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Beam Line BL12

Moderator Decoupled liquid H2
Planned detector coverage (vertical) -19°~20°

Planned detector coverage (horizontal) -31°~124°

Sample size 50mmX50mm (max)
Incident energy 1~2000meV

Energy resolution (AE/E) 1~5% (chopper dependent)
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RAMAN SPETCTRA OF GRAPHENE AND NANOCARBON

R. Saito, K. Sasaki*, J. S. Park, M. Furukawa

(Department of Physics, Tohoku University, Sendai, Japan, *National Institute of Material Science, Tsukuba, Japan)

In this talk, starting from a basic introduction of resonance Raman spectroscopy of grapheme and single wall
carbon nanotubes (SWNTs), we will discuss the Raman spectra of graphene edge states and phonon softening
phenomena of metallic SWNTs, which are observed by the recent single nanotube Raman spectroscopy with
changing the Fermi energy by the electro-chemical doping [1].

It is important to know the structure of the edge structure of graphene, since the electronic structure of graphene
is sensitive to the edge structure. In particular, near the zigzag edge, it is known that the localized states of electron
or phonon exist which gives an anomalous behavior. Recent calculations and experiments show that some Raman
spectra are assigned to the spectra originated by the edge structure [2]. We calculated both electron and phonon
structure of edge states and found some Raman spectra can be assigned to the edge phonons.

The other topic is phonon softening mechanism in the metallic SWNTs, which is known as the Kohn anomaly
effect of phonon. We calculated the phonon frequencies of single wall carbon nanotubes as a function of the Fermi
energy positions (Fig.1) [3]. Not only longitudinal optic (LO) phonon but also transverse optic (TO) phonon show
softening or even hardening depending on the chiral angle of single wall carbon nanotubes. This results show that

the electron-phonon interaction of graphene and nanotubes are highly anisotropic in the k space around the K point.
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The anisotropy of the electron-phonon interaction comes T =300 K

from the wave function of graphene. The two-component 1640

A

polarized pseudo spin can be defined by the lattice distortion. 3 1560
=
We call this field as deformation induced gauge (DIG) field.

wave function of graphene is expressed by a pseudo spin [4].
The edge state of graphene can be understood by the

pseudo-spin polarized states. The corresponding field which

(em™)

Egap = 0.045 ¢V (15,0)

defect states and polarization dependence of Raman spectra :

The concept of the DIG field is useful for understanding the 1520
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of graphene edges [5].
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Summary

Perfectly conducting channel
absence of localization

diseardered regom
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The Anderson localization is absent
in spite of the |D system.
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Edge states and possible magnetic states in nanographene and open-shell conjugated systems

K. Harigaya, AIST, Tsukuba

Nanocarbon materials are investigated intensively. In this paper, the edge-state in nanographene materials with
zigzag edges is studied theoretically. In particular, while the inter-layer interactions are considered, we prove that
edge states exist at the energy of the Dirac point in the doubly stacked nanographene, and in the case of the
infinitely-wide lower layer case. This property applies both for the A-B and A-C stackings. We also study possible
magnetic properties in fullerenes with defects and buckybowl molecules. When the number of lattice defects in Ceo is
even, we obtain magnetic and nonmagnetic solutions. The total energy of the nonmagnetic solution is lower than
that of the magnetic solution. The occurrence of the localized spin is reduced for finite onsite Coulomb repulsions.
When the number of defects is odd, magnetic solutions are obtained only. The spin density reflects the symmetry of
the molecules. We also consider possible magnetic states in buckybowl molecules. We find localized spin order in the

sumanene molecule and a part of the Ceo.
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Edge states of epitaxially grown graphene on 4H-SiC(0001) studied
by scanning tunneling microscopy and spectroscopy

AGrad. Sch. Sci., Hiroshima Univ., BHSRC, Hiroshima Univ., CDep. Phys., Fudan Univ.
M. Ye#, Y. T. CuiB, Y. Nishimura®, Y. Yamada®, S. Qiao®, A.Kimura?,
M. NakatakeB, M. Sawada®B, H. Namatame®, M. Taniguchi®B

The edge properties of single layer graphene epitaxially grown on 4H-SiC(0001) have been extensively
investigated with scanning tunneling microscopy (STM) and scanning tunneling spectroscopy (STS) at the
temperature of 78K. We have observed the armchair- and zigzag-type edges of single layer graphene at the step edge
of partially graphitized 4H-SiC(0001) substrate. Super-structure possessing the (v 3xy 3)R30° periodicity with
respect to the graphene lattice has been found in the vicinity of graphene edge, which is similar to the case of
graphite edge [1] [2]. And the atomic-structure-dependency of the localized electronic states in the vicinity of
different types of graphene edges has been directly observed by means of STS. The electron-doped edge states at
zigzag-type edge shows double-peak shape in the STS spectra, which indicates the lifting of degeneracy of the edge
states due to the substrate effect [3]. This result should be a substantiation of the existence of the edge states of
epitaxially grown graphene on SiC substrate, and the local magnetic properties of graphene edge should therefore be

attached with extra importance and attention.
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o ke UHEROT XL -7 RRHESh TV,

Fxlt, BTONMABE R EAOHBE) 2 BH L2

AL ST 7 LR, MO FEE T, 4o — =i

7w ba gAY BN S EF R EER ORI RIS xXb n=0

WTHNT, 7 U NSO 05 S VI h B b0 T ey

L. BPRELE F—7 LERAO F— 7Rk b i, =

DR N=0 5 1 0725 VBB AET 5 27 b 37 i1z

JUEIER I RIE A FF > TV B OICR LT, N=-1 75 2 ~ gf s

DOEBIKIET B A7 Mvid, HAEERICERKS 5K & 210§ %: 2z
EHOZLERHLE, E; i
ZOFERIZ, N=0 225 1 OBEBTIL, TEHIC Kohn OFEH 32 H &gm

WAL L, HAEEADROITHEHE LEWREZ 2Dkt L, | -MMM__Eﬁu

N1 75 2 ~OEETHE. 205 RHENSL< &< . N=0 **”maéLJET°*‘
DT B IR BTN EA LTV AETN. b SEOME '
il LT TRIBR S 1D Th 5 LR TE %,

oML, REIEHE GRTA) & ORRIETH S,

[1] M. L. Sadowski et al.: Phys. Rev. Lett. 97, 266405 (2006).
[2] Z. Jiang et al.: Phys. Rev. Lett. 98, 197403 (2007).
[3] R. S. Deacon et al.: Phys. Rev. B76, 081406 (2007).

7572 ROT5T72F ) URyDBUCFICBET 5 S EME O#SOFE
S B0 (P RPRFER TR ERE T T¥HR)

WRET T 7Bl HLNEL Y ha=7 AOAERHEICHEENEE T, FTHLY Y aitfRbd h 7T R
ZOFxRXNVMBE LTI 7= 2MMALE LWIIBEN—DOOEERT —~LRoTWD, 2T/ IF77=0%
F v XN MEE T 2856, ) 2 MOSFET 72 & L3R EFOEA, BIEHLETIBOY =R/ FLA V&)
EBRE 7T T = F v R EPERE SEAMENRD D, T TEDOL I REBEMODIFEILS T 7 = OETIREE, 5
WTIET A ARHEICRE R BE EZ DENRBINTEY, o T, FyxEiniZdchl, BME THLaK%E
—ODF%RELTHETEREZ, BFETHENEETH D,
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Tl IT A AP, VR 2 b—3va VIO G . BREOFIEN S 7 7 = OBERILEIT G 2 5 8% 5 L
BHEA ML UT 4 TEEROTHRTND, 725~ Bl BiiEiso® 7 LV CIHANRER 1T O 5. SBEEm
BN G ORETHY . KERFIL s BEOB T 2IEET 2L T2, TOLIRBGRBE S T 7 =0 LT D IEHEIC K
TELTC, V7720 DaxFio TCWeT 4T v 7 a— RSB EMRNR EORERZNDL D, X, ThWENO&RR-7 T
7 = RO G A BRI T T T 2 DB T OEANEORER Z M OWTHE L, TOME, &L s
7 =V OWEEDIRME DD 72 WG A IR 2 0 L CHDE T ORI X T, Ha R BRATAILD 7202, WE D
M COPBEDOREAB LI > TODRERDHLHE, ZTOBT 77 x| @ROEMT HERICITH E VIKF LRNFER
EERIEf LI, X, 77720 F ¥ 3 i0 L TEADOGREMM TN AERO 7 — MEFEAFMELHEL, &L
77 = OEEIEBHCE U T, ETHERRE S BR2HEER, @i L,

757 1 VBT LR OBl
OEE (BKEREF L)

BIRER L EREREDEGEED L, IEHER IS — S—R N LAAL, IERN/ELDLZ ERmLER TV 5D,
IoLE EFGRBL LTI 7= EHVWEERICED LD RITEDHRPEE 50003, BN L ZATHD,
bhvbiut, BEEIX 2 BV 7 7 =% LTEG SN 2 SOBBEEREICHN 2 BIEERORMEICRE LT,
tight binding #7213 £ O" tunnel Hamiltonian & HW\ZffAT 21T o 72, ZOFES, HE & 2 B CTIIEREBRO, HER
OB MIBERE IR M EMERIIC R0 D 2 & rino T, HBRICRB W TR, BRSNERITHEESHIEREC B L T B
W L, EORER RS (e — L AR L, REICRIEIT 5 L9 clean RIEFE @R OGS & FEROFR RIS H
7z, LinL, 2 BRICEW TREABIRITREICE U THFICE LS, IRBIRIRD R END Z &N GoT,
ZOEIRRDENT, 2B T T 2 DE R - Xy TEERI RN FEEEICEERT 5 0T, S%Z ORI RIS
DNWTHFT D TETH D,

757 x 2 OBIERHNR
AR S R RPR P R A e

R, BEEBRICH T DR EILE DD TS, BEEE LRI E > BERORVb DO LEX LTS
oo LU, HEZ 7720 TlE 2 DOBRBMET HAEERH D, 777 = VAREBEREIC Lic & v ) EITE
i on, BEEIEIREFE X, 7 —XEHE ST 72 PIEAT LI ENTE D, ZOHE, MmNy
BTV UHENEIY, Ty R T EASEKAICR D L TS TTWD, Fi2, ZE7 T 7 = OEAICE,
RN RIIIF CE RV b OO, F— NERSRICEL DXy UV TEED (5 E TEAR) KIEREFRZ LT, 1Eko
T R OB A RGET 5 2 ENFREL 72D, Bxld, ZOXHRIEEZAME LT, BE - 2@/ 77 =127
VR = AOBIRE B B LTS A ERL L ST B A RIS, BB T T = T, BREE
WeZDr— MEREZBRN L= b DD, ZDOREMKAFNED "short and dirty" #EDOHGHE KL< A9 Z b, HXFRD
BIRBEFESNDNY AT 4 v VBEENERTE CWRW RSN, £, 2BV 77 = VAT, BEEERO
IR AT R O TN R CITRI CE R WVED B2 /R LTe, ZORDEWE, 7 — MER ORI R 3
HEREMEN D 5 Z L 245 Lz, S 612, HEZEOM ) T, BIREERSIRNAD DIREN 7 — NEEICKFT 25 2 &
RSN BRI L=, 2, EROFFBRCITE ol Roeh o BG TH D,
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TS5 7z VERTBITBAE YR -V

% fH. HA EE—BR. Jerome Cayssol., A 36k (CGRILARHE)

2 CHLEFA/ER (SOD 2 BEBICANT- 7 T 7 2 VITBRFAE VR — IR ERT Z EAURB I N TV 5[], Fx
17T 7 2 BEAICBWTERM2 & A OikickiT 5 SOl OMBREARANZ, /I 7 2 TR D 2 5 ZRIFT
% X572 SOL(LARETIZHNEI L ES) & FEfh O SERIERIFRMEIC T % Rashba SOI % &0, HBFIXA L D z fiksy
ERIF LAV, ©F Y, WK SOI & Rashba SOL AT 5,

F—=IMEDRT v VLY, BAEIIRELEAE LD 2 iy S.(F T 7 =V fi% xy B & T D) DR—LFNTE
b, ARRTORERTAE BRI DUVRIREE L MEEN A 5RIZRTE L A B Ui iESIRES o, Zihve
BEAEICRTELIZAE VR — A ROBRER R TE <, ~U /UK ORI RSN T A RETH D, —H.
BEAICBWTRT A 7 v VBT — M OHERT VoY LV E2ZT 50 THY, FALIAD S Z LT RARETH 5.,
T THAHIZRTE LTEA Y U AR —AGIFET 5 b OO, WERBIIBEAEIC AL SN T 5. ~ U hLimikie L
[N

BEAIIBIT DAY A —ARIES — NEEIC LV FOREZ IZMEETED THIET L Z LR TH D, Eiz, WA
19 SOI & Rashba SOI AR L R EN D, +oREVRT v Lz L > TELIZ pn #5128V TlE Rashba
SOI MEZTH L, 2F V., Rashba SOl Z#KEL LT EAVUHIIREL 2DBMAH D, nn HEHICBNTIEZ
NEFOEANROND, 777 2 VHEHICBITAAC A= ARIZZOL I RERRELHENE H O,

7T 72 A28 D SOLII/NENWDT, 777z ERUEEEZ LD, hoKRKE74 SOl 2H T 25%-ThHD HgTe T
HFIZBWTHEAIZRTE L Sc A — /Wit e EBRAICBIIITX 5 L HIfF S D,

[1] C. L. Kane and E. J. Mele, Phys. Rev. Lett. 95, 146802 (2005).
[2] A. Yamakage, K.-I. Imura, J. Cayssol and Y. Kuramoto, Eur. Phys. Lett. 87, 47005 (2009).

757 xrF ) a0 kB4

HTH AR (ROURSAEPERARIITERT)

77774 NOWBEIRTH L7 T 7 = NIMERTRIRLF CTH DT 4 7 v 7 7 =)V I AU PMEEEH S TE Y FRR 72k
R, BEBEE MW T Y ) 3 VR RV 7B 7 T T = AN LT 5 2 LIC kY I T =T HiEE
TERL, ZOBTHEHEEABN L, ETHRY VI 77 4 —ELT TRy F 7 OMBEGDOEIZED . F——
RS, B—m7 PPy b, ZHEFFy F2fFRIL, B—&F Fy MNCBWTRIRETa ¥ 7 2 205 — MEE - V—
ARVA VEEKEEERELIZE A, Z—rr Ty r— R —a 24 T7EC RBRBIEN, /77 = U H—%
F RV RFZELTEMNET S Z LR SN, EOICTEHERETF Ry MZBWT oD Ky MEHOEELZHIEL, =2
HI B UADT— NERKGFEEZRIE Lz, ZOMRS 57 Coulomb Stability Diagram 723 K FEOFEE D& |
o TET BB SN, —J7. FREMBEMEEC X 2 Rt bk 2 ANWC /7 7 =) ) VR &G E
U7z, RIRICRT DA E M - RBIEHENBI S, B8y v TR SN TND 2 & 2R d Dk R 2157,
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28757 > DERILE

Bl —{ ABCE_ Ry A ARD SLiA tHH g DB
(VIR AL PERRAIT B, BT O SRS E P, CRESTF)

W T 774 N/ 7T 7 2 EARECAY Ry v 700, BIEFEB SN TV AL v F T F T PRZEL
TORHERICIREROMETHY . Dz KRR T OILERH L, IO T, IR 777 A~/ 275
T2 DY — MNIRERANZ, V= NBERHINCXT 5777 7 A4 MY RIAVDOBERAT V—= 0 T REGD Z L ITERY)
L. 1.5Vnm OBERE 22T 7 = THM LAY RE v v FOEA &R T,

W7 Z 7 74 NF v xV%E SiO/@ K—7 Si Fii E
\ZFIBEE O S, Ti BRSO Al Efie & v — :

source Drain
LABHEBRE) 7 MATIETEMA LI, Al EXs 7 Back gate Back gate
774 b EICEEREKTSICLEOLT. 7774 b (doped-Si) insulator (SiO,)
F X T iiikE L D, Zold, Al EE
& N—=7 Si EMUIZENENEE S 77 74 MTHLTO
by ZHBNEAR b AT — NEmRE D (X 1), by TS — MNEEEREMTD L, KT T 7 A OWBUT A —MRE/
BHEREBOYI Y B ZIED 7 ER— T 2R LU E— 2 NEL D, S5IC Si RS — hOBEELE XS &
75774 MF v FADEBTRENEDY , I/WL—I N7 b5, 2OV T bOREENS, BORAELES HT
ZEERELL, BB LT 1.20m OBMRAREZEHRL, 777 74 MEERCCTHOICERZERT D Z Lol

ST, 2B 7= BN TERSR N T 0 VR Z AL 2 O S S ARSI O 237 72, Ny 77— |
&Ny = NIHINT D EEAFHE L CRERERAAMT D &, =7 ORI HEHRME L Bl sz, Zhud
F= R MZE D% ) TIREOETIIHRARONRWELTH Y | EREHEHAL F¥y v 7L LTHATE S, _@ﬁq:%@
oIz, RERLAZFIIL, BR 1L.5Vam 2BV TR 0.15eVIRED /Y R¥ v o TRFEL TWAH Z L 2 A LT,

Top gate (Al) Thin graphite film

B1 Al by 75r— M5 7 74 MERBRFT U7,

T57 74 b BXUVT T T = 2 OEKIE & Dirac 8

RH BN, AR K, ERE W PR ORI E AL BB 5 GRRMERT)

JEIREHEER o -BEDT-TTF)2Is (28 Tlx 2 W&ot Dirac H 1R OB RO TH 24O FEBKIEHABIR S
b, JT7 72 DEBRTHDLT T 774 MTBONTH, 3B TR ER LEXRENBKIRPIISEA L X 50
U ZHWEERICE Y, FROAOBRBKIERAEND Z 2 RH L7, L LAY Shubnikov-
®Ih%@ﬂD%@ﬁﬁié%%@@%?@@%?%ﬁhé5i*%ﬁ%ﬁ%ki&é 75774 OB
40meV EFEFICKREL 3 WILRDO BB E L TR I NER S D, 3 W HEMIZBN T, K sRUEHFEOE 13 Rk
WA FE o3, H sUEEFOIEA/ SV RiE 8 Kot %Dmmﬁ%%&ﬁ%\ﬁ%?oﬁﬂigf%é LI
Dirac ED7=HIZE 1725 SAH R#h &2 R TRV VESS b B TARRIKIBIC A 5 728, FEBRTi Dirac IELOAMERKETUIC
BT SAH IRE S EE L -RERIRPIS B S vz SRR T X 2,

7T 72y 10 BREENORLEER ST 7 74 b& FET ZHIZNT LY — MMEOBIGKGEZR T 2 A,
FET % 7 OEIABKIZ /2 57— NEIE (B A 2SS OBEMICAEVIZIEE e D 10V UL EEbT 2 Z & 28HIL
7oo JEEUZEA S TR T 2 AMEREKHRIL & Mgk, BT CIIBMIA IS EN RELS 20 7' — NESGBMMRATE 58
MHEREN NS ol e B2 5L, X VTR LT bR LCEMP R0 7 Nefill Tt s eH
RSy
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757z ETRY MCBIAIEEED S E
(Conductance fluctuations in the magneto-resistance of the graphene quantum dot)

%wE B, KM IERER, fB0 EHi, HFA iz, JP A=K DK 7=V —°
(THERF, SUNY Ny o —KP 0 7 U Y FHLRF)

¥ alZI 774 MEHWT, vA 7 uBEIETRONIZ 2 77 = AT, TVAu O 2 b REG0RIE H SR A 1
JT. 2 WFEF Ry e L TORBBSUSEOBIAZIT o7z, £8T £ TOMKIBEEREZIT72L A, ZNETH
BAROBETMHHLCET Py MITBHSh TS, EFREFTFRICLSEEESD S SR S, & TFHERORE
SEMET DI ENTE L, FINOOWRREITIE, 77 7 ZNMER b o KIS T, 777 ik
ORI AT ) Z L BARETH D, Fiz, 2 WFETF Ny bONy 75— MNEMEAWT, 207 J 7 X NVHRESRIGE
DY — FNEEEFEEZ B L2RR, FOMIORT &5 RBERROEEMHER S, BEEY L EOMMIE, Briks
XL TRHFFCTH 228, ERHMICDENTND LEZ DI, BT K/ —2 OMBIZIZEEMTHY . /'— FMEE
WL THIREAEARE LIRS TD, SRIZZOX D RBIGUTHT D LV FE LV, 8BGO IR ERFIEIC BT L CTHR#T
ATV T4 T w7« RA Y b EDBBEMEICOWTOBRETT ),

Y.Ujiie, S.Motooka, T.Morimoto, N.Aoki, D.K.Ferry, J.P.Bird, and Y.Ochiai, J.Phys.:Condens.Matter 21, 382202,
(2009).
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SbCl-GIC M SIEBL 225 7 = > Dkt
YRR B, K Fe% (AR

7774 NOBFFRETHD 777 = 0%, @WSGBIE 2774 2 L2 EnOHEEEARME L LTI SR TR,
Bex ERUFIEPR SN TWD, AEfkx 1, BEERLEY (GIC) BEFEDBM AR T 5 L W HMEZ WD Z & T,
EREIND 7T 7 2 OREEEHETE 20 TIERVWNEE X2, 777 = OFERIZHIY, L7k E LT two-
bulb ERCHAABERRSSIEIZ £ Y SbCls & A > &% —H1 7 > b & LTz SbCls-GIC Z{ERI L iz, Z o GIC 1%, KEF T
TRETHY, BAIELWAT— V2R D 2 EnHARMRICH L TWD, KRIZ, FEE LCUIHE LS TaamER S 7
Tz OERIGIEE LTHONTWDE Ry F T —7EEH W, ERLE7 T 720003, BALELOLIFEALES
DrT 72 ERCATHELOLONRR LI, BiE T EPMA IZ X5 5H5H0 5 Sb & Cl BSEEEZ LIEFEL TWD Z LR
HH Lz, 20T ENnD, BEODVIRNT T 7 = AT L, FHEMEIL CCD # A TICKD a3y T A M &2 HWT
GIC o207 7 =2 D@ EIE Lz, Figl %, 2V 7R8BE2 AWz L ZICTE B0 T 7 =V BEROSAA &R LI
RThd, 3rd A7 —V L 4th A7 =YD GIC TIE, TNEN 3 BL 4 BDV T 7 = OEREENm ELTZ, LML,
2nd AT —VRBIERISIES T 7 2 AW T, BERBRORY BRONRD T, RIT, BEDYIRNT T T =
LBEDT T T 2 AL T — NEIEEAEERIE L, #ERE Fig. 2 1R Lz, ZOFEND GIC oElshs 75
7O, BEOL O L FREDGEE LB AR EEZ T T OO UFEET D 2 ENanoT,

Gate dependence of bilayer
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757 BT ABEREOHK — “Z2-classification”
HAF R CRAEKPBEER)

WNRK), KOOSR A E CBEEHAEROFE T T, 77 7 = VTR BRIEOHKE £ 5[1]. Vb, &
D77 A, EHEALSNTAHAE O Ns 28252 L Thnbd, Bz, NU—BEILENL—2AE %, 7
asSMHEERIL, EACCEREET 20, ZREORBICIE U T, TERR 2R S EE) 2#FRET 52 0T
&%, Kane-Mele BAI[2]iC1%, BT, "L —, EAEL D 3 2908 HDHDT, Ns=1,2,3 EIET A TEICEE, &
BIEN2WE . Ns M%7 5 RIETRTE (WL) | #4557 & KRIE (AL) Th 5, B RIS FE RN 72 e [ SOk i 2 i
e, RiFa=2IV—O)iZ/kd,

[1] K.-I. Imura, Y. Kuramoto, K. Nomura, Phys. Rev. B 80, 085119 (2009).
[2] C.L. Kane, E.J. Mele, Phys. Rev. Lett. 95, 226801 (2005).

T4 IV IRICBFILn G-I 51 - bURIVEAE VHUEMEER
FERT BB CRAL KRR

FHXFERA R BT AR NT, R v v VERERHE VT FRIEEEEZBE X ) RE WK, Wi BAIZIIA W REZ:
TR PRV LT, VI T7 2 RIZE ZUDBERBRIIRD(Z T2« FUFN), Ze FRBE VAV
&K (Kane-Mele #HU[1]) A, 73 a7 MHEFEMICR Y EAC L EZEHRMLTRD L, INBBERMNIEDD, —
F. MR UANVEREE TV 2 SHAERN D EL AT A LEEAICE, HORAFRNFREICR D, T XD el
EREIE, MR e U VEREICHAE OO TH Y | 72 Mgk 2 FrE o0 2 U 5 L #irF s 5 (2],

[1] C.L. Kane, E.J. Mele, Phys. Rev. Lett. 95, 226801 (2005).
[2] A. Yamakage, K.-I. Imura, J. Cayssol, Y. Kuramoto, Europhys. Lett. 87, 47005 (2009).

EREB-757 2 2F ) YR -IERSBESROBRUCE
&l 3k, BA EhF (RRLFRERER AR LR

IV SMERT DT 7 ) ) VR (LU zigzag GNR &4 HK)
iE. 7 b I RX TR OREN Y TV T EREICRIET 5720
Tz )V I TR I Ry v IRV RA—T OEANR e L
IR DRER I N MEEEFFORTH D, AW TIE, zigzag GNR & 1F
WEBNOIRDIEEROEILEEZT A, EOMAFIC X 2 EXUCERME
DFERR zigrag GNR FHENAROE S CTh 5 = L IR T 2 Hiar/e
BRGIZHONWTHRMBE LT o7, 1 CFk 2 DAV &R T,
g N, £& 2N, © zigzag GNR OWUHICIES T TR INTIEFEE K1 Fx 3 B8 280, EFE - TRINE
PRI T BTN D, 22 T, BIRERIEIC KT 5 ¥ 7 F 7 o3 & ;;”ﬁf@%}ff‘é zigzag GNR (Hi N . &
BB, B W OBRBE & Tk (S OBRBEIZ Th e ‘ °
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Fext BEO oxt @ IXERTRPNIEA Y RICBIT 2BHBEITHY . EFSEEK S zigzag GNR I TH L THh 25
ET2) LT5, BONERERIIUTOLBY THD, Fx U TOF—E 7RG (E = 0)I12iE, 1@ N 2MEROS
AoV HFIH AR gld N, OBSE LT, N2 THA LT, —F. N BHEEOBAITIE, 347 % ADfEiE
NL>» 1 T1UIZESL, ¥ N>3TiE, Ny» 1 OFFOa X ¥ ADO|E iN?M%é?ﬁWDiJEJ—é\%ﬁ%IOD%é\%

L ITHRFE LR, ZHUE, N> 30B4A, V7V VI E =0, N > 1 CREEFHEICEFS Lz &%f%bfu\
D, 722 L. N=2(X 7 FTHOBBFET ) DFBEITILZ OMIRT g = 3(c2+ c'Z)/N2 AN - IO 7Y
SACHIEBRICHE G L T0D, 62, E # 0 DA, N BMEROBEOF ¥ 3D 7 4 VE Y v ZIZONTERE
1To7,

X BRIz W TF 2 757 2 0 OETIREBICET 5058

1RO 22, Wesephdoly, 1aff &, 1/#E #AH, 1EIE Ffnz. 2Mauricio Terrones, 3Mildred Dresselhaus, 48
(A HR TERFH T ZM9EF,  2National Contact Point with the EU on Nanotechnology, 3Massachusetts Institute
of Technology)

FIVARDT T T2 (F ) 7T 7237772 LTOWMEITIZ, T 7 %A XA ORI S
FEHEED TS, HICEOEFREBICERT D &, =y DICHRT 28 HRER 7 =V JMEMTFICREL L, 51
DTy DIREBEIEICE#E T2 2 ENERRICTFEINTWS, ZRETH /77 7 20 OFEFREICSOWTE, STM
R EERRWTIEEN e SN TE N, FAZEHLZ D, AT X BRI EER W, 7/ A XD 7T 7 = 0k
A B IRREDH A B & LTz,

AEHZIZER 3nm, 3 BRIED V7 7 = v inh 2 IR FEGHE(ACF) B L0 U R 2 v, FEBRITE= %
Jb 3 — IE SRR FERAE O i a% BL-TA TiT 272,

%12 1% ACF B X I AT MO T v O F—F ] '
ERFIER L OO 729 HOPG Of % /R L7z, ACF &
BHCIE n*#uEo FIcHic P1 E—s M SNz, 7y
FR—=F ROV, P1 E—ZENED L, #H-C
P2 v'—27 BB, n*E— 7 BENBDT DT BRI S
oo BEKHE L OWNE, PL ) TT7 720Dy
W2, P2 BNE 7V TRy RICHET A E RIS T
HZOTERNMNEEZTWNA,

F7o, T /U RATONTH X BRILAT MLV ERIE
L. 7 UARIMENC R S TR HG Lo A7 LD
ZAEABLI S 7z,

Pk, ACF RF / URLREDTF ) 7T 7 2 L WBHZ W T X BRI AR "AERETHZ LT, /7T 72

(R R FIRIE R B 5 Z LIS LT,

1 HOPG
{F/C=084

Count

280
Photon Energy (eV)

ACF &0 X RN AT b D T v 53 B — T KA
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a-(ET)2ls DEE F 13C NMR

ICENE: CINNCPNEE 2T PN 32

RS R -(BET)als 12, 135 K TEMARFIC LV #kxibd 28 “ReE R ThH 5, 1.1 GPa U EOEE T T
IR FE 3] 41U, Dirac corn 38 a3 2Me— SV WE & 725, ABFSETIL, Dirac M?ﬁﬁmﬁix}v#“ﬂﬁbt%
BT 572012, 1BC NMR JEZIT o7z, ZAVE TITHIE S OBKIETIEIZ L 5T, o -(ET)als I2351F 5 zero mode
Landau level 3L STV 203, A7 FEERIFRESIERPLOME 2 B O FEME S vy, —J7, BRIEICBI L Cix
BRES TIIE AV AR S T 7 = VRBRICIRO RKBEEA IR SN D 28, 8B Landau & TLIRIE~OIBERIIH 55T
o TRy, £, BHHBEIC & 2L (Wigner crystallization) % T, KT R VX —FHER E D X 5 2L 2%
V2 DB,

NMR . ®ETTHENB LOBA B UHHEEREZ BEEICHE TE 2 RIZBWTENLTWD, a-(ET)2ls (28T
1.5 & 1.75 GPa F® 13C NMR EBRIZ LV, o1 b7 N K & ACUEHEME UT 2H|E Lz, 80 KLLFT UT1IX

\ZHH, K 13 exponential (ZIEWEWED 2R L, RKBEMEIZBLAI S L2 o7z, ZHUEF ¥ v 7 LA THIREES D,

UT~TP BE K~T L3RR ACVREICAROF ¥ v IRIFEL TWD Z & A2RET DRRTH D, MR
RAMEKFEELBIISN2NWZ L, AV Xy v 71T Landau & TLEIETIXR2NWZ £ -7, Hall 52505
REbLONx ¥ ) TEENFEFITNINI ELHRAL T, G L F—0 0 FEERS AV EHEICEE LT D
EEZOND,

ABFFEIL, RN (B KESEHFZERT) . FREEAT (L REEER) . (LARTSESL (BRAF) . @ikl (REBRKR) FKRE ol
R TH 5,

Zero modes, energy gap, and edge states of anisotropic honeycomb lattice in a magnetic field

Tl fER CRORHVERTT)

4% honeycomb lattice IZEBIF 2 ERE— K, ¥x v 7, kOxT v UREELZ, HATERMZ HVTELET 5, FRC
757 = DEAYMEE L RN D20, BKOB VS ORFMEAEAL TITEZ1T2 5, £7. BEPIck
% E— ROTFELEDPRITICRD DD, TOEMBICESE, BT CIEr I 7 ol 1x¢b’}‘b@§eﬁﬁ%i§f7\
FTEHRTTZRAF—ErEDLVICF Y v PR ZEDRBEND, FOF v v 71T, WS L TREBBMICRS
o, :@T}Eé%b‘i 2 -2 Dirac zero mode D s 3V v 73R & L CTHfiFS LD,

Fio, RIERARHDGEDOT v DREBIZONWT hiEm & T2 9, & Vb, BGTICREWTIE, BkOB Y &L
L@ﬁ:ﬁ‘f XD, =y VICRIET 223 F—En OREBEP BT 52 Z LR REsh D,

K. Esaki, M. Sato, M. Kohmoto, B. I. Halperin, Phys. Rev. B 80, 125405 (2009).
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T B AP, FFE %A (BEUKBET A, JST-CREST®)

LA FEBREATOM Bl I, Z T 7 2 o B & Uit x e TIREESMES L, R - BlER O A7 b PRIA <
ISR SN TS, BlziE, 777 74 MEKR EIC GaN ZiE S5 FC L 556 LED Okths &, “koiE
FO=ERTALEYEERICIER BED LN TEBY | TOMREA D= X LAOMPANER S TWD, RFETIE, Zh bk
RS OBR & 2 OWE - MEETROMIHOE8»0 & LT, sFREEFA R Tk, FRCEEILEIGEZ V725 — R
RETHEEFENS, TRITME THDH T T T 2 — b EA~DJRTE L FORERIC W THER AT 72, BRI
W, SERAMID ST 7 = — 1k RIC 3 DOWEF A MEARE L, e RIRTE2WE S & EORBFETRLF—%RD,
RN LEMEIC OV CH#mE Lz, WA SEEF T, 7uh ) &RERERR Y, JRTES 1005 83 £ CHAME
RIFFETENN- LR ET o7z, FZOBRICEMBEMITICEY . 777 =0 L& FHOBEMBEIZFHEIC
VRO, TORR, BAET A N ROZOBEMIZEL Tk, E@RcHEIE B 4 h~ 5 L. BESE CHEIT H6 V1
h ST AEME TR LTz, F7. BRICBWTINW OO IEHEICOWTEEICE FIREA T LG L, ZoL X,
B JAMOIESB TR ICB O T, AT RAX—0MS ORI, ZO s-p IREOMS O & L CRATFOBSE) & B
ST CHMTX L LE/RL, BUEMOEBSRETHEIZBWTL, p-d IBRKOEIOMER & LT, Er TfFEo/ N K~
DEMOBEE d 32 NIROZE S BENCBHES T TR TE 5 2 & &R LT,

BEHICBIBT T T L DAE R

R K. RH BAL NHE FIAL B B GO

757 2 OETIRIED broadening WHO M & JR/AIMEIE, BPEFZERISH LEETH LN, TnEd A HAE
%%E:kof%“to$F777:/FET$?%¢%L VA= R A CARPLO S — NEBERFE A 2 ORiS
Fr - W RE CHIE Lz, BGHxHE TR Yy pRlE, BEMYS NS T Landau &7{k%. 7 — FEET Fermi
YEL 2 I L7z,

10T £ CORERS FTIE, BB T 7 = VR OEE T Hall iR % 1 5 BI#E7: Shubnikov-de Haas (SdH) #&
B A L7223, B ESRICB T D SdH B — 7 IZ A ¥ U A R T A IS 1L B S e v o 7o, SdH HEE s 5k
O JFETEREFFRE X 0.1ps DA — % —TdH 5, Landau E LA X 2V AT T CIEA B BRHOGRO LN T
&5, BRI COLBKIEINEND Z ENBHIESNT=b DD, AV RN G TRE NS BRI MR O
E—7 DIFFRF 7 BEEBH SN0 0T, SHICAE U DREREILSTHO 20T £ TO YV REERY %2 VT
VATHSG DFEBREIT S 1203, IR A 5EIIBll S e - 7=, 2k Dirac =— REED broadening fE2% 20T

BIFHAE 3R EK 2.3meV) K0 K& GEFIRRIZS 0.28ps LV 38V 2 & &R,

ER BT 7 2o oBEIREIZ, B —1EfL/S FoL (ripple) (2 & 5 Dirac sSDZ2E A ) L - TR & 72 broadening %
RTEEZLN TS, SEIOFBRITZEMEIT LR BRFTIEM A7 LY REWZ L ARELTERY, B —1EfL
NRVIZE DAL ZFFT DR THDH LB BND,
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757 DR EER b 2 RIVEIMEIC K % 3l DA

Ta 8 GRS - WIPENFIERT)

WRBDZ T 774 MECTHDH T T 7 2 d, TORRIRBZBNIREN DT ) T 31 2A~OIEHAN IR SN D WE
bbH, EE N FVEMEL (STM) IZ X AM%EE. ZET, ISz SiIC LIk EIND b0, &8 LicAmksh
bR EPHEINTNDLN, v VT OXAT - BEGIEZ TR L T 2M&IK LD 7T 7 2 0 OBIEITFETH 5,
AIFFETIE, VI UBBIC XV ERIL72 s T 7 =2 ) a VEREE RICRfd, STM B2 R A 7z,

TF=7HEHNWTHy a7 774 F(bLLIX HOPG) 24+ EIBBRT 5 Z LI K WV IERESNWEIR S F 7 7 A M
BRIV FICRtE, £ PIOLFEMBIC L 0 TOTHEBENLHE L Bbh s b o2 B0 Lz, & 512, JF-M Bk
BIZ LA | IPES, BT v o oK LD RET— NIENS, BE 7720 ThbdZ Ll LT,

MakR IR IAR R T RICER L7277 7 = Vakkl a2 STM B3 572 dIcid, 3BHI A 7 ABEA AL T b o RVER
BH L, D oBEEZEN TEHE FICRB 2 EL 720103~ —h —E 2 AW TS 2 R E £ THYETILERD D,
IRHOBEMOTDIZE TR 77774“—%%1/\Ta34‘®k0t0\754 RH~—h—%ER LT, ZORE, BEEz
("10° Pa) KB (TR BRE T T, 77 7= VRBHMIBIZRBWT STM BB+ 52 Licksh Lz, LosLanb, 77
7 = VREOEEE UL FA G ERDICITES o7, BRERE LX) YV F 77 4 —IZHN TS LY
A MENEFELTNDIEREZ LN, IRLERELFGFREZED 2 ENGHROBETH D,

28757 2 IlBFHEKUSFOEMNMEE TN 2

EIR AR AR Bk —(CABCE. ST, LiA, fhEH fSHH PR (WRFEEAE AL PERRAE B, BENF O, FUEKEEEWE P, CRESTE)

TI37 2 BAAyF T NI UURZE LUTEAT2729121%, OFF IO RKN AR THY , ZDDITiEFAN
VYRR T OEBABENTHD, BriF, 2B 77202 2 DO — NEM(ST EKIZE DNy 75— e Al ?él@
LB Py P =Mk TREBSEZENTAZEICE > TRV Ry v T2 ER L, ZOLIR 2B T T2
BEF X XVICHWE FET IZBWT, Ny R¥y vy FOMNE X2 10 BETH o7 ON-OFF ik, N F¥x v 70
BAIZ LV EKRTH 800 FTHRLZ(T=T77TK), OFFIREBIZBIT 258 A I = X L%~ 572D, OFF IKHTOIREK
FEEERE L7z, miEf(100-200 K) OIREEEMEL Y 1.5 Vinm OB T T0.15 eV O R¥E ¥ o 7RF RIS T
5L EMER LI, KR (T <~ 100 K) 1281 2 iR EEIFI4E1T variable range hopping D€ T /WIZHEVY, RATEN 2/
LIRENE -S> TWD D EERET 5, £, 20X 2B/ I7 720 b I UV AT E 2 DHWEA V=2 —%
fEL, N Ry v 7OERKERIIFA VDR RELRDZZEEZRAH LT,

Tunable voltage gain in dual-gate bilayer graphene inverter

B fAMK(Songlin Li)A, IR A AE i fShER DE Bl —{— ABCE
(M HAE A, PERRATF B, BRATF C. SUE KEEEE D, CRESTE)

Graphene is an attractive material for nanoelectronics due to its high carrier mobility and the possibility of large-
area fabrication. After the demonstration of high-performance field-effect transistors (FETs), it is interesting to
fabricate various digital logic units and fulfill the logic operations. However, due to the metallic nature, the
performance of graphene devices is still low. In Ref. 1 (Traversi e al, Appl. Phys. Lett., 94 (2009) 223312), for example,

the maximum voltage gain reaches only 0.044 in a single-gate monolayer graphene inverter. Here we report the
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electrical characteristics in dual-gate bilayer graphene (BLG) inverters. In contrast to the single-gate inverters!, the
top gate (TG) is used as the input terminal and the bottom gate (BG) serves as a specific terminal to apply the
perpendicular field to tune the band structure in our devices. The dependence of voltage gain on both the BG and
drain biases was systematically measured. Enhanced voltage gains, with a maximum value of 3.2, were
demonstrated in the dual-gate BLG inverters. In particular, a complementary p- and n-type FET pairs are fulfilled

by only adjusting drain voltage without an additional electrical annealing process?.

Gravitational anomaly and quantized thermal transport in graphene-derived insulators

IR (WA - MEHITFERsAs)

5372 DT 4Ty RICK Y v TR TR SO 2HERED hRe v (Blbo y P27 — R 5
B S T) BRI E BRISE TR, ARRISEOFEIIF v v 742 b7 b TEBOXFMECIRE Y . Haldane
FARNZ B 2SR TR — 2%, Kane-Mele AL 2 A BT R—ASRIZZOBERHFIE V2D, —J7, @
# non-topological & F.72 &4 % boron-nitride <> Kekule HffaixARIZ BT H ripple 7 — VLR & OFESIZ LY
FAMWZ bR r P HVIRE (valley BEFHR—NANRRLEDOWINEE) 2R LIED T ENRpnotle, BT, FHEOM/INEL
W2 LTt 5 =RV ¥ —Jitid Haldane HAOLAIZIZWV W HE ) Chern-Simons /EMIC L 0 fiik S (Z vk
Ty VAT =D =27 )=V —=Z2FET D), RFEAL SN VBT (Leduc-Righi {REE) 2773, 2
ORERITFAG 2 A E Y ROBABE—/VIIREICHILETE D B2 b5,

EAXZAWBERICBIT 2R TAE Y F—IVAR

ol BN, & E &—02 F Freimuth®, G. Bihlmayer!!
(W T REEEE T, RIX X 231) —JST., Blnstitut fiir Festkérperforschung, Forschungszentrum Jiilich)

ZRILET ARV RITIER A R TIEEIATH 0 7236, RS2 ZREN LR DXy v T L Ry
RN A AMiBAH Y, 2oy DRI PR D VIcE#E IR, Rt Ze FARa D H LT o8 — (2 Lo TR
Fons,

PR, B LV ROE MR e P ViR R o & LT Bi(111) & Bi{012}o> “HEEO A~ A BR N ER 2 HE O T
D, T TCARERCTIIMEED X A MRS T 4 U TR=TNG Zo MARB AN U N—%2FFH L, BiFIEETAEY
A= VFIZ, $BEITHRMICH D Z L5 R LT, ETRV AR RORTONY FEEEEZHEL, ¥y v L AT v VREE
DHEIELTARR U AINTFT U AN—DFREFETHZ L, BLOZORENRA Y UV IREAHESZ L &R LT,

ELITHIEDT y VIRIEARITT 2 2 £1C L0 . BUENRRICET 5= v VIREEORBIOE % EMINCER Uiz, — %
WICAMBER DD RICZEBNTH, Ty VREBIZ MR PO VCR#ESN TBYRETH D, A TE R~ AR T,
Z ORI 72N RIS OIRRE & LTy VIREEORAR MR THWZ &R Lie, Zhugem » DREEOBH - BER
PERDFZ LD SEHIATZD &0 ) BRI A HMEZRET 5,
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"Physics and New Phenomena of r-electronic Interfaces'

BHEF : 200948 A 10 B (A) ~2009 ££8 A 12 B (k)
15T REKRFPYERFTALE 6 BERERE (A632)
eEE - B FRE (TERME)
M e GRRMYERT)
BN 2AE (FERT)
s wi— (BOREE)

A, A BRMERCT =R U ME TR, 73 AR o2 RER L & bic, REPCREOE L%
M—RINZEET 2 72O OENTER S ooH D, KU —T v a v 7 TiE, A EBTRAmEA OMEEZ W Iz L,
TOMREIIRT DO ET —< & LT, @R LS R OREE L | Rifi - SR OZR 250 - /3 e RERIN 48 13
DEAD M 7 AT OWTigim L7z,

U—2 v a vy 73 THR GCOE, PEMRN, ok & ILFTRME S, SMNEAN 34 A 2B TIE~ 160 4 OBIZEH 1S L
Too BRIZTTRTHFETITONIZ, SEAN 7T HE2EGOEHROVIEE 28 AIC K DK - HAERHE, 18 oA A ¥ —
Ty var(OBAEANSA) TE, W BIERRHER I ThI,

WAL, BHICHKE LT A LW THY . ML TWAFEED NNy 7 7T 00 MY, RERFE, 7/31 R
W AREEEMIEE, 2R TH D, LRSS, HERER T IRFC TR Y | exciting 208 TH 5 Z L #WDTH
R L7,

BHIZ, MANOARY =7 v ay TORDICHhIbIHREZEHVTBML TWaREWiz 5 ANDRR#EE.
V. Podzorov(Rutgers University), C. Daniel Frisbie(University of Minnesota), Stefan Tautz(Forschungszentrum
Jilich), Frank Schreiber(Universitaet Tuebingen), Chen Wei(National University of Singapore) D& BAFRIK) 12,

Z O EMEY TEET 5, GUOE HE)

Jno4g 35 A
1HH S8HI10H D

[Chair: T. Hasegawal]
13:00 Opening (N. Ueno, Chiba Univ.)
13:10 C. D. Frisbie (Univ. of Minnesota)
"Scanning Probe Microscopy of Ultrathin Pentacene Films: Epitaxy, Defects, and Energetic Disorder”

13:45 M. Nakamura (Chiba Univ.)
"Relationship between HOMO-Band and Crystal Structures in Pentacene Polycrystalline Thin-Films"

Coffee Break (14:10 — 14:40)

[Chair: J. Takeya]
14:40 S. Kuroda (Nagoya Univ.)

"ESR Observation of Field-Induced Charge Carriers in Organic Transistors"
15:05 T. Hasegawa (AIST)
"ESR Study on Charge Dynamics and Distribution of Localized States in Organic Transistors"
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15:30

A. S. Mishchenko (RIKEN)
"Distribution of Localized States from the Fine Analyses of Electron Spin Resonance Spectra: Basics of the
Method"

Coffee Break (15:55 — 16:25)

[Chair: M. Nakamura]

16:25 dJ. Takeya (Osaka Univ.)

"Hall Effect in Field-Effect Transistors of Thin-Film and Single-Crystal Organic Semiconductors”
16:50 H. Okamoto (Univ. of Tokyo)

"Ultrafast Exciton and Carrier Dynamics in a Rubrene Single Crystal”

Coffee Break (17:15 — 17:30)
17:30 — 18:30 Poster Preview

2HH SHI11H (k)

[Chair: S. Kuroda]

9:00

9:35

10:00

S. Tautz (Forschung. Juelich)

"Highly Ordered Molecular Adsorbate Layers on Metal Surfaces: from Surface Science to Molecular
Electronics”

N. Takagi (Univ. of Tokyo)

"Spin state, magnetic anisotropy and Kondo effect: Iron(Il) phthalocyanine on metal substrates”

Y. Morikawa (Osaka Univ.)

"Theoretical Study of Interfacial Dipoles at Metal/Organic Interfaces”

Coffee Break (10:25 — 10:55)

[Chair: Y. Kobozono]

10:55

11:20

11:45

Y. Iwasa (Tohoku Univ.)

"Development of Liquid Gated Transistors"

H. M. Yamamoto (RIKEN)

"Field Effect Transistor Based on an Organic Mott-Insulator”
S. Ishibashi (AIST)

"Computational Approach to Exotic Electronic Properties at Interfaces”

Lunch Break (12:10 — 13:20)

[Chair: T. Mori]

13:20

13:45

14:10
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M. Hiramoto (IMS)

"Organic p-i-n Solar Cells Incorporating Seven-nine Purified Fullerene”
H. Tajima (Univ. of Tokyo)

"Magnetophotocurrent Effect in Organic Photovoltaic Devices”

T. Takenobu (Tohoku Univ.)

"Interface Control and Light Emission”

Coffee Break (14:35 — 15:05)



[Chair: Y. Iwasa]

15:05

15:30

Y. Kubozono (Okayama Univ.)

"Fabrication of High-Performance Field-Effect Transistors with Aromatic Hydrocarbon Molecules by
Interface Control”

T. Mori (TITEC)

"High-Resolution Transparent Carbon Electrodes for Organic Field-Effect Transistors Produced by
Solution Method and Laser Sintering Method and Laser Sintering”

Coffee Break (15:55 — 16:25)

[Chair: Y. Morikawa]

16:25

17:00

17:35

F. Schreiber (Univ. Tuebingen)

"High-Resolution Studies of Organic Adsorbates on Metal Crystals using X-ray Standing Waves: Molecular
Distortions and their Implications for Organic Electronics”

W. Chen (Nat. Univ. of Singapore)

"STM and Synchrotron Studies of the Molecule-Substrate Interface”

N. Ueno (Chiba Univ.)

"First Principles Measurement of Hole Mobility in Organic Semiconductors with UPS: Bridging Electronic
States and Electrical Property"

18:10 — 20:00 Banquet

SHH 8HI12H UK

[Chair: N. Ueno]

9:00

9:35

10:00

V. Podzorov (Rutgers Univ.)

"Self-Assembled Monolayers on Organic Semiconductors: Characterization, Growth Mechanism, Transport
and Optical Properties”

K. Tajima (Univ. of Tokyo)

"Enhanced Charge Transports in Polymer Thin Film Transistors Prepared by Contact Film Transfer
Method”

K. Saiki (Univ. of Tokyo)

"Control of Organic Film Growth by Physical and Chemical Modification of Substrates”

Coffee Break (10:25 — 10:55)

[Chair: K. Saiki]

10:55

11:20

11:45

12:10

12:35

Y. Kim (RIKEN)

"Electronic Structure of a Carbon Nanotube on Various Electrode Surfaces”

M. Shiraishi (Osaka Univ.)

"Transport and Gate-induced Modulation of Pure Spin Current in Single- and Multi-layer Graphene”
K. Kusakabe (Osaka Univ.)

"A theoretical Analysis on Reaction Processes of Carbon Nano-structures with Metal Oxides”

K. Tsukagoshi (MANA-NIMS)

"Band-gap Modulation in Bilayer Graphene”

Closing (H. Tajima, ISSP)
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T. Uemura (Osaka Univ.)

"Monolithic Complementary Inverters Based on Intrinsic Semiconductors of Organic Single Crystals"

H. Yamane (IMS)

"Impact of Geometric Structure on Interface Energetics and Electronic Band Dispersion in Thin Films of
Pentacene”

dJ. Inoue (TITEC)

"Organic Field-Effect Transistors with Electrodes Produced from Organic Semiconductors by Laser Irradiation”
S. Tao (Univ. of Tokyo)

"Temperature and Excitation Energy Dependence of Ultrafast Dynamics of Photoexcited States in Rubrene Single
Crystals"

S. Shimizu (Univ. of Tokyo)

"Mediating Role of Magnesium Substrate in n-Type Doping of Tetrathianaphthacene (TTN) to Tris-(8-
hydroxyquinoline) aluminum (Algs)"

K. Mukai (Univ. of Tokyo)

"The Interaction between Fs-TCNQ and the 2-Methylpropene Terminated Si(100) Surface”

Y. Kanamori (Univ. of Tokyo)

"Fabrication of Highly Orientated a-Sexithiophene Grains on Artificially Patterned Substrates: Graphoepitaxy"
S. Obata (Univ. of Tokyo)

"Electrical Properties of Chemically Prepared Graphene”

Q. Wei (Univ. of Tokyo)

"Surface-Segregated Monolayers: A New Type of Ordered Monolayer for Surface Modification of Organic
Semiconductors”

S. Kera (Chiba Univ.)

"Electronic states and spin configuration of Mn-phthalocyanine films"

T. Nishi (Chiba Univ.)

"Electronic Structure of TNAP on Bismuth (001)"

S. Duhm (Chiba Univ.)

"Orientation Dependent Ionization Energy of Organic Thin Films: The Role of Intramolecular Polar Bonds"

S. Hosoumi (Chiba Univ.)

"Hole-vibration coupling in an oriented thin film of Perfluoropentacene”

S. Haas (AIST)

"High-Performance Dinaphthothienothiophene (DNTT) Single-Crystal Field-Effect Transistors”

S. Haas (AIST)

"Charge and Field Modulation Spectroscopy on Organic Thin-Film Transistors”

H. Matsui (AIST)

"Spatially-Resolved Frequency Response Analyses on Organic Thin-Film Transistors”

H. Yuan (Tohoku Univ.)

"Liquid Gated ZnO Transistor and Its Polarity Selective Operation”

dJ. T. Ye (Tohoku Univ.)

"Inducing Superconductivity in Layered Material Based Electronic Double Layer Field Effect Transistors"”



1 1 0 72 9

=
b={1118
i
by

B : Qu-transitions. Phase transitions in the quantum era. (& FRH{RDMHIEE)
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b : Prof. Piers Coleman

g : Rutgers University, New Jersey, USA

HE:

Physicists are often so awestruck by the lofty achievements of the past, we end up thinking all the big stuff is done,
which blinds us to the revolutions ahead. We are still firmly in the throws of the quantum revolution that began a
hundred years ago. Quantum gravity, quantum computers, qu-bits and quantum phase transitions, are
manifestations of this ongoing revolution. Nowhere is this more so, than in the evolution of our understanding of the

collective properties of quantum matter.

Fifty years ago, physicists were profoundly shaken by the discovery of universal power-law correlations at
classical second-order phase transitions. Today, interest has shifted to Quantum Phase Transitions: phase
transitions at absolute zero driven by the violent jiggling of quantum zero-point motion. Quantum, or Qu-transitions
have been observed in ferromagnets, helium-3, ferro-electrics, heavy electron and high temperature superconductors.
Unlike its classical counterpart, a quantum critical point is a kind of "black hole" in the materials phase diagram: a
singularity at absolute zero that profoundly influences wide swaths of the material phase diagram at finite

temperature.

I'll talk about some of the novel ideas in this field including "avoided criticality" - the idea that high temperature
superconductivity nucleates about quantum critical points - and the growing indications that electron quasiparticles

break up at a quantum critical point.
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BiRE : MGt 3 J— : What is the Haldane gap phase?
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Although there is no local order parameter for the Haldane gap phase, it is separated from a trivial disordered
phase by a quantum phase transition. We attribute this to a topological order in the Haldane gap phase.

However, the question still remains: what exactly is the topological order? First, we revisit existing
characterizations of the topological order in terms of a hidden Z 2 x Zs symmetry breaking, and of edge states. We
find a fundamental difference between odd- and even-S Haldane gap phases.

Furthermore, we introduce a novel characterization of the topological order in terms of an intrinsic parity with
respect to inversion. Each characterization shows the robustness of the topological order in the presence of an
appropriate symmetry. In particular, the “intrinsic parity” protects the topological order as long as the system is
invariant under inversion about a center of bond, even when the hidden symmetry breaking and edge states fail to

characterize the Haldane gap phase.

Reference:
F. Pollmann, E. Berg, A. M. Turner, and M. O., arXiv:0909.4059
http://jp.arxiv.org/abs/0909.4059

B3 B X 9 — @ Surface Magnon Studies by Spin-Polarized Electron Energy Loss Spectroscopy
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#%fh : Prof. J. Kirschner

g : Max-Planck-Institute fur Mikrostrukturphysik, Germany

HE:

The spin wave spectra of surfaces and ultrathin films in the range of large wave vectors and large energies are
largely unexplored. Neither Brillouin light scattering can be used because of insufficient wave vector of the photons
or too low scattering cross section of the neutrons, respectively. By contrast Spin-Polarized Electron Energy Loss
Spectroscopy (SPEELS) has high surface sensitivity and the scattered electrons can have large energy loss and large
wave vector transfer.

The angle resolved scattered intensity of an incident electron beam with spin polarization parallel and antiparallel
to the magnetization of the ferromagnetic film is measured. We show that spin wave loss peaks can be observed with
SPEELS up to the surface Brillouin zone boundary. They are visible as pronounced peaks in the intensity spectrum
for incident minority spin electrons. This is demonstrated for an 8 monolayer thick Co film on Cu(001). Te measured
spin wave energy at the zone boundary is about 270meV. The spin wave loss peaks are strongly damped at large
energies by the Stoner excitation continuum. Majority spin electrons absorb magnons and therefore lead to energy

gain peaks in the spectrum.
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Semiconductor Quantum Dots and Nanowires for Optoelectronic Applications

B T2 3 F— : Recent topics of glasses and supercooled liquids
HEF : 2009 4£ 10 H 16 H(&) & 4 B~"F12 5 K 50 4y
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Program

16:00-16:50

Austen C. Angell (Arizona State University)

A 'big picture' for the thermodynamics of molecular and network glasses

16:50-17:20
K. Ishii and H. Nakayama (Gakushuin University)

Liquid-liquid structural relaxation in supercooled liquid state of ethylbenzene and related compounds.

17:20-17:50
0. Yamamuro and S. Tatsumi (ISSP, University of Tokyo)

Glass transitions and low-energy excitations of vapor-deposited simple molecular glasses

BiE : Bzt 3 — A commutative algebra on degenerate CP"1 and Macdonald polynomials
HIEf : 2009 42 10 H 23 H(®) & A Ri~T1% 5 I
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®E:

We introduce a unital associative algebra A over degenerate CP*1. We show that A is a commutative algebra and
whose Poincare series is given by the number of partitions. Thereby we can regard A as a smooth degeneration limit
of the elliptic algebra introduced by one of the authors and Odesskii. Then we study the commutative family of the
Macdonald difference operators acting on the space of symmetric functions. A canonical basis is proposed for this
family by using A and the Heisenberg representation of the commutative family. It is found that the Ding-Iohara
algebra provides us with an algebraic framework for the free field construction. An elliptic deformation of our
construction is discussed, showing connections with the Drinfeld quasi-Hopf twisting a la Babelon Bernard Billey,

the Ruijsenaars difference operator and the operator M(q,t_1,t_2) of Okounkov-Pandharipande.
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I will discuss the implementation of the diagrammatic Monte Carlo technique on the L-shaped Keldysh contour.
This machinery will be applied to quantum dots and used as an impurity solver in non-equilibrium DMFT
calculations. Specifically, I will present results on the current-voltage characteristics of the Anderson impurity

model and on the relaxation dynamics of the Hubbard model after a sudden change in the interaction strength.

S : BiEhi( > 7+ —< )3 JF— : Electron Polarizability of Crystalline Solids in Quantizing Magnetic
Fields and Topological Gap Numbers
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#%0h : Thibaut Jonckheere

g : Centre de Physique Theorique, CNRS, France

HE:

I will present a theory of the static electron polarizability of crystals whose energy spectrum is modified by
quantizing magnetic fields. I will show that the polarizability is strongly affected by nondissipative Hall currents
induced by the presence of crossed electric and magnetic fields:these can even change its sign. I will illustrate the
results in detail for a two-dimensional square lattice. A important consequence is that the polarizability and the
Hall conductivity are, respectively, linked to the two topological quantum numbers entering the so-called
Diophantine equation. These numbers could in principle be detected in actual experiments. Work done in

collaboration with P. Streda and T. Martin.

Reference : P. Streda, T. Jonckheere and T. Martin,
Phys. Rev. Lett. 100, 146804 (2008)
http:/link.aps.org/doi/10.1103/PhysRevLett.100.146804

B . Bt X J— : High-field Electron Spin Resonance in Quantum Spin Systems
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a0l : Dr. Sergei Zvyagin

il : Dresden High Magnetic Field Laboratory (HLD) Research Center, Dresden
HE:

In this presentation I will review our recent results obtained in low-dimensional and frustrated spin systems
using high-field Electron Spin Resonance (ESR) at the National High Magnetic Laboratory, Tallahassee, USA, and
the Dresden High Magnetic Field Laboratory, Germany. It includes the observation of the sine-Gordon behaviour of
magnetic excitations in quantum spin-chain material Cu-PM, observation of the two-magnon bound states in the
new candidate for the magnon Bose-Einstein condensation (BEC) NiCl2-4SC(NHz2)2 (known as DTN),
antiferromagnetic resonance in the frustrated hexagonal multiferroic material YMnOs, observation of the excitation
spectrum in the spin-ladder material BPCB and others. The talk will give also a brief introduction into the recent

development of the high-field ESR program at the High Magnetic Field Laboratory in Dresden.
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BUE - Bishit 3 J— : Duality Analysis for Spin Glasses
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We review recent results on spin glasses using duality arguments. Spin glasses have a poorly-understood frozen
phase that can be seen as "ordered in time but disordered in space". Although spin glasses are relatively well
understood on a mean-field level, there is little consensus on the nature of the spin-glass state in finite dimensions
and real materials. Investigations for spin glasses in finite dimensions rely mainly on numerical studies because
there are few analytical methods that work in finite space dimensions. A step towards a deeper understanding of
spin glasses is to develop analytical methods that allow one to obtain exact or very precise estimates for
characteristic quantities, such as critical parameters to support and judge the reliability of numerical techniques.
Recently, we developed a duality analysis using renormalization group techniques, which is known to deliver the

exact location of the critical point for non-random spin systems.

In this talk I review recent results central to the study of spin glasses using duality arguments. First, we
determine the precise location of the multicritical point as a benchmark of the method. Furthermore, we obtain the
first analytical evidence for the absence of a finite-temperature spin-glasses transition in two-dimensional systems.
Second, we estimate the slope of the phase boundary which represents the decay of the ferromagnetic phase due to
randomness. This shows that the general result by Eytan Domany on the slope of the phase boundary [J. Phys. C 12,

L119 (1979)], commonly used as a benchmark for numerical approximations, is not universal.
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B : BilERC > 7 4+ — <))V X — : Enlarged SU(6) symmetry of Ytterbium 173Yb gases and its
consequences for Optical lattice systems and Ferromagnetic states
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0B : M. A. Cazalilla

fiig : Centro de Fisica de Materiales, CSIC-UPV/EHU

%E:

We argue that an ultracold quantum degenerate gas of ytterbium 173Yb atoms having nuclear spin I = 5/2 exhibits
an enlarged SU(6) symmetry. We shall discuss the consequences of this symmetry for ultracold 173Yb gases loaded in
optical lattices. We argue that, in an optical lattice at current experimentally accessible temperatures, Mott states
with different filling are expected to coexist in the same trap. Moreover, within the Landau Fermi liquid theory,
stability criteria against Fermi liquid (Pomeranchuk) instabilities in the spin channel will be discussed. Focusing on
the SU(n > 2) generalizations of ferromagnets, it is shown, within mean-field theory, that the transition from the
paramagnet to the itinerant ferromagnet is generically first order. These SU(n > 2) ferromagnets can become stable

by increasing the scattering length using optical methods or in an optical lattice.

57



FiRE P2 3 ) — @ Soft Hubbard gaps in disordered itinerant models with short-range interaction
HIRE : 20094 11 A 13 H(®) T 4R~ 5
5 EIATiAE 6 [ 5 I —% (A615)

F ) Y
g : BaCKFEmTERFEH
BE:

Interplay of electron correlation and randomness is studied using the Anderson-Hubbard model [1-2]. This model is
one of the minimal models of real strongly correlated materials under the influence of inevitable randomness, and its
Hamiltonian includes the nearest-neighbor hopping, on-site repulsion and spatially uncorrelated random potential.

Using the Hartree-Fock approximation, we obtain the ground-state phase diagram for three dimensions. One might
think that, under the influence of the randomness, the single-particle density of states (DOS) is nonzero at the Fermi
energy even in insulating phases because of localized impurity levels induced by randomness. However, we find that the
DOS vanishes toward the Fermi energy under the influence of electron correlation. This indicates that an
unconventional soft gap emerges from the coexistence of on-site repulsion and randomness. We call it a soft Hubbard gap.

As the origin of the soft Hubbard gap, we propose a phenomenology on the basis of the picture of a multivalley energy
landscape. The predicted scaling of the DOS by the energy is in perfect agreements with the numerical results. We
show further numerical evidence of the soft Hubbard gap in one dimension within the Hartree-Fock approximation and

exact diagonalization. Finally, we compare the present theory with experimental results for StrRu1xTixOs.

Reference:
[1] H. Shinaoka and M. Imada, Phys. Rev. Lett. 102, 016404(1-4) (2009).
[2] H. Shinaoka and M. Imada, J. Phys. Soc. Jpn. 78, 094708(1-20) (2009).

B : B3t 2 J— : Electron on a Sphere: Aharonov-Bohm meet Aharonov-Casher
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Wb - Prof.Yshai Avishai

filE : Department of Physics, Ben-Gurion University,Israel

HE:

Two seemingly distinct systems are analyzed and, somewhat unexpectedly, shown to be related. System I -The
Dirac monopole: A (spinless) electron on a sphere subject to a central magnetic field B = g r/r 2. The Aharonov-Bohm
effect plays a key role [Wu and Yang, Phys. Rev. D 12, 3845(1975)], as it clarifies the construction of a non-singular
vector potential and its relation to the Dirac quantization condition 2eg = nhc (n =0, 1, 2...). I approach this problem
from a "condensed matter point of view" using a tight binding model. For highly symmetric lattices, the energy
spectrum is calculated analytically as function of n and displays a beautiful pattern, which is entirely distinct from
that of the Hofstadter butterfly. The systematics of level degeneracy is unusual and poses some challenges to the
theory of point symmetry groups. The spectrum of an electron hopping on the sites of a Fullerene reveals a set of
magic (monopole) numbers ni.

System II -Spin-Orbit in a central field: A (spinfull) electron on a sphere subject to an electric field E = q r/r2. Spin-
orbit interaction results through the Pauli equation and, in a tight binding formalism, leads to peculiar Aharonov-
Casher effect. The spectrum is calculated analytically as function of the (dimensionless) spin-orbit strength and
displays rich and beautiful pattern with some unexpected symmetries in which physics and geometry interlace.

Connection between I and II: I expose a remarkable relation between the two seemingly distinct physical problems:
The energy spectrum in system II at a certain symmetry point is identical with the energy spectrum in system [ at n =
1. Thus, it is principally possible to test the physics of an experimentally inaccessible system (magnetic monopole) in

terms of an experimentally accessible one (electron subject to spin-orbit force induced by central electric field).
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B Bl C > 7 4+ —<)Vk 3 ) —: Fermi-liquid, non-Fermi-liquid, and Mott phases in iron pnictides
and cuprates
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HE:

The role of Coulomb correlations in the iron pnictide LaFeAsO is studied by generalizing exact diagonalization
dynamical mean field theory to five orbitals.[1] For rotationally invariant Hund's rule coupling a continuous transition
from a paramagnetic Fermi-liquid phase to a non-Fermi-liquid metallic phase exhibiting frozen moments is found at
moderate Coulomb energies. For Ising-like exchange, this transition is first order and occurs at a lower critical
Coulomb energy. The correlation-induced scattering rate as a function of doping relative to half-filling, i.e.,
0 = n/5-1, where n = 6 for the undoped material, is shown to be qualitatively similar to the one in the two-dimensional
single-band Hubbard model.[2] In this scenario, the parent Mott insulator of LaFeAsO is the half-filled n = 5 limit,
while the undoped n = 6 material corresponds to the critical doping region Jc = 0.2 in the cuprates, on the verge between

the Fermi-liquid phase of the overdoped region and the non-Fermi-liquid pseudogap phase in the underdoped region.

[1] H. Ishida and A. Liebsch, arXiv:0911.1940 submitted to PRB
[2] A. Liebsch and N.H. Tong, Phys. Rev. B 80, 165123 (2009)
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[1] H. Takahashi et al, J. Chem. Phys. 119, 7964 (2003).
[2] N. Matubayasi et al, J. Chem. Phys. 113, 6070 (2000).
[3] H. Takahashi and N. Matubayasi et al, J. Chem. Phys. 121, 3989 (2004).
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Quantized vortices appear in various systems such as superfluid helium, superconductor, ultracold atomic Bose-
Einstein condensates (BEC), and so on, and they are characterized by the topological charge. Vortices with the
topological charge which obeys non-Abelian algebra can be identified as non-Abelian vortices. Although all integer
and fractional vortices which have been studied in superfluid, superconductor, and atomic BEC are Abelian, we
show that simplest non-Abelian vortices can appear in the system of a spin2-spinor BEC.

We futher show that the non-Abelian properties become remarkable in the collision dynamics of vortices.

For example, when two vortices collide with each other, well known reconnection dynamics is topologically

forbidden and a new vortex appears between the two vortices and connects them, following the algebraic manner.

B BER T > 7 4+ —< )k 3 F—  Effect of nonlocal correlations in strongly correlated electron
systems - Local Vertex Approximation -
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In strongly correlated electron systems, one should take account of considerably different energy scales of a bare
Coulomb repulsion and a renormalized kinetic energy. Additionally, the momentum-dependent correlations among
quasiparticles must be relevant in considering 2nd-order phase transitions of superconductivity, magnetism etc. A
dual nature of electrons in energy and momentum spaces and its interplay are essential in the vicinity of a quantum

critical point.

Weak-coupling approaches such as perturbation and FLEX for low-energy effective models, or (cluster) dynamical
mean field theory (DMFT) for strong short-range correlations have been developed to study strongly correlated
electron systems. The interplay between electronic states in two opposite extremes is indispensable to show a

variety in strongly correlated electron systems, however, which is difficult to treat based on one fixed point.

I propose a hybrid approach, which takes account of nonlocal correlations around DMFT solution. A diagrammatic
construction of nonlocal fluctuations using a local vertex is developed to improve DMFT self energy. I will discuss
mainly one-particle spectrum in the Hubbard and the Anderson lattice models. I will also touch on recent progress of

theories in this direction.
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