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ARORA Akhilesh
Condensed Matter Physics Division,
Indira Gandhi Centre for Atomic Research, Kalpakkam, India

I spent four months at ISSP during September-December 2009 as a visiting professor to investigate amorphous
polymorphs in selected compounds such as zirconium tungstate and vanadium pentaoxide at high pressure. For this
I extensively used laboratory X-ray source as well as synchrotron radiation at Photon Factory, KEK, Tsukuba. The
experiments were successful and the results were very satisfying as my expectations came true. My experiences in

the group of my host Yagi-san were excellent and I also enjoyed interacting with younger colleagues and students.

ISSP is not new to me as I had been here earlier 7 years ago to work on a research proposal supported by JSPS. I
found the Kashiwa campus has grown more than twice as big with several new departments and institutes. However,
for my wife this was her first visit to Japan. We stayed in the Kashiwanoha International Lodge and my wife could
make several new friends in the apartment complex quickly. The people in the building were very nice to us and

helped us on several occasions.

We enjoyed every bit of our stay in Japan including travel to other cities and sight-seeing trips using guided tours.
In the sight-seeing tours in Tokyo and Kyoto we were taken to so many Buddhist temples and Shinto shrines. My
wife remarked in a lighter mood that it appears that we have come on a pilgrimage to Japan. The travel by
shinkansen was also interesting. We loved walking through the series of shops in the Kawaramachi area in Kyoto as
it reminded us of many cities in India. We felt that while becoming the world leader in high-technology, Japan has

made a conscious effort in preserving its cultural heritage and handicraft.

It is very challenging for strict vegetarians people like us to survive in Japan. We did not have much options of
eating outside. Managing during traveling was also difficult. Of course we could find several Indian restaurants in
Kyoto. In addition, purchasing the right things in food-stores posed problems some times as we could not make out if
the product contained some fish or some other non vegetarian stuff. Another thing we enjoyed most was the cold

climate, different form the hot and humid weather of the region of India, where we live.
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MILA Frederic
Institute of Theoretical Physics, Ecole Polytechnique Fédérale de Lausanne

I stayed at ISSP for approximately two months, from June 1st through August 7, 2009. Although I am a theorist,
my host was Professor Masashi Takigawa. When we prepared the application two years ago, I remember submitting
a rather vague research program, writing that we would work on the interpretation of the most interesting and/or
challenging data obtained in the group at the time of my visit. This statement was largely rhetoric, an excuse for my
inability to predict what I would be doing two years later. It turns out that this program has been fulfilled beyond
my expectation.

About a year ago, Professor Takigawa spent a week in Grenoble and recorded a set of high field NMR data in the
quantum magnet SrCu2(BOs)z2. These data revealed a series of new quantum phases between 28 and 34 T. It soon
became clear that these phases had not been predicted by calculations performed so far, and that their
interpretation required some further work on the side of theorists. It also became clear after a few unsuccessful
attempts that we would have to meet to come up with a convincing interpretation. So we set up as a first goal of my
stay at ISSP to understand these data. In the mean time, with my young theory colleagues in Lausanne, we went
back to the problem, and proudly came up with new predictions that we thought would easily account for the new
phases. To confirm this looked like a formality to be achieved in the first few days of my stay at ISSP, and I expected
to have plenty of time left to interact with other groups, and, over the week-ends, to see a little bit more of Japan
than I had had the chance to see so far.

The first indices that this might not be so simple showed up shortly before my arrival, when Professor Takigawa
tried with his former collaborator Dr. Waki to fit the NMR spectra of some of the phases. So, when I arrived at ISSP,
and before starting any further project, I decided to concentrate full time on this project. We started with Professor
Takigawa to have a closer look at all data, including some unpublished data recorded independently at higher field
in Tallahassee by Professor Raivo Stern, from Tallin (Estonia), and we soon realized that some hypotheses had to be
abandoned. Three weeks later, it was clear that the new theoretical predictions were not able to explain the spectra.
We finally had to abandon all prejudices, and to go for a purely phenomenological approach. This transformed a
simple check into a full scale project that has essentially taken all my time, including most week-ends, and a
significant portion of Professor Takigawa’s time as well.

The effort was worth it. We have finally understood these boron NMR spectra, which turned out to contain much
more information than we had anticipated, in fact enough to deduce the structure of these phases with very minimal
theoretical hypotheses. In the course of this project, we had to overcome several difficulties and to perform tasks
usually performed by younger colleagues. I must confess that I enjoyed it very much, and that I felt younger than
ever.

Altogether, this stay has been a fantastic experience. I haven’t travelled as much as I intended to, but I believe I
have understood much more about the Japanese way of life by spending most of my time, including a number of
week-ends, at ISSP. The only thing I regret is that I did not have more time to interact with other groups, in

particular with the outstanding condensed matter theory group. Maybe another time? I very much hope so.
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R2ERNT 0V aL—FE-LT1 L ORELEMIERZ

HEF:2000F 124188 (&) 10:00~17:20
5T MR 6 B RERE

FORURSEERTZERT &R TE. ARE & AR BIA

it

WAE O PERF FERE % (SOR Sif%) A7 4+ b7 7 7 U — PR ICHE% - B L7z 2 KO — A7 1 (BLISA BL W
BL19A, B) DU / ~—v 3 B LOENICE T 5 EZ2 85 (VUV) BURSE &R L7z HER R o B & fERICO W Tk
THZELEANE LT, ROV —2 va vy IR 21 4F 12 A 18 BICHfE S Tz,

SOR MiaxiZ, M= /L XN eI AR T, PR ICERR - Bl L7 — AT 1 & 3 HOFEREE £
T A Gy GBI E (BL18A) . A B it 1oy e SEERELE (BL19A) | Mk X #RFEE /e EBRALE (BL19B) % 5%
B LT, BRI T 2R SE 2 BTN OFZE S A -T L b/ L TT > TV B, TNENOEEER T, FE I
DG DR TEafFERIL, A E BRI OVEREM L7 ERF S 1L, BRI AR T 28R ZIVE THIT bl T
ETVAN, EIEEABEEHETEOHED 72D b b > TEFENEANRH Th o7, L<IT, KRTHE TV al—F,

SRR S 20 FEGE LT OMERRIT IR OFStim & 13RI A dH D, Zo7w, SOR fiiik TIE 10eV-
250eV DFLZZERS T KV X —FHI A B R B/ FOT V2 L —F E— AT A o~ L ST L HEOREZ B LT
W5,

U—2vay7TiE PRFOGEGEICE>TREE3mAlROT Yo b— 2 RREAREL /857 BL19 7 v ¥ 2 L—X
DEF ., H LW FROEN E SN D E— AT 4 VOISO W TRFHE RS RSz, £/, VUV #l% 7
N—=L TS ENOBSEMR AR U TR S TW 2L ORIT & RE RBERPHIMG SN D ERTFIE, WEHRY
DF LT EOBRIRIZ D7 23 DB OV CHM S, 2OV —7 v a vy T ORI > TEM Sz [BL18
FOVBL19 OBUR & fERIZONWTOT v — b OFERIZONT H it S iz,

ERTHA FRAT =V 2= VIZHEDL T, < DJix (60 L) ICBML TWziZ &, VUV R E V72w
FOBUREFER, Z0IDDOE—LT A DY ) _—3 3 VIOV THERRERN L S,
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7o 4g 35 A

12H18H &)

10:00-10:20 (X UHIZ —BL19 U RANR—TFT o P al—F E—ATF A L OHK— HRWMERF R BIA
10:20-10:40  BL19 2t 2 D EH HWORPERE RN E3E
10:40-11:00 T Y o L — X DRREME KEK #t&af A
11:00-11:20  UVSOR KRR /LF—E— LT A »OHLK SFHFUVSOR  Aft H—
11:20-11:40 HiSOR X /L ¥ —b— LT A L OBL JRRKER VNP S
11:40-13:00 B &
13:00-13:20 A o RNCE T RO ER. COPHEE 726 ESPRESSO ~ K HISOR  BH K—
13:20-13:40 SRR R 9 2 #7572 Rashba 203t FrERT WA —Z
13:40-14:00  Bi 3 XU Pb W7 Ge(111)% i ® Rashba B A v°2 /3% HAE \HIE —E
14:10-14:20 1K
14:20-14:40  Si&Em kL In RF8EH~OE T F—E L 7 Oh5%E Yonsei K% <F)I| HE
14:40-15:00 PEARELmICTERK L2 REHEOEIC L EIREDOE/L MUk EE S
15:00-15:20  Au/Ge HDETFINEE S WNYLe ik ®
15:20-15:30 K
15:30-15:50 & B KB D E - IRREMIE HLKYE B RK—BR
15:50-16:10 F & HEFEE FICBIT D V) o AR SO DT MEERL KB Eib
16:10-17:00 BL19 7 vV a L—HX E— AT A VEEIZKT DT o r— 8 OFERIZONT

EWNYLeR /NS

B, V—rva vy TOREELISORHHRDOAR—LR—IJ XA T u— RT52 LN TEES,
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BUDHIZ —BLIQURIUIN—=T T al—FYE—LTFTL L DOBUR—

RRWPERE  AliEE BIA

TE HUR P PERFFE MR (SOR %) 14, = kL X —NEERFeHns - 7+ F o7 727 b U — (PP ICHEEFZT, PF
IR - i L7 2 KD — AT 1 2 (BLISA B LT BL19A, B) & 3 A EBRIEE « KR eE ot ZREE
(BL18A), A B VRN T/t FBRIEE (SARPES) (BL19A) . #k X MR¥ 6/ £ R E (BL19B) 3% L, itz
RIS 290 2 FTNAOIFE 7 V-7 L b /1 L THT o TV b, ERENOERREEIL, EREIFOMERIZEDOET
EaRRElL, A BRSO MERER L ERER S, BN MR T OB IR INE THRIT N TE THDA, SR
ThLT7rPab—42 HIOUFRITERND 20 REDFRE L TEOMRITHR ORI S IR 1"d o, &<IZ,
SARPES (3 v MEt#ER2 OB IREE T 2R Lz b O~EH S TR Rm O = 311 F —43fifRe (30meV) . At
CHEHIZNR (1.9x102) T SARPESS 27 FMVORITENFRE T, 2R OMERER LI K > TARY MVOMERED K EIC
L9552 LIS ND, £72, BEERD PF OFEEICL > T BL19 OEMICIIEE 4 m figEOT7T v V2 L—4
DB SR> TS, 207, SOR Mif¥ TIE BL19 7>V al—XE—ATFA V53T TF0FE—LT 4 1 AR
L. 10eV-250eV DT 3/LF —fgis A 1 S —3 5 HZEEMER TO BN R ZBRICFH L LI e — A T 1 o~ kS E 5
A Z BET LT D,

AKVRVTLADARINE, LT Y2 b—2BLUOEFROEFE TR SN L E— LT A L OMRBIZOWNT
HE L, RE RIS D ERFE, WHBFEOH LW B ORHEIZ RN DHEREIC W GERT 22 & Th
D, 2Oty arTE, TrPab—FOEMFITHLNT Vo L—F ORREHICOVWTRIELWZEL & &b,
SOR Mgk THE L CTE TV D HERFERICOWVTRE L T i<, £z, LK HISOR & 431+ UVSOR DEZE
EHNT T2l —F AT A VOBURIZONTS ZTHE L TWeZE, YRV T ATOFHEMmDOHIER E Lz,

BL19 3 AR D HEH

BOXKRSEMPERTIERT R B3

PF-BL19 O LW PR ERET D, P30 ¥ —HiPHIE 10~300[eV]. Z3fi#fe 10,000 FREA HIEL 95, 4
SeEROTE RELRE BRI ASF CEEITHE R8T AR Y > ML, difERAAE, L35, AARTRL =
AN XTI T D, BRSO RIS T 2 FHENER TERL 2D, SR, ETEHFR TR E 2 73 ifREA 2
FEIC 10,000 % #8 2 DRI [EITR T OZIMRE BRI A Vb | TR O o3 fRAED F 5% LA b L — A TIli L7z,
FERIT, POLIREE 300[A/mm] & L7zRE, EF— L% —§iPH T, Defocus=0 & 722 ZIMEEMREBAIRE TSz, 23,
ZOHE . BT TR — I CIXEHTRF LS OR 1 Cik E D4 fERED 10,000 FRE T, [EHFRME L FRBETH D,
LoT, BEFEZEZET D LAMREEIE 10,000 LT &5, @GFTRAF—FIRT 10,000 Oofitrez FEHT 21213,
AMEEEZREL TIOLERS D, Fio, ABMEEREN 1 DT, EIRER+OREWVEFIZROLL, &b, K
FEE SR RN F —TEZ A RRADEL R, Lo T, P XF—#iff 10~300[eV] T2 ofEme, B5
SEGEDITIE, A &b 2 FEOEIHKEF A METH D,
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Y 22 a L—F OnlherE
TR R RGN - WERIERERZEET AR

i LR — NPT TERE - WEHBERIAIZERT 7 4 b 7 7 2 R U — (PF)2.5GeV U > 7B D R AR - Mtk
WFEHTE— 2T A > BL19 OHITEIR Revoler#19 OHBAKIEIFIZ OV THEH 21T - 7,

PF OERT 1L F—2.5GeV (T3t L TR FEATI O ZR R (10eV 22 53 100eV DN R A F—FEkE T v ¥ =
V=S ERGETHNR—F 52 L) 2EETH L, R EFAKOEEEOBAMEZF ST Vo L—F ORRDMEITR D,
ZOE, BUREFRIT Revolver D7 >V a Ll —& LEHAZHAWVEZT VY2 Lb—2RNEx b5, LITFIC, MEOH
KEHNET D,

I. fMEESh7 BL19 BEHREIZEAT 5. Revolver TR THEHMEZY VB D KABAILT Vo b —4 (dm ) &

HRTDHZEIITAETH D, UL, BIRATEREMEDSEGOBITERMICIT 2 B XRETHA S, FEM
L REMORMEIMTE ISR T E 228, BN, ERMIBESEYE 2. RICHVR 2 F OWSE 540 B W EE & R
oD Z LTI RE R REEE D,

II. BRINDA T RAF =DKW -0, BEMAOFANERNTH D, 2 VEROKERIZL Y, EEH
EED 2 FORBEMBGORNBAETH D, TiHaA LV EZRUEHCTRET S Z L1280, BWEISKH L THEY
Tty VERMIRSBLE 21 BINT 2 Z L BN ARETH D, I BICAKEMEH aA VERET D Z LIL VRS
VarmBERTLI L6 TE D,

U—27 v a vy 7T, RSN A~ bv, EBIFEORE L E SO R oW Tk Lz, YEEIRGGELS - W
HUEZ 2 B OFREIEA T v a VEMIFFCE L2 LD, BUEDERARRICK L CEBAT v ¥ = L— X 3 L
ke 72052,

UVSORNI {EZRINF—7 > P al—F¥E—ALTA1 OBIR
Sy TRVERFZERT UVSOR ik AK BE—

UVSOR TlE., 2003 FFIATONIA FL—2 Y U 7 OREMRIZEY, &K 3m OT P2 L—F BRETE HREMR
4 7, Im OLONERETE DEEM 2 » ARG 6 BOT Y a L—XRHBAREIC R ->T, BET 4 B0BEEHF T
HHN, ZOHIHO 2 BIEFEEHRHIET V2l —2ThY, FINEHE—A47 1 (BL3U, BL6U) & L CEIZ# X #iHE
WOFSTRFRICHN O TWD, EEFAICHESRL TS E—LT 4 & LTI, 20~200eV TAFEEBRE & HiR
J3FREZR SPring-8 MDD 7 Vo L—F BR E LI =t EStE T — 2471 > (BL5U) &, &K 3m @
APPLE-II BU7 > ¥ 2 L— 2|2 K WK - BEERURC K OV PR GME I AT 22 Jesmil 78 417 5 A MOt E 7 v —
LT A4 (BLTU)RH D, BLAU TiE, 22—V —D0RFFLIAALTE G TR EX 0 —E e PORBHMEHE 2 HET L &
MWTE, ZOEHTER LICREIONET /N FRETH D, —F BLTU &, 6~40eV OFEETHE LY T HEN 1012
/R & 3 fRRE 104 Z RIFFCEH T DA A Y v L AD Wadsworth H 88 & . mKREGAMA 18 DOIEFHHTEIC
Lo T, BERAEDRE T /3TN FTREIZ R 2 TV D, iTfTONTWD by 77 v 7 DOT7 A MEEE TS ELRE—

D ESFRRERIE A ARETH 0 | IWWFRBRICE SN DEE Ny 7T v THEIEOBICIE, SOR5MET v 70 RiAEh
TW5, 2011 4EICiE, IST OBF v —L2FBREINRE T 1 7T MM ko TIRBORBERICY A 7 Y 2 L— & )N
S, UVSOR THHE SN TWAEZERN b — LV MERFK ET T~ LY ae— L2 MEEHED 2 SO LWk %
fiofo B —AT A4 UNEHRINDFHETH D,
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HiSOR KT RIVF—E—AL T 1 > OBIR

IR RFERFEHERTER AR B3R

T BRI RS DA D IRIEE T 50t (ARPES) IE BN OB 2R BIC LY . ZhE TWEO =R LX— R R
PRREIZ L EFE o> TN DR, Hx PEBLGIT B0 2 YERLFIRRE D S EE 2R3 AR FTREIC e o T & 72, & VDI, K
TRAX N EHND ZEICE ST, TUAT Y =SB B REEAS [ b U, SEEY R4 H AR O EE > S
RAES DD ET OV H BITRO SRBE RIS TREIC R 572 [1], S BICA VRS IUE, A L HuENE
PR BID 2 MIE ORI ' 5 Z L3 ifr s D,

JRES RIS R A58 > 7 —HISOR 1213 2 KO AL FRE S Tk Y, BL-1 Tl 26-300eV, —J7 BL-9 T
1% 4-30eV D=3 X — DS AT EETH 5, £H 6 % VG-Scienta £1:00 R4000 HEF =4 /L F— e 3 5R E &
. BNOZZ BTRCKST U7 KEOMEE & ORISR ER SN TS, AFETIE, (8=%/L¥—ARPES 75
54072 Ni(111) REIRHE OB T O UKL 7RI DV TR L. A b o Lo ElIED B ST R L i 52, 3.
S BIT b AR m P VHERRAFRIENICBIN 5 A BRI R L OE T ORELBRRIZ S WTER T 5 (4],

[1] T. Yamasaki et al., Phys. Rev B 75, 140513(R) (2007).
[2] M. Higashiguchi et al., Surf. Sci. 601, 4005 (2007).
[3] Y. Nishimura et al., Phys Rev. B 79, 245402 (2009).
[4] T. Kadono et al., APL 93, 252107 (2008).

A BV SRR T 0 OB
——COPHEE 7% ESPRESSO

IRBRFHE R e 2 —  BE K—

WA DEFT A ADF NG E L TEFOFOBMOLR LT AL ORMELFIMAT AL hr =7 A%
Hah, ZOEBHFRESIEAMADBANATOND LT oTETWD, AL - AESHE T/ BTk O M E
SHRFTE TN K B EROBIRRE 8 M) O ERICMA TAE L OERbH HDICHDL 2 &N TE L7729,
TDAE Y hr=7 ZAOMIICEBNTHIEFITMOBRRB L 2D, TOIOEETRIEHOA U ET 0%
BRI EANAIT O D RIC > TETWD, FTH AL AD PSI(Paul Scherrer Institut) o i fiti 5%
SLS(Swiss Light Source) (ZF = — VU b KFENEH L=, COPHEE(COmplete PHotoEmission Experiment) & FEE4L
SEEIT, ZHO Mott BLA B UMHEREZ WD Z LIC XV EFORFOAE DA 3 IRTHINCHT T 2 HD TE 21
M RAEETH Y . ZOBERTE LWERE BT T D,

EWNTIX PF OMHRFT ¥ 2 L—F E—A T A (BL19A) IZBW T ZHVE T 100 kV Mott B A B2 fHidR. 25 kV
Mott B/ 2 & 4 AR, Spin-LEED (SPLEED) U2 & g i8R 72 EANLD BT v, A v v aftEfotiEz i
WK - EIREEA ST ERBH S TE T, L LA b ZE TO Mott B RS> SPLEED 7 EOET- D A
VUGB AER AR L2 A B U BERT, T OBRESENE A ¥ U ot E 1 ERITIER (TR 0 530 D FEBR
Tholz, ZDTZDENT I —IRRESC A B3 fifEe TOREBRIINETH >7-, Lo L Eilio COPHEE %472 £ &
INZEE =R VUV-SX SIRICERY 1 5@ CIIEROmWEE 2 FIH 32 2 &I X 0 RO E W Mott IR
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iz T2 b D0, =1L —73fFHE 100 meV LUF, MAESMEE 1 ELLFORER ATREIC R > TE T D, ER
228 B ENICIE VOV-SX 0% “#AOERITAEE T, B TR U BT AR 2ME— D e — LT 1 Th
% BL19A TlIokaswT v ¥ 2 L—2 O L 0 EHERWRBS 0% H TE T L0088 TH 5,

Bx I ZOBREFET D12 ORDRO A EEFIEEORE L I E THED T, ZHUIMREE 1O
REPERTEIRIZ X B A B UARIENR 3 2R3 % VLEED (Very Low Energy Electron Diffraction) o 2 & FHgR %2 W
ZHDT, INETOEMIVRIHZIREZEI L, £ORRT L= 30 meV, AENERE 0.7 £ TA L 73fif
HEFIHERMNITZD LI oT, LM LIOENRT 4 —~v 2 A% 100%4 03 72 OIS ITIEIR O T #H 2326 B CH
BL-19 OFEHENHM BEND, —HEBOUEIZ LY VLEED MR U MHERICE D 3 IRTT A B U MRATEHE, A ERY:
® HiSOR (23 C VLEED %% &' i tH ek & i SCIENTA-R4000 ZfHAA bR =@ = %L % — 3 L O 4y
fRRE. /™A AN—"T v M AV VORNEF O NEEORBEBAEED TS, ZHNREHTLHZ LKLY COPHEE
machine £ VW #E DR\ (Strong 72) =2 — & — (F— &) B Tx %, ESPRESSO (Extreme SPin REsolved
SpectroScOpy) machine B L, A 3 EF N EROFH - RBRALZMLED TS Z LN TELEMHFLT
W3,

MRS T % 55 545 Rashba Z2R

TERFERFAGM AR AR~

WBEDOYA X aT ) A= NV AT =N ETHESL T2 L, BIRDBEINE X =KTh b — 2RIt & ORI ik
BALEDD, ZOX ) RIRRTEHERIL, At Bi T 5 TR D Tl Y . BIREWIFER S Th D, kT
WG CELII S5 Rashba ZhH[1] & IFEIL, HERMEERIZBONTH A E U HRE LAY FBBRISNEBELZD LD
AR IEMINED 1 > Th 5, BB V IREHE CHEI S 7= Rashba VT X D AV U HRETF /N NIIFL, ®o#k
FMRNCE TR E WA SEZRTREL 2D ZERWE SN, T bOWBEICHIT 5 Rashba 2h 53R Z “ kot H H
EFObO LR P TRRIREED H 2 /MFFR O ) TAE RN ROX 2R L, B 2L % —H iR o 2
B ER L, A E AR NVIRETEATATH 5, A#HTIE, ozl SE Si RREICBVT, Zh
FTho AL ZESNTRD - =REOMFIEN R Rashba VR 23 X2 L 2T 5, K AOMFMEN Cs
TH 5 TUSI(111) TIEA B R 27 b BREREEE G~ E ER Y [3], Cav idFitEz A% Bi/Si(111) TIEiFH
R 72N 6 22020 57 Rashba &N H 5 2 L7e L [4], Rifuk&E OXIFMEICHKTE L7272 Rashba 2B &
i, BERRE2Y Rashba ZVEOMBESEAETRNI LA RL TS, THETEDLS A2 ZReA TSI &
DIRNZ R OFAT O RABIGIT, AR A U OMEE T & B FEERIC Lo TR Shus,

[1] Y.A. Bychkov and E.I. Rashba, JETP Lett. 39, 78 (1984).
[2] C. R. Ast et al., Phys. Rev. Lett. 98, 186807 (2007).

[3] K. Sakamoto et al., Phys. Rev. Lett. 102, 096805 (2009).
[4] K. Sakamoto et al., Phys. Rev. Lett. 103, 156801 (2009).
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Bi 3X U Pb 35 Ge(111)Z 1 D Rashba K A E > /4L

HRBEE \H R—ER

HuHE e GORATEL D RERAC U REAPNITEROCELEZED TN D, HEHSNIEBO—2IZZ DAY 320
JiTdH 5 Rashba BIACUEEMAEHRALY Y hr=7 RTEBWTEERFEEFZE S L TREINTWDEZENH D,
Fox O N—T TILEERKRRO A E A L - REREEZ N LA EHRIC L E2 DD, 2IRNRBIRIAERTE £
HRDEREAT > CTE T2, ZOREDERIZ OV TN 5,

Pb/Ge(111)FRAEITIE 2 FHIAD (3« /3 HEENFEET B, D ) HEEROME (BAH, 4/3ML) » ARPES EBR%Z{T-
7o LAANC S ZOREA GBI ARERES O Z L ITHE S TV (1], Fx idmafiEieo ARPES JIEICLY 2
DORERIEN AR LTS Z L& R Lz, 2MEIE 7 =L JHERL TR 200 meV ThH 0, T80 5 O FREEIC )
T3 LR LT e, IEE RSP ERERFIE v 4 —ICB W THT 5 2 A B Ui ARPES ICX 0, 215 OIREER
Rashba & L7=, TNENAE MG LIIRREETH D 2 LR Iz, PFERFKR O EAZDIREEIZEIT D Rashba
SYRDERINC A E L ORI S & O THRENTZOI AR TTH D, 2B, ZORMIKEIL RTHBE TR
BER L, ZOREMEEENR 0 /NEN (m*~0.03me), ZDZEMNDL, ZOXRMRENKREZREIIKRE S HFETS
ZENRTRIND,

I ET Ge(111)FEEAM ETKE 7 Rashba A/ RIIRAEIX Pb ICWESE W p 7 a v 756, T1X Bl 25 SE-F
EIZOWTHME L TE R, Zh b DIRREIEZT R TRAERFO 6p Buliz Fpisr s LTWe, Tk iRl kE 7
T a NGRNET HEBIE, BRI DXHEOIENIC & - TETFEEICHE T MOIENHNAE T, ZOFEEEED
BWHERT vy LV (OAR) PR ENTZ A CHGER AR E L & ERMICEMR TE 5[2], xlX
Bi/Ge(111) {3 x /3 ZHIZ DWW T A E V43 ARPES 1T\, DiUlEfF, ME W by 7TiIHE0NF v v 7 HICA B Rk L
TeREE R L2, Zhid ARPES JilE ChEmMKEE L THRAI SN TWIREETH D, ZORENEKRmE 4~10 Jg &
WO I TH—T 4 ZIZRELTCREETH D Z & BNE—JFBLEIE N B 0o 7z, BIREROARIL Z OREEIZE VT Bi @ 6p
ErOHFRENZEALERNZ L THD, DEV ., REIZHB T DHERRIEIIRIC L > TAE U RERIREEN X v » 7, L
ML T o VIO IELTNAZETH D, ZOZEEELIC, WERTEALT LLETERLTH, AEURE
TR L72REEDRTER S LD D &V D T L AR LTS, Y79 —7 = AZJFHTE L7=E T IRED Rashba 53 %L Z 1L E THE
IR TRV, 2L SHEBICEVIRIE Th 2720, 185 O ARPES TIIRHM7ZRMIRT D k5: & 72 & 72 o T ATREMEDY &
B, DX I IRRIEICONT, A B 43 if ARPES MIEH TN R ERTFIETH D Z LIFREV RV,

Referenaces

[1] H. Morikawa et al., Phys. Rev. B 77, 193310 (2008).
[2] M. Nagano et al., J. Phys.: Condens. Matter 21, 064239 (2009).
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Si & EIn i F8NOET R—EV 7 O%E

Institute of Physics and Applied Physics, and Center for Atomic Wires and Layers, Yonsei
University, Seoul 120-749, Korea
<7)Il %, Han Woong Yeom

IRVOCE R ORI T 28 701T. A3 AREEROmILB RO TR OND X 51T, iR BT TE
OFCEERNEZ HEDTND, KRTETROLELRIEIL Y = /L JEAHEOE RO HRICKE KfFT 5720
Fy )7 R—Er 7SONTEBHIC L > Tar br—n425 2 ERHKD, ITE, BRET LICER SRS R85 1
LA v—l3, TEROERUIT 3 WILHEiR & IT R D HHFOBUOTE R E LTERZED TN D, FEBE 2oLk
FCIHBBRE VRSB RERERE R SN TV [, ZNHOREAVTZOREERELZ 2 hr— L, #HiizW
AN Z L3O THRE D, & 2AR, RT#H~OF v V7T F—v 7 O3 T 2],

AWFEIZFBNTIL, BRERLOFEFHO T e 2 A FDO—>Th% Si(111)-4 X1-In REMBICET F—E L In%
DREERIBIZ G- 2 5 B2~ ZOFRF#HIT Si(111) REOREH—/EIC In D 4F|OJEFHHNR Si OV 7 7#HT
HENTHELTD, BRICBIT2EFIREIL 3 5D 1 RTR@B/ Y FTHREMN TS, 2055 1 DTITH
A CTEBNZR 7 2V IHEEA L, TR, SO TRWT = L IER AT 4 >V OEEEET, $12. ZOXRAT 1
Iy MO FORMICES R 2 FEAMTH D, ZORIT 125-130 K BEDIKIRICIBWTEHT M~ 2 {50 EH
EROL DI (ZOREL 8 X2 Mk LIES) | Fh L RRFIZEE Y RITHT 0 7oz ENERKRINICIER T 5 [3],

LLEDFEBRHE RN D Z OMEBIT A TAREBTHY . 8 X2 HEITBEMBEERRETHDL EELONZ, —FH T
DFFERIE, FHESRICHE DM FAM O KR E SR OERMECB T DB FRHORE S & TT 28w 7 L — 70613 %E
FR=in 5 [4],

Fxid, ZORONV REEETHEFRIITAN VSR Na) BHFICRY RN he— kD Z & &2 RWE
L7z, Na [FRmEIJEFREE L, REERICE L2 F—7T5, RV 7ICioTERRAT 4 VW IRERRND & L
RO BEREEEIIREHMEIND, O LT, ROEFRESHEEICR BT 2L, L0bIF, 7=
HRAT A T DEEPHREBICRESEET 2 2L 2B%T 5, £0—J) T, W& Na 320V IZFFTIIC 8 X2 1#
WELITRR D IS (2 2Tl 4 X2 B LIES) 21D, ZOMEITEBHTHLN 4 X1 MELITRARY, ML
Lz 720, b, Na R— %3 ME, RERICKIETEEL BFTHREED 2 SORAZFZ 2T, Na BV ORF
FT 4 X2 EE PR 2 2 S VWERIL, M=V MNE Y TSRO RAF =T U AR, 4 X2 W1EH /T 7 5
EIRFE L Ao TWND Z & BRIET 5,

[1] H-W. Yeom et al., Phys. Rev. Lett. 82, 4898(1999), J.R. Ahn et al., Phys. Rev. Lett. 91, 196403 (2003), J.R. Ahn et al.,
Phys. Rev. Lett. 95, 196402 (2005).

[2] W.H. Choi et al., Phys. Rev. Lett. 100, 126801 (2008).

[3] J. R. Ahn et al., Phys. Rev. Lett. 93, 106401 (2004).

[4] J.-H. Cho et al., Phys. Rev. B 64, 235302 (2002), C. Gonzalez et al., Phys. Rev. Lett. 96, 136101 (2006).
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PERARMTER L ZRIEOEICKSETREOLL

BRIEHINL R RSB ) v AT LR ERSR AR50 2

GEWERBOBIRESHE FELZEATLILT, LOLIRE
a2 HMER LTIEETT o7, 1 1%, () Si(111)-Ag, (b)
Si/Ge(111)-Ag, (c) Ge(111)-Ag, (d) Ge/Si(111)-Ag #ifi?> STM 4 % 71
To AT RIESF Uy LR SEREIL, £ Thi= 6= 1 BL T
%, AETORET3x+/3-R30 JHWIMEZ R >R EHE SRR S,
Honeycomb Chained Trimer (HCT) H§i&E25 M LTV 5 2 & 03055,
L7eRo T, BRCLDEFIREBOEIDIILFTRETH D Z L No0 D,

INBOD J3x3-Ag ZiEiD ARUPS WEE{To7z, WESINNE
F- 22 k)L (EDC: Energy Distribution Curve) D& LT, [X 2(a)
E2b)ciE. W L)k 1@oEE»HHELNZ EDC 253, A
RUEE, [11014 MICIR - TRE TR 28 ~ 38 °TH V| Wik 142
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[1] I. Mochizuki, R. Negishi and Y. Shigeta, J. Appl. Phys. 106, 013709 (2009).
[2] I. Mochizuki, R. Negishi and Y. Shigeta, J. Appl. Phys. in submission.
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[1] Schéfer et al., PRL101 (2008) 236802.

[2] K. Nakatsuji et al., Phys. Rev. B 80 (2009) 081406(R).
[3] A. Van Houselt et al., PRB78 (2008) 233410.
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[1] G.D. Wilk et al., J. Appl. Phys. 89 (2001) 5243.

[2] M. Hiratani et al., Jpn. J. Appl. Phys. 41 (2002) 4521.
[3] D.A. Muller et al., Nature 399 (1999) 758.

[4] J.B. Neaton et al., Phys. Rev. Lett. 85 (2000) 1298.
[5] F.J. Himpsel et al., Phys. Rev. B 38 (1988) 6084.

[6] L. Meda et al., Surf. Interface Anal. 29 (2000) 851.
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B : JSPS el #iimrge Ab gk ¥t 2 - —: Introduction to High Energy Low Temperature Physics
HIEf : 20104E 3 A 15 H(H)  F#& 1 1§ 20 43

i - IPMU (Bt 5-dipF 7e#éH%) Lecture Hall

ifl : Prof. Anthony J. Leggett

Fiig : University of Illinois at Urbana-Champaign, USA

2E:

When a high-energy particle such as a gamma-ray, neutron or cosmic-ray muon is incident on an ultra-low
temperature system such as superfluid 3-He, it may heat a small region of the liquid to temperatures of the order of
a thousand times the ambient one. The recovery from this very unusual situation, and its possible consequences for
the nucleation of first-order phase transitions, topological singularities etc., provide a fascinating challenge to theory.
I discuss some of these problems in the context of the Stanford experiments on nucleation of the 3He B phase by
radiation and the recent neutron experiments on 3He which are designed to mimic the behavior of the early

Universe.

[GERIET]  Leggett #dix, I~V 7 4 3 OBRENHSGOBEGRAOMIIC L > T 2008 F /) — NV HEEEZZE LT
fil, BHRETZUEDOR =R « T A v af A VERECE T )FORERR & JRf7e 535 TIRWVIREZIZE-S < £ < OERT
BRI TCOET, AN, IPMU WO OBEERICSI DL, MR/ X— B & MIEYBEN LT
HBRENNFICOWT ZHEEX £,
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B . ¥ T At 3 J— : Making Nanoscale Metal Features on Atomically Clean Silicon Surfaces
with a Stencil
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Ml : Prof. Jun Nogami

JlkE : Department of Materials Science and Engineering, University of Toronto

e

Metal features with nanometer scale edge definition have been created in UHV on atomically clean Si(001)
surfaces with a stencil. These features were subsequently characterized by scanning tunneling microscopy and
scanning electron microscopy. The best feature edge definition achieved was < 10 nm. At the same time, the metal
feature / silicon boundary often showed significant spreading of a sub-monolayer of metal beyond the deposited area,
well in excess of what can be accounted for by shadowing due to finite mask to sample spacing.

This spreading may pose a limit on the ultimate resolution that can be achieved for metals deposited on atomically
clean silicon surfaces. At the same time, deposition through a stencil combined with atomic resolution imaging
provides new opportunities to study surface diffusion and other aspects of film growth behavior. For example, metal
spreading beyond the deposition region differs for different metals, and can be related to the nature of the 2D to 3D

transition in thin film growth for each system.

B - PG X ) — : Recent theory on FFLO and pair density wave superconductivity
HEF : 20104E 1 H 15 H(&)  FHR 4 RE~F#& 5 B
5 - ERAIAR 6 B S5 B3I —%F (A615)
#%fl : Daniel Agterberg
FiE : University of Wisconsin — Milwaukee
e

With the groundbreaking work of Fulde, Ferrell, Larkin and Ovchinnikov (FFLO), it was realized that
superconducting order can also break translational invariance, leading to a phase in which the Cooper pairs develop
a coherent periodic spatially oscillating structure. Such pair density wave (PDW) superconductivity has become
relevant in a diverse range of systems, including cuprates, organic superconductors, heavy-fermion superconductors,
cold atoms, and high-density quark matter. Here I focus on two aspects of such PDW superconductors. The first is
the possible realization of a PDW phase at high fields and low temperatures in superconducting CeColns. The
second is very recent work on the role of spin-triplet and spin-singlet mixing in the possible FFLO phase of organic

superconductors.

References:

D.F. Agterberg and H. Tsunetsugu, Nature Physics 4, 639 (2008).

D.F. Agterberg, M. Sigirst, and H. Tsunetsugu, Phys. Rev. Lett. 102, 207004 (2009).
Z.Zheng and D.F. Agterberg, arXiv:xxx (2010).
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B )Y T Ak 3 J— : Single crystalline anatase as a model for titania catalytic systems
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%P : Prof. Gregory S. Herman

g : Oregon State University

EE:

Most commercial titania powder catalysts are a mixture of both rutile and anatase polymorphs of TiO2, where
Degussa P25 contains 80 to 90% anatase and with the remainder rutile. For certain photocatalytic and non-
photoinduced catalytic reactions it has been found that high anatase percent mixtures are most active. There is
growing evidence that anatase is more active than rutile for O2 photo-oxidation and hydrogen production from water,
but not necessarily for all photocatalytic processes. Furthermore, anatase behaves differently than rutile in gas-
sensing devices, and most dye-sensitized photovoltaic cells are based on granular thin films with an anatase
structure.

In order to gain a better understanding of TiO2-based devices and catalytic reactions, it is clearly important to

obtain atomic-scale information on well-characterized anatase surfaces. However to date most surface science
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investigations for TiO2 have focused primarily on rutile with an extensive database on its structural properties,
reconstructions, metal overlayer growth, and chemical reactivity. This presentation will focus on the structural
characterization of single crystalline and epitaxial films of anatase (100), (001), and (101). Homo- and hetero-epitaxy
was performed by oxygen-plasma assisted molecular beam epitaxy to grow the anatase films.1 A variety of surface
characterization techniques were utilized to confirm the stturcurtre of the films including RHEED, LEED, XPD,
STM, and AR-MSRI.1-4 Of these low-energy surfaces we have found that only the anatase (101) surface does not
reconstruct under thermal processing in vacuum. We have evaluated several model reactions on the anatase (101)
surface and will compare these to those obtained for the low-energy rutile (110) surface.5 Recently it has been
proposed that Ti interstitials play an important role in the surface chemistry at rutile surfaces, and we evaluate the

diffusion of Ti interstitials into anatase thin films.

1.“Growth of Epitaxial Anatase (001) and (101) Films”, G.S. Herman, and Y. Gao, Thin Solid Films 397, 157-161
(2001).

2.“X-ray Photoelectron Diffraction Study of an Anatase Thin Film: TiO2(001)”, G.S. Herman, Y. Gao, T.T. Tran, and
dJ. Osterwalder, Surface Science 447, 201-211 (2000).

3.“Scanning Tunneling Microscopy Study of the Anatase (100)”, N. Ruzycki, G.S. Herman, L.A. Boatner, and
U. Diebold, Surface Science 529, 1.239-L.244 (2003).

4.“Structure Determination of the Two-Domain (1x4) Anatase TiO2(001) Surface”, G.S. Herman, M.R. Sievers, and
Y. Gao, Physical Review Letters 84, 3354-3357 (2000).

5.“Experimental Investigation on the Interaction of Water and Methanol with Anatase Ti02(101)”, G.S. Herman,
Z. Dohnalek, N. Ruzycki, and U. Diebold, Journal of Physical Chemistry B 107, 2788-2795 (2003).
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EE:

Bending modulus is one of the fundamental physical quantities to characterize the lipid bilayer. Therefore there
are many studies to calculate the bending modulus from molecular dynamics simulation based on all-atomistic and
coarse-grained molecular modeling. The flicker spectroscopy method, which calculates the wave number dependence
of the height fluctuation of lipid bilayer, has been conventionally used. It was pointed out, however, that the method
shows a difficulty in the precise computation of the bending modulus. To overcome this problem, a new approach to
precisely evaluate the bending modulus is desired. We propose here a novel method to evaluate the bending modulus
based on the free energy computation of lipid membrane with an applied external field during the molecular

dynamics simulation. This new method should enable us to compute a precise bending modulus in principle.
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Heterogeneity of biomembrane is related to several cell functions, and regulated by each lipid dynamics, lateral
diffusion and transverse diffusion (flip-flop motion). Using coarse-grained MD simulations, we examined flip-flop
motions of cholesterols (CHOL), diacylglycerols (DAG) and ceramides (CER) in mixed bilayer systems. In our
simulations, we observed flip-flop motions of CHOL, DAG and CER within a microsecond. The flip-flop motions were
affected with the type of the lipid molecule and the membrane environment, suggesting importance of membrane

fluidity. Our simulation results qualitatively agree with experimental data
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[1] S. Kasahara et al., arXiv:0905.4427.

[2] H. Shishido et al., arXiv:0910.3634.
[3] K. Hashimoto et al., arXiv:0907.4399.
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Double-layer structures consisting of two parallel quantum wells separated by a narrow potential barrier are an
important class of nanoscale electronic devices. Each layer hosts a quasi-two dimensional electron gas and electrons
interact across the barrier via the Coulomb interaction. When an electric current is driven in one of the layers the
Coulomb interaction causes a charge accumulation in the other layer. This phenomenon, known as Coulomb drag, is
of fundamental interest as a probe of electron correlations and provides a new coupling mechanism between
spatially separated elements of nano-electronic circuits, alternative to the conventional inductive and capacitive
couplings. A second effect of great interest is the Spin Hall Effect, i.e., the generation of spin accumulation by an
electric current. This is due to spin-orbit interactions and has recently received great attention not only because of
its theoretical subtlety but also for its usefulness as a source of spin-polarized currents.
In this talk I review our current understanding of these two effects and I describe a third one, which arises from the
combination of spin Hall effect and Coulomb drag. I call it Spin Hall Drag. The effect consists in the generation of
transversal spin accumulation in one layer by an electric current in the other layer. Microscopic calculations indicate
that the induced spin accumulation, although considerably smaller than the one observed in the ordinary spin Hall

effect, is large enough to be detected in optical rotation experiments.

R IR T > 7 4 — <)V I J— : Zero-energy states and the ordered core of the Dirac mass vortex in
graphene
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#f : Igor F. Herbut

g : Simon Fraser University

®E:

Graphene's honeycomb lattice allows a plethora of order parameters that could be induced spontaneously by
strong interactions or by external sources. These order parameters appear as "masses" in the Dirac Hamiltonian for
low-energy excitations. I will discuss unexpected dualities that exist between various orders: a vortex configuration
in one type of order always forces certain complementary orders to appear in the core. Particularly interesting
example of this general rule arises when the order supporting the vortex is superconducting: at sufficiently strong
magnetic field the local order in the core is the Kane-Mele topological insulator. A possible experimental realization

of this effect will be discussed.
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The Periodic Table provides a rich canvas for discovery in chemistry and physics. While, as physicists, we seek to
discover new kinds of collective behavior, each with its own emergent simplicity (such as high temperature
superconductivity) the complexities of composition, crystal structure and chemistry often play a crucial role in
directing this discovery. A wonderful example thereof are the sister-phases of YbAIB4 - a newly discovered heavy
fermion material. While one phase is a stable heavy Fermi liquid, its sibling lies at the brink of instability,
supporting the world's most delicate unconventional superconductivity, with a record-breaking small transition
temperature ~80 mK. Latest experiments prove that superconductivity emerges from a strange metal governed by
an extremely fragile quantum criticality. Telling the tale of these two metals I will show you how a cocktail of
quantum chemistry, scaling theory and microscopic calculations have helped us understand their physics, yielding

new insights into the strange emergent behavior of quantum matter.
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