! - $£49%
_ 232

20094 10AR

HEFA - HERRUKROEEICOVLT - - - - - - - - - | & 3h
MMEREBEIC LT -+« v v v o e e e e e AR BE
MMERICEEL T« v v v v v v e e e e = & A

MREEL &L
O =1 4~ R R *; g; 1@

YEsREREROD—SY3avT
O New Developments in Theory of Superconductivity
(BICBIEHOHER)

YIRS =
MUERRREI > —

MR =21 —2
O ¥ FERIPEHMRS—8
O EMNFERBIRARSE—E
O IR EERPRA—N—DIVE 1 —2HEFRFRRE—E
O FR22FERIBHBEFAOAEICOVT
O I FEHNBEEDZRANICDOVT

imEe&sc

WAERIERBR Y — 27 > 3 v 7 Tl I 5 Manfred Sigrist J&4E

RERKEYIERTRER

Copyright ©2009 Institute for Solid State Physics,
The University of Tokvo. All rights Reserved.

ISSN  0385-9843



FEFRFIH - EFRIPFERE OEEITDNT

WIEREZEER K %6k

[E N2 RFIHE O RE SRR HFIERT « 90t o F — I RFILFEF KR & & bic, FFMOBICB T 2H13E O F
RFZerRE & U CHL AR AR JERE B 4 32 2 € &7z, REILREFIANIZ. RO EREZ B ENTHRAEMSEDO 27
LATHY, FHAETHLINEZRY ANDIBERNEE>TE TS, —F, ERFEOEMEICE L TiE, BiSrEsEics
JDEIENDOEERR - BREINEEIR LU R T AU L W O MIESTRR S4v, 82 OENORE - X 72 FEIEE ~0 B
DIEEARTITHSTDERED R, ZOHRICHET B L UEER L, HARFINSHE N OHEH I TS TERFEOKR
FAENMEITHE 5 RFMHE R E L FEF AR - s ORIE EEL) ) (2005 4 9 H). [HEweRy: « —wesr ik
B FIFIEOE & O D72 DIZ(32F) 1 (20084 8 A) e LIZBWTEH SN TE /L ZATH B,

ZDIF ESCHRYFE TiE, ko TREMLFEFRIRERT) 251 GERAICMN) L. Bl THEEFRIA - LR
R ESCHRIERENRET DHIELZ T HZ L &irode, (FA 22 4FEXD, 7ok, EXAMT THEREFIA - LR
WFELR) TH2HA5, LLT THRERARA) SIEFT 2,) fESEOF I3, (DIERIZE LRSI E O 7R 0 723
KGTH T2, EAFRN KPP O TER T A2 2 72 & 2 AZLRFAREE LTERET 5. (2 E TaEHER
FI AL D MHERFSERT 23D 7273 o T A AR F 0 B0 N SCHEA B0 B 0 35 R LS &2 BERE IS RET 2. (33 FF L
RELTRESNZODOIIRFEOHH EFE - PHIFHEICHRIMESIT L Z & &5 WcE i, EEFALE TR
WHERF 22 2 — I3 RE T, ZOUFEEZ RKFZOKRIZEND), EW\Woltb ZAThHD, ZOL I RFHEDSE 2 HIZ
RLUTEILE b Y | FEFHHE CREEITRED 5O RER RS b H D03, [Hx OIENORE B X T AFJEEEI k)
LTHEE LTI L UTS ERRR MR U, WIERSAINLLCRTT » TE e aE RN~ — @b ola L itz T\ 5,

YR B AT SB Y ZE RS OKEEREZEER). BLU, WMEES (BARKREZRER) ooV FR—hL
X — R CHAEFMANAOREEZITV, ZOFEREEZ T2, SFEIX, 106 4 (ENLKF 96 1F, FAL KRS 10
) OGRS, T HH T3 RE (ENERF 70 s, FASZRT 3 HLA) AFBE S 4L, TRk 22 FEEH & L FF HILSE
ELTCOIEEEATH 2 & blnode, WHEERATLU CREEZ =T 6 il (T TR KT) &OFC, HFEFIARLAE
BT 79 LS L 7> TV D, BFRIONEIT, BIR 33 #LA, B - AR 27 LS, ASCHSR 13, L 7x-o
TW5, ZASDOHITIIAER T D OREEREFF MR L E ENTVD DT, FHUCEEZ T2 AIE 30 HLAREE
ThY, ZOLLIIET - AMRPCANIHEROZHE TH 5,

L ZAT, HEMMAILSIEEBESNAE ZLICE > TS TZWMaREDL LD, RIELZTORWESNEZ, THET
T BERZDRICI T 5 TREIBEDIIEREE ) 2 RIS (& DY . 2otho THEEFRIF - LEPFFEILA] &5 Hsi
HHFTT TREREFEFIA - HRFEMS) Lo T, REELZ T EFEFARRETZ 0 TRELFERFIA - RS ~
DHFEERERD, LWVWHZLThHDH, ZhREOREDFEEEZFFOINT, SCRE b OMRERPHBE L ORE
RBD LD NI D2 T D, TEIHE X TICHE OB X AULFEERRENR & 720 Rl nwh b Th b, o
A, ERFARRGER T & L C 2 E ORI 3,850 1M, AFZEEEH 3,640 AT CCE MY, BIKIR 2 523 e
T IhDZ &L BUEERT O > Z OV ARESECHYET E— A T A 7 EOFEERNIRR A5 Ui L EF AR O
HEEERBBOOND Z L ZfH-> TV D,

FZORICOWTEADERSE WL & ERLREENMEEIE Z O FERAEROEE 212 b BF 1%OHED 10> T2 DT Th
D03, PMENE L U3 FERIH O PRIZHI L2 LS 8o b LT 17T FELE S ZOFRBEZMER L TE T D,



YW D2 —F =2 L > TORE RO FIL, SEIOILFFARAGRENLEFRFPIZED & 5 egBa 52 5080 )
TETHAH, FITbibTo L Hic, AEILFEFIT T EFTPARIRLLRIT > CE R L TH Y | HifilE S £ 05 mik
BRUTHL Z b, AEOBEIC - TERE LORES REENLIEIT/RD LITEZ TRV, 72EL, IERFFEON
A RTA 2T, THFERARLEOEEIZE L TR T 288, BLO, THERFEFA - LEFEREOFIN % 3%
R HHEB) & TFTAAOZEEN LR L2 50 5] f#E LTRET S Z B8RO SN0 T, WIEFOSHA IR/ 5
INOOMREZ R L T HEFEM AR EMEES] W OBREEZR L TWeEZ< 2L L, ZhaiRT 2553
HHROBEE T 72, ZOZEICEST a2 =7 4 20K L CEFRFHORERIR A FET 58 &L To
EEF AR EAEESOMBEST N LY AR R-72bi THh Y| BTSN ERD T 2 1Zid—RBo IR & BEWT 5
LTk B,

WO EBEBAOFNERIZ. o T BARINEFOWIENIEEE RS - WEHME S THE 2 kE L <
W, AAFINEHITE 20 YIHORBREHELETTHR2ELT, MIRE2I2=T A OR FAT v 7R E VD
X0k, L ULABUFOFERIEET L L ToMgE2idiz, 2O 2T 2. DB OFNERIIER B Y HAZ
Tl CHEE A T 223, £ 0 FRIBPNEICEZSAAISHRR AT 5 NFES it & AT AR SMEAE SO E
BOHEIE, WMol a=7 s OR AT v 7R ERENOS L L TRV Y L E X O D WS BRITHERE & (RIET
Bz El Uiz, ARIOWSREIC > T—B & EEM 28 L 3 FF AR FHMAER S, BIO, HFEFHOKREEFIET
D NFRE Z1T78 5 NFREWMBEDOFIEROHIEIL. WHETHIN D S5 OIXB IR E LD L) ik
FEESOBERFEHOVLEDEEZTND,

BRI, WHERESRS BRI 2 =T c OREHEE LTHREEL., BETD2ZLE2H-o T, OEOOELZE RN
72, TEOYERFOINR Y Z S & BITEOYMRESOMKIL. THHRFORSE ) hik= I 2 =7 4 O2(K)
BT UALL IR LTZ b DIZ2 o TND L EEVEHCE R H 5, P 2 =T 4 ZKT DR AT v Tk F£E
X, PHERTOLEFRI D 2RI - 72 2 & Tide < FRAE DS B OFF RO KRR I & o THMHED
FETHAH, HAFMNSE - MEFRERL L Tbala=T 4 LOHELZEMEL TV, WESHIZBT 2200
VHNR= N RDREYPEZBERIGT O L ZARTH D, ZOHM~DE—HL LT, F - KOPEFZT LICH
BENTVDIERMMZEERICE D Z ORERSIML, 2 2= OBRREMNOHMA LML L TN Z &2 LR
7=\,



M2 H EICL T

Ot Bz

WPERF 2 AR L CBREIC 6 AICRA D E L TWER, BEHFEHEFLWAERD Y XLAEZFMHALT 50IZBbi
LHATHD, BATHHETICERELZOIZ, 1978 42 4 A7 BN 31 FMBIEEIC R -7 2 LT 5, AFOHREIM
EWVWIHBENEEZDLHEVED LN & TRV, SMBO A I 2 =T A IZXTHEBENL OO ONEREEZLTL
Folo, BLURHIFTORKEE O— D> Th o LMRMMHBEOEBUCEY HE S L LT\ 2 AT, HFHMRNEE &
RRIZZOLDVAGFTHESRZ Y — 202D T e Z EAMEN LBV I D, & OMIBY MG O SEkE & 7 -
TOBIRIRORMEFEIL, BT CIRBD LI, oA 7 a b VOBV EL L3 LWEBROBBRBHE 57,
Z OBIRROFENL, AT ORI AT LR ST TW DI S/ S < F R0 3T &R O ALk i
DEFNTH THN TN oDIZ, RN TREAWIRM & LTE > BRI 5 2OV CBMRETE DM Tk LW igsand
Tz, FPTREIA L L BICKBLIOAREH 72 ZBWEERAC £ 28 LR OBIHICI Y e 2 L2 o 7z, /M &
RETIVERRIC LY RAE LT - T2, KBEERA OMADBNLRL T Y U —0560T L EERIC X DEEH~
DERAZINZ DT DOER > —/v FEORER EOFF AT 248 T, 1983 £ 2 JITITPCHHRERE & L CY R R
RIREEICBIRET 2 Z &N TE 7, FTLBANL 25 FAFH Tholo, FO%IL, FITERWIREAZBRT 2 LV b/
SR & R - AA DR T MEREIC E R 2B U CIFEE 217> TE 7o, ZHIZ oW T E 2RO Iz~
TN E S,

Z ORI BRI, MR L — W —7e E ORI MEFHEA R 2 & A X — h L, ZIUHDE TRFORIMH~ BT L
TWolz, KEMALOBERITIE, Tey=2 NOBLEREZHLNCT D EWVIEATE & BITTEOEFIfE->TEL D
By FRERHAMRB DO 4 DE Sy ORLEELBET . TELNEVHMARETEDNBHNTHE S NI B HRboTe, KEb

WCEMEZES Z &I LTUIRPICBT 2 FROBH E WS BLENGIESUEA H Y . FTILH E D HERO e\ EE 418

ICE EFEoTWVD, ZERENEM TH DWHEYILCIE, HEOERTOREMHEILAR 20 LW E S ICBbh s,

TDHDRERZFRRE LTUIF v v/ 2R & ENRFOENMEBZET b5, AINL 30 F4il X7 EHSFAFTR DR T
HoTTHA DD, RNAERDOWFFARALE DEFCRORER DI Z il U CTRERETE A R 2 =7 ¢ 2B &AL TH
Bahoobote, TEZARLE, MTTFHBICE S EMEEOZHBHO—E L L TBEORFHKENH Y | FEHIZm
JTHERDPND Z & Eirode, TOBIREEMBIZIRT 72OI2, TN, FHEEFTEOBHEE L CRE D5 & nFEESsS<F
72 EBMOMEBITHN T2 2 ERBVH SN D, WO LS HFFEEREME 5 IR & D A b & W S FIZC
HoTeNHEMDOEE T EL VDT, BHEIITHERYRFOEZ COEMOMICE BE L Z LITR o T2DIX ZFEMOE
HD, ZOFERIEND, RFOMMERICET 2 SBICHOIPB IR o7, ZO&KEIX, MICTEMATET 572D 0
RDOWEFTH o7, EEMERFRE 72 SIEAR - BIGICB W TH TELHZ L TRVWAEN R o722 L&A TWD,
FEVWHERFOE)IFRE B & OH 7= X5 72 b 72 W BE & AR RIC K 2RI X0 Mo THE - B AIRE & e o 7,
Z OHBERIITEL D O ORZBOEDOIEE 2 ENHFTNO—HIZIINI bbb o7z & 5 Th DM, BMBHE TR < Mpiho
HTRBmOEELIF v L R ERVFERE LTRPSTZOTIIRW N EFITE - TN D, ZOIER T, HeEk - 3R
DRFRIZHED D Z Ll oTz, BN HES LTz EHARFTEOREMERTICE BRI T v ¥ —Tholz,
BB T OB EEO ZFETHY TN O HELS T, A7 07 2 —P—2HLI LTI o IEbARERE LTz, i
IR DB ITEIE S LTINS 14 AREROTHEH I ZENTELDIETENTH o7z, b 9 —DDOENKFD



BEMEITRIZE D R oz, ZIUIABEOBZRD 3 &9 BURK BIOMIZ, RFEOHBEGSOIRIERT Eorb o
WHETHoTe, PROMNGFICHBENYEZ 57 EOFE LWALHHA, BEL LT3R 72 hF Rl o 72
OFFHEERT D7D R B F—2EI LW FERAFI SR LTWD, ELRFOMEIVLIZE b2, 2F
EFRFIHBEN LD — A RFIEANICERDAEND &V O N E OB S LETH D, SRR TIREMUETE L VWY
Rz & T BRI T2 VRO L WO a2 AR LTV Lo It x5,

BRI L RAERZZ TR > TWD Z &2 LA TIMA TR E T, BARFAECEHITFLZMA D &35 L, &
EIZAET20RE Thole, A TIEBEI 2 HIUIERIREBENRFICAD LR, XY aroRF 2T L H
AT —F BHTL D, B h o LEEPBENVIIE T, SHICEMREOBDICEES|A -V THAMICR>TnD, L
DHZENLOEBONRY OFGBEMAMTHY . ThODRA—D—OHEREEZ 25 L EHNE 8D, AROHS
DNEMNNT Y S EIC AR 5 7o D72 L B 2 2 2TV D B ANV, FERE L TRARSERICE W TR D 5 %
PEEDRIENIEFIZTH S RoTVDRNB L TARLRY, IRETHNTLI VD THD25,) RiF, REDORFECKIT 5
F&E, IFlEE, FREZORMTH D, ME 2% LB EROFFEIN 2T, REDH-SOMO R CTEIRT
LT e D, NEHESOITS RER LATRMNEZFHLHRZ RV BIRRELHAHETED RN OAMOEHRE WS
RFOF b BEREE 2 R < R DO TRV L fEld 5,

RISV RFR L EZBRARTLE T2y, RELRFAME L TOYHEFOR /T XEEENIEETH DL &
BoTnd, 8% EBNMTDO I 2 =T A POLERINDAEHLMEFTE LTHERETDHZ L LTS, KVWHL
Ba BHEEICR DBV RE S T NE L,



WTERFIC AL T

PEGEGETRH R Z A
YRGB APEROBEL LTsH 1 AFTICTRENEZLELE, — 5 TRESETOREEET,

% v L SR BRI EL AT L T2 DRI & o THIHTO Z & TR, i 1 FE0 L X ZhifrRo EmEED
MEHEF DO AFGEREZMT ANV | 2H8E0 L I RABRICHHIIL. DI 4FED L XFHEFEET HDIT
VB TREHIERR)  (ZAUTE A AR E N DA ETRIBL L BWET) TEBEE & RINGAEDIIEEIEY
K720 L INETITHEIO —iiE RAESIINW< ondb v £ Lz, Tk, KR¥EFETIIET 2 Fll, KEOTLHE
AR BR LY R CERRREZM I L. 22720 KRS FE PR E 2 Wi e CEMmis S S £ Lz, AR
rBZLLIARENRDHY, BEEHEIEEEZ 2 FRIEERHRFOYITE -~ BETHI L THrHHE L, WHETHC
EEFE LT, FEHNOHAD LEET 2 4, AT 242 F, ZLTHRKOFERF ¥ /AT 244, L0DIDORGFETO
BEETT,

ZHIEFAFICRELLSZT AN TS DV, FLBENE S oL &b, BHEOBRICITIR ATV W & Bng
T Flo, FEL L TR AN, ZRARRMZ LRPICTE T TR /N EREICTEHOSELH Y EHA, BDET
HoTZINE D POLFFRVIEVA | ERRICHEN TATHEIZASHE, RO X S ITHAEZR > T O LvEEAL, Kb H
BRNRLOHE BEFMANKONTEILLEMELNTND &AL BNET R, IMEOME L H 4« AOBFEE DA ) ¥
FNRBNERLLA D T HMHMOBEREEOES & iT—HA4H LT, EOFFEIZIND > TRV AT 28 OEE
DIFAEZFMTE L S TNDITIE, B COBRBEILR /272 b DT LIz, WENFCILEN OB OIS 5 2 13K
EEENTBREAM 2 212722 EBRWET, FIREOENTZBIRICK L TR OB RITH 5 L ENE TR, B RR
2L ZADLVELL LTE, EVIRIL, FHTIZED R A RVIRI TH B 2R mE Sz HEND, ROMEFEL2kT 5 KN
LOZ L EFIMIEEET, H5. BITEED T 2 IR TH U W2 O 2 EEIZIT > T 2008 9 i,
FUZ & > THE—FREE 2S00 LILETADR, ZZEHEVEBETICADIITEDL I LEZLCoTNE TN E N ) DR,

LD HEWTT,

&L TIT o 1o TV 3R Cld. Fermi-Pasta-Ulam O3EEBRICH S M, 72 BRI O AR Wl ik o
EREZMNE Lc, ITEEWTCRRIZBEADH 2000 HRVANT RETANVREET, 3 WLRTI 7/ 1 e~ 7 v dfEm
DB UEES | EECERSR SRS DT AN D LD TIERNVD, L0 bOTYT, ZOMkICHET Z EAHIKTNE
BAR | BOBEBHIA R L RERPELEXFE LI, ZOFOIUTENENVWET I, ZOHORIIE R T
THFENFETRYMATE D Lo TLEWE Lz, BB TIIREI N EEOWHFN 2L I EMHE . SRR
W AR LD DRFROMIEL XA F I 7 AOREEZ Y LT E Lz, 2 WOrROBIBEORIE, F 7o BIEZATE OB,
2R EICBHR LIEW L O DFEREG TR Y | MERSTHEDTZODT —~v & LTH bRk L T ET,

O FENFRIE LRI D) - BRPEEEGG 7 & ool N ER G A FLh & U7 i SR O PRI O S AT IR TR E WD
FIbH5000 LT, 0P BIREWVWIEIZEZR 2 FEA, L L0, HEHRE EOXAr -7V T DR, Ri@
LOREREZHESTEY, IEEWAREHRRDOE A T I 7 2OREMREICT % v 7 L, B4 LSRR OF - e i~



WIAATPL O OEBHITHII72TFEEZ 0L HE5EX T OTIEHARWD, £ L TREHERO IR +H2I2E s
LINOOMENREL HDOTIHRVNEEZ, HEEFFOLZATT, RAFIFMONE —HEIEEL TN ZE T
B LW FUCES Z0A A TO L OQBFE TT O T, ATHER SIX% AT RO H 7R S FULA O 72 ¥ O 1 215 T & %
JBSETWTIUE L TWET, FINOG &, ETF ORI O 212, JHE JHifEL W& 2D LY BE
WH L BT ET,

BRUR IS T 50 B OB T, 20 ME—AEDL LB IR EL TN IMEN s Lo T o Yy A4 v
PHETH - TEDND DERE 2 BDICERWEWREREI D £33, AMELIIHATLTEIW bOREEBWET, 7, 84
Lk o TERUCR -T2 LAB X ER A ET, FAED LORMRISITI RV FREB L CE o — MEVWH A LT
BAL7ZWERBWET, WMERF 50 BERENSE TN LIRTOWESEAFEC THmE & 2AETE 2 s s &)
ERIZIDIAEDIHRED N FEREPNTH ST DOERATEDPERES SEEF T E E LR, FROfTE Y —1%
IR Tl L BOET, FICBEBEOREDO T O—BOAREZE S TL L IHHM D I ZITITRERNZR Z &
FELERAD, T HEBFELORE L TIHEELIZRE > TRONTZODZENRVITE LW L TT,



PIRREED
(280 e

/LR ET10 P

1. 3IUBIT

B L TH5 ERBIFFEENIERE L7200 T ERRTO 2002 4 12 A, MBiED 59 TIC 2 ELEBSR BRFZERTNX
EHENTZEHEINE OO, x5 EEHLOL0 EITMELOEKN A LSBT, HXxy 2R h
MBAEENL D ETDHDENZE D72, MEDEE LIEmROIZZD M 512X, BN s b & EE+H LD
KrMT N TE, TOREA LIN, FEIEo THRbOSTZFREN D EIFOERSCHBELOH 2 LIZLENS
WHRETOREEE 52 T, MEHD ZOMRFITE IR b BADEGITZ RHTEE 500, EEIZHE->TH
ETHROBRNI LIZKAN S, R THAD D REFMAELTE )L TWD HGEFRALT 2 E TIT A—fFRe R A %
otz UL, TANIIICH HRBRTH - 120vE ZOEDO Ay 218 Y K5 FEITRRT 5.

WRICEN F PR 720X, REERNFL LT, HHEFRBYMERPD & LTEELTLELLBo>THMHT
HD, TNHOTLE R BEVIEE L EHERLERD ICON TN CEHEENEFEN, EEREELZHLEXD LT
720 FRIISECTHRBEAEABIN TV DEKE UL Z ENTE L, TR AR bEERKBRO—D &
R 5, D%, WERRKEK FERI) O AAIZGI & 41T 541 CREST F— LD F THELZIRD, & 2 Tlwa T CHEAr
JEDGRMIF TR 2 TER T 2 2 L N CT&E T2, E ORI GHFZEEENTIE LA emotional 72 & ZAICEHBERHENH D LD
W ZT&E, ZNETTHEME. ZNOHRENSNOILFEIFLE LME2EBEZ TE Iz, EO XD ITHFREFEIZIMYMEAT
XD ELTHEZ 5 20NEDITTHEIN, TNE LD O LR SoKELAICET LWV ) Z & TTABENZW,

2. W5
PARLE M RS

2O T FRRE TR GIEN LI OTREFEMSIS OB ) FR IS 28 ThH 5, TbEb -
IREFEMSUS DIEARIT H e >Had iCH 2D, ZOKEHT O 7 1 ko (HY) BEME T () Ik - @J_
THMEELTHRAET D (Had B (M D& 7 m h 7 A 7 E LTREEHHAT LI ENTE D, & T

BTN TILZORISOERKIEREZ Y . ZDOBREEKZRLEBHEET 5, THPKERHEAERKE
(QH*+2e —Hs) OB R TH D, ZI0DLEME EA LA BT T & HUSHKD
SREFESO TR D, TNPMRFEBRAEE (AHH4e+02-2H20) TH D, TN OB NDW L KOBRAGROERTH D,

(EZRIGHTEFIIEIT RO, ZNEEBETNFMICE oL VEMRL LS L3250 RERMEEMEAEI Z
LD, MR AKBRORETT 7 by EBLRFEFFC R 3T HRBETH Y . £ ZICKE R BIRT-HER & FFOK Y
TP Y L L@ FENEET 5720, BTHRME L M5 2 L1k b, ROMETHLH D, ZOBENH
&, BEEO T, B ARESHEETRE 20138, E5 LT L) BIMITHT 2 582RBTERIL DR KROMETH
%, BRALFEEIINA Y « HAAN—ZZ L DEEROF N E MR & T 230 EOFEL 2R,

OIS ZOMBEIZERY Y 9 & BoTobil Tidewy, EERHE OFMIIE Z ORBEOHFET S BIEAITIC LRk
LTWiedolz, EonHHbF RIS ORATRER EURHEIER) 2o ofMBRECH D, [7a b XEm)N» b=
WEZEFT7 2 LUL(Br) £V EICHUET XL — (L) BAET A28, I55< & Er &

D FRLOTEFBENEZY LROEARKIGHEEZS (M 2) LEALND, 7B brDOLX g e O
JUFEZEHR T2 MRV -13.6eV ITH DA, KF1T 5 L—4eV BREICE TELS R DD TG <
DRDTAREIC 2D, IO EF KGR TRBETEDLIDN ] LWVWIHINEDOLDE ST,

BALAE, S ER BRI RITYRORER O HIETESIIETRDOERNVE DT
bV, FOZLIZRNTRATIERE LT,

1:Ht+e——Ha

2:H*+e~—Haa



Landauer =3 (FEFM 7 U — 2 BI3E) L9 UREOWATY OFENRS O | BALZ B L7z ECE OB A KD
LIENRTED, TNER—RIZLTEFBBIOMSIZT THHATE R0 B X TRIERRBICERVMATER, Z0%
HIHPERE/- LD Th D, RERICHATED LIFHEEZEOZ I LT, BELEEZENED (FHZFHEN
DTHLINEBLIL) BALLTLE Y, 2FES > TEAR L TAIR, ARERREL o THEIRT A Z & Lotz

WAL L REEMEIIRE LT, BWMELEXDLI L TEMEZHBE T2 N TED, BREZPICHEIED LHET
FNAF—=DRHMLTLEIDN, KDFEEEZREL I OIEEA 0N HEE L CELSZIERT 5 2 LIk REEMIL
RERT D, Z O RiEl 2 B ANIUEBEREHEIC X 2HBEFERRLT 27T Tho, L
LMEIZEI MY ANDE0ThD, VI MIZINZRYD ANDDIIARAREEE X T, FAITHIC

Debye-Hiickel &7 /V TR T 5 R 2T L72 (X 3), KAEKITZEOWERELID &1 E VD S DA Ep

7ol k 9T, KITHFEER 78 OFMIFER L LTEb L L THIER & L OREA 40 28

B9 5 J71E (modified Poisson Boltzmann) (2 272 o7-, ZDERALDTFIT) Y BHERSH - E’ *
X 3:4: @K S i

T le D RFATERRZ MRV IR T 2 & Lo Tohy, RIS RhIEHHA (ESM) L[ D5ERIZ Z £ 21F 5
TENTET, FOB, KEARE 202 5N TO#HMAERRE, 5T 5 ETHD
EWVISIED DY 22T E O TIERWNEEIIZEB KWL 2 RRBT 5,
ZOEMNTT, ESM RO EHELEMEICEL ETEDORRTEWSRGHED D Z
ENTE, ONT TREMEOKITZFOEER > TiESZITE ESM TET /ML
5] LZAEFTETNEBRENCT HZ ENBEHICTE(X 4), BDITHHIRE 5 /e
HTR TV CRET ®A 13— ZOEIZIEERICERICMN-> T ND L5127k
ESM ZHWe KBRS I 2 b—3a V&7 D LW O HT—EHAFHT D L)1k o7,
FPILEARRIE (H+e —Haa) 2L Z DR T EZRFRSIZ B TEBEIZATAHAL I EWVH 2Lty Mk 21 —%
DT AT MR LY, EFCEFELCE—FE T 1 7 F A (STATE) O &i# L& 1T o 72 0 #Eli§ 2 BlAs L7= D23 2005
FEORFETHoT, L, ERIIKIEPEZ > TeDIFREDKTAHTH -7, LD, BOM 25 K5 2 ANV,
WAICASREICEFEZEALRZROKE T 0 N OB SCEFHECRBEELE=X L, SHRDEHE L TliEW 720,
BOSHREZ VIR H DO TR WA E RLERHFEE S RN O 2 28I Uiz, MBS I 2 L—X TOFEITEICHKK
DA EAECCAHY U, &P RER DM IIRE R A S 2 L E 2> TiT o7, & ORER 2 R ICHE RIS
RBK (BRREN) & T TV S#H CHEBICGEREEN, Yy NT—7 7 78 ARFFAIEnLhi0E, ZZRTHIERS I =
L—Z 2 Al TatREIT 272, 05 LM A 2 U b ERRICHIA LR AT 2 2 L &leo7z, LA LEFT
EELEERIENEE 2, TD L, THEHEMAEERLS NI S ZTIUTE RO TR RSB OND X 5 D
FIRRBEDONBIEEERF TR o TE T, MRAMbLEZD

4FEKFEET v, KOFEIK
DA D ICHZE G Z AT ESM
BRI GRS DEERRIZIE AN D

BIolbE ) EVRELEIPEVIEEM Ty b PR S —— | "
L#L, CREST U —¥&ioiiEalfonfoiz £ oa ¢ o (1 2
S b KOOt L btz I S
FUBE Z o7e, &) BT Sz 0ld 2008 4 oo o

? 10 A TR, BFEAZERD D HIOKOARES S
MOFMERE T L COROFBISENHELS 220 k07e<E < 2a0pp A
f%%%?n:%ggﬁmiﬁnmé&<@oto%:if Eemfwwmwxwmwwwwwmw

LB oD b, AN IR TLES L ot =

THEAZBD S Z LN TEL LRV BLE ~RINTD 2 o0 AP i, [

XD D, BRI (OSV) SBALHI) TRET  § onfe R
BB EGREICHD S THE LI, YIal—vay %Zi: Haom ]
Pt 5 5.2ps 1 Pt-H ot Fiiasmsni 6 1d | | | | | ]

(X 5b @ Pt-H HEHEEOZ b E MO Z L), population fEHT 0 1 2 3 4 5 6 7

(X 5c,d) 21T > CHENMZEFBEINEZ > TW\D 2 &b
MHDLZENTER, ZO—WEBWZRIX, BB 55

Simulation time [ps]

X 5 Ey I alb—va



Ho, RO TEMo7mEnHIEZ, BPENITEIENEWVS BREOERENAVIEL > 728 R L TH -T2,
LIES IBMOFRSCE R T — Z T 21T o 7otk wsle LT JPSIRIICHEBE s 2 Lhhote, IGDL—

E—7p EIE4HFEE O HPIBICHE SN TV A O TR FITRIESIR I NIz, B /KRR COIEFEEIN SN EE %2
+ﬁ@%§?ﬂ@?%5%%%&%*%@%%%&%mbfﬁ%b%n%H@*ﬁﬁT@M%ﬁﬁ®ﬁﬁ%ﬁﬁ@%%
WZORF T2 L. BRO, 20T 71 —F 33— A7 SRR C IRV R 2 AR A I S BRER A 7E 3 5 L CoRERERY 72 F
BEH5ZTWSZ &) 2@ < il S 4, ﬁﬁ&ﬁl@&woﬁw&ﬁT%l4@ﬁ$%@iéﬁiﬁ%xﬁ?é_&&
ot KEXAZZ L L CREST AV A—TOHRWEDFELEY -7,

FiEmM L E R IR TH D, WP TR HHEMNICE -

50 LERT S &0 D IR EE T, LSRG ORI R 55 EERA pusteart o i
WIEEANIN TV HHEZIELS RWTH A DM, EORMRIC S a7
WEI R Lo LEBEREREZEZZVWEZE X TS, EEICHELED
WA SR U FHEABI X H L T2 DT, ZOME % i KBRICHIAE LCif
AT v TT v T LIENWEEZ TS, Z0O &5 RN 2 b
FDZ LIk VISHAIEED T L—2r 21— b= 5 L, TN NEOKKE
B XD xR OBRRIC DR N D DO THIUTEARFEEDL L
WZ EEnEE X TND,

FhZIKRE

FLECIRRBITBUE 2 D WP 7, S9MIBR TR SIE 78T & DY S E R R 2000 b o RRIC R > TE T,
2K U TRERIRRE DR IZREETH D, L, =& ZITHI -T2 VA EEHE L2 0 5B E S S SICH
B LIZNWEWI REFBITEEDO I AP LA TELET TRV, 1997 AE) 51X NEC OFARZIK & ETRE LU
FROFFIEEOY I 2 b— 3 VREICOWTE X TELML, 20%, FELOBEICEEY Y LIZS SR ZRIE
LTEEDR, BREM2 OFEDEHEBRRNT L —7 A—% bl b LT,

ZHZh, FHEIREDFHEICIIEEIRE DR T o v L (PES) & JERTEVRE (NAC) % RIFHISR O 2 HERNH D |
#3 > PES OER & FFOIRIEZ FL23 NAC Zil L TR U Y AWM HIFERRT HF 2R L s en,
NAC OFHEIIIZERBEE BB OMAERHN LN TE ), FEFICHERE D ZHERBRE LI VWEFE UL T,
L VRIS EBRIC S S RETIEREZ L Z L T, TOMEEFRTEDZ L2 HEHMLIZON K TH D,

Z O FH AT II R KA FEEULRAEPH R (TDDFT) O Rt R EL (ALDA) &9 6 D& AW TW S 72 DR e 51 &
1372 572V, BER) 722 el AT VTRl O S P A R RER S 5, HIK & RIS EBGROE B E AW CTZENELT S
EDRVERPNRBIEFTHE ZENb->TERIBlL, 207 7o—FOFMEEZRTZOICFEHARIZE SR VLT LY
IEWHI S TOREMIZET AV I a2 b —a LV ETo TRES[ElR ER AW, —TNAC OFHEFEIZHEL
TIFBIRARR S, ALDA RERT V¥ ¥ Lt W RIS KT 5 REN Ro0»> TE B, TREMkT 512
OOFERFEE MBI TN T 72, TOBRICEAL UTEICGRIIBEREIND THA S, HITALIIWNH T A2V e
TRPRIPEDRNDOTH LM, FEMEDRE - 72Z O 1FTFRIIT, B ARERNETLTRVRI DB H D,

O DOBANEY THRIFIREEFHE L W HBEEZ 1 A7 v 7T#O D Z ENTE L HICE S, TEECIREEN 2D TEfE Tl
FIEFIEDOMNL] LD T—/UTT DL TIEH 20, AENE L L TEE LY 0 B ERPZRESmE L H 60
L27ELTILRDIFEEEZLTLOLTINDbD LT D, ELRROFAESLHKEEZ > TV HA T NTWN A,

3. A—=NX—a Ea—%

PERFIZEE L T BT I ) BRIER DR T=0FE O 2 F%OBEEH T COWFTH 5, 40 HEH
HEWEVHORBRIZENONDIRTHLINOYREOEMITELS, FNELZHETEVW LB %N LR 5 OFEE
Thol, RFAFPHBEOEARFT HR EFHENIK E —EICHR D O &L =X V¥ — 280 L CEHAMICET oA %
ToT, EEHELDHEADOERAERA—I—ORBMEFTDO D ZToTWVDHE, VAT ARFROL IR LEL-TND
BOPAREER b DICEZ TEL, EWVICHRIBES 2005 0 3 AICEHRAHEEE L LR TE L, 2—FOFRIHHED
LRIZOBRTF LN TERLEZ EIIRE >N LT,



Fix, FEROIEFEE 2010 4F 7 AIZAIF THREBIT-> TN D, b LU X MTHD DT 5 FEEICEMINCHE B EE A
THORINTR L2, AT, HARKREEHERPROLRES L0 AiEORREZ LN L TS HIZRNLDOZEAL K
9 LIS TN TWD, SEIFHMEBIEHE 10 FH LD 2 & TRIME Y OFF HITORTNL R 6RO TH D,
EARRITE OREARG O CT e AT OREN ZHHE L CTHELE)E -, BMIFEEE L LTS multicanonical multiorder
BICESBEROY I a b—ya VB U CEERMEELZ L TRV [7], #£0 multi talent HIZIZASERBOLHRL T
WHEZATHD,

4. HBEO—r > av”

2007 4E0> 7-8 HIZ i FFEERIG & 328 FERL B RR 0 J6hE & IS (FADFT) &0 5 Z A MV CIRHIERIOER Y — 27 v a v
TRV LERE L, REH IO X O @< OFIH TOREBR T, HEMEOLE K &P A KT
LZRIGEWMEDT T LESTOPERLEN D, FIEERMN CTHRY 7Y THATLRA X FTHo7z, Gross (FU Berlin)
X Car (Princeton) b DFSMETE T T2 < BATE R GRI) OfF LK (NIMS) 72 SEN?H OFHSIMF L EY i
TN, SHOFRBIIS I~ oTLESTH ) ELETERNLEWVIRIIR SR, ZFR-TATHIEY K- T
ML CWe 2T 22 ER3B 0, 20 L X TMoN TR T 5, BERE OERIZITS O TRE L7z,

5. A

W DOBKRDOMPEIIAM THVMFTE DRy FT—2 ThHD, WD IEANERELBR D L HRMRE T,
BATIFRE LA RWEREZRT D20 H 0, TLERET DI L TOTDITHA RIS R Z R OWHEEOE AN
BT 55 aRMtT 02 8, TRICRAOIBMNEZ/HLHITILLP#RTHS S, RERHZRRE TH L0, A OFEWIEAE
FFZENEZFELTEY ., ZORER TN EHFRITHTHENLO>OE, EIXRobD L THEST L E AL EE VL
TR DEIBANC R D,

PUFORIZZAE CTHIREICHE LIRS Th 5,

F1:BEEFTDA L N—
F£E 2003 2004 2005 2006 2007 2008 2009

B EARE R
K E(ERH) HORE
Y= | #E LEEA(NIMST R Sabirianov(Nebraskar)
PD A& F(NIMS) EARER
HEREGBEX) Pl A7 54 (NECK)
ok BEFIE AT
B HHE R B
THER
*YE R EHEE fEER PR g EE—
AR

6. ZE R

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

[2] M. Otani, I. Hamada, O. Sugino, Y. Okamoto, and T. Ikeshoji, J. Phys. Soc. Jpn. 77, 0248021 (2008)
[3] http://sugino.issp.u-tokyo.ac.jp/public/index.php? ESMFPMD

[4] O. Sugino and Y. Miyamoto, Phys. Rev. B 59, 2579 (1999)

[6] CP. Hu, H. Hirai, and O. Sugino, J. Chem. Phys. 127, 064103 (2007)

[6] H. Hirai and O. Sugino, Chem. Phys. Phys. Chem. 11, 4570 (2009)

[71 Y. Yoshimoto, J. Chem. Phys. 125, 184103 (2006)

10



MR E N ERR Y — Y 2 ay T
New Developments in Theory of Superconductivity

(BHz T B 5w D BB

/N RS 0 A i I o = I U1 S Gl

WPERT T, PRk 18 FELME AR E R 7R RS 2 e L T D, HEE NITBER R ZEENE D, ik X%
—HARETHD, NETOT—<IFT K 18 FEN “Computational Approaches to Quantum Critical Phenomena”
ONBArE. MgRr 83Y) . YAk 19 413 “Foundations and Applications of the Density Functional Theory” (#8f
FrE. mEFFEREY)TH Y, Fik 20 4E 1T “Topological Aspects of Solid State Physics” (FHItATE. )T E4H24) T
bole, AEEITHEARLEED ZLITRD, 6 22 AND 7H 10 HETO =#ICblzo>TELT —~ CHfES L
Too BREDHX A MLVOBET % & o> TNDTS09 EFESRZ EIZ LTz,

HEAHBIE TR B T HIBEEOMFEIEL 1979 40 Frank Steglich (2 &% CeCusSiz DE DR AL Ffo> TR L5,
BN THWEFROBREARDRE PR E . 0 TR SIB SRS R A SN DI L0, BHMEFROBR

BIROHBROTAEFREZAE L., SOITITABEED p BEFR~BIANY 2 RETH D, FEEIIIBRe ZRO
EREB LA R S, BOIRDOEMEIB BN D, BEVEFRICOWVTS, Bl SRS ZHRLBILERRER I,
AR TSR RIED R WRJB 21T 2 RGHBIREA 2 T D, NDTS09 Tid, I 9 LIciEDWIFER &
MET L, FEROMFEDOFMMEEIRDL Z LIk Y Filcp /i ROFELZETCL I LN I ORZOWETH D,

T—7 v ay7ORPERSYOT 27T ATE—H 1 720 L 2 [HOEFRA Y A VO R E SN2 DIMNTIERIC
Va—/MTHAIAENTZ b DI < BB O OF Rz BT L LW O IEROBRE IR > ToEE SRS, TH 8
A5 10 HETO 3 HEITBKROE L OOEREZDREDAZ A NOL L RT T LDRBRAMES Lz, LT, FRcHis e
WIRY | BN E T —7 v a v T EREN, BN E VR YT A LIRATRET D2 L LT D, T u s T A0
WO IR — D _R—=VIZH DO THRL TV EZ D, ZOR—L— VT, KESORERIZBE LT, ifETilibh
TeNU—RA v M RD T LRk D,

http://www.issp.u-tokyo.ac.jp/public/ndts/index.html

L7eDo T & DA T 5 Z LI LRV, YRV T ATIIBEAOERFICLEEZ BV Lz, §EFOEK

E V=B HHOEGEDFREIZONT U E a—2BHE LTz, RKOKRE KITIIRFRED 72V BRIk DY)
BRI & MERIEIZ DUV T BAROIFFEZ LIS HEE LT eiZniz, Mo i RIiciE, Yo RO EVE T ORE
THY . B0 dH 5 ETHEFNEZTRTB-YDAIB: DWHEIC SN TE L O TIEVWZ, FFLO MDOEFEENEREN TV S
Cells FOBUREDMEEIZ DU TII IR O 3% FE 0 F2BRRE R & #0 & I FLB R S e AR TEZ OB RIS 0 5=
BREUBEHEE LTz LIZEWVEENORBURDO K 5 Th D, T v U 7 LI D IEFRFIRE IR E O EEME A R S LT
WBHB- A v 7 a T ORBGREICON IO HFRAILNZ L E2—% Lz, ZhbDOERZE D OEE NDTS09
DEFET =< EMH L T2 TR, I EL EoLFEROBENZFFILL VAT T L TOFGwE S HIER R LD
WZF D DITRWIZRSL > T2,

HEEAIZE 5T NDTS09 DO FEZITHE A TN Thole, LFHTENTED, HERDPEKERIZA-ST-
5 HOEROEITIX, HilA 7L P 2 HRAE OB OHiE Wb B KB B 2 AL L, 22 2 OHE
EEDANZ DX S REMRE R b DO Th o7, Ti— NDTS09 OHEENLHA 7 o FOBENHIZGAICE
O LTEE L D2 NENRBUPLIERWE FEHEZED XD 2B0 o7, DRbiUIHhE, MEST 7K S D
HEEZ S DD LR LIEWE R 2R > TR, ATEREHRT TN L OBIE &2 S HITHOT 2 L I3kat S

11



DEIRINoT, BASHNIHR A TN o P OREEZIT 52 E72< 3 ARIOABREKRZ D ZENTE T, HOM
ERALIZEVWA LT,

NDTS09 OBMFIZY —27 > a v THIMPOLSSINEN 248 4, VRV A 3 AFBEESR 205 40, Hi>ETHE
N 453 A THoTe, THNIEBMBEEAALCE NV TEWEBMELBIZAMEZZENTNWIZEWZBMEDOKTH 5,
NDTS09 D BR{ERRL: D L TSI ORE ThH 25, HAEKFD G-COE [HKa < MER FAEEBE I
R B RUHIFEIREBAE [HEWE RO BT L] 2o b e L TI3HEL V20T,

L DF2DIRNIR LTY—7 v ay TORMBIIRARETH oz, MHIXKIEMORIRE, WHHHE Y R 3L R
PRI T E . BEOTRZ B0 EE T E A CBIEEHC e o7, WIEFZEATEBR A RICE R S hiz ISSP
T—72ay 7O/ INVITEHEEAET, BEEOLEYD OENWHL BRI TH o7, MREOBHE L, KFEFAEDANTZHOIE
HHEhohawn, BFORLEICARENE LIZOIFLO A, BRTIAZIILD ET5HmHMOMEO T2 THA
e BILOFWNEL D bRWVARBAATET L TUEHORF D D—ia R L7zuy,

12



59
ELLL\L
">

1 1 0 72 9

B8 - BEIESRERERZ bXOT AN MHER
HIF : 2009 £ 9 7 10 HOK) P& 4 RE~"F# 5 I
S - TERETC AR 6 BY KGR (A632)

AR WM
kg B L3RR FB M 22 R R R Rl 2R
Li3=

HERDOPERIZIRS 72 2122, EF) ERED L3> TIT KR TH 2, ITF Ol i mil o 58 A B & i eR] £
OB ORI LY | HERGR 28R 2 W HE OB IITREANEL SO B 5,

BHTIIES, XA YEY RT7 e REEZAWCE&EE - BEioRESIT R+ 2, £0k, 2004 Fizbib
AUAS 120 TRIEDE T TR L2, MgSiOsflkDO R b7 24 MAUCHET 55529 2, TORX FXr7 2%
A METHER~ > MR TREOFEGYTHY, @BaT EOIEIERCV LV EAHEIEERLMTHD, FKRICE-
TeRRHEN D R DORA FXa 7 A0 A MEOYERIER IR E TERBIT 2.

13



MIETE R X —

P PG 2 J— : Coexistance of triplet superconductivity and itinerant ferromagnetism
HEF : 2009 4E 7 H 3 H(&) Fi& 4 Ri~"FiR 5 Iy

S - YEERIARE 6 B S5 B3I —%F (A615)

#fl : Vladimir P. Mineev

il : CEA, Grenoble

H®E:

The triplet superconductivity in UGe2 and URhGe coexists with itinerant ferromagnetism such that in the
pressure-temperature phase diagram the whole region occupied by the superconducting state is situated inside a
more vast ferromagnetic region. In the same family metal UCoGe the pressure dependent critical lines Tcurie(P) and
Ts(P) of the ferromagnet and the superconducting phase transitions intersect each other. The multidomain
superconducting ferromagnet state arises at temperatures below both of these lines. So, in UCoGe the
superconductivity reveals itself both in the ferromagnet and in the paramagnet state. The former state is essentially
two band superconducting state formed by the Cooper pairs from the spin-up and the spin-down bands split by the
exchange interaction. On the contrary, the paramagnet superconducting state is one band superconducting state
where the spin degeneracy of electron states is restored. I describe the symmetry and the order parameters of all the
states on the (P, T) phase diagram of UCoGe. The Josephson coupling between two adjacent ferromagnet

superconducting domains is also considered [1].
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through a quantum point contact
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Interference phenomena are a fundamental manifestation of the quantum mechanical nature of electrons and
have promising applications in solid-state quantum information technology. Two-dimensional electron systems
(2DES) in the quantum Hall (QH) regime are especially suited for this purpose given the large electronic coherence
length brought by edge-channel chiral transport. In particular, the realization of electronic Mach-Zehnder (MZ)
interferometers in QH systems appears at present a sound technology for the implementation of quantum
information schemes [1]. Despite this success, the edge topology of the single-channel MZs limits the complexity of
these circuits to a maximum of two interferometers [2]. In order to overcome this constraint, new device
architectures were recently proposed, where interference paths are built using two different parallel edge channels
[3]. In this configuration, control over the interaction between the different edge channels is very challenging owing
to the complex edge structure.

In order to address these issues we are exploring the use of scanning gate microscopy (SGM) to control the
trajectory and interaction of edge channels based on our previous results on quantum point contact (QPC) devices in
the QH regime [4,5]. Samples were fabricated starting from high-mobility AlGaAs heterostructures and Schottky
split-gate QPCs. SGM experiments were performed at 400mK with magnetic field up to 9T.

We shall show that the SGM tip can be used to selectively control edge trajectories and discuss the impact of our
findings as a crucial first step for the implementation of multi-edge beam mixers and interferometers.

This work has been done in collaboration with N. Paradisol, S. Roddarol, L. N. Pfeiffer2, K. W. West2, L. Sorbal,
G. Biasiol3, and F. Beltram1,

INEST, CNRINFM and Scuola Normale Superiore, Pisa, Italy
2Bell Laboratories Lucent Technologies, Murray Hill, NJ 07974, USA
3Laboratorio Nazionale TASCINFM, Trieste
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With their high controllability, cold atom systems may provide an ideal laboratory for studying strongly correlated
systems that have been beyond the reach of conventional theoretical tools. To pave the way to that, it is important to
establish exact correspondence between mathematical models and real systems. Here numerical simulations come
into play. We consider two numerical approaches to bosonic systems, quantum Monte Carlo simulation and
generalized Gross-Pitaevski equation. With quantum Monte Carlo simulation based on the directed-loop algorithm,
we study optical lattice systems represented by the Bose-Hubbard model. We carry out a simulation of which the
system size is the same as the experiment. We also confirmed "big-wedding-cake" structure, multiple superfluid
spheres, sharp peaks in the static structure factor, etc.[1,2] The second approach, with Gross-Pitaevski equation, is
complementary to the first one in that it provides an access to dynamical information. We use projected Gross-
Pitaevski equation, i.e., a finite-temperature extension of the conventional GP equation. A quasi-two-dimensional
bosonic system in a continuous space with a harmonic potential is studied. We discuss how a sign of the KT-like

transition should manifest itself in the correlation profile when the system is not spatially uniform.[3]

[1] Y. Kato, Q. Zhou, N. Kawashima and N. Trivedi, Nature Physics 4 (2008) 617.
[2] Y. Kato and N. Kawashima, Phys. Rev. E 79 (2009) 021104.
[3] T. Sato, T. Suzuki and N. Kawashima, unpublished.
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Presently, among all energy sources, liquid fuels are the leading source. The viscosity of liquid fuels plays an
important role in energy production and energy conservation. For example, reducing viscosity of crude oil can speed
up its transportation via pipelines and is the key to extract oil from oil sands and oil shale. Currently, the dominant
method to reduce viscosity of complex fluid is to raise its temperature. This does not only require a large amount of
energy, but also raises concerns of the green house effect in case of crude oil production and transportation.

Recently, based on the basic physics of viscosity, we developed a new technology, which utilizes electric or
magnetic field to change the rheology of complex fluid to reduce its viscosity, while keeping the temperature
unchanged. The method is universal and applicable to all complex fluids with suspended particles in nano-meters,
sub-micrometers, or micrometers. This technology is energy-efficient since it only requires small amount of energy to
aggregate the suspended particles.

This seminar will present our research results applying this technology for efficient energy production and
conservation. We will report our research on efficient transport of off-shore crude oil and heavy crude oil. We will
also discuss our research on efficient fuel atomization for internal combustion engine, which improves engine
efficiency significantly. We will also show our research on bio-diesel production with this technology. While all these
results are still at an early stage, they indicate that rheology plays very important role in energy production and

conservation.
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[2] S. Seki, et. al., Phys. Rev. Lett. 101, 067204 (2008)
[3] K. Kimura et. al., Phys. Rev. B 78 140401 (R) (2008)

B > )1 Atk 3F—  Growth and properties of silicene nano-ribbons
HIR : 2009 4F 8 H 12 HOK) F#% 1 K§ 30 /3 ~7F#% 2 I 30 53

S - MTERERIARE 6 B S5 5 23 —% (A615)

igfl : Prof. Guy Le Lay

Fitlg : University of Provence, Marseille, France

¥E:

Silicene is the challenging silicon-based hypothetical counterpart of graphene, which is presently one of the most
studied material in condensed matter physics. If existing, it would also reveal interesting new physics and potential
applications; typically, like graphene, its charge carriers would be massless relativistic Dirac fermions. Yet, when
such sheets of silicon are formed, the energy extra cost to produce curved structures is very low. Hence, while
typically silicon nanotubes have been produced recently, the synthesis of silicene has not been realized until now.
Here, we will reveal the epitaxial growth of silicene nanoribbons, self-aligned in a massively parallel array on a
noble metal surface. We have carried out a detailed investigation of their physical and chemical properties by a
synergetic combination of STM/STS, high-resolution synchrotron radiation phtoelectron spectroscopy and Density
Functional Theory calculations.

These novel silicon nanostructures possess a magic width of just 1.6 nm, are atomically precise, show a surprising
symmetry breaking and a substrate mediated cross-talk, which induces their chiral organization in magnetic-like
domains. Their spectroscopic signatures are unique: strong metallicity, quantized electronic states, narrowest Si 2p
core-level lines ever met in the solid state. Furthermore, these silicene nano-ribbons can self-organize by lateral
compaction to form a one-dimensional grating with a pitch at the molecular scale.

Unlike graphene nano-ribbons, the silicene nano-ribbons do not present chemical reactivity of the edges making
these systems more chemically stable than their graphene counterparts.

This important step in the silicene <> could give a new kick to silicon on the electronics road-map and opens a
promising route towards wide-ranging applications, e.g., by further deposition of an insulating support on top and

chemical removal of the primary metallic substrate.
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il © BlERf > 7 4 —< )X F— : On the valence bond solid in the presence of Dzyaloshinskii-Moriya
interaction

HIE : 2009 4£ 8 H 28 H(&) “F#& 4 B~"F#& 5 B
5 - YERA AR 6 B S5 5 B3I —%F (A615)
#%Mi : Chyh-Hong Chern
JliE : Department of Physics, National Taiwan University
i

We examine the stability of the valence bond solid (VBS) phase against the Dzyaloshinskii-Moriya (DM)
interaction in the bipartite lattice. Despite the VBS is vulnerable against the antiferromagnetic interaction, for
example in the Q-J model proposed by Sandvik, where the quantum phase transition occurs at J/Q = 0.04, we found
that on the contrary the VBS is very stable against the DM interaction. The quantum phase transition does not
occur until D/Q goes to infinity, where D is the strength of the DM interaction. The VBS in the AKLT model and the
Haldane gap system also exhibit the same property.

RE  BIE 1 > 7 4+ —< )23 F— : Thermoelectric Effect in Graphene
HIEF : 200949 H 1 HCK) Fig4~F& 5 IiF
5 tEDERIARE 6 B S5 B3I J—%= (A615)
il : Tomas Léfwander
FiiE : Chalmers University of Technology Goteborg, Sweden
e
Graphene, one monolayer of graphite, was isolated in the lab as recently as in 2004, after which an intense
research effort into its properties has been pursued throughout the world. The excitement stems from a number of
reasons, including both basic science interests and the potential for applications in for example nano-electronics.
Here, we present calculations of the electric and thermoelectric responses in graphene for two cases: 1) large
graphene flakes including disorder in the self-consistent t-matrix approximation,1 and 2) graphene nano-ribbons. In
case 1), for strong impurity scattering near the unitary limit, the formation of a band of impurity states near the
Fermi level leads to that Mott’s relation holds at low temperatures. For higher temperatures, there are strong
deviations due to the linear density of states. The low-temperature thermopower is proportional to the inverse of the
impurity potential and the inverse of the impurity density. We predict that information about impurity scattering in
graphene can be extracted from thermopower measurements. This was also confirmed in a series of very recent

experimental reports. 2, 3, 4

(1) Impurity scattering and Mott’s formula in graphene,
T. Lofwander and M. Fogelstrom, Phys. Rev. B 76, 193401 (2007)
(2) Anomalous thermoelectric transport of Dirac particles in graphene,
P. Wei, B. Bao, Y. Pu, C. N. Lau, and J. Shi, Phys. Rev. Lett. 102, 166808 (2009).
(3) Thermoelectric and Magnetothermoelectric Transport Measurements of Graphene,
Yu. M. Zuev, W. Chang, and P. Kim, Phys. Rev. Lett. 102, 096807 (2009)
(4) The Thermopower and Nernst Effect in Graphene in a Magnetic Field,
dJ. G. Checkelsky and N. P. Ong, arXiv:0812.2866
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il © fifE I > — : Superconductivity Induced by Chemical Doping in Ferroarsenides
HIEE : 2009 4 9 H 14 H(A)  “Fiif 10 By~Fhij 11 Bf
5 - IIYEDRRIAEE 6 BE 55 5 £33 —= (A615)
M : CAO Guanghan
k& : Department of Physics, Zhejiang University, China
e

Superconductivity, first named by its discoverer Kamerlingh Onnes, has remained fascinating for nearly one
century. One of the reasons is the continuing discovery of new superconducting materials. Before 1980s, most
superconductors belong to simple metals and alloys, which can be well understood in terms of Bardeen-Cooper-
Schrieffer (BCS) theory. In recent thirty years various kinds of superconductors have been discovered incidentally or
rationally, including high Tc cuprates and iron-based pnictides, where the BCS mechanism is in most cases no
longer appropriate. Instead of exploring superconductivity in a pure compound, one has been aware of a strategy of
finding exotic superconductivity by chemical doping.

In this talk I will first retrospect the discovery of various superconducting materials, including those via doping in
a parent compound. Then I will focus on the doping-induced superconductivity (DISC) in ferroarsenides. Strikingly,
various kinds of doping, either electron type or hole type, non-Fe-site or Fe-site, carrier-inducing or non-carrier-

inducing, may all introduce superconductivity in the FeAs-layer-based materials. Finally the prospects of DISC will

be presented.
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