change as fast as modernity requires and yet simultaneously
cultivate an eternal recognizable national identity.

There are many things that I like about Japan, which make me come back as often as I can. Let me begin with food.
Tokyo is not only the best first-world capital for finding anything decent to eat with less than 1000 yens (10 US$), but
also the one with the most Michelin-starred restaurants (well ahead of Paris). This variety of options makes Japan a
paradise for food-lovers. However, what I find most admirable is the attitude of the average Japanese customer. They
are fond of their own sophisticated culinary tradition, and yet quite curious about good food coming from any corner
of the world. By being knowledgeable and demanding, they make the local food scene very competitive. It begins by
the humble places selling delicious ramen and continues as one climbs towards those upscale restaurants, which can
be assimilated to gastronomical research laboratories. They disappoint rarely. This all happens thanks to a public
who is used to eating good food without vanity and exhibitionism. As for Izakayas, I contend that these venerable

institutions for socialization are also pillars of a remarkable contemporary civilization.

I also admire Japanese urbanity. The foreigner can see that here people grow up learning how to behave in society.
Statistics suggest that the crime rate is much lower than in cities of comparable size. Back in Paris, I have a favorite
quiz for my friends: Let us rank the countries by the time it takes (in minutes? in hours? in days?) to see an unlocked
bicycle disappear. Now, which country is at the bottom, where the bike could still be there after several years? Only
those friends who have never been in Japan fail to give the right answer. I believe that the low level of violence
explains the abundance of various Japanese institutions ranging from Sentos to capsule hotels with no equivalent in
Europe and very efficient to manage various aspects of social life. Personally, as an amateur of urban life, I miss them.

With such details in mind, you can guess that I had a very enjoyable Japanese life during my three-month stay in
ISSP. The hospitability was impeccable. Ms. Akiko Kameda is wonderfully efficient in making the foreign guests’ lives
easy. Thanks to her and Ms. Mariko Suzuki, Prof. Nakatsuji’s secretary, I had little administrative tasks to handle
during my stay. Here is another mysterious paradox. Japan is a country with many rules. But we foreign guest are
handled with such a delicacy that in most cases we are not aware of them. They are taken care for us.

As a scientist, I was also impressed by the dedication, the intelligence and the modesty of young researchers in
Nakatsuji group. I found myself lucky to work with such talented and motivated scientists.

Japan is an exceptional outpost of international science and will remain, I believe, a mecca for science in the
foreseeable future. I advise young scientists, no matter their country, to visit Japan as soon as they can.

Kamran Behnia

ESPCI, 10 Rue Vauquelin 75005 Paris
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R : Bt 2 F—  Looking beyond Majoranas: Parafermions, Andreev conversion and exotic quantum
circuitry.
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%0 : Prof. Kirill Shtengel
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e

Non-Abelian anyons are widely sought for the exotic fundamental physics they harbour as well as for their possible
applications for quantum information processing. Currently, there are numerous blueprints for stabilizing the
simplest type of non-Abelian anyon, a Majorana zero energy mode bound to a vortex or a domain wall. One such
candidate system, a so-called "Majorana wire" can be made by judiciously interfacing readily available materials; the
experimental evidence for the viability of this approach is presently emerging.

Following this idea, we introduce a device fabricated from conventional fractional quantum Hall states, s-wave
superconductors and insulators with strong spin-orbit coupling. Similarly to a Majorana wire, the ends of our
“quantum wire” would bind “parafermions”, exotic non-Abelian anyons which can be viewed as fractionalized

Majorana zero modes.

In this talk will discuss their properties and describe how such parafermions can be used to construct new and
potentially useful circuit elements which include current and voltage mirrors, transistors for fractional charge

currents and "flux capacitors".
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Nearly all of the chemical processes involved in energy conversion or in chemical industry utilize catalytic chemical
transformations at interfaces between solids and liquids or gases. While most of our existing understanding is based
on a static view of reactions at interfaces, the development of x-ray lasers opens up the dynamic regime where studies
of the reaction mechanism to observe transformations on timescales down to femtoseconds becomes possible. I will
here present how we can study chemical reactions on surfaces using X-ray free-electron lasers from recent work at the
Linac Coherent Light Source, or LCLS, at SLAC National Accelerator Laboratory. We induced the hot electron and
phonon mediated excitation of adsorbates on Ru(0001) with synchronized excitation by a femtosecond optical laser
pulse. We have followed the ultrafast evolution of the bond distortions, weakening and breaking, using x-ray
absorption spectroscopy (XAS) and x ray emission spectroscopy (XES) resonantly tuned to the oxygen core level with
ultrashort x-ray pulses delivered from LCLS. Thereby directly follow the time evolution of the molecular orbitals in
an atom-specific way on a subpicosecond timescale. Four examples will be shown CO desorption, Oxygen activation,
CO oxidation and CO hydrogenation on Ru(0001). I will demonstrate that both transient intermediates and the

transition state regions can be detected in surface chemical reactions.
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Cathode lens microscopy, comprising both Photo Electron Emission Microscopy (PEEM) and Low Energy Electron
Microscopy (LEEM), has undergone major developments over the last decade. This includes correction of spherical
and chromatic aberration, the increasing use of PEEM for spatially resolved k-space imaging of occupied electron
bands, and -most recently- the use of LEEM for spatially resolved k-space imaging of unoccupied electron bands.
Correction of spherical and chromatic aberration is now becoming more broadly available, and had distinct advantages
for use in synchrotron-based PEEM. However, setup of optimum imaging conditions for a given experiment is still
open to discussion. I will show how the electron mirror optics, in combination with the objective lens, can be configured
as an adjustable achromat. For example, an achromat centered around a start energy of 2.5 eV, with a bandwidth of
5 eV, yields a spatial resolution of 4-5 nm, while an achromat centered at 30 eV, with a passband from 9 to 62 eV has
a resolution of 15 nm. Such a very wide passband (resulting in high transmission) may be extremely useful for imaging
samples with weak signals, as often encountered in practice. I will also discuss the prospects for developing an
apochromatic system, which would further improve resolution by another factor 2x, and transmission by a factor 10x.
Finally, I will show recent results on measuring un-occupied bandstructures by LEEM, yielding information

complementary to traditional ARUPS experiments.
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A Weyl semimetal is a new state of matter that hosts Weyl fermions as emergent quasiparticles. The Weyl fermions
correspond to isolated points of bulk band degeneracy, Weyl nodes, which are connected only through the crystal's
boundary by an exotic Fermi arc surface state. The length of the Fermi arc gives a measure of the topological strength,
because the only way to destroy the Weyl nodes is to annihilate them in pairs in k space. To date, Weyl semimetals
are only realized in the TaAs class. Here, we propose a tunable Weyl metallic state in MoxW1-xTe2 via our first-
principles calculations, where the Fermi arc length can be continuously changed as a function of Mo concentration,
thus tuning the topological strength of the system [1]. Our results provide an experimentally feasible route to realizing
Weyl physics in the layered compound MoxW1-xTe2, where non-saturating magneto-resistance and pressure driven

superconductivity have been observed.

[1] Tay-Rong Chang, Su-Yang Xu, et al., arXiv:1508.06723
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Microelectronics has reached structure sizes of the order of 10nm. Limited by the unavoidable scatter on the atomic
scale, the minimal feature sizes are limited and will be reached in the near future. Thus, intensive research is carried
out to define atomically precise functional units by means of Chemistry. One the one hand, we will discuss recent
advances from our group on molecular two-terminal devices, i.e. molecules adsorbed on metallic substrates contacted
with metallic tips of a scanning tunneling microscope. We developed a new platform for functional molecules based on
spirobifluorene, that allows to reliably lift a functional group of the molecule away from the conductive substrate in
order to protect its functionality. Functionalities realized are fast memristors with a large on-off ratios and molecular
motors. On the other hand, we will discuss magnetic molecules in close contact to ferromagnets in order to use the

exchange interaction between the molecules and the ferromagnet to realize organic exchange bias.

Bl 2 2 J— © Directed Self-Assembly of Block Copolymers for High Resolution Lithographic
Applications: from Materials Design, Synthesis, Formulation to Pattern Transfer
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Directed self-assembly (DSA) of block copolymers (BCP) is one of the most promising methodology to enable the
continued miniaturization of microelectronic components and data storage devices, and thus to boost the performance
in"More Moore"technologies.The BCP,that self-assemble into periodic structures at the nanometer scale with various
morphologies, are promising materials to complement/replace current photolithography and patterning methodologies
which approach the physical limits for next generation futures in microelectronic components and storage devices
respectively. We will report on templated semicrystalline poly(1,1-dimethyl silacyclobutane)-block- poly(methyl
methacrylate) (PDMSB-b-PMMA) thin films enabling the production of highly- ordered patterns with sub-10 nm
features. These periodic structures consist of easily etchable PMMA domains separated by carbosilane-based chains

which could be transformed into hard mask of SiC.
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Superconducting correlations may propagate between two superconductors separated by a tiny insulating or
metallic barrier, allowing a dissipation-less Josephson current to flow. In the presence of a magnetic field, the
maximum supercurrent oscillates and each oscillation corresponding to the entry of one Josephson vortex into the
barrier. Josephson vortices are conceptual blocks of advanced quantum devices such as coherent terahertz generators
or qubits for quantum computing, in which on-demand generation and control is crucial. In our lecture we describe a
series of recent experiments in which we mapped superconducting correlations in S-N junctions [1,2] as well as inside
SNS proximity Josephson junctions using scanning tunneling microscopy [3].

Unexpectedly, we found that when an external magnetic field is applied, the proximity effect in N is suppressed
locally, thus forming a series of "nano-holes". These were identified as individual Josephson vortex cores in which the
proximity mini-gap is suppressed and the normal state recovered. By following the Josephson vortex formation and
evolution we demonstrate that they originate from quantum interference of Andreev quasiparticles, and that the phase
portraits of the two superconducting quantum condensates at edges of the junction decide their generation, shape,
spatial extent and arrangement [3]. On the basis of our observation we suggest a novel SNS device which may be used
for generation and control of Josephson vortices by applying supercurrents through the superconducting leads of the
junctions, that is, by purely electrical means without any need for a magnetic field. Such devices are easily size-

scalable, a crucial step towards high-density on-chip integration of superconducting quantum devices.

[1] L. Serrier-Garcia, et al. Phys. Rev. Lett. 110, 157003 (2013)
[2] Ch. Brun et al Nature Physics 10, 444 (2014)
[3] Roditchev D., et al. Nature Physics 11, 332 (2015)

R BURYEt 2 J— ¢ Silicene, germanene and stanene: novel synthetic 2D electronic materials beyond
graphene
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Silicene, germanene and stanene have attracted considerable interest since the birth of silicene in 2012 as emerging
synthetic two-dimensional(2D) electronic materials for the post graphene era[1]. These novel Si, Ge and Sn allotropes
are artificially created by molecular beam epitaxy, since, at variance with graphene, which inherits from graphite,
they have no parent crystal in nature. They are considered as promising candidates for ultimate scaling of
nanoelectronic devices[2,3]. Indeed, the recent fabrication of the first silicene field effect transistors operating at room
temperature demonstrates their potential as emerging 2D electronic materials [4].

In this talk, I will present the archetype 3 X 3 silicene phase formed on a silver(111) substrate[1], its sister phases

and the growth of multilayer silicene, which hosts Dirac fermions and which is stable in ambient air, protected by its
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ultra-thin native oxide[5]. The recent synthesis of single layer germanene and stanene, near room temperature 2D
topological insulators, will be also presented[6,7,8], while multilayer germanene will be further addressed[9].

Finally the applications envisaged with these emerging 2D materials will be discussed.

. P. Vogt et al., Phys. Rev. Lett., 108, 155501(2012).

. A. Dimoulas, Microelectronic Engineering, 131, 68(2015).
. G. Le Lay, Nature Nanotechnology, 10, 202(2015).

. Li Tao et al., Nature Nanotechnolgy, 10, 227(2015).

. P. De Padova et al., 2D Mater., 1, 021003(2014).

. M.E. Davila et al., New J. Phys., 16, 095002(2014).

. M. Derivaz et al. Nano Lett., 15, 2510(2015).

. Feng-feng Zhu et al., Nature Mater., 14, 1020(2015).
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It is quite common to perform a supercell calculation for systems containing impurities, vacancies, lattice distortion,
or long-range orders, where the translational symmetry is broken. The imperfections not only change the band
structures of the original systems but also introduce a large amount of horizontal-like bands due to the band folding
from the larger zones into the smaller supercell zones. How heavily the bands are folded to mess up the original band
structures depends on how large the supercells are. Of course, the "mess up" also depends on how strong the degree
of translational symmetry breaking is. However, the appearance of heavily folded bands is not the case in experimental
observations. The measured spectral weight cannot reveal those heavily folded bands even by ideally switching on the
small perturbations in their samples. Along this line, most supercell states should carry negligible spectral weight.
For having a reasonable comparison with experiments and better visualization to understand symmetry breaking
theoretically, I will talk about how to unfold the supercell bands into a larger Brillouin zone.[1, 2] The reference
Brillouin zone could be chosen to be larger than the Brillouin zone of the primitive unit cell containing no imperfection.
Several examples will be given in the talk. For example, by considering there exists only one lattice in systems like
silicene instead of commonly treated two sub-lattices, the two atoms in the primitive unit cell can interfere with each
other and cancel the spectral weight in some region in the reciprocal space. The choice of one-Si-atom Brillouin zone
can demonstrate good agreement of spectral weight with the ARPES measurement in the case of silicene on ZrBz thin

film.[3]
[1] Wei Ku et al., Phys. Rev. Lett. 104, 216401 (2010).

[2] Chi-Cheng Lee et al., J. Phys.: Condens. Matter 25, 345501 (2013).
[3] Chi-Cheng Lee et al., Phys. Rev. B 90, 075422 (2014).
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Spin ice, a family of rare-earth pyrochlore magnets, offers perhaps the most celebrated example of a classical spin-
liquid state, described by a U(1) gauge theory, complete with magnetic monopole excitations.

This underlying gauge symmetry manifests itself in singular, "point-point" features in neutron scattering
experiments.

In this talk we present evidence for a new kind of spin liquid on the pyrochlore lattice [1]. This new spin liquid arises
in a realistic model of anisotropic exchange on the pyrochlore lattice. It can be described by tensor field-theory with a
continuous gauge symmetry, sharing a number of common features with (linearised) general relativity. And, just as
the gauge structure of spin ice is visible through "point-points" in neutron scattering, so fluctuations in this new spin
liquid lead to extended "pinch lines" - a prediction which can be tested directly in experiment. We discuss the

application of these ideas to two pyrochlore magnets of current interest, Yb2Ti207 and Th2Ti207.

[1] O. Benton, L. Jaubert, H. Yan and N. Shannon, arXiv:1510.01007v1
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The quantum anomalous Hall (QAH) effect is a quantum Hall effect induced by spontaneous magnetization instead
of an external magnetic field. The effect occurs in two-dimensional (2D) insulators with topologically nontrivial
electronic band structure characterized by a non-zero Chern number. The QAH insulator can be realized in a
ferromagnetic topological insulator (TI) film as the result of magnetically induced gap-opening at the Dirac surface
states. With molecular beam epitaxy techniques, we have prepared thin films of magnetically doped (Bi,Sb)2Tes TT
with well-controlled composition, thickness and chemical potential, and obtained ferromagnetic insulator phase in
them. In such magnetic TI films, we have experimentally observed the quantization of the Hall resistance at h/e? at
zero field, accompanied by a considerable reduction in the dissipation of electron transport, which unambiguously
demonstrate the occurrence of the QAH effect. The temperature, thickness and magnetic-doping-level dependences of
the QAH effect have been systematically studied, which clarifies the roles of the band structure, electron localization
and magnetic order in the effect and provides clues for obtaining the effect at a higher temperature. The experimental
progresses in the QAH effect pave the ways for applications of dissipationless quantum Hall edge states in low-energy-
consuming devices and for realizations of other novel quantum phenomena such as chiral topological

superconductivity and axion electrodynamics.
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Skyrmions and skyrmion crystals are among the most fascinating magnetic textures in chiral magnets, yet the
formation of these crystals and their magnetic excitations have not been fully explored. MnSi (7c*39K) and FeGe (Te*
280K) with the B20 cubic structure are attractive targets for such studies since the static properties of their chiral
and Skyrmion phases are well documented by now from many methods. It should also be noted that the magnetic
electrons in these materials are known to be quite "itinerant. Chiral magnetism in iterant electron systems has not
been well understood because one could not adapt simple Dzyalonshinskil-Moriya interaction naively to the chirality,

even though these materials have non-centrosymmetric crystal structures.

After almost 40 years break of our NMR and u SR studies on MnSi, we have relaunched extended and more accurate
measurements on 29Si NMR in single crystals and 29Si enriched MnSi. NMR measurements have also been performed
on randomly oriented ®”Fe enriched FeGe single crystals. These NMR results reveal the static and dynamical
properties of the staggered magnetization (Mq) in the helical, the conical and the polarized states, through the
hyperfine field and the spin lattice relaxation rate (1/71). We found that temperature and external field dependences
of Mq and 1/T1 in both MnSi and FeGe are in general accord with the extended SCR theory for itinerant helical
magnets (Moriya, 1976), although the theory does not include the symmetry breaking in B20 crystal structure and the

multi-band nature.

We believe that the present results give us one step towards the "Skyrmion physics"!
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Our studies focus on developing optoelectronically functional molecular-based materials that are facilely tractable
in our hands and have a size of macroscopic length scale. Such molecular materials are designed simply from
controlling a balance of intermolecular interactions in the alkyl-m compounds, i.e., van der Waals and n-r interactions
among adjacent molecules ("alkyl- © engineering"). Herein, novel type self-assembly techniques of alkyl-n compounds
are presented. One direction is using its molecular liquid state, for use as they are or for the self-assembly environment
with appropriate additives. The alkyl-r liquids show thermally- and optically-stable luminescent feature while
resulting nanosheets and microfiber-gel by a post-assembly treatment exhibit photoconductivity. Another intriguing
self-assembly strategy is at the air-water interfaces and forms into hierarchically ordered hemispherical microparticle
array, like compound eye structure, in centimeter length scale. This macroscopic assembled structure is only achieved
from the molecular self-assembly initiated at the water/organic solvent interface and successive organic solvent
evaporation can allow the anisotropic particle growth as well as their hexagonal array formation. In the presentation,
its detail formation mechanism is discussed.

f

Order fram Disorder Macroscopic Molecular Azsembly

& Air-Water Inlerface

References:

Angew. Chem.Int.Ed.,2012,51,3391-3395.(Highlighted in Nature, 2012,484,9.)
Nature Commun.,2013,4,1969.(D0OI1:10.1038/ncomms2969)

Nature Chem.,2014,6,690-696.
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Linear response theory provides a general framework for analysing the dynamical properties of condensed matter
close to thermal equilibrium. McPhase is a versatile software suite for such calculations and yields magnetic/orbital
phase diagrams and excitations, including neutron scattering cross sections for diffraction and inelastic scattering.
The dynamic spin-spin correlation function appears in, for instance, the inelastic neutron scattering cross section. In
McPhase, this theory is implemented numerically by a dynamical matrix diagonalisation (DMD) [1]. The program
makes use of parallelised computing and I am using it currently on the ISSP supercomputer Sekirei.

As specific examples for the application of McPhase, I will discuss nano phase separation and the hourglass
spectrum in Sr doped La2Co04. These single-layer perovskite cobaltates have attracted enormous attention due to
the recent observation of hour-glass shaped magnetic excitation spectra which resemble those of the famous high-
temperature superconducting cuprates. McPhase simulations indicate that frustration and a novel kind of electronic
and magnetic nano phase separation are intimately connected to the appearance of the hour-glass shaped spin
excitation spectra. Indeed scattering experiments support a nano phase separation instead of the expected charge
stripe order [2]. Current efforts to study the spectra of different Sr dopings will be presented.

As a second application of McPhase, I will report on recent predictions of double q magnetic order in the
unconventional heavy-fermion compound CeCu2Ge2, the counterpart of the heavy-fermion superconductor CeCu2Si2.
CeCu2Ge2 exhibits an incommensurate antiferromagnetic ground state with a propagation vector q = (0.28 0.28 0.54)
below TN = 5K and becomes superconducting under pressure [3]. The magnetism is strongly affected by a screening
of the Ce 4f-moments by conduction electrons. The similar energy scales of this Kondo behaviour and magnetic
exchange results in a complex magnetic phase diagram with amazing quantum critical phenomena at very low
temperatures. The theoretical results underline the great importance of the Kondo effect to CeCu2Ge2 magnetism.
McPhase calculations reproduce the principal shape of magnetisation and susceptibility curves as well as the
propagation vector. Depending on the anisotropy of the two ion coupling either a single-q cycloid or a double-q non
collinear magnetic structure may be stable. Recent diffraction experiments [4] using polarised neutrons provide some

experimental evidence for the double-q model.

[1] M. Rotter, D. Le, J A. Blanco, A. Boothroyd J. Phys. Cond. Mat: Top Review 24 (2012) 213201

[2] Y. Drees, Z.W. Li, A. Ricci, M. Rotter, W. Schmidt, D. Lamago, O. Sobolev, U. Ruett, O. Gutowski, M. Sprung, A.
Piovano, J.P. Castellan, A.C. Komarek: Nature Comm. (2014) 5:5731, DOI: 10.1038/ncomms6731

[3] D. K. Singh, A. Thamizhavel, J. W. Lynn, S. Dhar, J. Rodriguez-Rivera, T. Herman Sci. Rep. (2011) 1: 117 | DOIL:
10.1038/srep00117

[4] P. Geselbracht, M. Doerr, A. Schneidewind, M. Loewenhaupt, M. Rotter Proceedings ICM 2015, submitted.
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Since the discovery of topological insulators, topological aspects of quantum matters have attracted growing
interests. In recent years, topological insulators are regarded as members of a larger class of topological phases called
symmetry protected topological (SPT) phases. SPT phases are gapped phases that cannot be adiabatically connected
to trivial insulators in the presence of certain symmetry and accompany gapless excitations at the boundary. The
notion of SPT phases is not restricted to systems of non-interacting fermions, but can also be applied to systems of
bosons and interacting fermions. From this viewpoint, the Haldane phase of an S=1 spin chain can be understood as
an SPT phase protected by Z2 X Zs symmetry of spin © rotations around x, y, and z axes.

In this talk, I first review the classification theory of one dimensional bosonic SPT phases, and then show our recent
attempt to generalize the Haldane phase into a Z3 SPT phase realized in SU(3) spin chains protected by Zs X
Zs3 symmetry [1]. The parent Hamiltonian of the Z3 SPT phase is constructed and turns out to be an SU(3) version of
the AKLT bilinear-biquadratic model. We have studied general SU(3) bilinear-biquadratic models with iDMRG and
obtained a phase diagram.

I would also like to briefly report on the classification theory of SPT phases of interacting fermions in arbitrary

dimensions by using the nonlinear sigma model [2].

[1] Takahiro Morimoto, Hiroshi Ueda, Tsutomu Momoi, and Akira Furusaki, Phys. Rev. B 90, 235111 (2014).
[2] Takahiro Morimoto, Akira Furusaki, and Christopher Mudry, Phys. Rev. B 92, 125104 (2015).
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