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Visiting Professorship at ISSP

Thomas Dahm
Institut fiir Theoretische Physik, Universitdt Tiibingen,
Auf der Morgenstelle 14, D-72076 Tiibingen, Germany
dahm@uni-tuebingen.de

I have been a visitor of ISSP, the University of Tokyo, under the foreign visiting professorship program from March
1st until August 31t 2007. My home institution is the University of Tuebingen in Germany. My main fields of
interest are superconductivity and strongly correlated electron systems. My family, my wife and our now ten month
old baby boy, came with me and stayed in Kashiwa for half a year.

It was a very strenuous and busy time for us. We realized that it takes a lot of time to care for a small baby and at
the same time being in a foreign country, where one has to orientate oneself newly and find out many things,
especially if one wants to get to know the culture and the country. Fortunately, we received a lot of help from many
people. First of all, it was very helpful for us that ISSP could provide us with a well equipped three bedroom
apartment at the Kashiwanoha Lodge. Also, the constant help of Akiko Kameda and Mihoko Kubo from the
International Liaison Office at ISSP was very essential to help us getting adjusted and the paperwork done. They
helped us obtaining the visa, do the foreign registration, get a bank account and health insurance and many other
things, which would have been much more difficult without help due to the language problem. Whenever we had some
larger or minor problem, they were ready to help us and we would like to thank them for their professional work.

When we arrived at Narita Airport, we were very happy that Dr. Tatsuya Fujii picked us up with his car. The
connection from Narita Airport to Kashiwanoha is not so convenient, especially for a family with a baby unfamiliar
with the public transport system in the Tokyo area.

Many of the Japanese families living at the Kashiwanoha Lodge were very kind and helpful. My wife particularly
enjoyed the weekly babies meeting at which our son could play with other babies and make friends.

Certainly, the existence of the newly built “Kashiwanoha Campus Station” and “Lalaport” made our life easier. It
gave us shopping opportunities within walking distance and easy access to the Tokyo area.

The most difficult time for us was the rainy season. Especially the high humidity and its side effects were unknown
to us. Here, some advice how to cope with the high humidity and how to treat futon and tatami the right way would
have been useful for us.

Scientifically, it was a very fruitful stay for me. Research at ISSP is of high quality and of world class. I particularly
enjoyed that several groups at ISSP were interested in the same subject of pyrochlore oxide superconductors, both
experimentally and theoretically. In these systems a strongly anharmonic, so-called “rattling” vibration of the alkali
ions inside an oversized cage of Os-O ions is believed to play an essential role. I had very interesting discussions
with Prof. Hiroi, Prof. Takigawa, and my host Prof. Kazuo Ueda, which strongly started to interest me in trying to
understand the peculiar properties of this fascinating class of materials. We could quickly make progress in a
theoretical understanding of the “rattling” phenomenon and its impact on NMR relaxation and resistivity of these
compounds. Our work resulted in two papers and hopefully more in the future.

In summary, I believe that the visiting professorship program at ISSP including the support of the International
Liaison Office is very effective and useful. It helps the visitors to concentrate on their work and eases the difficulties
of adjusting oneself to the new surrounding, country, and culture. I think that this kind of help we have received is

very essential for such a program in order to encourage more visitors to become interested in a longer stay at ISSP.
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Research Stay at ISSP University of Tokyo

Robert H. Blick
University of Wisconsin-Madison, Electrical & Computer Engineering
1415 Engineering Drive, Madison, WI 53706, USA.
blick@engr.wisc.edu

During the summer of 2007 I had the pleasure to stay at the Institute for Solid State Physics of the University of
Tokyo. Let me start out by saying: it has been a wonderful time, which turned out to be very fruitful for my
scientific work. I hope to continue the collaboration with the Katsumoto group in the future, since the field of doped
nano-electromechanical systems (D-NEMS) is just being developed. The working conditions at this impressive new
Institute of the University of Tokyo are excellent. The staff is extremely supportive, so that the scientific work really
progresses. Since everyone is working extremely hard, I was always able to discuss pressing scientific questions and
address also other work related issues. Another strong point of the Institute is its connection to other research sites
in the greater Tokyo area. That gave me the impression of a very open community of top-notch researchers from all

over the world working closely together on advanced Solid State Physics.

Apart from work I learnt a lot about Japanese culture and life, which made my stay even more enjoyable. The
Institute is located outside of Kashiwa, but the Tsukuba Express offers a very fast connection to downtown Tokyo.
To be more precise, it connects to Akihabara the ‘electronic town’. This is a place every experimental physicist will
find fascinating with its abundance of electronic department stores and small shops offering essentially every circuit
one can imagine. From Akihabara it is then straight forward to connect to subway lines and to Japan Rail. In
visiting colleagues and collaborators in and around Tokyo I found this dense mesh of public transportation extremely
supportive — and so are the people. Once in a while I ended up in front of the huge pricing displays of one of the
subway lines, which were in Japanese only. Since my Japanese is not that fluent, I always had to ask people to give
me a hint to identify the different kanjis. Everyone I asked was very helpful and gave me directions — partly in
excellent English. In contrast to my little improvements in speaking Japanese, I found that more people can

communicate in English as compared to ten years ago.

Close to the Tsukuba Express train station is the Lalaport mall, which offers all you need regarding food, clothes,
and a lot of other things you might not need. In addition there are many restaurants, which make life very
convenient. This mall is only five minutes away by bicycle and since the ISSP was so kind to offer me a bicycle I was
very happy. Housing on campus in the Kashiwa Lodge, as well as off campus is very convenient too. I believe it is
the very best there is, since the spacious apartments offer a kitchen, a washing machine, TV, internet access and all
have air condition. This last point is apparently more important than I thought, since during this summer it got
quite hot.

In summary I have to say that the ISSP is an excellent place to work at and that it was a pleasure being there.



PIPERFAERT SEBF 52
BRIk XBRBCRE A < I ETRHE OB 7o 7s T

BE:2000E7A58B(K)~6R8 (%)
BT REKEYMEHAEAT 6 REEREE

(PRRAERR) HEKFEWEMZET  fiE A

HARFRER  mR (EE

WEEMR AN R KM &

BORKRY RIS EIR

FRKFEMEIET HH

HRURFPEZEET R

AR, EORERERR CIOEE TSR L D) W ORENT . BRI 2 BP0 X D REMERFZE, J8e kit L2
AR ORSREMRIT . BT KDL 7 BRIEIITE /e & WERFFE I CO /TR X BUBUR L &R 2
ZEDMRBAE LV, F7-, Mo a e — Lo REFIH LR, 2L 22 R 5 R 67 Eic L - T
e L0 b2EM, R REDBEN IR b B 2 b T d, —J7, BRKFETIE, ENETRENT T & LTk
U C& 7o @b YRR TS o 7o R A R E OB AR 7EE 8 e U, U R P2 st 5 2 L2 e LT,
WEAE 5 H TR S A Jeaiti & Bk U CRE O IR I R e D B 7 o ¥ = L— & & Ji eI A S2Rak i &
R - BRI DT (7D b AT -V 3 VEHE) ERGE L, HERKFIIAREE NS KFME O TR T SPring-8 ORE
B R SRR O R R X SRR CE A - AT A L ORBRE AL — N X, BET VY2 L—& O
DETH TH D, NERIVITIE, Pl 20 FEFITHIDEDORAENPHRE TE, Bk 21 FENG, ZRETED BB
BEAVTRERE, IREE, B —T A X2 b OBSTEH X AR TE 5 TETH D,

OB SIE, RO A HICIERIAT DI TV D MBI X USRI L Ic B R EF R O 72 2238 8 0 J5
MEREDL EEBICEMER X BT o YVab—F L E-AT A2 - INEFEROHGE - BROHRICOWTEREL, Hr-
LA TRERRIBNPEIG SN D EBRTE, TEEICHOWCHERT I LA HME LTIRESh, &5 7H5, 60
D2 HRZbTe > TR SNz, MIRSOSNFIZ2 AfGHLET 1474 (5H 824, 6 H 65 4) T, BUEERET O
EPRFICL DBHENZ . HLOEEER X ME-LT 1 V2RI 238, WERZ5HOH LWHFEREIZ >y
TIHERREmN IR SN, LI, TRETEVHITFOND Z LBV RS T2RIENN, NS e, 2 —L 2%
FIAT 29 ERPEOEEDT, Fo, K X BB ORI K2 REWEMRNT, 3K 7 =V IH~vy Er sl
INE CTOFFERBICIESNTELICRENFCTELI0BHICONTHIOE—LAT A UPRRERFEEZHS 2 & &2 T
SHBERELE DT, G%. E-L T A VEREFEOEBICEDE T, ZOMOMEEEER, HILWE—LT AT
BBefifig N X FEERER AN, BEASAICHEE T B A ERE & EMAE IOV THMEZTED T T EMRETH D Z LMK LT
SHDHIEETH -T2,

J o 4g s A

7H5HOKR) 13:30~18:00 (LLF, sEIZ$ T 207%y)

1) 1ZUHIT 13:30~13:40 Fifilé; BAA (PR
13:40~14:00  [SPring-8 DR EMIBEIEH LI-FT vV a L —4 ) M FER (SPring-8)
2) X BRS ) A—VERS e 14:00~15:00 JER Al BN (PR
14:00~14:20 [kt PEEM/LEEM (2 X % B L ER CRIRE®EKR)
14:20~14:40 [ 7 = & M L—H—Z AV ZHF /% XMCD-PEEM | fEA fEfd (SPring-8)
14:40~15:00  [EHEEEHR X ARBS e % W T2 R L ~T v Lt OB 1R REARAT | HEE R GRK)



COFFEE BREAK 15:00~15:20

) X ARFENDH 15:20~16:40 JEa— i
15:20~15:40 [ X #RFMHHIT L D DNA, 6% o 37 B OB IRIEBI) JH FA
15:40~16:00  [Ti @k X #7 ~ il FH RA
16:00~16:20  [REWAES T DR X BRF) AR
16:20~16:40 [k X BRI /0 B X 2 il IREEO 1 b B RAGELR IF RZ

) B X BCHTZ 2 BBSHIFFCTE 200605 16:40~18:00
471) AV VR JER : AFT BRR
16:40~17:00 [ LA B Lo 1o REEE OB%E L 2 0Bk BH K—
17:00~17:20 [k X $RAMA M EAEE RIS K A BEERERO 3R 7 =V I Any—) Bl B
4-2) FrFE

17:20~17:40 STM [ ERhiEE STM & X 5 Je3E 5347 VAN 3|
17:40~18:00 AFM  [FRHE T/ A — oot & B Uiz X SR IR 1 ) BRI ST OBR%E
AR FHt

HHZ 18:00~19:30

7H6H(&) 9:20~16:40

) R X MRCH - REBRAYIGTE 200 %E (03%)  9:20~11:00

4-3) NS MR E B
9:20~ 9:40 [V 48 Kl O M i /iR RE A FE /3 i e 150 k) R
9:40~10:00 [k X EHTE=11 h@)ﬂﬂﬁf;@mﬁ“mﬁ@%ﬁﬁﬁ e 3
10:00~10:20  [R¢fH] - 22 ERHFRME DRI & A B RIGE ARy HEFR
10:20~10:40 225 fiRAE & =R V¥ — 3 fRiE % EiFT- ARPES TORY) AF H—
10:40~11:00  [SEFEFBAMEEIC X AT/ #EEOEA A —V v 7)) BN Bz

COFFEE BREAK 11:00~11:20

5) WEMMRER X #o0E  11:20~12:20 JER : #HEH RS
11:20~11:40 T HEWEASTEO MR fRNER S O FIR & 4% | RE W
11:40~12:00 Y2 FI M U 72 WER o3 sk X AR5 e D fel OBl | /N
12:00~12:20  [UVSOR-II YIFMEHZF OB & R JNiE Bl
B 12:20~13:40
6) b-L > AEFMAT X MREPT5HE  13:40~14:40 EE KM &
13:40~14:00 [WNEHENL > 7 Ry EAE T EHTIC L 5 GaP 2K im O EMEAT ) TR B
14:00~14:20 [T YERk X AREITEBR T3 /L2 5 7] M BFn
14:20~14:40  [FE{EFE T/ #EEICB T 5 0E 08 i ®
7) IR E TR OVERE  14:40~16:00 R RIS ER
14:40~15:00  [SPring-8 JEIFMEZR D & E AL NS S
15:00~15:20 = AL b Wk s
15:20~15:40  [SPring-8 D#k X ™ — AT 1 IR K& RE
15:40~16:00 [ X EIROEKEZR —/PhESWVRAKR Y M ERmWEEEORSIZ B L T—)
e ik
8) #fim 16:00~16:30 Al g EE
9) WigEanE L H  16:30~16:40 IS TEYR

(WA
(SPring-8)
(BLATR)
(FRAFF)
(R HERE)

(UNCPN)
(PR
(FKR)

(PRI

(A£X)

(1)
(HAEK)
(RS
URER)
(UVSOR)
(Pp R

(GER)
(GER)
()
(UVSOR)

(FREHiIK)
(#K)
(BAIF)

(P PERT)

R
(SPring-8)
(Wtit)
(SPring-8)
(PF)

(EHK)

(RR)



01
SPring-8 REHBZEH L 2HWY P al —%

M Mk GRS e e 2 —)

SPring-8 |21 25m FEEDT vV 2 L—F kBT 5 2 LN TE HEERT & IRIEN D EFNEET S, Z0HIH0 1
HENCIEEEI A HE 32mm, WAE 26m OBEZEEERT LV o L— 2 BNEE S, X —24F A > BL19LXU DY
LTRSS T\, B2 IFEER AT 52 LIc k> T, 25m OREATIZRE L RD 2 LRARELE RV, 4
TIPS M ARG OB A R L T D, —JF, B X BEERICRIT 2 REME— L7 4 VHONREE LTX, T
Va b—X BRI EI L. AAEEHIET D Z Sk 0, mEHIE A RREIC T D FIESRE SN TE L, TR, 8
DFT oV alb—RESEIL, ZNENOET A MEIAHFIER O A ZRE L TR EHIET2 221k, 5
P HIRINTKHE TR T v P2 L—F B LT, #HHTIIZOT V2 L—Z OFECHE LN D RO ALy 7
WZHOWTHET 5,

02
BURYe LEEM/PEEM (2 X % T BB

LT EI, B FdE CRIREAURE R

KT R ¥ —E TS (LEEM) | %ETFHME (PEEM) 3RmOBANBROBEFEREL L GHEERSATY
LEHLWKABFHEMETH D, SHITHINEEMABEDLEDLZ LICk- T, LV EL DEREEDLZ LN TE S0,
RS E O EERBFOEMHRRIC B W TR IR ERRA S T\ D, 22 TiEFx 2 SPring-8 ICRRE S 17z SR-
LEEM/PEEM % W\ THF 2 720 K S ORFZEFI &8 5,

F 41X SR-LEEM/PEEM 27 253 HRENZ A NCIEH L. WEE THE SNIZNBEE T ORG 2R A TE -
(XPS i) . —>0flL LT, In 23WeAF L7z Si(111) ICFW T, EEOREFASIRIENHAF LK ki Sb %
BRESEEHRAOKEELTY, ZOHAICIT In & Sb bW o BB LA R L, £ 0%/ 1i% SR-PEEM
WL~y B 7 &iTole, TOREE. Sb AT HATORM BRI EDOENE XL T, TRONMANERDL L
BHLMNE o, ZORRIT In/Si(111) OR72 5 FEFESIHEEICHB VT Sb EDOKIGHR RS Z L2 ERLTE
V. KGRRZESNICBIETE 222 RLELDOTHD,

b OB Ag/Si(111) IZBWT, It 3x B gL 0 LSRR ESh 2 ZRTEOM T, Ag DILFHE
REENED Z L ZHA LT, ALBEHARED~ vy B 7 2RhB LD TH S, FFTER XPS 227 M5 IiT3x43
i & ZRICE TR 0.5eV O I Ly 7 RSz, ERERO XPS A7 MLO E— 7 {iLi& T SR-XPEEM
BOBREZITO, (LFERAIREEOBENEZ KM L3y T A MEEDL Z ST Lz, 29 LI/ IRE~ y e s
OWEFTD72< . SR-XPEEM ORT > ¥ ¥ VD& S 2R iR TH 5,

3 CILFRI 2N FF 1Y SR-LEEM/PEEM O 43 fifherm B 1Al 72 AR E DRI OW T H#ET 5,

03
I b B L —Y—Z MW XMCD-PEEM

A Hkd (JASRI)

T BB E B OPLRITFEVEERGEEER R T- 0O & 67 5 sl - SEEARLETH DM, @ EuIC X 5 #H TR om<AHE
HAEAD @ EMCRERICEE TS B2 0N TWD, £ 2T, FHxld, SPring-8 # X it —A4 71 > BL25SU (Zk\
T, IO TH DV AN, BRI, £7-. (3d BBAE L WIUETO) ROBERM @tk 7 b &z
IRTE R FE O BB M B DR D THET, 27 0o AWRMBEOKE S 70 MM KF L A2
ZAF Iy A @R AL LT E XMCD-PEEM MIEZBME L7z, 7 =& ML —F—%R 70 FRCHUE
YETr—THE Lz, AbuRRAaty 7RV T - TP —THE%L SPring-8 R DBMERERY v IR TFE—R
(684 F / BBIRD 5 DD TN F+684 F ) ED ST kLA ) TITe H 120IC, 84 MHz THIET 57 = A



PSR L —W— 3/ LAYy B —I2L Y 1.5 MHz ®
UTNNCFIZRMIL, NUF LA inb DY T F 0 Lihogrphyealy fabicated s pulse laser
pamalay nanodats and @ strip-ine b
E~A7aF ¥ FqNTL— b OFEEE FLA VIZREBIL :
THFT5Z LTl LE, 7SV AL —H#F—% Strip-
line (10um 1RD Au VA V) IZORBNTNE 7 4+ b F A
Z— RIZHES L, Strip-line (ZHEAL 5 &t SV A DM/ <
JVA (K 300 B bIR) AR AET D, OB VAR
7°& LT Strip-line biZfFllsh-ximEE Lz o3I
0P, ROWRMHBED A U H A F 7 A @RIL,
TR, EITEBREICOWTRA L, wﬁkaf\ 5
TS Hh ORGSR O JE AT B 2 FE A5

Si subsirale

04
LR XSO E & T 72 A b 5 0 5t 0 76 IR B BT

FHEA RS GRERFRAE TAR A IER

VLA, AR RNE SR TR MR L TR L7 e =2 &) 28, YEERT S RSB bD DK
HROEBRTL 7 hr=/ 2L LTHEREZED TS, BIETIL, L——MBE EO##ARIZL Y, 20X 9 RiRiHBEE
% BT LUV THIEITL . AT TPETHR - BT Ny Mo IRklfihd) 2895 2 L b EIcR> T 5,
O XD RRHBBEEIC BT, AT nEARER nm O TRBAT S 4 RALE TIREN T ORI R E R
525, TOH, ~T o REICEITDRRAETREZH LICT S 2 8%, TSI/ fEEICR W CHRBLY
DRFBRMIMED A = X BEP LN L, HiToleT A ARGHES AT 272 0ICIERICHEE L 25, AFHTIH, IhE
THA DT o CE BT /IEIC L DB ~T v R OB TIREFFFIC ST L, BUERTR 2D T 5 E
HEROLE T4 CEEE (3 ke T 2 ESCA) OBIRILRIC W TG T 5,

05
R X BN HIT K D DNA, &% 2 X EOE TIREBBIN

JRH 2K (FERF SPring-8, *HIFTE : HUKBE L)

HEMOTHEEZI S DNA & ¥ R0 BT, s T 5 2 & Tl < OABIEN S+ LUV TRl E NS, —F T,
DTHEETZT ClER < . ZOMEICRNT D, HDWITHEEEIEY BT 20 7258 %bz A8 5 Z LT, %m%a_
TEDL D ITHEREDRIES N DN EMYITHZ LN TE D, TOBRKICEERZ L3, BEEELHAT 280 0E HIRELH
He b &, £y 7 7 IRED CABYEE 2 LRETEFREZBIT 2L Thb 5, ) X BIEH J‘I:i G
FERINEZALTEBY, ERETHRNDTZD, ZO200BMITSZ DI ENTED,

Foxix, HEA %%ﬁ'}’éﬂi \75> KV Z VR BE LT, BRIV RNIEIA T LB T = )
FUATHEBR L, R X MBS HIC L D Fedd B IREEOIMHARA TS, ZhE T, 8 X BoXEEEEr NI s d
D EWVITET B B o T2, ﬁ@sm%%f)4\h A DM E RN T HAR ORI LY | WA ~ORH?E L R
LTW5, FalZinze ESICHELED 5729012, SPring-8 BL17SU ICIATREH O#K X SIS AT KA REEE L,
INEDERIE %E@@ﬁ*#mTLﬂbﬁW%mé LI LTz, B2 A7 s Tld, ~AkICEE g
FNX—FHERENFAET D 2 &, K dd = r L F— 3G IS T ThT MBI (LT 5 2 2R LT,

DNA [HEIR S & RN IR IS N e 5 Z E R KBTS, ZHUCHE D B IR LIC R Rl D
2, A TIE DNA ORRENL CTH AR E X7 LAF RIZA LN ETREOZEIICOWTERT D,



06
Ti BILHIO X 5 < > L

F R GLRIK)

Tz @ Ti BRE# (TiO2, Tiz0s. BaTiOs, SrTiOs) (2B L T, #& X MR L O X BREEIK T D 7 ~ L HEL (XRS) /X #2358
(XES) D32 %47 ->7=, TiO2, BaTiOs, SrTiOs i%. nominal (2 d ET %7272\ wide band gap DO#EZATH 5,
Ti20s13, dET% 1 O8> Mott #ifxETH Y . K 200C TEBICERT 5,

X T~ CHGELIE, B PF @ BL2c IZ3%E LT A IR X BRI Lo TRIE L7z, ERMm Lok Y
2R B R SEIRTFECE (polarized) & (REFEIRTFEL E (depolarized) Bt (2351 5 Ti 2p<+3d 07 <~ UHGEL A HE LTz,
HIE L2 Coie <, B (CT R B SND, £/, d BTEFD Ti0s TiE d-d A B S5,

Ji. d°%Cd D SrTiOs D1 M CHRINRE B U284 BaTiOs OB Tl d-d i 88l sh s, Zh
D OFERIL, WA EMHERE & LA REAEOHBEEREL TV D

il X #t 7 < HELE, BL7c, BL9a, BL15b1 CTHIE L7z, T1 K WA R UIZiE, 580 Ti 1s—4p WOz,
WG Ti 1s—3d (& X DWIUEESBINI S D, Ti 4p YN ~Fhle L7-34. %97 v, CT Bhitic i577/ﬁ&
LM SN D, F /%10 BaTiOs D4, Rifk J:o’c CT e N LT 5, ZHuE, RRZEAIC L 5k R 451
LOBEEZTREL TN D, —J, wuﬂjﬂuﬁfkfﬁbt L7284, Ka #5%(Ti 2p—1s : E=§J 4.5keV) DT R /LX — HL z
7~ VEGEL(AE™450eV) MBIl S D, JBhEE 2SI & +’\1E&b\ s, I~ LEMEZ: monopole IIEED Ti 2pedp i

DB SN 5 GEIIBEE) , WISE T CORE TIX, 5812 X - T Ti 2pe3d iz £ 5 F~ Vi AkT 5, 20T
~ VAR MU, HEER BaTiOs 2R\ T, HEMBIT IS4 A bk 7 mic & - T, fmmﬁm*n7oa% T
S A AT TH D e FIERFIANC K D T~ U BELCHE RSB S, A A VA0S & D IR A IEDOZE(L
%k%bfwék%i%ﬂéoTwrﬁﬁ\ﬁ1yﬂp%ﬂx&7kwtﬁﬁ%ﬁﬁﬁ@wéﬂéﬁ\%@%mﬁTi@m@
D T~ BGELIC KB S 71TV D o:@ii LG T ~ HGELAS Ti 4p D3 RREIEZ S L TWDHETRIE LTV D,

CNHORAIE, SN BT ~ LV HEIIESEHTH B EERL TS,
07
FIEWAG 77T DK X BRI

EH N (B - AR SR AR 2 —)

AR LIS LTz O PRS- IR 2B 5 2 Lk, AROGICRE S 5 R A O RUG % FfET 5
9 %LT“'JZ%:T‘&; 5. B e R Ltﬁk X BRI T, KT DA — LV &R 5 2 & CliE - PuBE DT &

TLHEIBPUF D Z M TE | EHITIIRTFERRBR TH D7 0E DX
%értl:%‘f#u%ubtrﬁ%ﬁﬁ)%%néku\o{ﬁﬂt%@%ﬁbfu\éo EN O1s XES A
PRI A ~27 kL (NEXAFS) 70 515 5 2 E S APEOIE @ 2 M E Multitayer

S0,/Ni(100)

bbb LT, WENTERKEOHOBEN O - LB OFEME
HOENITELENZFIETH D,

Zefl e LC, XIZ Ni(100)R I HBE A5 L 7= SOz 0 7122\, O
1s AERRIOHE TRIE LR X ME XA ML ER L, ERIX
SPring-8 @ BL27SU TiT-o7z, Kl FATICE TRE L7 SO2 431D
A (0) & Ak () IZHEAY Y & & DiLiE % 4y BE L CIEFHL0E O M5
BRTW5, £, 72/ I =R XF—FFEICER Ni & ORRILFHRES
I & o TR E 7z (AL IRV BUE MBIl ST 2, B R
PRI - ﬁﬁﬁ%iv;éﬁm#ﬁWF% NEXAFS OfERERL Z D%
DERFEALFFEEIZOWTHI L, ZOFEOASHEOERICONTHIR~
LTETHD,

Monolayer s
SO02/Ni(100) [
out-of- plane (rt} /

Intensity [arb, unit]

10 5 0
Binding Energy [eV]

24
-
o

[1] T. Tokushima, Y. Harada, Y. Takata, K. Sodeyama, M. Nagasono,
Y. Kitajima, Y. Tamenori, H. Ohashi, S. Tshuneyuki, A. Hiraya and

S. Shin, in preparation.
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WICHEETH D, Fxld SPring-8 BL27SU Dk X Mty ek 2 i
WTART 28 X MO R VX—%F 2— 2§ 53 L 0 RAMHE TR
REZ& A MBRAICEIN 5 I L2 [1-5], ASHETE CIZ S m o filiE
DIEWICEETH LT A AMEEHNCE Y Si02/Si KO SiON/Si %
D& UCHREAMNE TIRIED A N EPFAGELE (K 1) 122\ COMRE1T
Do

(b)

Intensity (arb. units)

References

[1]1 Y. Yamashita et al., Phys. Rev. B 73 (2006) 045336. 20 15 10 5 0
[2] IR Rz, REFHF 26 (2005) 474. Binding Energy (eV)
[3] Y. Yamashita et al., Journalde Physique IV 132 (2006)259.

]

. . X1 : Si0o/Si(111)I281F %5 O K-edge SXE
[4] Y. Yamashita et al., e-Journal of Surface Science and 10:/51(111) ecee

AT bV (a)Si0s, (b)P3, (©P1, ZZ T P3
Nanotechnology 4(2006) 280. RO PL IR A BT RIECH 5,

[6] Y. Yamashita et al., Jpn. J. Appl. Phys. 46(2007) L77.
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HLWAE 2R 1o eRE O B%E & 2 081K

BH N— CRURZEMPERTZERT)

FEENOBEFOFEHE L =RV XF 72 TREAE UV LBEDICOM L TERIT 22D TE DAY - AESIEET
IHFEBRIT, WD B ONERE S 25, —J7, B LT X M W2k X BB e Ci A
AT KD HEF MR TR 227D, BRO L7 BAREBIZOWTOERERD Z LT E 2 D,
o T X AL LTRAY Y « ESMLEFOIEEIT) ZENTEIUL, BRIV tE%E ZivE TLlkIiC
PRI D Z ENHRRIC e D Z LIRS N D,

UL L7e 8 BRERD A B U TIEIEE O A B U BRIIBIER M TR A ¥ U ot E 7m0 EERITR 0 B L L TR
WORBRTH D, 728K X B TITEZERIDEO = 3L F—FEIRI LR THeA A ALWrimfE 2 ML < Wb 35 DT A
B UL X BTN A AA DR ERIIEE N CTHIERTHEND,

BITEFR ~ D3BRYE % #E3D T D AR R L ¥ — A ORGSR S L 2 BELER O I IE A FIH L7z A B o iHEEE <1,
INFETRS EHEL LTS Mott BELE AWV RHIHERIC A=K b “HIRRERINDENRKRELS R 2 ERALNTVD
[1]e 7> T SPring-8 REAMOENRNT V2 L—HnbEON I ERER X & @IEA Y VRSB EZHAADEN
I, X AREETORAE Y - EGIRHE A HOERBETIT A 250 Lt

T RAFETIIBEF #  KEK-PF, BL19A THBEHFOAEUMIHEROT A v & ZORFOBURA B L, K
X MEIETE TR & DA RO AREM 2 LiIc oW T 5.

[1] F. U. Hillebrecht et al., Rev. Sci. Instrum. 73, 1229 (2002).
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B X B R T I K B BERRIRMO 3 X7 I F 0T —

B B (BRORAERET)

FEREREEK X B O T S R EE T4 6 (ARPES) OFI S O —21%, FERIEL TN TV BT L ¥ — i
(hv < 100 eV)ARPES & lb_TLy L5 0 5 2 REEFIREOFERMZ v, 7L 7 B IREEZ R < Sk L7z A~
7 MABEONDH[IZ EICH D, ZHTA, B X it ARPES OS2 BUEME =R WIHZE S 13 TRUEH &R Ic R
TRIERY RS kz O3 fEREM L) A b7 53 [2] kz [dE T R LF —THIETE . WEIZHIKDS P hy : 500-1000 eV T
DORE D 50-100 eV ODEALT kz FAIOJHAINEE I N—T& 5, Lo TRHABENEI FFIZT Va2l — 44Xy o 7%
Iz BB 3 SRR I OFI I & - T, # X # ARPES 135tk Thv—iE® ARPES | K % i Py £ 22 ]
(kx-ky i) D 2T 7 = /LI~ v B 7] ORI RTEEMET T TIZm b T a2 Thy HIERE S X 5 He,
EOEES MG Mb-o723 KT 7 2V IH~ v B 7| ~EENRELEBRT = L1225,

AFEHETIX, 3 RITHMB LAY CeRuGez ® hv Hl#I#k X ## ARPES I &% 3Rt = /L 1 - BT[] % by
ELTeFex OFERERET D, ZOWEIT 8 K LN CTHBMEZ /R L, ZOMBMEHO 7 = /L X [iCS RR H RN
LaRueGez D7 = /L I HIZ DWW TR FIREIE THES N TWD, L LAERIE L 20 K OFBMEMHO 7 <L I HE
I, IR EEET AL N— T, BIENTWET 2L ISEO—ORAEINTHEE L TVD L5 EMNRER S
RWZ L, 2o X912k X # ARPES IXEFHRIBIIENEF LT 2ERO7 o LV IR GARETHY . NRE L
ST = A IAnV—] OFFTELE L TABROEEEIR X MFIHERICEY SHICRESEREL TWOLSERM/FTE
%o
[1] A. Sekiyama et al., Phys. Rev. B 70, 060506(R) (2004).

[2] H. Wadati et al., Phys. Rev. B 74, 115114 (2006).
[3] M. Yano et al., Phys. Rev. Lett. 98, 036405 (2007).
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Y STM (2 X % 0% 5 bt

LA B GREOCE MR FERT)

Fexld, STM ORERMEICHE % BE L, bl S - NaE
TIPS 5 E & STM $ERFCHRtH+ 5 Z Lo L v oHElE
WMAEB X T, WHOIELE T OO EEMOMRIER L 5 2 2 Tk
DORRAFEEHED TN D, BEFEOFAIL, SV ERE - BTN Z |
HDOZFVX—FERICH D, ZREEPL T, FFETREONH
N OB T I, NERENIEE T DML A7 R L ORER
AREL 72D, K 1IE, Si(001)FER o> Au #EfiE FIC/ER L7z Ni
R haBHC, Ni Ls WU (852.7 eV) & 0 RR@E T R /L F—D
TS (R - = 855 eV) ZHRE L7223 54372 STM hRZ 7 7 (11
fe k) L RIRHCR I AR ER G (KA R Th b, RPFTFDTA v~
TRT 7 AMIRENS LI NI Ky b RO R i e e
MLTHY, JTREAERO —KTHHRBHLN D[], R s s gst e o
DITFH BTG O A D b DM S MREIEA 14 nm & 1 B by = 8556V) BT CBE Ni Ky F3bE0
BEIC PEEM £V bEVAMIENERSN TS, KV EHEDH g |5 o 0 b) 2 i (s L. ()
SEFRIRT 22 LT BRdafaeom Ealirrsh b, WHEBI e BB T AT aT 7 AL,

photo- nduced current [pA]

[1] T. Eguchi et al., Appl. Phys. Lett. 89, 243119 (2006).
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KT ) A —)vocH stz HIR U 7z X S B IR el st 1 B85 D Bl 7

AR 13 N B BB 2 - RTF ASEF e A JEEA T BRIL BT - HRERT L3 - BPRT BTG 2 - Wl T
(e Xffitt 1, KEK-PF2, JST-CREST?)

Foxld, HEREHT bl TX 5 NC-AFM & X S50t X A RE T/
FHE~ Y UL SO LT TV, TE Taﬁﬂjﬁ% AT 7RI ::gfgyx;g
FHED X BRI L 0 £iH-AFM SR < H8H IR N ELT 5
LB G R L. X SRR 71 D BAAGETE (Xray Aided  Z res.s]

Noncontact Atomic Force Microscopy; XANAM) & £ 113 7=, Z DO Fik 1 scan V3
RS- R EMICE R S WD R T A 2 NRETORMEICE VHET 5L oycle
WA HETHY . RFTRT o v MRET 5 2 L b, E 2R fiEhe
BEFEND, ThETOFHMTIIEEEY 7 h—EET—RFT X #=x
NI KT B PEEF-SRE (Aw) HIEERE Z OIS A RIE L7, Au LeX

WU L — (T 2 R DS & WA TR 7 4 L g X L A RS B 2
MEROZALPBR S Tz, JLMOUDEE YOFEERREL, E—2I13E LA 6872 NCAFM &, 4 : FERHO
S, @B BRI L 5 LR LTS, FoiE, NCAFM R, 21013 X BRIURALE T Z 155
Au #ifiz NC-AFM gz, %ﬁﬂlﬁﬁu&%ﬂiﬁn‘”ﬁ&ﬁD X R AT %

LFT (R 1 /2) . X R oL — WAL B RR O Z AR " IRTTC

BHISN, SHUTEFSR 1 ) IERL, JOREOHEEAFRIH L i~ v BV SE~ORMASHIH SN,

Normal image

13
VN b 2 i D i 0 SR RE £ I Sy RO RE 140

EIE ] GRAEKEEED)

V BE4aE As, Sb, Bi id, /7 =27 —BrE, &1V A XDREOREYEE ST HNDL, BEL ORI
THio, TN ORERDMEIT L7 OFEIREETITEBCERVEN S, BRICER LI EFRENFEEZICERL 0D
HLOEEZHND, I TV FEEEBEREICK T 2B FREOMIIL . As, Sb, Bi TN ENOHEER, HiEREH 6 )
2T 5 HMT, As, Sh, Bi(111) R DM@ o fEae A E BT/ 2ITV, R AT 272,

ShA1DFRETB W T, RKETIAT S —rdD -« SHLORAIIROBETHEZDEY D 6 DD FR— L % AfE
WWHRILZ., TRBEERT 2 280230 Rid - - 280 0.2eV I[EEFFDL, - - ATORMEEL TS, AEUHEM
HAERNC X 032 U= REHENNIT, i COZEMBESFMEDBIIC L - T« « R TOLMEET 2 ENIHFSNLHEID,
B SN 7= FEEEGIE A E VBB EMERIC L > THRE L= REEMICRB SN 5, F72. BIQ1)REIC T 5 Fiml
frix, Sb KO H D EFELLL TWDEA D, Bl REIZH T HREHEN b A E L HEH AER ORI iofl\%bf’%
DEEZBND, LHLAEND AsQIDERICB VT, Bi, Sb &1Z&EARY, - « Ah/NSRBEFEREZTOMYIC
BRI 2 R T R — VEORZBI Uiz, 7S 0 REHELE DL Y. As REOR—/VEIZ SV TL _EE%IJUJ<~
NEIRBEND, 207 = IEBROEVE, Bi, Sb, As DIEICHFAZIENTI 22 HIC L > T, AL HLEHA
TERINRFANTTI < 2R o TR, LECTEbDLEZLND,

HEE
AV HAC R FZ OVERET S - @l X OB O« AZRiE - B IEB A & ORI T,
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IR X k=Y 1 NERNE KRBT OBk

I SCE. KM 5 (R RIS BH A EIR KRBT
T &% (JASRI/ SPring-8)

BRI R OB CTRIZTH I EDTED LIRS TEmE=R T —0fiFEE - f/he—25 - 2OLR LN S D

FEA B L, THEREE ) - TR - TR SRR ) 2 ML DY - T R L DR R R E R 2 IO TV D, —F
TR 1 BME S, EHEREE — AT A v L T BROIAEIC L D . X BEYT - WS - BT 7 =1 34y —0
HEFCRE RREART -, LoL, [EWHE BRERT — 2307 ) o 7 S8k CRIEIC B ORI 2353 % = &
e, ZHE ORI EMAE DR DRAID R h o7z,

O LVOEIRICIE BRI 2, KRR - 22 o b — LU AR SN D,
22T, BIHSNEREN DB LS HAICHKINShAERERT L2 AR
SHEWED D THIFTE] ME L, TS - Tk - TREmE) &%
HOADEDRENEL L 2> TL B, E7- 2hvE THAEEN WHIC L
& R A ESICIERT 5 L Cb TEFE) RIEREETH .

ST, TEPRE] BEIE & LC RILE TS LD Auger B T-FIHT r
o, T 2 LT X RIRIE 2 BT A DU BIE RS 2 ki | TN
m%@mgw%%@%_i‘%tﬁ%b%ﬁﬂﬁ%®ﬁﬁ i EELE— s & t
BIHT Y > 7 8BU, RSN & FTRRIC T 5, S 2 OMREEAS fsk T 5 b
JEFREETE D, ﬁﬁﬁﬂﬁ~7%ﬁ%v«w@7u~7ktf%w\nt
HELHBADED T LT, A MBIRIZRE TIRIEMIT 21T > 72, B
P RBRIBSHEDIED, W< DA O HIC SV Tl U,

VR B - LA TR BE OO “UOL A E S TIIE & .
2 J2BR1% SPring-8 BL25SU TfT o7z,
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WG - 22 FE DB & A E U RfidE T

AR WK (R B R R G TERL)

At EB M |2 B\ T L SRR PR O T2 R 1E, AMTES I X o Tk x|, INBHIC L » CHRES A HIHT 5 148
ZEMBME) 2o e LT, R - IS BN BIEH STV D, S BICZER KRR O T AR BRI BV C
bAE Y« 1EAE SEFRENRET2RE LTHLAEEY OO 5, fimmiEiE 2B\ CEMBRRIFRENBIL S & |
A UHUEAHEERIC LV EFO 7 x L JEITA EUMHRART T, 7 =0 JE LBV TR BV BBl g S
LICRIRD LD REEIEE LD, TNODRDA Y UM o3 M & EAEAICBLIIT 2 2 S ITEEECH
D AESIRIEETFSRIZTNRARERKEDOY =L EEX2 L9, SHICAL VKRB TAE Y 2RI, WEERK
SO LG DED Z LT, A UMHROMIT /o7 =V 2 3WTAIICIRIET 2 Z L3k D, —FH . ASHEATIRG
HDWT p BHEDHE. ACUVIEMEFERPTFET D LERREBONEFIIA Y RBT 2 &8 mbnd, Lichio
T, ZEMIRHRRFRIE DAL T2 R DN FOBILITIE, s ROGELE 72 & BRI E D FIREZR W AR Y P2 L —&
NiFEND,

KBRS TIIINIE y N AC U RHESEE AT A Y - AEGMCEDIIEE] ORBEEITo7, Fali, ZEMKiR
KEPRIE DB T FEREMERR N 31T D A VU 3RAN Y ROESEBINEZIT o7z, TR DRIEOFERERERE 2. 4% O
FERBIZ OV TR 720,
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2y Rae & TRV F— it Z EiF7= ARPES TOREH

ARt H— (9 7HF UVSOR Hisk)

A RIETET 0% (ARPES) 1%, WEO 7 = VI MEMPLF OB IREZ | i~ 2 MLz o L CRIETX 2377
FRFETH D, HAEIL, ARPES O R X¥—45iEx L5 2 LICEIRABEINTEY . ZHESMEL BT 5501
HEVITONLTWRVORBURTH D, —MRITHIEREL, BT 5 EERERNOE FIREAE—TH 5 Z & AR T
bDH, LxLeh b, RLOBIHABEE RO T, R MRS THREWVICK & oA RS TR Y . oM
DEENOEIREOEZEBINB L OEFIREOEWE~ v VU 7T 535 b A LS EE T 1] RIMER LT A
A=V VT2 ETITRIUAD TS, LR G, BRBE R EOBWIEITRE DR ML TEZ 2720, i
FER B TIThThRE e LT LB, VTR CIEEIC R T 2 EHEEB L BT 2720, HDHE
BRCHEEERE LB IREZRETE S, LLAERL, HEORWIRIEIL, e & Of ke FIELS Tk, &
DOEFFHFIZ L 0 $um DL O/NES e AR Y MK D Z LIEAHRETH D, & 2T, $A0 X MOEE K O Y% [HHT R
R ETHKo7- ARPES BEBIT 2 & HUMEK CREDE TOEFRIEORENAIRETH D720, Btk ofiz riil
fkTcErbnLEZLND,

P ED XD 7E 2T, UVSOR-II OHFHEZEENNE T — LT A BLTU ICHMGHERORBENETHTH S,
LU D, HORKZFNAF— 40eV TH D720, EHRAE TK - TH 50nm BR{TH D, LV EROE K
X MESRTHIUL, EFROBI O LAMET S L, &b 1 /NS REMSMELZSD Z LB HED O L BT
X%, BT, $% 10nm D ZEMSAERE CBLHIFTRE & 72 2 PRI DV Calkil L 72V,

[1] D. D. Sarma et al., PRL 93, 097202 (2004).
[2] T. Nishi et al., PRB 75, 014525 (2007).
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BT MBI L 2T ) SRR A A—T T

B Bz GRORUR S IERTIERT)

MERGRERT A AL, BEEEIZ L bR WETOMIMEREHIZHEA TWD, DX D 22T A ADOFHEILFE T
DORFEREBICRE B EZIT DN, 2780 ~F T 27 0 ORMEERTII LY L3 ) KSR R E S
AKIFT 2 2 EMNMBIL TN D, AGRE TR b 2 R RS T~ B
WS hs a7 284 M Mn #2E% Lai«SrxMnOsL.SMO) D F / 11k D REX T
REWSNCT D720, B R EFBMBECPEEM)IC & 2 XS o BB %
1To7,

PEEM B£0O#EHE. AT v 7HIC X > TRBEINE ORRAGER < B s
ERA LMoz, FlE LT, K 1 ICERD AT v 7 ICAVZ 5-m X 20 m
@ LSMO 7/ HiiE OB X EEBIEE R &2 7T, M3HIEFE T ORFH AN FIINERE
EiToT2, K 1(@)TIEAT v FHHEICBAL O - B S 2 ff > T b —J5, K
1(b) CTIEBE XAELE 23 BV M AT O 2 FE BB OBEX DR Stz 2 b OfE
R ZDHA BNV CTAT v TiHEO—ER R ENTEREGIEL D bIEFICK ®1 5umx20pm © LaoeSreMnOs
ENITEEFLTVD, ZhiE LSMO ORK « BRAHEE X T v FIC k> THIfIS 7/ EORKEE, 27 v 7t
BRI THD I LETES I EARBR LTINS, AR CIIMEKERORE T 7 ICEATND GRARD .

A REIFEICHOWT h w5,

12
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KW REDWF 73 FRNS T e DBUR & 518

g 5 CGRORBEEY)

ARG TR TR SO FH 2l OB IREZ TN D 9 X CHEAKEIZ B2 LT, Rl Tk, WEEOER
TRIFR A B DI VDD TV D, B OHAH Z L ICREIEDF T 4 7 AR E#EEZ XPS
NEXAFS T LZDA A=A LERHAD ZENTRETHD, ZHHITRIMMNAREE 7 22 ZRAETBOMT S
T a—FThHDHN, HELAREARRE 7 2t A THEMA T 5 2 & THMASMEL BT 5 Z L RWRETH B, Fhald, Kl
SIS D 50 T- IS 3~ 2 A 72 W 35 0K R A RE[H] 0 MRIGIC T~ B 2 &
ZHEEIC LT, 2L L B4 R0 XPS X NEXAFS #fHaE
T, JVBA—F — ORI IRIEREIT > TE o, 7SIV AGFHRIT
DNTIE, YL /A RALTIC L » THIS LB sy 748 2 28R
ERHLTTF = _—ICHA LT, ROMHERIL, VA TROKE
~OEFE ) A= LT, BRI 2 ZE 2 228 b Z D% O E TR
MZEBH Lo, X BOLE BICRE LI A=Ay y v & — b L
LI — P OB RIC & > TS MREE R FE -8 72, BHATEO
WAERBICHKT LT, AIEOBAT 10 2 VM, BEOBA TR~ 7 2 i)
BEOHMNMEEZEONE, Z0LIREREY b T v 7T, =F L
VR—ELE R D TR S W WS RE A 2 5 2 &M T
o, AR TIZ. XD WG FRE DS O RER 43 i EER O BLIR
BT D E LB, SBROERIZOWTERT D,

Bt /
1 i B ARE
b, IFLF-HMR |GFEIRILE—-SIRS

Eirii . AEF - Ao BF
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BN ez I U 72 IR 20 R X 50 S D il D Bl

A CROKMEDTERT)

BHY L IHOBFRODOD AT ERRL, EI0b
WUBH SIEL A THD, EO P AMERET (0

AN FORBIES Y TRESHL, FIZIE Spring-8 OHH RS
Bt SOV AL 40ps R TH Y, /2 OV AMIRIE 2ns H0ps S
(FAFARUFE=R) R 5s(V IR FE—R)TH .___.._
Do ZORE VA BRI U TR RS 6 00 38R CIE, eleetron bunch
T/ (ns) AT OBHMRIENER SN BB, VA L —

P MRy 7 =T =T EEMe b5, S
FTOREDEE L—F—DRFIBHBIFE ORI, BIEHK X #

W T BAMEE T Y 7/ B (~300ps) D 7 fifHE CRER /> iF A | I

A=V URNTE[2L EK X BB 1S B0

IR S ARRE CHIE ST 5 (3], >[4 Detay. s
—F. BEY L INOBTALFICT 2 b M L—Y—%

RS2 & laser-slicing BIGUT LV BTN F O—ERONEAE

L, ZOMBERT = A M X BUSVARRAET D (4], BHES M 25m 7y Palb—F &Ky T - Fu—7 KR
ORI X BV AEFIH L7k X BREHTEIC X 0Bk 70

IS BT D IR IE A B DN TV D [5],

AT, 2 D BT ORI YEZFIR L7 RER AR X AR K OBLRZFET L, S BICABOERIC DWW Cim T 5.

[1] &3ifi—, HEFFAL B 20, 117 (2007) ; [2] J. Raabe et al., Phys. Rev. Lett. 94, 217204 (2005) ; [3] T. Giepel
et al., Rev. Sci. Intrum. 74, 4624 (2003) ; [4] R. W. Schoenlein et al, Science 287, 2237 (2000). [5] A.Cavalleri et al,
Nature 442, 664 (2006).
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UVSOR-IT JEdEhnER O BHR & g

I B (O RERRSERT)

UVSOR-II YEIEIMERR L 2003 4F0 KB @ EALSOE AR, NERICEIR STV D, = v ¥ A1 27nm-rad, 7
UV a LA HEARRAREAATIIENLOLED L EAH6EITHY . OB AENITIIT vV a L RREF AT
bD, B 25 & AR 2 GAKE L T\ D,

HEEEFRIEE 1 B 12 BRTH D, B OREL % SERC AR 21T ), v AF AU FEIETIE 350mA, V2 7"y
FIEHETIE 100mA Z2FT 5, M 1EME Y, P LT 24 BREESAEE o TWNn5, v~ U —DRE T2 —
PR 12 FFEE LTV E R, IRRICE— AT A VIESU T TR HHE T L —F—FIHE1TH r— A2 T
W5,

UVSOR-Il EHAD T =A% —v 7 burz AFHRELTHNEIN, TOZFALXF—FERY 7O F—
750MeV LY LKV 600MeV THY . WhWD 7 LR XF—TOAFHIRAETH -2, L LIEERICY 70 b
vy OBEBAERE TR L, 750MeV £ TOMENTRE L RoTz, FO%E—AEEKOERABRLETSHh, 7/v
TRAX— AFIRFRE L 72 o 7o, HURBRERBE ORISR & BT oI, VRO b v 7T v TR O FEHI AT THER A
Hx LHEATWD, UVSOR-II ® A HET L—F—I1%, JEFIEEEO MR FIZfEV, #E 200-250nm {137 OREESME
WCTIWEBAZ D L) RRBERRNTREE 20T, WL OO~V =7 L —FORHANhE > T\ 5, £/2, EF
E—ALRMOBND 7 = A ML —F =P EAIN, L= FRTA 20a b — L MEFHEREL Vo TEH LN
SeFAFM OBIR R A TV D,
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PSBHERL S T BB T HTIC K % GaP i O RE AT

TR B (SRR 7 TR FERT)

TN oA A fEE LT =— VAL (IBA: ion bombardment and
annealing) (2 £ 2 R OIEELITMHER TIETH L7, HxpgE <
AnbinTng, ZHET, 20 IBA AU X > TESNZ GaP(001)
2X4 K| LT, K&EE 7RI (LEED) . &R b2 R VB
(STM) . #—FHEFHEIC L - THF%E S, 2X4 EHIE mixed-dimer
MDYEF L EMETND Ga & P OX A ~—% & HETH 5 wlhetk
NRBENTVWAS[L2], LAL, ZOREOFEMI W CRIPTEZ A
TERFZRI S STV R, ABFZE TIINEREN > 7 N e el
(PED) % JIVWCHEE & Ga 3d, P 2p (2381F 5 NEkHERL S 7 b dFZIFIZ D
WCRHEL AT,

2X 4 D Ga 3d AT MU, 77 BN 2 &R A= %
= (S1) & B =R XM (S22 7 b LI KR DS BLER
Ehi, KM1(a)-e)ik 81, 82, B alisy® PED ¥ —>Thb, ZIT
Gy DR — T ERER, SO — v I a2 b—va U
REThHo, YIalb—vaIBWT@ITRT LD MD 5052 H1(@$Jw&wM3®Ga%PEDN5~
V. S1iC 4 BRI Ga T () . 5217 3 B OEE Ga TG 0 OMP FT
B ERETHEERLE S I 2L —a v O—ERBNI ERSoT,

I TIX Z Of P 2p OWNGRHERL Y 7 S OEPFICONT hikinT 5.
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BUREIR X Bt Hr TR A 25

M B (BMEZERRZERT - fREEDTSERT)

X B O BTSRRI TRA TN D K D12k o TE T, ZORELMR—KE LT, LBsiiElik
RV E OBERFOEBEBE S EIT O NS, B XA AV XREYTCIE, 3d &/TRE SR O#IE B
HENRY 2T F— 7 2 EEBIET 22 LI TE R, & ZAP X BEHAVIUE, 1s>3d ~OMBTERIZ Lo
EHE, 3d EREOHEWRNEL 2 ENTE D, AT, K X BETEROMIES K, BELO XS REEN RS
TWDNERRIT L. & BICH A B3R RNTHIZE 1T > TV DK (quartz) D3R X BREHTEBRICOW TR T 5, K
WZIEBE% LR (enantiomer) NFE L, AT, EFKERH S, HF, EFOBINL, BFZOFRBOIEEEZFTRS
ZLTRENDD, X BEMIERTHT, ETFE2EHITH 2 LI TSR, T, )X B X e mviug, %
DBRHINATRETH A I Dy, T, Fx ODBEOT —~Th D,

23
[ KT T WS IC BT B E T

it ' CREURSENERTZERT)

EBRBERI T ORES T OMBENAE SO OGNED, REOWE T EANEEREREZR T LhmMbLTNS
ZHET, REICHMOS I EMAT- 0[], TAIRTAOENC LD RFTIELENAZ D 2 & T2l KFE J%EFFJ\
TEOMBRFER SN TODEN, ZHDBIEFFTEE d Ny RET A TOEMER R
fRIZE EEoTND, Thbb, K FERE L HIC d NV FOIRERELNE
PV RIS TR X —FIENED D LW HIfIGTH S, LHLARRLZ
DETANEATERNRbH Y, ZOMBEOIMBEED HIZIE, ED L7
KD REIRIER, EDO LI RAX—2 T M50 ORI S L HE
EBEZOLND, T’xIIZOHE B LT, Cu(100) RHEIZ 5bnm WG DOEFR
WAETEIRZ TR S5 2 & T, ZORMICES Cu IHHFRE BT EEE &
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Symposium Abstract

How to predict the critical temperature of superconductors: A density functional
perspective

Eberhard K. U. Gross (Freie Universitit Berlin)

A novel density-functional-type approach to the description of phonon-mediated super-conductivity is presented.
The goal of this approach is to provide a theory with predictive power, allowing the calculation of material-specific
properties such as the critical temperature. To this end, the electron-phonon interaction and the electron-electron
repulsion are treated on the same footing. There are no adjustable parameters such as the p* of Eliashberg theory.
The formalism can be viewed as the superconducting generalization of the multi-component density-functional

theory for electrons and nuclei. Approximations of the universal xc

functionals are derived on the basis of many-body perturbation
theory. Numerical results for the critical temperature and the gap
will be presented for simple metals, for MgBs, and for Li, Al and K
under pressure. In particular, for MgB2, the two gaps and the

specific heat as function of temperature are in very good I
agreement with experimental data. For Li and Al under pressure,
the calculations explain why these two metals behave very
differently, leading to a strong enhancement of superconductivity
for Li and to a clear suppression for Al with increasing pressure.

For K we predict a behavior similar to Li, i.e. a strong increase of

T. with increasing pressure. Furthermore, the peculiar features of

the superconducting phase of CaCs will be analyzed. In the figure above, the gap function of CaCs is shown on the
Fermi surface. Finally, results for hydrogen under extreme pressure will be presented. It turns out that hydrogen is
a three-gap superconductor whose critical temperature increases with increasing pressure until about 100K (at 500
GPa).

Simulation for electron dynamics in solid under intense laser pulse
Kazuhiro Yabana (University of Tsukuba)

We have been developing a real-time, real-space computational method to describe electron dynamics based on
the time-dependent density-functional theory (TDDFT). This method has been successful to describe linear optical
responses of molecules and solids [1]. We are currently applying the method for nonlinear and nonperturbative
dynamics of electrons in molecule and solids induced by intense, ultra-short laser pulse.

When the strength of the electric field of laser pulse is comparable to the electric field which binds electrons in
materials, a variety of phenomena reflecting nonlinear electron dynamics are observed. They include multiphoton
and tunnel ionizations, rescattering phenomena which induce high harmonic generation in atoms and molecules,
and optical breakdown in dielectric materials. In my presentation, I would like to discuss our recent study on
nonlinear electron dynamics induced by intense laser pulse, mainly in solid, employing the real-time, real-space
implementation of the TDDFT.

Our basic equation to describe electron dynamics in solid is the time-dependent Kohn-Sham equation in which
the induced polarization field as well as the external laser electric field are treated as the time-varying, spatially
uniform vector potential, taking long-wavelength limit. The time-evolution of the induced vector potential is
determined by the current averaged over the unit cell. When this framework is used for a weak external field, the
Fourier decomposition of the induced vector potential gives us frequency-dependent dielectric function [2].

We will show our calculations for diamond, a typical dielectric material. We observe that the calculated results
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show the dielectric breakdown when the laser intensity approaches 10»W/cm?2 where the laser electric field is
comparable to the electric field acting on valence electrons. We discuss in detail an interesting nonlinear dynamics
described by the time-dependent Kohn-Sham scheme which induces the optical dielectric breakdown.

[1] K. Yabana, T. Nakatsukasa, J.-I. Iwata, and G.F. Bertsch, Phys. Status Solidi B243, 1121 (2006).
[2] G.F. Bertsch, J.-1. Iwata, A. Rubio, and K. Yabana, Phys. Rev. B62, 7998 (2000).

Simulations of irradiation-induced effects in carbon nanostructures
Arkady V. Krasheninnikov (University of Helsinki)

The irradiation of solids with energetic particles such as electrons or ions is associated with disorder, normally an
undesirable phenomenon. However, recent experiments on bombardment of carbon nanostructures with energetic
particles demonstrate that irradiation can have beneficial effects and that electron or ion beams may serve as tools
to change the morphology and tailor mechanical, electronic and even magnetic properties of nanostructured carbon
systems, and first of all, carbon nanotubes.

We systematically study irradiation effects [1] in carbon nanotubes and other forms of nano-structured carbon.
By employing various atomistic models ranging from empirical potentials to time-dependent density functional
theory [2] we simulate collisions of energetic particles with carbon nanostructures, and calculate the properties of
the irradiated systems.

In my presentation, I briefly review the recent progress in our understanding of ion-irradiation-induced
phenomena in nano-structured carbon and compare the simulation results to the experimental data. I dwell on the
application of density functional theory to simulations of production of defects under irradiation, their properties
and the "beneficial" role of defects and impurities in carbon nanotubes and related systems. I will also point out the
issues which still lack complete comprehension and further outline the simulation challenges in the field.

Finally, I will present the results of simulations of irradiation-induced pressure build-up inside nanotubes
encapsulated with metals [3]. Electron irradiation of such composite systems in the transmission electron
microscope gives rise to contraction of nanotube shells and thus to pressure in the encapsulate. As recently shown
[8], irradiation-stimulated pressure can be as high as pressure up to 40 GPa, which makes it possible to study phase

transformations at the nanoscale with high spatial resolution.

[1] See our publications listed at http://www.acclab.helsinki.fi/~akrashen/publist.html

[2] A.V Krasheninnikov, Y. Miyamoto, and D. Tomanek, Phys. Rev. Lett., 99 (2007) in press.

[3] L. Sun, F. Banhart, A.V Krasheninnikov, J.A. Rodriguez-Manzo, M. Terrones, and P.M. Ajayan, Science 312
(2006) 1199.

Exact Exchange Method Applied to Diluted Magnetic Semiconductors
Hisazumi Akai (Osaka University)

The exact exchange (EXX) method, which uses the exchange terms calculated on the Kohn-Sham orbitals, in the
framework of the optimized effective potential method (OPM) provides us with one of ways going beyond LDA.
Though EXX level calculation is only the first step of OPM, it gives unexpectedly good results when applied to
semiconductors. The calculated band gaps of various semiconductors well reproduce the experimental observation:
the accuracy is comparable with those obtained by far more sophisticated calculation based on the GW method. The
main reason is that the self-interactions are crucial in determining the band gap and EXX is completely free from
self-interactions.

One of big issues in the theory of diluted magnetic semiconductors (DMSs) is the nature of the magnetic coupling

between magnetic ions in DMSs: whether it is long-ranged or not? This is important since it finally determines the
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magnetic transition temperature in the case of diluted systems. The position of the d-states energy of magnetic ions
in DMS is essential for the above question. Expecting that EXX might give reasonable description on the position of
the d-states energy as well as band gap of host semiconductors, we have performed the EXX calculations on various
DMS systems.

The results show that the d-states are shifted considerably in the energy scale towards deeper positions
compared with those obtained by LDA calculations. This means that the magnetic couplings become more long-
ranged but, on the other hand, could be weakened. These results are consistent with the previous calculation using
the self-interaction corrected (SIC) or pseudo-SIC LDA calculations and also the so-called LDA+U calculations. The
present approach using EXX, however, has a big advantage that it is completely within the framework of density

functional theory, and hence, first-principles.

First Principles Electronic Structure Calculations for Strongly Correlated Systems
Takeo Fujiwara (University of Tokyo)

We are proposing two novel methods of the electronic structure calculation for strongly correlated electron
systems. First one is a novel GW Approximation method named U+GWA, starting from the LSDA+U method, is
proposed, where we can start the GW Approximation with more localized wave functions. Second one is a novel
LDA+DMFT with the iterative perturbation theory (IPT).

GWA is the first term approximation of the many-body perturbation series and the self-energy is replaced by the
lowest order term of the exchange energy with the dynamically screened interaction of the random phase
approximation (RPA). In fact, this approach is successful if LSDA would give reasonably good starting wave-
functions, though it may not be always true. Several trials of partially self-consistent treatment have been proposed
to improve the quasi-particle band structure. The essence of these methodologies exists how to obtain localized
wave-functions in transition metal oxides. Another possibility would be an establishment of a methodology to start
from some unperturbed Hamiltonian which gives localized wave-functions. U+GWA is a novel methodology starting
from the LSDA+U method. Examples of calculated results will be shown for antiferromagnetic NiO and V203 and we
will show a good agreement of the band gap and spectrum with those of experiments.

We also propose a novel LDA+DMFT method with IPT in order to include all orbitals s, p and d, instead of
projection onto Wannier type wave-functions. IPT is an approximation method for the self-energy of many-body
Green’s function, an interpolation method of the self-energy between that of the strong U limit and that of the high
frequency limit. IPT is actually quite efficient in the calculation of multi-orbital case and the case of many atoms in
a unit cell. Since our LDA+DMFT can change the hybridization mixing as a result of strong Coulomb interaction, it
can establish a character of the charge-transfer type antiferromagnetic insulator of NiO with a good agreement of

the value of the band gap and spectrum.

Predictive Capabilities for Strongly Correlated Systems:
Spectral Density Functional Theory and its Applications

Sergey Y. Savrasov (UC Davis)

Density functional theory (DFT) known to work well for weakly correlated materials fails to attack real strongly
correlated phenomena, and recent progress in understanding those using many-body model-hamiltonian-based
dynamical mean-field theory (DMFT) has triggered developments of new approaches for computational material
science in searching for alternatives to DFT. In this talk, one of such new techniques, a spectral density functional
theory [1], which considers total free energy as a functional of a local electronic Green function, will be discussed.

Local dynamical mean-field theory is seen as an approximation within this functional approach, which can be used
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for practical calculations. Illustrations of the method to compute total energies, local excitational spectra, lattice

dynamics and other properties of strongly correlated systems will be given.

[1] S. Savrasov, G. Kotliar, and E. Abrahams, Nature 410, 793 (2001).

Recent progress in the description of excited state properties of liquids and
nanostructures

Giulia Galli (UC Davis)

Recent progress and open problems in the description of excited state properties of liquids (in particular water)
and nanostrcutures (in particular Si rods and nanoparticles and simple organic molecules on gold surfaces) will be
discussed. Calculations will be presented, that are based on many body perturbation theory, in particular GW, and

approximate treatments of dielectric matrices.

First principles description of electrochemical reactions at water/Pt(111) interface
Minoru Otani (ISSP, University of Tokyo)

To elucidate microscopic details of an electrochemical reaction that takes place at the electrode-electrolyte
interface has been an issue of long standing in the electrochemistry as well as the surface science. One of the reasons
for this is the following: An electrochemical reaction is promoted by an applied bias in an experiment whereas it is
difficult to control the bias potential in a conventional first principles molecular dynamics (FPMD) simulation. Thus
we cannot simulate and analyze the electrochemical reaction, which would not occur spontaneously, by a FMPD
simulation. To overcome this problem two of the present authors have developed a new method, effective screening
(ESM) method [1], to calculate biased surface/interface. This method can directly treat the nonrepeated slab model
with use of a Green’s function technique. In this research, we have carried out FPMD simulations for the initial step
of the hydrogen evolution reaction (HER) at water/Pt(111) interface by utilizing the ESM method. We model the
water/Pt(111) interface as a slab model and put one more hydrogen atom in the form of H3O* into the calculation cell.

In the present talk, after characterizing the ESM method and our simulation model, we will present following
results. With increasing applied potential, the excess proton is bound in the first water layer and diffuses in this
layer region via the H502" complex. When we applied substantially strong potential, the excess proton is adsorbed
onto the Pt surface. The adsorption is accompanied by a transfer of an electron from the interface state. These
results show that we have succeeded in simulating one of the electrochemical reactions by the FPMD+ESM

simulation.

[1] M. Otani and O. Sugino, Phys. Rev. B (2006) 73, 115407.

Density-functional constrained molecular dynamics energy gap (DF-CMD-EG) method
for free energy calculation of chemical reaction coupled to electron transfer

Yoshitaka Tateyama (National Institute for Materials Science)

Chemical reactions with electron-transfer in solution, so called “redox reactions”, play crucial roles in diverse
topics such as battery, fuel cell, catalysis, corrosion, photosynthesis. Fundamental quantities of redox reactions are
usually characterized by free energies, which are mainly governed by structural fluctuations of the target species
(solute) as well as the environment (solvent). The free energy changes among different charged states associated

with electron transfer should be taken into account as well. In most redox reactions, change of chemical bonds is
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coupled to the electron transfer. Therefore first-principles free energy calculation method that can involve change of
the electron number as well as bond breaking/formation is quite desired for quantitative investigation of the above
phenomena of interest.

For this purpose, we have recently developed novel computational methods for redox reactions [1,2]. The density-
functional molecular dynamics energy gap (DF-MD-EG) method [1] is derived from statistical mechanics for redox
couples and the Marcus theory of electron transfer. It is found that this formulation is quite compatible with the
fundamentals of DFT. However it is only applicable to electron transfer process without bond change in practice.
Then, combining this method with constrained MD (CMD) scheme of blue-moon ensemble, we have newly
constructed the DF-CMD-EG method [2] that can deal with free energies of bond breaking/formation coupled to
electron transfer, based on the fundamental principles of quantum and statistical mechanics.

We have applied this DF-CMD-EG method to a water cleavage reaction coupled to electron transfer on a
transition metal oxide ion in aqueous solution and demonstrated that it can well reproduce experimental reaction
free energy. We consider that this will open new perspectives for first-principles investigation of electron transfer

reactions coupled to chemical bond breaking/formation.

[1] Y. Tateyama, J. Blumberger, M. Sprik, and I. Tavernelli, J. Chem. Phys. 122, 234505 (2005).
[2] Y. Tateyama, J. Blumberger, T. Ohno, and M. Sprik, J. Chem. Phys. 126, 204506 (2007).

Developments and applications of a linear-scaling DFT code CONQUEST
Tsuyoshi Miyazaki (National Institute for Materials Science)

We report our recent progress in developments and applications of our linear-scaling DFT code CONQUEST. The
code is efficient on massively parallel computers and has an ability to treat the systems containing more than ten
thousands of atoms. The code is based on the strategy of minimizing the total energy with respect to the Kohn-
Sham density matrix, and the practical techniques for implementing this strategy will be briefly summarized. The
code can be run at different levels of precision, ranging from empirical tight-binding, through ab initio tight-binding,
to full plane-wave precision, and the way in which this is achieved will be outlined.

As one of the research example by CONQUEST, we show our theoretical study on the nanostructured Ge 3D
islands on Si(001). We demonstrate that it is now possible to perform DFT calculations on such large and
scientifically important systems. We have succeeded in employing DFT structure optimization on the systems
containing more than 20,000 atoms. We are also using the code for the study on biological systems, and in
preparation for large-scale calculations on DNA systems, we have recently calculated single DNA bases and on DNA
base pairs and compared the results with those obtained by other codes. The results of these test calculations will be
given with our future targets.

We have recently released the beta version of the code. We plan to release the code under a GNU General Public

Licence soon.

Ab-initio study of the ground state structure of elemental boron
Tadashi Ogitsu (Lawrence Livermore National Laboratory)

It is generally considered that an elemental material solidifies into a crystal form with a full translational
symmetry. To the best of my knowledge, helium is only the well-known exception in the periodic table, which does
not solidify at T=0K at ambient pressure. Boron, the fifth element in the periodic table, is known to have a peculiar
solid phase; the believed-to-be most stable structure at ambient condition has partially occupied sites (POS, 23 out of
320 atoms per hexagonal cell), therefore the translational symmetry is likely to be violated. Since this solid form, B-

rhombohedral boron (B-boron), is usually made from its melt by slow cooling, it might be reasonable to assume that
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B-boron is a thermodynamically stable only at high temperature due to the entropic contribution from the POS.
Indeed, many of previous ab-initio studies, except for one, concluded that a simpler allotrope of boron, o-
rhombohedral boron is more stable than B-boron at T=0K, though the observed POS were not fully counted in their
studies.

We have performed the first-ever global optimization on the POS configuration using the method combining the
discrete lattice model Monte Carlo and the ab initio DFT calculation and found that B-boron is more stable than o-
boron at T=0K. The keys to understand the stabilization mechanisms of B-boron are the followings: The imbalance in
the electron deficiency among of its building units, the local instability in the one of building units, and the three-
center bond unique to boron. Boron is likely to be an exceptional case in the periodic table, whose ground state

structure is an imperfect crystal due to intrinsic frustration.

Computation of Maximally Localized Wannier Functions and Compact Representations
of Kohn-Sham Invariant Subspaces

Francois Gygi (UC Davis)

Maximally Localized Wannier Functions (MLWFSs) are useful for computations of physical properties such as the
polarization in insulators. They can be computed using iterative algorithms to minimize the wavefunction spread,
but also by approximate simultaneous diagonalization of non-commuting matrices [1]. In large-scale electronic
structure calculations, the cost of a simultaneous diagonalization scales as O(IN3) for N electrons. This unfavorable
scaling makes it necessary to develop efficient scalable algorithms for massively parallel computers. We present a
new parallel algorithm for simultaneous diagonalization and demonstrate its scalability on up to 1024 processors for
applications to the calculations of MLWF's.

Simultaneous diagonalization can also be used to compute reduced numerical representations of the solutions of
the Kohn-Sham equations. We present a data compression method that allows for a priori control of the error caused
by the reduction process. When applied to Kohn-Sham wavefunctions expanded on a plane-wave basis, this approach
leads to a substantial reduction of the size of the datasets used to restart first-principles simulations, with controlled

loss of accuracy. Examples of applications to liquid water and carbon nanotubes will be presented.

[1] F. Gygi, J.-L. Fattebert and E. Schwegler, Comput. Phys. Comm. 155, 1 (2003).

Extended multicanonical method combined with thermodynamically optimized
potential

Yoshihide Yoshimoto (ISSP, University of Tokyo)

The author studied the combination of multicanonical ensemble method with first-principles simulations for real
materials. The study focused crystal to liquid transition which is a basic procedure for material synthesis. The talk
will present his recent results: a direct simulation of the crystal to liquid transition by a kind of two-component
multicanonical ensemble, a multi-order multi-thermal ensemble, with an order parameter defined with structure
factors that characterize the transition, and optimization of a model interatomic potential in terms of the ensemble
from an accurate one called thermodynamic downfolding of a potential. These provide a principle to project a first-
principles approach on a model-based approach conserving thermodynamic properties of multiple phases to a

maximum extent.
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Unusual Aspects of Dispersion Forces in Nanostructures
John F. Dobson (Griffith University)

There has been much recent progress in the ab initio description of dispersion forces between condensed-matter
entities. In particular, empirical and non-empirical density functionals have been derived that produce both a
reasonable short-ranged behavior and a reasonable asymptotic dispersion force, when applied to a wide variety of
dimers where at least one component is a small molecule. They thus describe the whole van der Waals (vdW)
interaction curve.

This talk will focus on dimers made from metallic or near-metallic nanostructures that are highly anisotropic,
such as carbon nanotubes or graphene planes. In contrast to the case of bulk metals, the spontaneous long-
wavelength electron density fluctuations on these systems are incompletely screened, leading to predictions of
unusual dispersion forces that cannot be reproduced by any of the currently popular functionals. Cases will be
discussed where not only the asymptotic force, but also the force at shorter distances (but still outside the regime of

substantial electron cloud overlap) should be strongly different from the predictions of conventional vdW theories.

PBEsol, a generalized gradient approximation for solids and their surfaces
Kieron Burke (UC Irvine)

Successful modern generalized gradient approximations (GGA's) are biased toward atomic energies. Restoration
of the first-principles gradient expansion for the exchange energy over a wide range of density gradients eliminates
this bias. With many collaborators, I introduce PBEsol, a revised Perdew-Burke-Ernzerhof GGA that improves
equilibrium properties of densely-packed solids and their surfaces.

Multi-reference density functional theory for Mott's insulators and
electron-electron interaction mediated superconductivity

Koichi Kusakabe (Osaka University)

We have found that an effective Hamiltonian of an interacting Fermion system representing the many electron
system in the non-relativistic description is determined by referencing Coulomb interaction driven fluctuation in the
multi-reference density functional theory (MR-DFT). In our MR-DFT, an effective Hubbard-type Hamiltonian is
defined as an extended Kohn-Sham Hamiltonian, which gives a self-consistent calculation scheme applicable for the
materials design. The effective interaction may be determined by adjusting local fluctuation determined by a
reference calculation. A kinetic energy functional may be used as an indicator to detect occurrence of the strong
suppression of fluctuation, which provides us a self-contained calculational scheme within MR-DFT.

In this presentation, we focus on the N representability satisfied in our MR-DFT. Two geometries to detect
occurrence of the Mott insulating transition and the electron-electron interaction mediated superconductivity are
proposed for the rigorous MR-DFT. The momentum boost technique may be used by adopting a twisted boundary
condition in one direction of the Born-von-Karman boundary condition. The Harriman construction is easily
generalized for the twisted boundary condition. The Meissner effect may happen for a sample with a cylinder
geometry. The internal vector potential should appear, if the superconducting current flows on the surface of the ring.
This broken symmetry state can be detected as a stable solution within a symmetry restricted phase space, where

the N representability is again ensured. Test calculations using simplified model systems are shown.
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Extended constrained-search theory and its applications
Masahiko Higuchi (Shinshu University)

The pair density (PD) functional theory has recently attracted particular interest because it provides the obvious
way to improve on the density functional theory (DFT). Ziesche first proposed the PD functional theory about a
decade ago, and then many workers followed his work and have developed a variety of approaches.

Very recently, we have proposed an approximate scheme for calculating the PD on the basis of the extended
constrained-search theory. By introducing a noninteracting reference system, the resultant PD corresponds to the
best solution within the set of PDs that are constructed from a single Slater determinant (SSD). This PD functional
theory has two kinds of merit. The first is that the reproduced PD is necessarily N-representable. This is a strong
merit because the necessary and sufficient conditions for the N-representable PD are not yet known exactly. The
second merit is the tractable form of the kinetic energy functional. The kinetic energy functional cannot exactly be
written by using the PD alone. Some approximation is required. In this theory, we have successfully given an
approximate form of the kinetic energy functional with the aid of the coordinate scaling of electrons.

On the other hand, a significant problem remains in that approach; namely, there exists the possibility that the
solution might be far from the correct value of the ground-state PD. This is because the search region of the PDs
may be smaller than the set of N-representable PDs. In order to improve the PD functional theory, we have to extend
the search region of the PDs to the set of N-representable PDs as closely as possible.

In this paper, we present a density functional scheme for calculating the PD by means of the correlated wave
function. The Jastrow wave function is adopted as the correlated wave function. By using the lowest-order
approximation to the Jastrow wave function PDs, the search region for the ground-state PD is substantially
extended as compared with our previous theory. The variational principle results in the simultaneous equations that
are practicable to calculate the ground-state PD.

Nonlocal exchange-correlation kernel from time-dependent current density functional
theory: Application to the stopping power of an electron liquid

Vladimir U. Nazarov (Academia Sinica)

We develop a procedure for building the scalar exchange-correlation kernel of time-dependent density functional
theory (TDDFT) from the tensorial kernel of time-dependent current density functional theory [1] (TDCDFT) and the
Kohn-Sham current-density response function. Doing the local approximation on the kernel of TDCDFT results in a
nonlocal approximation for the kernel of TDDFT, which is free of the contradictions that plague the standard local
density approximation to TDDFT. As an application of the general formalism, we calculate the dynamical exchange-
correlation contribution to the stopping power of an electron liquid for slow ions. The results of this calculation are
found to be in considerably better agreement with experiment [2] than the results obtained from a conventional
TDDFT calculation in the local density approximation [3].

[1] G. Vignale and W. Kohn, Phys. Rev. Lett. 77, 2037 (1996).

[2] H. Winter, J. I. Juaristi, I. Nagy, A. Arnau, and P. M. Echenique, Phys. Rev. B 67, 245401 (2003).
[3] V. U. Nazarov, J. M. Pitarke, C. S. Kim, and Y. Takada, Phys. Rev. B 71, 121106 (2005).
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Water surprises from ab-initio molecular dynamics simulations
Roberto Car (Princeton University)

The electronic charge and the corresponding electric field distribution are at the origin of many of the unusual
properties of liquid water. First, I will discuss how static and dynamic dielectric properties of water result from the
distribution of molecular dipoles and their correlations due to hydrogen bonds. Finally, I will discuss a surprising

charging effect that occurs at the interface between water and hydrophobic substances.

Quantum Transport Calculations through Molecules and Carbon Nanotubes
Kenji Hirose (NEC Corporation)

Recently much effort has been focused to measure the transport properties of single molecules and carbon
nanotubes (CNT) bridged between electrodes for the molecular electronics. Since it is still difficult to construct well-
characterized nanometer-scale device system between electrodes, theoretical approaches based on the first-
principles calculations become important to characterize the transport properties of such nanometer-scale devices.

Here we present our recent calculations for the transport properties of single molecules and carbon nanotubes
(CNT) bridged between electrodes. We use two calculation methods.

One is the recursion-transfer-matrix (RTM) method, which is a reliable tool to calculate accurate scattering
waves in plane-wave expansions. Combined with the NEGF method and density-functional formalism, we perform
calculations of transport properties through single molecules and molecular wires between electrodes. Especially, we
focus on the contact effects to electrodes on the transport.

The other is the time-dependent wave-packet diffusion method. Based on the linear-response Kubo formula with
localized basis sets, we perform O(N) calculation for the transport of large systems (micron length). We apply this
method for the carbon nanotube (CNT) transistors and show the results on the electron-phonon coupling, disorder,
and contact effects on the conductance of CNT-FET.

Density Matrix Functional Theory for Molecules and Solids
Angelica G. Zacarias (Freie Universitit Berlin)

Density-matrix functional theory has enjoyed increasing popularity in recent years. For the one-body reduced
density matrix, the theory rests on a Hohenberg-Kohn-type theorem formulated by Gilbert [1]. Employing some
well-known reduced-density-matrix functionals [2] for the exchange-correlation energy, we minimize the total energy
with the suitable constraints ensuring N-representability of the density matrix and conservation of the total particle
number. Atoms and molecules, periodic bulk insulators, and the electron gas are studied in this way. For molecules,
we find that some of the more advanced functionals, such as the BBC3 functional [2], perform as well as MP2, with a
much lower numerical cost. For insulators we propose a novel method to calculate the fundamental gap A [3]. This
quantity is defined as the difference between the ionization potential and the electron affinity. Given a system with
integer particle number No, the fundamental gap can be expressed rigorously as the discontinuity which the
chemical potential p exhibits at the integer No, i. e., A = u(No+n) — u(No—n) with a positive infinitesimal n. We
demonstrate [3] that this discontinuity, when evaluated within density-matrix functional theory, represents an
excellent measure of the gap, far superior to LDA or GGA calculations. Studying the electron gas [4], we finally
propose a novel functional [5], which performs well in two extreme limits: For the dissociation of closed-shell

molecules into open-shell fragments, and for the electron gas.
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[1] T. L. Gilbert, Phys. Rev. B 12, 2111 (1975).

[2] O. Gritsenko, K. Pernal, E. J. Baerends, J. Chem. Phys. 122, 204102 (2005).

[3] N. Helbig, N. N. Lathiotakis, M. Albrecht, E. K. U. Gross, Europhys. Lett. 77, 67003 (2007).
[4] N. N. Lathiotakis, N. Helbig, E. K. U. Gross, Phys. Rev. B 75, 195120 (2007).

[56] N. N. Lathiotakis, N. Helbig, Z. Zacarias, E. K. U. Gross, submitted to Phys. Rev. Lett. (2007).

Surface defects and doping in TiO2
Annabella Selloni (Princeton University)

Titanium dioxide, TiOg, is a widely used, yet quite inefficient photocatalyst. Among the important drawbacks, its
band gap is rather large for efficient use of sunlight, and control of trapping and recombination sites for photo-
excited carriers is very limited.

In this talk I will present results of theoretical studies aimed at obtaining insights into issues relevant to TiOs-
based photocatalysis. In particular, I will discuss the geometric and electronic structure of surface defects and their
influence on the adsorption of different species, the effect of replacing oxygen with dopants, notably nitrogen, and

the role of defect and impurity states as electron and hole trapping sites.

Long-range corrected TDDFT and its applications
Takao Tsuneda (University of Tokyo)

Long-range corrected (LC) TDDFT [1] has been applied to various subjects in TDDFT calculations. As a result,
the underestimations of long-range charge transfers and Rydberg excitation energies and oscillator strengths have
already been solved by LC-TDDFT [1]. We implemented LC-TDDFT on the analytical gradient algorithm of TDDFT
[2]. At first, we applied it to various geometry optimizations of excited states. By calculating several adiabatic
excitations, it was found that LC-TDDFT makes it possible to estimate accurate excitation energies and excited
state geometries especially for charge transfer excitations. Especially, we succeeded to make clear the whole twisted
intramolecular charge transfer (TICT) mechanism of 4-N, N-dimethylaminobenzonitrile (DMABN) [3]. We recently
applied this LC-TDDFT gradient algorithm to anharmonic vibrational state calculations [4].

[1] Y. Tawada, T. Tsuneda, S. Yanagisawa, T. Yanai and K. Hirao, J. Chem. Phys., 120, 8425 (2004).
[2] M. Chiba, T. Tsuneda, and K. Hirao, J. Chem. Phys., 123, 144106, 2006.

[3] M. Chiba, T. Tsuneda, and K. Hirao, J. Chem. Phys., 124, 034504(1-11), 2007.

[4] S. Tokura, K. Yagi, T. Tsuneda, and K. Hirao, Chem. Phys. Lett., 436, 30-35, 2007.

Formal derivation of nonadiabatic couplings from time-dependent density functional
theory and the extension within modified linear response

Chunping Hu (ISSP, University of Tokyo)

We present an efficient method to calculate nonadiabatic couplings (NACs) between the electronically ground and
excited states of molecules, within time-dependent density functional theory (TDDFT) in frequency domain. Based
on the comparison of dynamic polarizability formulated both in the many-body wavefunction form and the TDDFT
linear response theory, a rigorous expression is established for NACs, which is similar to the calculation of oscillator
strength in the Casida formalism [1] of TDDFT. The performance of adiabatic local density approximation can be

greatly improved by the extension of our method within modified linear response [2, 3]. This scheme has been
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demonstrated to give NACs with an accuracy comparable to that of wavefunction-based methods, not only in the

vicinity of conical intersections, but also for Rydberg and charge-transfer excitations [4].

[1] M. E. Casida et al., J. Chem. Phys. 108, 4439 (1998).

[2] C. Hu, O. Sugino and Y. Miyamoto, Phys. Rev. A 74, 032508 (2006).
[3] C. Hu and O. Sugino, J. Chem. Phys. 126, 074112 (2007).

[4] C. Hu, H. Hirai, and O. Sugino, J. Chem. Phys., in press.

How can first principles calculations give large contributions to industries?
Kenji Shiraishi (University of Tsukuba)

Recent technological problems especially in ULSI industries are intimately related to basic science, since each
building block of ULSIs becomes nano-meter size. In such circumstance, first principles calculations are thought as a
powerful tool to obtain useful knowledge of nano-structures and nano-materials that are crucial for the development
of future technologies. However, there are few examples that first principles calculations really affect industries so
far. This is due to the difference in the research attitudes between technological and scientific people: Technological
people would like to develop high-performance devices timely according to commercial demands, whereas scientists
would like to pursue deep science without considering markets. For instance, in order to contribute USLI
technologies, we scientists have to take into account some unscientific factors: Among them, one of the most
important factors is the research speed, since ULSI technologies need rapid progress based on ITRS road map. In
this presentation, I show one recipe how first principles calculations can give large contribution to industries, by
showing some examples which we have succeeded in contributing to ULSI technologies.

First, I show our new concept of interface physics that enegetics of interface reaction determines the Shottoky
barrier height of metal/high-k dielectric interfaces, by using first principles calculations, model physics and
experiments. This new physical concept results in the big technological message that commonly used poly-Si gates
should not be used with high-k gate dielectrics, leading to the world-wide change in the trend of ULSI technologies.
Next, I show that this concept can naturally expand to another new concept of nano-interface: When the building
block of interfaces becomes nano-scale, Shottoky barrier height of one interface can be governed by the energetics of
the other interface. I also show that our designed photoemission experiments have clearly confirmed this concept.

Second, I show the atomistic mechanism of Si oxidation. Our first principles calculations clearly show that Si
species should be emitted from the Si/SiOz interface toward SiOz region during thermal oxidation, since Si oxidation
induces volume expansion due to the Si-O-Si bond formation. Such knowledge is very important for recent ULSI
technologies, since ULSI technologies require very thin SiO: dielectric films. To detect this phenomenon, we
designed Rutherford backscattering (RBS) experiments, and have succeeded to detect Si emission from the Si/SiO2
interface toward SiOz during Si thermal oxidation.

Moreover, I also show that “Shottoky limit” is not the real limit of Shottoky Barrier heights of metal/insulator
interfaces by constructing a new physical concept, and this concept has also been confirmed by the experiments.

As described above, first principles calculations can really give large contributions to modern technologies by the

proper and speedy collaboration with experiments and model physics.
Exciton transition energy in photoluminescence of single-walled carbon nanotubes
Shigeo Maruyama (University of Tokyo)
Photoluminescence excitation (PLE) spectroscopy of single-walled carbon nanotubes (SWNTs) has been

extensively studied for characterization of their unique electronic properties due to the one-dimensionality. The

precise evaluation of exciton transition energy is essential for experimental assignments of optical absorption,
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photoluminescence, and resonant Raman scatterings. Here, several experimental topics related to exciton transition
energy observed photoluminescence spectroscopy are discussed, namely, excitonic phonon side-band, absorption of
cross-polarized light, dielectric environmental effect. Detailed DFT-level theoretical studies are desired to
understand and predict these phenomena.

We have demonstrated the excitonic phonon side-band peaks in the PLE spectra of micelle-suspended SWNTs by
employing the SWNTs from 13C. By comparing photoluminescence excitation spectra of SW13CNTs and normal
SWNTs, the excitonic phonon sideband due to strong exciton-phonon interaction was clearly identified with the
expected isotope shift. In addition to the direct experimental proof of the strong exciton-phonon interaction, we also
found low-intensity “pure electronic” features whose origin has never been elucidated.

We ascribed these peaks to the cross polarized absorption by the polarized-PLE experiment on partially aligned
SWNTs in a gelatine film. Then, we further studied polarized PLE spectra of various (n, m) nanotubes in surfactant
suspension. Using a simple theory for PL anisotropy, we have obtained decomposed PL maps for parallel and
perpendicular polarization from two PL maps measured by so-called L-format method. Distinct absorption peaks
corresponding to Ei12 and Esa1 transitions for perpendicular polarization were observed. Observed Eiz and Eg:
energies were considerably blue-shifted compared to the qualitative values predicted within a single-particle theory.
The results indicate a smaller exciton binding energy for perpendicular excitations than for parallel excitations.

Optical transition energies of SWNTs are affected up to 80 meV by the change of environment materials around
SWNTs, which is known as an environmental effect. Environmental dielectric screening effects on exciton transition
energies in SWNTs have been studied quantitatively in the range of dielectric constants from 1.0 to 37 by immersing
SWNTs bridged over trenches in various organic solvents by means of photoluminescence excitation spectroscopy.
With increasing environmental dielectric constant €env, both E11 and Egs exhibited a red shift by several tens meV
and a tendency to saturate at a €env ~ 5 without an indication of significant (n,m) dependence. The red shifts can be
explained by dielectric screening of the repulsive electron-electron interaction. We make a simple model for the
relation between dielectric constant of environment and a static dielectric constant describing the effects of electrons
in core states, o bonds and surrounding materials. Although the model is very simple, calculated results well

reproduce experimental transition energy dependence on dielectric constant of various surrounding materials.

Combining DFT and many-body methods to understand correlated materials
Igor Solovyev (National Institute for Materials Science)

Electronic and magnetic properties of strongly-correlated systems are typically controlled by a limited number of
states, located near the Fermi level and well isolated from the rest of the spectrum. This opens a formal way for
combining the first-principles methods of electronic structure calculations, based on the density-functional theory
(DFT), with the model many-body techniques, formulated in a restricted Hilbert space of states near the Fermi level.
The core of this project is the construction of “ab initio low-energy models", which incorporate the physics of
Coulomb correlations and provide a transparent picture for the low-energy properties. First, I will describe how such
models can be constructed. The procedure consists of three major steps, starting from the electronic structure in the
local-density approximation.! (i) Construction of the kinetic-energy part using an exact version of the downfolding
method;!2 (i) Construction of the Wannier functions; (iii) Calculation of screened Coulomb interactions using a
hybrid approach, which combines the random phase approximation with the constraint DFT.13

The abilities of this method will be illustrated on two examples.

The first one is the narrow tzg band perovskite oxides: YTiOs, YVOs, and LaVOs. Recently, they have attracted
much attention due to the large variety of the magnetic structures, which can be realised in these compounds. These
magnetic properties are controlled by tiny distortions in the perovskite structure, which are amplified by Coulomb
correlations. For example, YVO3 can be found in two distinct antiferromagnetic configurations, the existence of
which is closely related with the orthorhombic-monoclinic structural phase transition at 7'=77K. We could not only
reproduce this behaviour, but also present a transparent physical picture, explaining how the lattice distortion

changes the distribution of electron densities around the V sites and controls the form of interatomic magnetic
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interactions.*

Another example is the alkali hyperoxide, KOz. This system can be regarded as a molecular analogue of
correlated electron systems, comprising of orbitally degenerate magnetic Oz ions. Using first-principles electronic
structure calculations, we set up an effective spin-orbital model for the low-energy molecular bands of KOz and
argue that many anomalous properties of this compound replicate the status of its orbital system in different

temperature regimes.b

1. V. Solovyev, Phys. Rev. B 73, 155117 (2006).

2[. V. Solovyev, Z. V. Pchelkina, and V. I. Anisimov, Phys. Rev. B 73, 045110 (2007).
3[. V. Solovyev and M. Imada, Phys. Rev. B 71, 045103 (2005).

41. V. Solovyev, Phys. Rev. B 74, 054412 (2006).

51. V. Solovyev, cond-mat/0612475.

Wannier function approach to electronic excitation spectra
Takashi Miyake (National Institute of Advanced Industrial Science and Technology)

We present an efficient scheme for calculating the optical absorption spectra of condensed matter systems
including electron hole interactions. A modern computational approach to photoexcitation consists of the following
three steps. We first compute quasiparticle wavefunctions in the local density approximation of density functional
theory. In the next step, the many-body correction in the GW approximation is added to quasiparticle energies. Then,
the Bethe-Salpeter equation (BSE) is solved to include electron-hole interaction effects.

In the present work, we propose a Wannier interpolation scheme for BSE. The most time-consuming part in the
BSE method is computation of the electron-hole interaction kernel on a fine k-point mesh. In our approach, we first
compute the kernel on a coarse k-point mesh. The kernel is then transformed to the Wannier gauge in which the
Wannier function is maximally localized. Since the kernel is smooth as a function of k in the Wannier gauge, it is
accurately interpolated to a fine mesh. The interpolated kernel is transformed to the Hamiltonian gauge and put
into the BSE. A similar interpolation technique is used also for the Berry connection to evaluate the optical

transition matrix on a fine k mesh. We will discuss the detail of the scheme and present an application to silicon.

A wave-function approach to solids
Shinji Tsuneyuki (University of Tokyo)

Hartree-Fock (HF) method is a useful first-step tool for investigating electronic structure and total energy of
atoms and molecules: it gives very good electron density, reasonably accurate total energy, and molecular orbitals
and orbital energies that are helpful for understanding the electronic structure. The HF method is, however, not
commonly applied to solids nowadays, since electronic screening effect is neglected, thereby resulting in vanishing
density of states at the Fermi level of metals and serious overestimation of band gap of semiconductors. Although
systematic improvement is considered to be an advantage of wave function theory (WFT) against the density
functional theory (DFT), so-called post-HF methods are computationally too demanding for solids. For long,
therefore, variational Monte Carlo (VMC) method and diffusion Monte Carlo (DMC) method have been only practical
ways to calculate accurate total energy of solids within WFT.

We are developing another wave function approach to solids based on the transcorrelated (TC) method by Boys
and Handy [1, 2]. In the T'C method, an explicitly correlated wave function of Slater-Jastrow-type is adopted. After
similarity transformation of the Hamiltonian with the Jastrow function, one obtains a HF-like self-consistent-field
equation to determine one-electron orbitals in the Slater determinant, which also provides TC orbital energies.
Koopmans’ theorem holds for the TC orbital energies and so we can easily draw electronic band structure of solids
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with taking account of the electron correlation effect through the Jastrow function. This is an advantage of the TC
method against VMC or DMC. Total energy of solids can be calculated without Monte Carlo sampling.
In this talk I review recent applications of the TC method to solids and demonstrate how the HF results are

improved by taking account of the electron correlation effect [3-5].

[1] S.F. Boys and N.C. Handy, Proc. R. Soc. London, Ser. A 309, 209 (1969); ibid. 310, 63 (1969); ibid. 311, 309 (1969).
[2] N.C. Handy, Mol. Phys. 21, 817 (1971).

[3] N. Umezawa and S. Tsuneyuki, Phys. Rev. B 69, 165102 (2004).

[4] R. Sakuma and S. Tsuneyuki, J. Phys. Soc. Jpn. 75, 103705 (2006).

]

[56] K. Sodeyama, R. Sakuma and S. Tsuneyuki, poster presentation in this symposium.

First-principles scheme for strongly correlated electron systems with maximally
localized Wannier functions: Application to black sodalite

Ryotaro Arita (RIKEN)

In ab initio calculation for strongly correlated materials which combines model calculation and density functional
calculation, constructing an effective model from realistic electronic structure calculation is one of the most
important steps. Recently, a variety of methods for this “downfolding” procedure have been proposed, and have been
applied to various correlated materials such as transition metals, transition metal oxides etc.

On the other hand, reliable downfolding has not been performed for materials for which the localized basis of the
effective model extends beyond a single site in a non-trivial manner. For example, although various interesting
many-body phenomena observed in organic compounds such as BEDT-TTF salts have been studied in terms of
Hubbard-like models, ab inito estimation of interaction parameters like Hubbard U is yet to be performed. To
overcome this problem, recently, the present author and his collaborators have developed a new method to estimate
U by using maximally localized Wannier functions (MLWFs) [1].

In order to demonstrate how this new method works well for materials which have been problematic so far, here
we apply it to black sodalite, Nas(AlSiO4)s. For this material, it is well known that a periodic array of Na43* clusters
loaded in the aluminosilicate cages forms narrow bands in the wide band gap, and the system can be mapped to the
half-filling Hubbard model or the S=1/2 Heisenberg model [2]. This material is interesting in that it is magnetic
while only non-magnetic elements comprised of this material.

While the bare interaction parameter was estimated in Ref. [2], the (screened) Hubbard U for the Na4?* cluster
has not been evaluated. In this study, we construct the MLWF for the Na43* cluster and estimate U for it. Then we
derive an effective spin model H = % Ji; S; Sj, for which we find J=28.2K for the nearest neighbours and J=8.6K for
the next-nearest neighbours.

The Neel temperature (Tn) and the Weiss temperature () calculated by the mean field approximation are 87K
and 139K, which are in good agreement with experimental values, Tn =55K and 6 =170K. We also calculate the
uniform spin susceptibility as a function of the temperature by the Pade approximation of the high temperature
expansion up to the 8th order. The obtained spin susceptibility is in excellent agreement with the experimental result,
suggesting that our downfolding method indeed works successfully.

[1] K. Nakamura et al, Phys. Rev. B 74 235113 (2006).
[2] O.F. Sankey et al, Phys. Rev. B 57 15129 (1998).
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Pseudo-quantum criticality in electron liquids exhibited in expanded alkali metals
Hideaki Maebashi (ISSP, University of Tokyo)

It is well known that the compressibility x of the homogeneous electron gas provides vitally important
information on determining the exchange-correlation kernel, a fundamental quantity in the density functional
theory. A notable feature of « is its divergence at rs = 5.25 with rs the Wigner-Seitz radius of electrons, resulting in
singular long-range fluctuations in the electronic polarization. Usually, singular fluctuations in the response
function at zero temperature invoke continuous quantum phase transition. In the electron gas, however, there is no
true phase transition owing to the fact that the polarization function in this case represents response to a total of
external and induced charges, making it acausal. This singularity which does not induce any phase transition leads
to a new concept of pseudo-quantum criticality.

In considering the actual valence electrons in solids or liquids, we should include not only the above-mentioned
effects of the electron-electron Coulomb interaction but also those of the electron-ion interaction. Basically, the latter
effects are complicated to treat due to the complex nature of an ion composed of a nucleus and core electrons
surrounding it. But they can be described by employing another important concept or pseudopotential, taking into
account the core-valence orthogonality which makes the valence electrons exclude from the core region.

These two concepts manifest themselves in the problem of the Coulombic screening in alkali metals [1]; the
pseudo-quantum criticality combined with the exclusion effect of valence electrons makes the observable phenomena
intriguing, in which an important role is played by the emergence of a short-range attractive part in the screened
Coulomb interaction between ions. In this talk, we predict the decrease of the equilibration distance between ions
against the increase of rs, provided that the condition of 2rc < rs < 4rc is satisfied with r. the ion-core radius. This
prediction is in good quantitative agreement with the recent experiment on expanded liquid Rb exhibiting that an
average distance between nearest-neighbor ions decreases with the increase of the Wigner-Seitz radius of ions [2].

[1] H. Maebashi and Y. Takada, cond-mat/0706.4001.
[2] K. Matsuda, K. Tamura, and M. Inui, Phys. Rev. Lett. 98, 096401 (2007).

Biomolecular calculations based on electron-correlated fragment molecular orbital
methods

Shigenori Tanaka (Kobe University)

This talk will review recent developments in the ab initio fragment molecular orbital (FMO) method and its
applications to bio-macromolecules, especially focusing on the roles of electron correlations.

Kitaura et al. have proposed an ab initio FMO method by which large molecules such as proteins and nucleic
acids can be easily treated with chemical accuracy. In the ab initio FMO method, a molecule or a molecular cluster is
divided into fragments, and the MO calculations on the fragments (monomers) and the fragment pairs (dimers) are
performed to obtain the total energy that is expressed as a summation of the fragment energies and inter-fragment
interaction energies (IFIEs). Recently, the FMO methodology has been developed so as to include the descriptions of
various properties other than energies and the electron correlation effects on the bases of MP2, DFT, CI and QMC
methods.

The ABINIT-MP and BioStation Viewer programs have been used for the applications of FMO method. For
instance, the FMO method was applied to the problem of transcriptional regulation, including the interactions of
nuclear receptor, ligand molecule, transcription factor and DNA. Detailed interactions between biomolecules and the
roles of each amino acid residue were revealed through analyses of IFIEs, charge distribution and orbital
configuration. Electrostatic and van der Waals dispersion interactions were found to be equally important in
molecular recognition. It was thus found that the inclusion of electron correlation was essential to obtain
appropriate pictures for biomolecular interactions. Other applications such as the photo-excitation process in
fluorescent protein will also be illustrated.
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Time-dependent density functional theoryfor core excited states
Yutaka Imamura (Waseda University)

Time-dependent density functional theory (TDDFT) is one of the most popular methods to calculate low-lying
excited states because of its reasonable accuracy with low-computational cost. However, TDDFT fails to describe core
and Rydberg excitations with high accuracy [1,2]. Based on our assessment [1] and analysis [2], we have proposed
two different kinds of new exchange-correlation functionals for core and Rydberg excitations: pure [3] and hybrid
functionals [4-6]: The hybrid functional, core-valence BSLYP (CV-B3LYP) [4], is designed to reproduce the behaviors
of the BHHLYP and B3LYP functionals for core and valence regions separately. The newly developed functional,
core-valence-Rydberg B3SLYP (CVR-B3LYP) [5], is constructed so as to accurately describe the excitations from core
and occupied valence orbitals not only to unoccupied valence orbitals (C—V and V—V excitations) but also to
Rydberg orbitals (C—R and V—R excitations). Based on the arbitrariness of virtual orbitals, CVR-B3LYP overcomes
the disadvantages of CVB3LYP by adopting the appropriate portions of HF exchange for unoccupied valence and
Rydberg regions separately. C—V, C—R, V-V, and V-R excitation energies of C2H2, C2H4, CH20, CO, and N2
molecules were calculated with the use of the cc-pCVTZ. Single s and p Rydberg basis functions of Dunning-Hay
were added for describing 3s and 3p orbitals. Rydberg orbitals were distinguished from the others by the second
moments of the orbitals. While the results of CV-B3LYP have similar accuracy to those of CVR-B3LYP for C—V and
VIV excitations, CV-B3LYP gives inaccurate results for C—»R and V—R excitations. CVR-B3LYP provides accurate
descriptions for not only (C—V, V-V) but also (C—R, V—R) excitations: The mean absolute errors (MAEs) of CVR-
B3LYP are 0.3, 0.7, 0.3, and 0.3 eV for C—V, C—R, V-V, and V-R excitations, respectively. Thus, CVR-B3LYP is a

powerful tool for describing all types of excitations with high accuracy.

[1] Y. Imamura, T. Otsuka, H. Nakai, J. Comput. Chem. 2007, 28, 2067.

[2] Y. Imamura, H. Nakai, Int. J. Quant. Chem. 2007, 107, 23.

[3] Y. Imamura, H. Nakai, Chem. Phys. Lett. 2006, 419, 297.

[4] A. Nakata, Y. Imamura, T. Otsuka, H. Nakai, J. Chem. Phys. 2006, 124, 094105.
[5] A. Nakata, Y. Imamura, H. Nakai, J. Chem. Phys. 2006, 125, 064109.

[6] A. Nakata, Y. Imamura, H. Nakai, J. Chem. Theory Comput., in press.
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Reduction of film thickness down to the electron wavelength induces energy quantization by the quantum size ef-
fect and quantum-well states (QWS) formed in such a film has been a good playground to study low-dimensional
physics. While a film is as thin as de Broglie wavelength of 10 nanometers for semiconductor superlattices, film
thickness must be so thin as about Fermi wave length (several A ~ several 10 A) for metal films. Such an ultrathin
metal film with an atomically flat surface has been extremely difficult to be artificially fabricated but it can be
self-organized on a surface superstructure, a long-range ordered monatomic layer on a solid surface. Then, I have
been engaged in studying the QWS in various metal films on solid surfaces [1] and have found out that, in contrast to
a freestanding metal film, these QWS’s exhibit additionally intriguing physical properties such as oscillation of the
superconducting transition temperature with thickness, spin polarization, and anomalous in-plane dispersion [2].

In this presentation, I summarize recent topics on QWS in metal films on semiconductor surfaces and introduce our
recent results on Fermi surface topology, spin characters, and electron transport phenomena. I plan to focus mainly
on two intriguing issues; topological phase transition induced by the interface atomic layer [3] and distinctive spin
characters of surface states and QWS [4], studied by photoemission spectroscopy and the first principle calculations.

We found that the in-plane energy dispersion of quantized states in an ultrathin Ag film formed on the
one-dimensional (1-D) surface superstructure, Si(111)4x1-In, shows clear 1-D anisotropy instead of the isotropic 2-D
free-electron-like behavior expected for an isolated metal film.

In contrast with the semimetallic nature of bulk Bi, both the experiment and theory demonstrate the metallic
character of the films with the Fermi surface formed by spin-orbit-split surface states. On the other hand, below the
Fermi level, we clearly detected quantum well states, which were surprisingly found to be non-spin-orbit split; the

films are “electronically symmetric” despite the obvious structural nonequivalence of the top and bottom interfaces.

[1] (Reviews papers), I. Matsuda et al., J. Elec. Spec. Rel. Phen. 126, 101 (2002); e-J. Surf. Sci. and Nanotech. 2, 169
(2004); KiriFHF 23, 509 (2002).

[2] I. Matsuda, T. Ohta, and H. W. Yeom, Phys. Rev. B 65, 085327 (2002).

[3] N. Nagamura, I. Matsuda et al., Phys. Rev. Lett. 96, 256801(2006).

[4] T. Hirahara, T. Nagao, I. Matsuda, et al., Phys. Rev. Lett. 97, 146803 (2006).
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il : Prof. Robert. H. Blick
(ISSP and Electrical & Computer Engineering, University of Wisconsin)

& H : Probing Single Nanoscale Bio-Transistors
e

In this talk I will review on-chip screening techniques for single ion channels and pores embedded in suspended
bilpid membranes. Ion channels and pores are proteins regulating the flow of ions and small molecules in and out of
cells with typically 4 nm diameter and 5 - 15 nm length. These gate keepers of the cellular network are essential for
every living system. Hence, the interest in developing chip-based tools for ultra-sensitive, high-throughput drug
screening on these specific proteins. The presentation will introduce the early stages of the project focusing on DC
recordings and will discuss most recent results on AC recordings. Especially, the engineered chips for probing ion
channel activity on time-scales of 100 - 0.1 nsec has the potential to deliver real-time in-vitro information on channel

conformations.

For an overview on DC-recordings see :

'Cellular electrophysiology on a chip', N. Fertig, R.H. Blick, and J.C. Behrends, Biophysical Journal 82, 3056
(2002); the DC-tools developed can be purchased from www.nanion.de.

The most recent work will posted on cond-mat soon: S. Ramachandran, R.H. Blick, and D.W. van der Weide, to be

published (2007).

HIEF : 2007 49 7 25 H(K) P 3 IE~Fi2 4 I
S0 MERTARE 6 B KGEE=E
#fifi : Prof. Daniel Agterberg
(ISSP and Univ. of Wisconsin-Milwaukee)

#H : Superconductivity in non-centrosymmetric materials
e

The absence of inversion symmetry has a pronounced effect on the quasi-particle states through the splitting of the
usually spin degenerate bands. This in turn influences the superconducting state, which relies on quasi-particle de-
generacy under time reversal and parity symmetries to form Cooper pairs. It is relatively easy to remove
time-reversal symmetry (with magnetic fields for example) but manipulating parity symmetry in superconductors is
not straightforward. Superconductivity in non-centrosymmetric materials therefore provides a unique opportunity in
this respect. Recent theoretical results on non-centrosymmetric superconductors will be presented with an emphasis
on the materials CePt3Si, CeRhSi3, CelrSi3, and Li2Pt3B. This will include a discussion of the appearance of lines
nodes in the energy gap due to the mixing of spin-singlet and spin-triplet order parameters and a demonstration that
new superconducting phases appear under the application of magnetic fields. The relationship between these new
phases and the FFLO phase of conventional superconductors will be presented. Finally, the role of fractional vortices

in FFLO and related phases will be discussed.
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