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REBATPIRAT—Ua SREEE-LI1Y
BL-07LSURH //
. L &4 [~ -.T -
<

The University of Tokyo
Outstation Beamline at SPring-8

BLO7LSU

[ 1. A 21410 4 9 B BLOTLSU semihkiEu[1] [ 2. SPring-8 BLOTLSU © =~—7

D) 7 Pal—%E—ALTF1V

E'— A7 A v BLOTLSU (ZITRAMMINC 8 ROKY: / BERIE 8 OF7 Yol — 22l bEERT v ¥a
L—# ) SPring-8 EHE U v 7R E S, iR A T O Monk-Gillieson U ASEE: L4 I - H T8 70 eds 2 /8 ¢
FEBRAT — 2 BV TOT R AF—#ilH (hv): 250 — 2000 eV, @ F/LF—43fiffe : >10,000, @ENH 1 X :
<10um, @7 7 v 7 A : >10'2 photon/s/0.01%BW., ®fFt : EAMEIE (BEA) A FFECOH 2. oY Eie% A
FRLTWA[2-4], 2010 4 7 ABE BLOTLSU TIIEMY 712 4 BOKERKE 8 OFT7 v P a L—F RikE S,
E— AT A VZIFZIFEE 600 line/mm DO ARERBETHEF1EHR S TWD, FFHRTFORBEE L AL T
WD ZNE THNERORE LA EDOO = RV X —FIR O 2 EBFICBH L, FL@QBERHT ADEA T U INER
URBTHACE D AT bADBFHI L C RO RREICER L T\ D 2 & 2R Lz, @DENY A X0 Ttk
k9% NanoESCA & HORNET 27— 3 »CREIZ 92nm & 2um D ARy M A XE2ZNENEMIL T, 266
HLUPIOBEEZER L TWD, @DT T v 7 AL T+ M A A — REFER ENDBET O EIToTEBY, 40k 2
AEFHEIDWVESB O TV D, HEOOREEIZ OV T ﬁﬁﬂ ERNTWD 4 60D 8 DFT Va2 L—F TR
FEARB AR AP HAET HO T, BIEOMMEEBEEZSL72DICITEY 4 EO\ERFIEH 8 OFT v Val—X
DARAIR T D, ZOREFNMEDFT ¥ al— &@ShmgSﬁF)/&mm%izmoﬁsﬂ SET L7,




3. SPring-8 HH U >V EARBICHERE SRR
W|EME 8 DFT > Val—4 8K
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B 4. AR 8 DFT Y a2 b S DBEAS [ 5. MERII 8 DFT > Y2 L—F ORI

6. BLOTLSU DO#fr, GETIE HHA Y v b
Bt E R LTS,




2) EBAT—ar

v — 2474 BLOTLSU TIXHIE, 1) FEMARER X #5655k (TR-SX spectroscopy) . 2) 7 U —&— b, 3) =it
AT E 7-BE%EE (3D nano-ESCA) ., 4) @D iFRER X #7385 (HORNET) ® 4 DOFEBRAT — 3 VP E L O
HEINTWD, WIFNROAT—v a v b EFEFIAERIEER L Lo —F—~BkL TRy, FARGEISETE &M
LT D,

2-1) BRI X B NER AT — 3 o~ (TR-SX spectroscopy)

AKAT—3 3 Cld, BLOTLSU [ZBWTH LD @R X # L X LB L —F — L X &2l A8, &l
B RRE IR R T O RIEZ B L TV 5, L= =R 712X 0k S RS- R LR RG72R &
DEFBLR AR X 7 0 —712 80 ZOEFIRE - (L PREE - IREMREE - RS0 E ) 72 A JA@EML z
OBEMAZBINE LTS, BIfE, ART—2 3> TiE i) 7=b ML AL—PF—2 2T LD R, ii) FRATIFRH
T 9 IR TCH FE 4y fR T es (VG-Scienta ARTOF 10k) & AW =H R A EEFRIE RO, £ LT iil) @mRIME~E
TSR L — P — OV A LR X BRI VA D & A 2 2 Z R - BAER I O @SB TR OBRRE 2 D T D,

K AT b O TS R 525R1T SPring-8 DRI AN FE—R(D £— F)ERIZBOND, ZRETOD £—
RE—LH A DB TEIEICARY AT LAORMBE R OFHEZ1T > TE 7z, K 7 1% BLOTLSU (Za%E S 7= e+ il
EREEEEMOGHETHD, £ 31 D E— FNEREOKT% Si(111) FiR RICEE LR D Ag 4d ytﬁ:”%fdﬁ
L7t D Ths, ARTOF TILHET% 2 WTAEH M 0x, Oy) ICFINFHET 5 Z &N TE, K 8IXTD—HDOMAEEZFE
LU TRLIEDDTH D, RSB T/ HRIE S A7 MFBEFER L TR Y, HEEREICEW T L —Y —F R K
Yk # 77 (Surface Photovoltage) ZIFIZ LA HETE—7 O X —ZbE2NE 2 ORBECHIET 2 Z LTI L
TW5b, Sk, AR RICE T RE 2 RELFERIG S A X 7 A (WA 5T OREILH - SFht SOR) kR
HIZ BT 2 H RSB - MR AIEE 7e EORICHEH LT, E 72 ZRTA FEE R TREHI L E 1T as O RE A TS L
e R TR T TR S OB b HEET 2,
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0, (8- integrated)

SPring-8 D-mode oepration Ag 4d level, Ag/Si(111)

B 7. R X B R AT — a v 8. SPring-8 &7 /L FE— ND T— R THRIE L
(TR-SX spectroscopy) 72 SiA1D)FE i b Ag D Ag 4d ¥ERLDNEETF 7 F L,



2-2) 7Y —HR— AT —3 g~ (Free-Port)

ARAT —v 3 TR EEOMRE N EFREBZFFOIAALTHRERZITY, A7y vy ia—YF—0hxDER%ZTIC
BRI 9 D & 5 RENALE K R E CILRFIHEREZIT > T\ D, BREHFHERMNE TOARy M4 X
FEE:10um PAF, KF:50um LLFIC72 5 K ICERFFENTEY | ERRAT— a o TIIWmEIK, [EfEZER, €8T X,
100V/200V EROHEHA2—T 4 V7 4 —BHAE SN T\ D, 72 SPring-8 Ak O — ¥ — iy & AR ILFF I
XkaEINd, TNETICaE—L 2y MR X BEHWZT I MEIOA A —2 0 7B RRE KT IEE 10 e D B
72 E ORI EBRP T,
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2-3) —WRILEBEEDLEFHEME (3D nano-ESCA)

ZWotF/ BSCA AT —3 g id, 7/ A—F =R — LOXEESIFIET, WEDOET - ALFRESTR &2 =R THIC
AT D7D DFERAT =L 3 o Th D, BARMICIE, BORRET U AT —3 3 U E— AT A b OB EE R
HEwTZ LRV =T L— NEFZP) THEATHZ LIV B oA T =22 AT, EMOMHE (xy) LI2tE
FARZ FVERIEL, 51T, TDAXY MOBRMAEEREE AR b e E—E T 5 Z LiIc kRS M
G (2) BATH . THHOEMOBMAIZE Y, =Wt x,y + z) ST 2 BT 5, 072, I — I 835 nm O
FZP # M\ 72 50 nm L FOS T /7 € —n L 60° —fEBUADICEF BT A EKENET — 212 L D557 R S 5115y
AT OER A MRRAE L LT, BIEEEOLD LT - L ED TV D,



AREFRAT— 3 0% 2009 4 9 AT BLOTLSU [Z#%iE S (K 10), B — A7 A OFIABIA L & I EE v
ToiREE - EBRAEBLE LTz, FZP W) BE—AEKOMREE LTE, Au Ay 32D IV AF vy T m7 7 A V%
TE L, FRMECZEMMAERE 92 nm Z 3R L T\ 5 (X 11), £72 2010 FHIDITITBUAAEE 60° DILABLANLEFT 7
TAYPEHEAL, Y —r 7 L— MEXLTEWRETOD 600 —HEEGADNTE A ERFIEOBSICR ) Lz, JefD %
RIEATIC AT CE 2 REEITIE > TV A3, BUR TR L~V D 22143 #EE 100 nm TO VLR A v ME S SARFEAT 73 AT hE
IRIREEIZH D

At TIREI R 22 Sl L B B e A ZER M RAEO R EA2 B LA TS, Fio, BIEEASO FZP 21T 5
FRERIRA & 72 5 50 nm LA R D)/ DB ER SN RITIE, B2 D@ %M fiEaebd B L TR — iE 18 nm O
WA FZP OB AZFE L TW5, FHRT /) VoL T AT OB & | BUROEEMERE L A0 LB L) 72
J v —hgek i & L CHEIRIAE A HEE LT <,

SPring-8 .
BLO7LSU

i Spatial Resolution:

92 nm

Intensity (arb. units)
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10. =ZWonEBERDEE IS (3D nano-ESCA) 11 ENEICBITFZ28A Yy aDFTA v AT 0T 7 A )L

2-4) BEDIEER X RN AT — 3  (HORNET)

HBE D RREIR X I AT — v a3 v CIE IR 8 O = L X — I RRED RO/ ede 2 %l L (K 12) . &UAK - 'k -
BEMDLT. HOPIWEDIFHAEEZM I BTOREL, LRI L, EZ LICHND, KAT—va Tk, X
BRI RO E SRR 2 BIFESE — ) & (1) T SPring-8 2010 4ERTHI L 0 BEHEOKRE, PR, ) X H¥ty
MR DOVEREIHli 21T > TV 5, miffii/ MEE (1:160) DI 7 —HFREHML T 0.5 pm ODARy bY A XZEHL, &6
IR X I esmn R4 3 m & K45 2 & T E/AE > 10000 OB &S fRREL 2 X 5 AT R H 5, HEELD
BEHREMIE S 150mm LD TS 2 2 &b, BEHFELWUET = o\ —% —IKML ST RERH D . Otk
EEOTEMME L WET = N — LM IR IER DR WET, ERDGHY AT AT 72 WEIN EOREEE LS,
LINLRIRBARAT = g U CIIRESEE AW X IR OFTE R 82 2 E TIcin, K13 IR T LI IS,
MnO @ Mn 2p HWEFEIE R THMRAE E/ AE~3500 Z i LT\ 5, ASYEONIRIE E/ AE ~5000 2 T E{T-
TWAT®, B X SEEDEEREMTIIR LT E/AE ~5000 L7e->TW\Wb, ZHUTIERE&EMEREL27 % Swiss Light
Source @ 5m # X HRFENS K88 SAXES[BICILHIT HIERETH D, EHFROTPIEICK B ORMBH Y | BRI TOBO
EAHOME, )R X BRI AR ORE X e & b ED T, 2010 FHHTIINMRRE E/ AE ~10000 % F 53 & [RIRFIZ,
ISR EA~ DR Z X 5 TETH 5,



MnO Mn2p RXES

639.2 eV (Lsres.)

642,56V \-‘
‘ ‘ s 20

1210 8 6 4 2
Emission energy (eV)

Intensity (arb.units)

13. RYGIHRAFRLEICH1T 2 MnO @ Mn2p 3t
558 ERXES)DHRIERE R, Mn dd bk D% HIyH
BB STV D,

12. BESMERERR X I A T — 2 2 » (HORNET)

[FHE]

REBEER XY > P2 L—F B — LT A - BLOTLSU OB IFIMPLRHER 1, KFHZK L SRBER 1 plRRK 1
FAFERER L REER L ) IIT AR L EFRREERER L2 PRI L RAREIAE 1 BT R 12 LRI 35,
FREIERIK 35, JFHBAR 34, JIGILEIR 34, MEAER 34, Ml AR 35, RBIFIERK 34('JASRI/SPring-8,
?RIKEN/SPring-8, 3 HUNKI G EERTFEMAE . ¢ HUREE T, 5 BORMIMERT) & 3kFTfThhi,
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1. IUBIZ

Fvg DT 2004 4F 3 A 31 HIZWEFICEEL TH 9 6 ERR - TLEWE Lz, BHEYSHNTILFRFIHIR M —
OHELRBENSE, R0 OMEE SICKERFNICKR T LE TR B b D TLEN, 6 FELIR->THD L SIXMIERET
BELTOELEOBEBINPMEY HBRALNTT, LIFE> THAERMKARR TN, TARFELRIILEVRUITR LT,
THIZEZE K OBFFEE A o3— (A LR, BB Bili/FGMIER) 02 LE LI EFELTHERTEE L,
PUF CIHROIRED 2N E COFBEIEERE L A =0 20 2 ) BEAEIC RN Lz B0nET,

2. FiEPIRE

HPEF 2 W RO L WETIE, A = XAARIIAE— AT A U A THHICHEDLTEENE Yy 71 =
VAR LN RICHOE D ERWET, 6o T, SNSRI - BERICH T o T, TRERD OB E D RO ERES
DEVIEVE, Try =l bR — VYRR MEICRD T, bHAARE, RERIIa=r—va VAR
TWIRZD X ) REHIIFEL N TORVDOTTR, FRRNOMEFIIRY A TEETA, VI bIFT, EBERERO
—WE TR B ET,

2.1 BL12@MLF/J-PARC

2004 FEDOFERFFUAATINTZI v a v D 1 D12, YRR A E - Tz J-PARC ~OWMEF /) HER DR A
0 E L7z, J-PARC 2MEV 33877 Pk F-RRITR 27 T3, & ZICEEHR SN D R & a3 2 Ol M T ER A
BEDEDINETTIIEZLNARWVEEEM T, OO EIMEZR O TREHINE LD, BERO-T 5
EEHEFEZOEDDOI 2L —va BT A0 EE Lz, EBE, HEEOP TR s oot aED £ L
71l ET, BRPERNPTFEMERTE P, I ANRERWII LD 2008 4EH, WL TOORIREH D
KEK & OILFRHFHICRE HEETDZ ENRE SN, TR ERFIZTXTHATEHOE L, BT R0nboT,
2009 FEEIZITMMERFHS IRy O TR B A& | a0 EEESy (R 2 TIEEMT 2 FN TEE Lz, &P 3He
DR B LR HEROBEAICIEENL L 20720, 7oA I F g v 3 —FRICEL L THEAOREERE LY &, BiE
DHZMGEE LTz, BREEXE, K 34 A0 F, BS 3 m ODAT VL AETHDHHMLER (—A 200 FHHRE) X
Bx B TR I ZOTTR, ZETORSOBAETTNL, brolAlokZd THNTLEVET, ZO/R
HIZS BT I ESEI3R 1 BRIV 20T, AKY
WZEBRO@EGETLIZ (X 1), TOLIITELL HH
LWERAZ%E->T05 2 Hic, 2010 4£ 3 A 26 AL
ITSERGEAR I 21T O T Tl EE T 20T,
FFZRIY B OFRTFIZ~L A v R EPSo TEE
LTWz S iFFEB D EV, LW I MED 2R T
Lice ARG THRBERT AT, FTE.
FIEATR R, MEBROEREZELEL D420
TRADEBNFTHY | EHICE L TE KEK Off
FREEER . BURBE. ERREI KRBT 213 L% < D
Jix OB 0BT, ZoHERMED LTHEH
HLELETRT, OB (RAMET 2 v /3= [ 1: BL12/HRC 8O MIEI Y 1 1 (R OBEF




st HRC) T4 £ ST — 2 BRI fi Ch v . A% OKIER I S E T,
HRC 73682 B L TR 2 L 0 49 & 4 BB 2A D £9, XV L TSk 2 2 22 R<ES 0,

2.2 GPTAS@JRR-3/JAEA :

— 7T, VRS P IS0 B AR IR - ) BT 5 BR R R A
(JAEA) ORI JRR-3 IZR B S A7z R ok
THELIEERE R AW EFRH 2 D 5 L ) K&
BRIvvarbbET, ZOHNTORYOEET
JRR-3 [CRRE S NL=HIENTFTA D 4 5D 3 il idzn Y
7 b7 BIOHEROEBIIC L A EEERHY L
720 2004 fEITHAE o 72 Z OEECIZHFT 5 0 ekt
FTHHEL VD LA TRNRICHEE T, 2004 4R
(2005 4F 1-3 A) 7220723 BIR-FIF O o ¢ (4 IRFfE AT
B D) M S AL —FEICHIE Y 7 o =7 O TERD I
ihte b WO mBHT L, UL, RifSAZIZLD, Hiflf
BEDONMS A, BRI A, ZOMZ < OEREOBRE Y72
W CHFFRIHP M E 25 BRI & o< eamnddh & 4
DT-RHIASIZ S L= b O T LTz, I A Lz
DETREDL EHWZERHY T2, ZOFLEKL
BEETHH E Lz, NTEO T, FEFEEIERZ 2/ L
ThaNanilt F 6P IFREE 100> TRAEZHET 7=
FEE L DX AMNEBNE LM, ST, 20 GPTAS T
T, 2%, ELEEAETH S 2L T KFE (2007-
2009 BNE/) I A—H TFIAY—DEH I 2L —
va UHIREITV., MY OBERBNREY ) ThLEE
BEAICHEA L CKNELEZDT, £XTFI4 —, £
KT/ 7 m A—FDIETERICKBEEMLE L, £/ 7
2 A —2 OFREICIT JRR-3 FEFLRBSH LR EA TV D
EB/ 7B A—=F RRITLERTTENE/ /7 n A —2EHER
T BHEVIEENRA-TLD, BEEDIFEERIZOR
e LAy b fFIv R L R RO
HkELZ, (K 2)LhL, ZNHDOENOHED - T,
(R A FEMERCGEL OFE HERR B & L THW BN D) D
74/ VB countsisec THIETE ATE TEELEINE
L72(K 3), Zofitlc7ed &, HRICHEDHRELS>ThH
BWTLXY, CHEABLTCWET, &k YOoFIN

X 2: GPTAS &/ 7 1 A—% FT AYIEIEHE, TR THb 8
(IFm~RA 7 L~ Ay RTRZRWTE) & L THEE2TREIA
I TNDDIMEETT,

Cu TA phonon 6mmX6mmX19.5mm (0.2,0.2,2)

120 T T T -
#77335 flat mode c/26sec to cf1sec
#77559 focus mode c/8secto c/1sec —+—
100 |
g 80
% ot
B RN
= 60 F - .
= t .
‘B . [
2 L
g 40 F ;i‘ s
iih;* ]
20 F L
_i
0 ereanaienent® epy | TtTetenanantsunanttetytteg,,
6 8 10 12 14 16 18
Energy transfer (meV)

3: Cu(0.7cc) Hifiidh D Q=(0.2,0.2,2)I2331F % I EL A~ 7
Fv, FEBILT 4+ —H A€— K (F) D cnts/8sec, 77 v hE—F
G IHkDE— F) 28 cnts/26sec Tirbiiz, WA &b cnts/sec
WA =L ENTNED, B —27 T 80cnts BOMRENHTEY
cnts/sec TT7 A4/ UHETE D L FE-oTHRNLLTHA I,

AL 7ZE0, FEMliE 4G GPTAS web site # 2 7230 [3],

2.3 CTAX-2@HFIR/ORNL :

T, WHERHI B RIG A1 HEE L T Y | KET NV y 7 ~T ESIHFEET T ORE L7z HAM 5@ 03 R <&

BLTWELE,

L, Ty 72 ~TrOEF HFBR 7M1k LTHHIE, HAM SXean4—27 U v PESIHFSERT

BRI FE SO0, PR EBOREBENEES, 7IA ML —arDhEzbHATLE, 20X 5 IR EZFTH
T DD, 2 RERERD (T AT — T NLIE) OdkigEE BARMTIT 5 HCTKRERNC T r Y= 7 FE~D T Ly
VX —&NTE O L 2007 FEWIOE CYEED) FEERENHBIL, 2 koBRE T e Y= PR AX - LE LT,



LIEE D bOO, FHEFERE BARICHESIITRES ~OFERA, MEATFHREE, Ax bV ET, M T, 4—
70y VOMFEOET B AREIIRE SRR E9, 2L, TxPUEDT-O HARENTEEEELITE Y L Lizh,
F—=2 Uy VP KEOEET A B Aol NBICHE S EA L EWVHTHATT, (FR20Wo T, Atk
LTRD ! i zglo76, ik, KEZ XL XF—E0 [fEo5TEWTRWRT U RN RATHEDEESTET,
HrolbhE N TLENELL, AANLGEGEZES> TINEFT 2> THRPRDFENPEE RO T, AARMITE /S —
VBB DT 8 2008 FEOEE CHEEO) PENEMEE LA TAH—2Z Y v VICHAE, HHLOHEDOF 4, HY4HE Dr.
Barry Winn) & & < THSREO BV FTETOZT OEELZHZEN LBV HLET(KY), Zo7ey=7 ME
Hix, WRAATOZENERL KT L 2009 FPBIKERICEY R L L oA (Bre OWFF@EY)A—2 U v B
WIETZ XX —EAD BARMUORLKESWIZO - D LT, BFICERPESILICDE Lz, AL, 54 (2010 FE)
PICEa Iy va = IDRBCTED THAIMETHEEE T, BEETT, —F5H T, RBLFIZOTrY =7 M TH
DAIEE 2 Rlz L TF S o 7 L HAR R 25K E A~ 04 it £ T Rk 7o R IR S fv, KRERIOHYSE Th -7
Dr. Barry Winn (3 / 7 1 A —ZRIR5ERT 2T E T BT 2 BMOME I N —F 1B > TLEVWE LTz, RAICE
Fo BRAOEPEHU R R D HPPE T o8RIE D O TR T, ML CTAX-2 web site ~& 9 Z[4],

4: A=) v DVENAFEFO & b 5K LBVHTTE TO CTAX-2 4 Jaafif k¥, SCFI@ Y 5220 L.
ERE OB & A ARIER T RN I OR A2 1T > 72,

3. Y1V A

L ZF MR CIAG LIc b DD, F D% OB EIBANIITEET GRE - MEHIF TR BRI & D372 1) i
NTLEo7m, BIE LI YRHIF ET B KESIREE T, ZOEOWENIEO LT —<Milnb s REETL
oo TIT, UnE U bR Tha EBERICEZED CEXZ L) OREL I LFTCT, £0 X 5 2P CHfgEE A
X 7 b — IR LB AR K> TAET,

3.1 &RBEMELAEY EEE. FTEILEY. SRBEEERSE)

LR T ORI T —~ DI H K C42J8) CeNiSn THh - 7290, ik (G4 HblF) TORFIET — < A5G dh C
botFEbH Y, ROPET —~ OPOEERIHLAYIOPE FHICREE) TF, 1T UL [EHEIFE % 720
b PO T T AL T 7 v FBELICR O D MOEERT A2 fF2) LW O RREZEKRTHY | ZOWIEITRIZIC
SERICIIMERAN SN TOERT A, HELY (2004 FE) 1L Zn-Mg-RE % RE: 7 H¥c#) X Zn-Fe-Sc RZEDOMM
TR EEDERROBKIESZ (FEL ALy 750N o7cDT) = ATIDIDOERITWE L, ZOH, KT —
AV IBRENTZDBRBEDNES IR &N D Zn-Mg-RE RIZBWT, S(Qh0) @ ho >0 #57035h CIREELZ xR



SRARRAN 9 Iﬁ*% ERWIZLELE ( 5) [5] o ZALE, p-ZnMgHo powder LAM-40; 2th = 24.3deg; Q=0.627invA(E=0)

RTH RAEE CRONSFTMN BT 27—V v 77 008 g
SQ0) & < BTN b & DBl 80 % 0070 & 5 oosf & | 12200

A0 B LE LR, REEABMTOROHETT, % g L 4 TL300K

Heh L RIS USRS (T b b, IE 20 B H e
FHEICIEN 7 5 44— e bo) i 2B P 5 0
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B . F )Y T Ak 3IF— : "Visualization of Quantum Nature of Hydrogen"
HEF : 2010 4 7 H 28 HOK) “F#& 1 K§ 30 73 ~/F# 2 I§ 30 7

S - YEERIARE 6 B S5 I —%F (A615)

#fl : Dr. Takashi Kumagai

JiE : Kyoto University and Max-Planck-Institute, Germany

®E:

Quantum nature in hydrogen bond is important for understanding the process in wide areas of chemistry and
biology, not only scientific interest.

In our study, the visualization of the quantum nature has been achieved by using low temperature scanning
tunneling microscopy. In the water dimer isolated on the Cu(110) surface the donor-acceptor interchange was
visualized [1]. The STM image clearly shows the interchange process is governed by tunneling. On the other hand,
STM enables us to control the molecular motion or reaction at a single molecule limit. The dissociation of a water
molecule yield a hydroxyl group in which the inclined OH axis switches back and forth between the two equivalent
orientations via hydrogen atom tunneling [2]. Moreover, the reaction between water molecule and hydroxyl was
induced, which gives a hydrogen bonded water-hydroxyl complexes. In this system we observed the “symmetric

hydrogen bond” caused by the effect of zero point energy [3].

[1] PRL 100, 166101 (2008). [2] PRB 79, 035423 (2009). [3] PRB 81, 045402 (2010).

B . > )Y T At 3IF— : "Combined scanning tunneling microscopy and atomic force microscopy
with small-amplitude frequency modulation"
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ZE:

Scanning tunneling microscopy (STM) and atomic force microscopy (AFM) measure different physical quantities.
Atomic resolution by AFM is mainly performed in the frequency modulation mode where in the initial experiments,
a soft cantilever with stiffness on the order of 20 N/m was oscillating with amplitude of some tenth of a micrometer.
In addition to atomic imaging of surfaces, exciting breakthroughs like atom manipulation and atom identification at
room temperature have been achieved with the large-amplitude technique. However, already in 1998 it was
proposed that optimal results will occur when the oscillation amplitude of the cantilever has a magnitude similar to
the range of the forces at play. The range of chemical bonding forces is on the order of 0.1 nm. Small amplitude
operation with stiff levers enabled "subatomic" resolution by force microscopy.

One of the advantages of the qPlus sensor as an implementation of the stiff-cantilever/small-amplitude technique
is that simultaneous STM/AFM operation is easy. A direct comparison of scanning tunneling microscopy and AFM
data showed that when probing a tungsten tip with a graphite surface (a "light-atom probe"), subatomic orbital

structures with a spatial resolution of less than one Angstrom can be obtained in the force map, while a map of the
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tunneling current only shows the known atomic resolution. Optimized subatomic contrast is obtained when
recording the higher harmonics of the cantilever motion. The idea of the light atom probe was carried further in
collaboration with the Low Temperature STM group in IBM Almaden, where the forces acting in atomic
manipulation were measured.

The greatest challenge of the qPlus sensor is the structure and stability of its probe tip. Metal tips that are cut or
etched from metal wires or cleaved single crystal tips can be used. The precision of the force measurement depends
on the accuracy, at which the oscillation frequency can be measured, which depends crucially on the deflection noise
density. This noise can be minimized with novel preamplifier schemes.

Frequency stability over long times and during temperature variations is also important in AFM. The frequency of
quartz tuning forks only varies by approx -0.04 ppm/K2x(T-Tref)? around room temperature. At helium temperatures,
the frequency variation with temperature is also extremely low. Combined STM and AFM is very simple when using
the qPlus sensor. In the last years, a variety of STM experiments have been repeated with a combined STM/AFM using

the qPlus sensor where crucial new information was gathered by the additional information on the forces that act.

i : Fiit X J— @ Entanglement Renormalization
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ifl : Prof. Guifre Vidal

k& : University of Queensland

2E:

Entanglement renormalization is a technique to implement Kadanoff's and Wilson's Renormalization Group to
produce simplified, coarse-grained descriptions of a quantum many-body system on a lattice. First I will review the
basic formalism of entanglement renormalization and of the resulting variational ansatz, the multi-scale
entanglement renormalization ansatz (MERA). Then I will describe recent results concerning the simulation of

frustrated antiferromagnets and interacting fermions in two dimensions, as well as of quantum phase transitions.

B MR 7+ — <)k 2 J— : Entanglement renormalization of the quantum S=1/2 anti-ferromagnetic
Heisenberg model on a triangular lattice with spatial anisotropy

HEF : 20104E 8 H 5 HOK)  Fi% 41 10 5y ~"Fi& 4 K 40 43
S - MTERERABE 6 B 55 5 23— (A615)
#fl : Dr. Kenji Harada
JiE : Graduate School of Informatics, Kyoto University
e

The quantum S=1/2 anti-ferromagnetic Heisenberg model on a triangular lattice with spatial anisotropy is
relevant for materials Cs2CuCl4 and organic compounds k-(ET)2Cu2(CN)3. In order to study the ground state
property of this model, we used the variational method of the tensor network wave functions whose probability
amplitudes is defined by the contraction of tensors on a network, because this type of wave functions is very flexible.
In particular, we applied the entanglement renormalization[1] to our tensor network wave functions. Our results
show that this scheme is effective in the weak-anisotropic regime, but in the strong anisotropic regime the wide-
range disentanglement along the strong interaction direction is necessary. We also found the rapid destroy of 120

degree three sub-lattice magnetic phase in the weak anisotropic regime.

[1] G.Vidal, Phys. Rev. Lett. 101, 110501 (2008).
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B BT > 7 4+ —< )k 3 J— : Study of quantum spin models on two-dimensional square lattice using
entanglement renormalization method
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#fif : Dr. Jie Lou
g : ISSP
e

Entanglement renormalization (MERA) was proposed as a promising method to study D-dimension quantum spin
models. The key of this method is to use local unitary transformations to remove short range entanglements,
prevent them from accumulation, so that coarse-graining can be applied afterward to obtain a better description of
the quantum spin states with lower computational effort. We apply the MERA method to study the J1-J2 frustrated
spin model on 2D square lattice. We used two MERA tensor networks proposed by Evenbly and Vidal. The results
shows that the structure of the tensor network has significant impact on the ground state we obtain from the MERA
calculation. We observe a Valence-bond-solid phase in the intermediate J1-J2 region. We also use these MERA

tensor networks, designed for square lattice, to study anisotropic triangular Heisenberg model.
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"2E:

Heavy Fermion superconductivity provides a model for thinking about what is involved in attempting to maximize
superconducting transition temperatures. It appears that most if not all heavy Fermion superconductors are found
near a magnetic quantum critical point. It is generally believed that the dense Kondo liquid from which this
superconductivity emerges carries magnetic fluctuations which can support both superconducting and magnetic
order.

Superconducting order gaps out low energy magnetic fluctuations favorable to antiferromagnetism. Analogies to
this exist for other classes of superconductors, and this line of thinking suggests looking at extremes of Tc as arising

at what can be regarded as the boundary between physics and chemistry.
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[1] P. Di Francesco, H. Saleur and J. B. Zuber, J. Stat. Phys. 49 (1987) 57.

[2] N. Read and H. Saleur, Nucl. Phys. B613 (2001) 409.
[3] H. Shimada, arXiv:1008. 1543
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R : The seminar by New Materials Science Div. : The double life of electrons in magnetic Fe pnictides:
what do we learn from NMR?
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¥E:

Magnetic Fe pnictides have recently recieved a great deal of attention as the parent compounds for a new class of
high temperature superconductor. While most of these systems are good, three-dimensional metals, their magnetism
has been widely discussed in terms of highly frustrated two-dimensional Heisenberg models. Within this picture,
strong quantum fluctuations are invoked to explain the anomalously small ordered moment found in neutron
scattering experiments, relative to ab intio calculations.

Here we develop a quantitative theory of NMR in magnetic "122" pnictides [1,2], based on a phenomenological,
two-fluid approach to their magnetic excitations. In this, a paramagnetic fluid with gapless, incoherent particle-hole
excitations coexists with an antiferromagnetic fluid with gapped, coherent spin wave excitations. We show that this
two-fluid phenomenology is consistent with all that is known from neutron scattering experiments, fits naturally
with a band description of the materials, and provides an excellent description of NMR data [3].

We further use this phenomenology to estimate the maximum renormalization of the ordered moment which can
follow from low-energy spin fluctuations. We find that this is too small to account to for the discrepancy between ab
intio calculations and neutron scattering measurements, suggesting that other forms of correlation are at play in

these materials.

[1] K. Kitagawa et al., J. Phys. Soc. Jpn. 77, 114709 (2009)
[2] K. Kitagawa et al., J. Phys. Soc. Jpn. 78, 063706 (2009)
[3] Andy Smerald and Nic Shannon, arXiv:0909.2207
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"2E:

Electronic transitions dictate optical and other properties of matter, and are involved in diverse phenomena such
as photon emission/absorption and photochemical reactions. Among all the available experimental systems photon
emission induced by tunneling electrons in a scanning tunneling microscope, i.e., scanning tunneling luminescence
(STL), stands out as the only optical technique capable of atomic resolution. Although sample-inherent photon
emissions have been observed by STL spectral measurement, these emissions have not been correlated with
underlying atomic configurations by STL mapping.

Our goal is to elucidate atomic scale electronic dynamics at surfaces by observing photon emission. To this end
emission spectra and STL maps were collected using silver and tungsten STM tips. Experiments were performed in
an ultrahigh vacuum (UHV) STM equipped with an optical system. STL of Si(111)-7x7 surface and GaAs(110)
surface were investigated.

The emission spectrum of Si(111)-7x7 comprises two peaks with transition energies of 1.85 and 2.4 eV, which
agree with previously reported surface-state-related electronic transitions of Si(111)-7x7. In the STL map measured
with the photons emitted through the 1.85 eV transition (at Vs = -2 V), significant photon emission was seen when
the tip was located above adatoms and their back-bonds, forming diffuse intensity distribution around the adatoms.
At Vs =-3V, both 1.85 and 2.4 eV peaks contribute to the STL map. Since the STL distributions measured at -3 and
-2 V clearly differ, it is likely that the distinct electronic transitions have their particular transition probability
distributions. It was also suggested that non-equivalent adatoms have different contributions to the optical
transitions because the emission intensity at four distinct adatoms is different.

Atomic resolution STL mapping was also achieved with GaAs(110) surface. Although the emission mechanisms is
not so clear at this moment, the electronic dynamics at these surfaces may be elucidated based on the STL maps.

This work was done in collaboration with Prof. Naoki Yamamoto, Department of Condensed Matter Physics,

Tokyo Institute of Technology.

i BT > 7+ — <)V 3 J— : Statics and dynamics of weakly coupled antiferromagnetic spin-1/2
ladders in a magnetic field
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iifli : Pierre Bouillot
g : University of Geneva
#2E:
We investigate weakly coupled spin-1/2 ladders in a magnetic field.
The work is motivated by recent experiments on the compound CsH12N2CuBrs (BPCB). We use a combination of
numerical and analytical methods, in particular the density matrix renormalization group (DMRG) technique, to
explore the phase diagram and the excitation spectra of such a system. We give detailed results on the temperature
dependence of the magnetization and the specific heat, and the magnetic field dependence of the nuclear magnetic

resonance (NMR) relaxation rate of single ladders.
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For coupled ladders, treating the weak interladder coupling within a mean-field or quantum Monte Carlo
approach, we compute the transition temperature of triplet condensation and its corresponding antiferromagnetic
order parameter. Existing experimental measurements are discussed and compared to our theoretical results.
Furthermore we compute, using time dependent DMRG, the dynamical correlations of a single spin ladder. Our
results allow to directly describe the inelastic neutron scattering cross section up to high energies. We focus on the
evolution of the spectra with the magnetic field and compare their behavior for different couplings. The
characteristic features of the spectra are interpreted using different analytical approaches such as the mapping onto
a spin chain, a Luttinger liquid (LL) or onto a t-J model. For values of parameters for which such measurements
exist, we compare our results to inelastic neutron scattering experiments on the compound BPCB and find excellent
agreement. We make additional predictions for the high energy part of the spectrum that are potentially testable in

future experiments.

BEiRE . k&3 J— : Energy Storage in Chemical Molecular Complexes
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EE:

The [NH]x[BH]x class of compounds may be classified as complex hydrides and/or chemical hydrogen storage
materials. Chemical hydrogen storage materials are of great interest for energy storage because they are capable of
providing large quantities of hydrogen with rapid kinetics at moderate temperatures for fuel cell power applications,
e.g., small power, remote power, emergency power and in the long term vehicles. Our group has been working on
developing an in-depth understanding of the chemical and physical properties of amine borane materials for solid
state on-board hydrogen storage. These materials provide both high gravimetric and volumetric densities of
hydrogen. Hydrogen is released at low temperatures through a series of moderate exothermic reactions. In this work
we present experimental studies designed to elucidate more details about the potential mechanism for Hs formation
from [NH]x[BH]x compounds in the solid state and in solution and discuss how these molecular materials can

provide alternative catalytic pathways for the non-metal activation of molecular hydrogen.
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"°E:

High magnetic fields are one of the most powerful tools available to scientists for the study, modification, and
control of the state of matter. The application of magnetic fields, therefore, has become a commonly used instrument
in condensed-matter physics. For the observation of many phenomena very high magnetic fields are essential.
Consequently, the demand for the highest possible magnetic-field strengths is increasing. At the Dresden High
Magnetic Field Laboratory (Hochfeld-Magnetlabor Dresden, HLD), that in 2007 has opened its doors for external
users, pulsed magnetic fields up to 70 T are available and a European record field of 87.2 T has been reached. The
laboratory has set the ambitious goal of reaching 100 T on a 10 ms timescale. As a unique feature, a free-electron-
laser facility next door allows high-brilliance radiation to be fed into the pulsed field cells of the HLD, thus making
possible high-field magneto-optical experiments in the range 3-250 um. Cryotechniques and different sample probes
for a broad range of experimental techniques custom designed for the pulsed magnets are readily available for users.
In-house research of the HLD focuses on electronic properties of strongly correlated materials at high magnetic
fields. Besides introducing some highlights of the HLD experimental infrastructure, some recent scientific research

results will be presented.
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"#E:

Field emission from metallic tips with nanometer sharpness has been introduced some time ago as highly bright
and coherent electron source. When a focused pulsed laser illuminates such a tip, optical electric fields are enhanced
at the tip apex due to the excitation of surface electromagnetic waves. Only recently, it was found that the enhanced
fields induce pulsed field emission in combination with a moderate DC voltage applied to the tip [1].

We have investigated field emission patterns induced by femtosecond laser pulses from a clean tungsten tip apex
which is oriented along the [011] direction, and compared them with those of field-emitted electrons without laser
excitation. The laser light was focused to 4 pum onto the tip apex, and emitted electrons were detected by a two
dimensional detector as schematically drawn in the figure (a). We observed a striking difference in symmetry of the
two patterns. Without laser, we observed the typical field emission pattern of a clean W tip as in the inset of the
figure (a). With laser, as in (a), emission sites were the same as those without laser, but the emission pattern
becomes strongly asymmetric with respect to the shadow (right) and exposed (left) sides to the laser pulse. The
physics behind is due to the asymmetric local field distribution created at the tip apex by the laser. This is confirmed
by simulating the propagation of an electromagnetic wave around the apex of a model tip by using the software
package (MaX-1) [2] for solving Maxwell equations based on the Multiple Multipole Program as shown in the figure
(b).

We also observed strongly asymmetric modulations of the field emission intensity distributions depending on the

polarization of the light and the laser incidence direction relative to the azimuthal orientation of tip apex [3, 4]. In
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effect, we have realized an ultrafast pulsed field-emission source with site selectivity on the scale of a few tens of
nanometers. Simulations of local fields on the tip apex and of electron emission patterns based on photo-excited
nonequilibrium electron distributions explain our observations quantitatively [3, 4].

This work has been done in collaboration with C. Hafner (ETH) and P. Dona, M. Kléckner, D. Leuenberger, T.
Greber, J. Osterwalder and M. Hengsberger (Uni. Ziirich)

[1] P. Hommelhoff, Y. Sortais, A. Aghajani-Talesh, and M. A. Kasevich, Phys. Rev. Lett. 96, 077401 (2006).
[2] http://MaX-1.ethz.ch.

[3] H. Yanagisawa, et al. Phys. Rev. Lett. 103, 257603 (2009).

[4] H. Yanagisawa, et al. Phys. Rev. B 81, 115429 (2010).
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H2E:

The BCS theory explains conventional superconductivity in terms of electrons with opposite spin and momentum
that condense into pairs. A sufficiently large magnetic field destroys superconductivity by coupling to the orbital
motion of the electrons. In 1964, Fulde & Ferrell and Larkin & Ovchinnikov (FFLO) showed that this coupling
would give rise to a state different to the conventional BCS-state. In particular, this state may exhibit a spatially
modulated order parameters as well as finite momentum of Cooper pairs. Up to now, the FFLO state is still elusive
to experimental observation. In the talk, I will discuss our theoretical studies on the FFLO states of polarized
fermions in cold atoms and condensed matter systems. First we investigate the superfluidity with imbalanced
populations of harmonically trapped ultracold fermions in a 2D optical lattice. In the high-density regime, a novel
FFLO state with gap oscillation along the angular direction shows up and the accompanying ferromagnetic order
modulates accordingly. Next we study the electronic properties of a heterostructure consisting of ferromagnetic
metallic layer and s-wave superconductor layer. We demonstrate that a novel stripe FFLO state as well as a 2D
FFLO state may show up due to the proximity effect.
fii# : Dr. Yan Chen is now a professor at Fudan University. He received his BS and Ph.D. in theoretical physics
from Nanjing University in China. Thereafter he conducted postdoctoral research at the University of Houston
(1998-2003). Between 2003 and 2007, he was employed as research assistant professor at the University of Hong
Kong. Since then he moved to Fudan University as an endowed Dongfang Professor of special appointment. His
current research interests include high temperature superconductivity, exotic superfluidity in ultracold atoms,
quantum entanglement and quantum phase transitions. He has published more than 40 papers in peer reviewed

journals.
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Recently the spectroscopy by modulation of an optical lattice has been attracting attention in ultra-cold fermionic
atom experiments. In this spectroscopy method, we heat a system by modulating the amplitude of an optical lattice
potential, and the number of the doubly occupying atoms, so-called doublon, in the excited system is counted.
Currently, the experimental group in ETH Zurich is vigorously employing this spectroscopy on 40K atom systems
which is well-described by the standard Hubbard model.

To understand the physics of the experiment, we computed the doublon production rate in the three-dimensional
Hubbard model in the experimentally determined parameter region by using the Schwinger-bosons and slave-
fermions representation. Based on the experimental implication, we assumed the spin-incoherent state, and applied
the spin-incoherent mean field to the Schwinger bosons. The doublon production rate obtained within the mean-field
approximation showed reasonable agreement with the experimental data. In addition, the obtained production rate

as a function of temperature would be expected to be a thermometer of fermionic atoms in an optical lattice.
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R B S J-— : Superconductivity in Inhomogeneous Hubbard models:How 7. can be enhanced by
optimal inhomogeneity

HI : 2010 4E 10 H 8 H(&) “F#& 4 B~"F#& 5 I

5 - YERAIARE 6 B S5 B3I —%F (A615)

a%fl © TSAIL Wei-Feng

Ji& : ISSP, The University of Tokyo

®HE:

In unconventional superconductors, the relatively large energy scales and short coherence lengths usually get
involved in the pairing mechanism of superconductivity. Thus, any theory for it must treat strong local repulsion
directly, as BCS-like mechanism (i.e. Fermi surface instability triggered by weak, retarded attraction) is certainly
not valid at high energies and short length scales. In this talk, I will demonstrate a non-BCS mechanism for
superconductivity by using explicit, inhomogeneous Hubbard models. In particular, when combining with exact
diagonalization study, it will become evident that without considering other non-electronic degrees of freedom such
as phonons, strong pairing of electrons can occur if certain modulations of the electronic structure are introduced.
Moreover, "high" T will turn out to be achieved by tuning certain "optimal" parameter such as the degree of
inhomogeneity or the interaction coupling strength. Finally, I will also briefly mention recent progress made by

some other groups along similar line of thought.
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