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FIG. 1. A schematic of the experimental setup. The polarization of the lasers are
indicated by the arrows (upper left - hand side). The inset shows the aligned
molecules making an angle 0 with the polarization axis of the alignment laser.
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FIG. 2. Ion images of I' fragments recorded for Iz FIG. 3. The observed values of <cos*@> for
seeded in He (left images) or in Ar (right images), ghfferent. Iyac and for I» m.Ar (squares) and
and for different intensities of the YAG pulse. (A) in He (circles). The full lines are the
Ivac=0. (B), (D), (F) Iyag=1.4x10" W/eif. (C), (E) calculated values of <cos"_’0 >. Note that for
Iya=5.0x10" W/crt. The femtosecond pulses are a sample O'f randomly oriented molecules
polarized along the molecular beam axis and the the theoretical value of <cos?@> is 1/3.
polarization direction of the YAG is shown at each

image. The length scales in (A) and (D) are given

in millimeters. In all images the central portion

(radius <2.5mm) of the detector is not active.
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ZRITEFRE VF SrCuz(B03) DBLD TS b— (EE)
Two Dimensional Spin Gap System SrCuz2(B03)2

HEAMIMER & &3

SrCuz(BO0s)z crystallizes in a tetragonal structure and consists of alternately stacked Sr -
and CuBOs-layers. The magnetic Cu®" ions in the latter layer organize an S=1/2
two - dimensional (2D) linkage of orthogonally arranged dimers. Our various experiments
together with several theoretical works on this cuprate has revealed following nontrivial
aspects, all originating from this peculiar spin arrangement. Solvable Ground State :
SrCuz(BOs)2 is identified as a 2D spin gap system with an exact dimer ground state,
realizing the Shastry - Sutherland model. Measurements such as magnetic susceptibility,
magnetization curves, specific heat, nuclear magnetic resonance (NMR), electron spin
resonance (ESR) neutron scattering and Raman scattering have confirmed the spin gapped
nature of this material, consistently giving rise to A=3.0 meV as an energy gap between the
exact dimer ground state and the lowest triplet excited state. Furthermore, ESR and
Raman and neutron scattering revealed higher - energy magnetic excitations associated
with correlated triplets bound states.

Spin Frustration : It turned out that the isolated dimer model considering nothing but J
completely failed to reproduce our experimental data of, e.g., magnetic susceptibility.
Therefore J , which brings a spin frustration into the system, no doubt plays a crucial role
in achieving the spin-singlet ground state. Indeed, the exchange interactions were
determined as J=100 K and J =68 K. The ratio of the exchange constants J /J=0.68 is,
interestingly enough, just below the critical boundary ((J /J)c=0.70) beyond which the

system is expected to have an antiferromagnetically ordered ground state. Localized Triplet
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Excitations : Miyahara and Ueda theoretically showed that the wave functions of the triplet
excitations are extremely localized: The perturbation calculations of the fifth order or less
prohibit a single triplet from propagating in the (a, b) plane. They argued that this localized
character accounts for the crystallization of the triplets observed at 1/3, 1/4 and 1/8 of the
Cu saturated moment in the magnetization. The former two plateaux have stripe
superstructures, while the latter tetragonal one.The inelastic neutron scattering using bulk
single crystals directly observed almost dispersionless magnetic excitations at 3 meV,
reflecting the extremely localized nature of the single - triplet hopping in the orthogonal
dimer system. In contrast, correlated two - triplet excitations were found to have more

dispersive behavior.

BEXY 4 7—% SrCuz(BO03): DEISHICEH T 5 HEIKEE

AV 8 K (4
E H f1 %
BEFILSEH LWL 2IRIEAE Y F v v TRMEDSrCux(BOs)2U 1) 2 HEHINEEIZRI S 5 b

ALV 1/4,1/8 DECATHAILT S b—MBRllan s T &&R L[]
SrCuz(B03)z (3Sr* i & CuBOs TS K ABIRMETH 5., COMHEIE cu?t 44 v kic1/2- 2
EUDRTE LT 2 IR RV 2 8(R(1)) TZOMSIME AR LA &N TE5[2]), O
DEFINTR I/ < (JJ), =0.7(0.01) ZififcFERED I /T ISxF LTI K FETTM=—2
YUy FERG LD BEKRFRENEEREL L >TWVWA[3,2], SrCuz(B0s): DFHEIEAE

JT=068 LRELONTED ,FA2—v 7Ly FOEERENERLTVS[2],

SrCus(B03)z (25 255 TOREZEPIICI R Y FED S A =—v v 7Ly MRIEST
WAEAEGBWE Y T Ly MREED 2IRENS B BIEAR T N— Fa 7R/ VERTEHALATE S
(4], COROFHEHO—2LLTHY Ly MNHEDBEENERV I ENBTFSNE, £XTHY
TV MEAOHEFREZERLICREET VERAWTHy EV I OHREBELIcN—FITHY
AEROELE b B W TRALBREZ RS-, ZORREER(2)ICRT, 1/2,1/3,1/4, 1/8DRELIC
75 b=DHBT B EDb0 S, EFREKICET S b -TOEHNILERENESNE, T0O
IRAEE & BB (LD R E VMBI E OBZEITIR I CET, 875 b—TOREMEERD[4]. &
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B L, Jo/di okt L TEENRELOMTFEMD TSRS ENTER (K2), [4] ShoDH
B EERE, ERBEROMIFCOARTH S LEIFL TV,

LILE, {ETxLF—E s GBREOBRICOVWTATELD, ChoDANZXL4L, FTAR
FIcELTH, chEThEVEHINTRVWED- A, HEMFRICHEEDH 258 —RICIL
CHONATIREND S BHE TH S EAMNIMATEEE, KKIC, AHRE, KRAFEE
HOFIBBHRK, MAREKILE BKkHEZKEOKEHAETHEILELLTEEES, 1,
FMADFE RIS EERIC T 2 EB#RE L TV EB#HOBEERD LItV LBV T,

SENXH

[1] K. Okunishi, Y. Hieida and Y. Akutsu, Phys. Rev. B 60, (1999) R6953.
[2] K. Okunishi, Phys. Rev. B 60, (1999) 4043.

[3] K. Okunishi, Y. Hieida and Y. Akutsu, Phys. Rev. B 59 (1999) 6806.
[4] N.Maeshima and K. Okunishi, preprint.
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REANRGEBME R E V#HOEMISh TOR/LBEIZDINT

PEGERYHER - HKH B OB

HEMEAAD SR JER ISR T RO FEE L TEETIIK 0 CABOHFE1] 23 LHeE T3
[HfE< b CAHBOHE] LFFENE b00H5, 0I5, WMLBROGTEL T 0ICHHCHEL
fehkE LTHRA BREEBFEKC © CABOHE (5L TPWFRG)[2]A2E L THD, 0k
EidkR 4 SEEITHEMCML FARIN TV S, [3]

IhETEL OHLBIEONHENBEINTHIZ, LHL, S BEFELEVRISOVTORIL
BRI 2 BUBERIRFZE (4] 2BV, Tk O PWFRGICIE Shota DMEIET 2 RICEA L1z
DEFRECIPTCERATESRLVWIERND S, bbAA, —MRICEAARER AT L HED
HEfEbIE, ECTHRABLUTICECED, BERICLZEIMOF = v 7 2T-T0 3,

EARIIHZE S d, MBS ic@E s S=1/20 XXZ model DHLBIETH 5, /NI b
=7 iE, H=Y[J(SF S5 +SY-S)+S:-S2,1-HYSF ThHb., COROHLBIESE
PWFW}Tﬁﬁﬁtbmﬁu?oﬂ1&UE2T&60 i

£, X1 BHEMBHENT SO M. = (SHZERLELLDTH S, <KL, K1G0D
BERIIENS J=0,0.2,0.4,06,08,1D 75T Thb, b XHIFEJIZXNT 5 BEE
(disorder point EMEENS)TH Y, ZhEh%i PWFRG ICX AHALHIEAE VL TWAENRT
B3, £icd=0 & J=1 ORIV HEREBO—HERTHEOLHERALTHWA(ERE-TLED
DTEUCIERL TRV,

HIZX 2 D A id, staggered magnetization My = | <(— 1)"Si> | 258 L-bDTH B,
2OEENSHETIEHAT TORERIE, ThE€hJ=0,0.2,04,06,08 DEFAZHELLD
DTh b, HFD X ENLEEE (disorder point) TH O, ThHK 1 L[EHE PWFRG TafE L1
HALHARICEAN T VWS, £ J=0DERNHER L DRVW—BAERTE LIEREATH 5, Hic
H=0T®D Ms \ZIEHE#EMN D B0, J=0.2,0.4,0.6,0.80 &S DFENZFHIcx L, PWFRG Ik 3
HHEEL S~ 6K —HT2FLEMHAD TV S, BRRECEHLNZ0EJ 206D bHIRHIFHH
RAMERTETH D,

S off, My~ (H,—H)"* (Hs 38R ) 1> FEHEEL TV B, F7- S=1 0kRSH
XXZ model D& bHALIFRICIEHFARMPENR SN 2G50 S 2 FELHESh TV S,
(5] 4 (FBIEMES H TOREV AT ICHN ALK TH 5,
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0.5 . N
0.4+ 4
0.3F 4
0.2+ 4
0.1F 4
T )
Figure 1: H (&) - Mx (ktlh) curve Figure 2:H () - Mst (4t8l) curve

AT I AIRALE: T 250 0 BPET — [k & KIRAKFEIRFEH ORI ARRIAR & OHRIFRICEDS <,
EEH (55 : PRL="Phys. Rev. Lett.”, PRB="“Phys. Rev. B”,JPSJ="J.Phys. Soc. Jpn.”
PRE=“Phys. Rev. E" )

[1] S.R.White: Phys. Rev. Lett. PRL 69 (1992) 2863 ; PRB 48 (1993) 10345.

[2] Y. Hieida, K. Okunishi and Y. Akutsu : Phys. Lett. A 233 (1997) 464.

[3] R.Satoand Y. Akutsu: JPSJ 65 (1996) 1885 ; M. Hagiwara, Y. Narumi, K. Kindo,
M. Kohno, H. Nakano, R. Sato and M. Takahashi: PRL 80 (1998) 1312, K. Okunishi,
Y. Hieida , Y. Akutsu : PRB 59 (1999) 6806 ; PRE 59 (1999) R6227; 60 (1999) R6953 .

[4] S.Mori,I. Mannariand I. Harada: JRSJ 63 (1994) 3474, S. Mori , J.-J. Kim
and I. Harada: JPSJ 64 (1995) 3409 R O'Hizw XX hTO 5 | XA SBOH,

(5] MErS—, HkHZEH, FARSRL : BARMEES 1998 FKO B 2METRE
27a-B-1; BWBAMEONER S=1 <3t % bD L E&bETHI E L THRH.

How to use level spectroscopy

ARE % N F %
U (DR | IR BT RO EEIEIKEEREK « 5 v 74 v Y+ —(TL)fkcicda b, TL
FARDANIETE & 12 % R D 1012 Berezinskii - Kosterlitz - Thouless (BKT) #5460, ®i{L
T35 h— o ®y MEBHICHEERET S, & A Tmasslessi R S massiveMEEE S 5
B, massive 754 CRESIBRED DA W &, BEREICFRED N 2051, B0 AAEE
AR 3E—T LMK G2 27 bL) OREEAED.
1. MassivefB2E#EE (BK T#x## L TSU (2)%{#5)
S=1/2 OUCEENAIEH D & 3 XXZAE V8% HlIc & 5 (fHD 7% L=4nE §5),
H= f;l(h,-_,ﬂmh,-.,-ﬂ), hij=SPSE +S8iS% + AS:S: (1)
J=
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EEREDBTHIZIE g=0, R E V$S7=0,73Y) 7 1 P=1T&% %, NeellHOREREIZq= 7,
S7=0,P=-1, dimertiizg= 7S7=0,P=1T, HICHBATHERELFBL, LOREEFy
THZ%EL , XYHORKEMEIZe=7 ,ST=*1,P=-1Td %,

XY - NéeltH1E R CljtH 0 &R (q=7 ,ST==+1,P=-1&q= 7 ,S7=0,P=-1))\ZET 573,
ChiE BRKT & ICATET 5 SU @xdfrtkic k 5, Z 03N 5 XY - dimerfHiE R (3 FfH O H{L
RDRE(g=1 ,ST= +1,P=-1&q=7r,S7=0,P=1)TiRZE 34, ZHIZBKTIK O, &
DABBER AN HIEHSLEN B[],

& 5l, Khh#% Clebsch - Gordan RTINS 5 L MEEHIE AR ETE 5,

2. Massive 18#&B 7% U (BK TEsH#8_t TSU (2)/Z:5%4%5)

NI =T )TS=10H4, HaldanefIZHEBA S W, §f > T XY - Haldane fHE O 6 FR
M FiRE B 5, ZHICOWVWT marginal MEEFIERICEIEST BRI A R T P LOHEN S #
w72 S SICILEO VR DIEREMES,4]. %25 &, BRI Zo X Zo SFRED BN ANIHTE
KR BDT, LERAKOHRNTE S, BEIICIE, FUBEREM(SL+=S;)T®D ¢=0,ST==*2
DERE, OROHRGH (STh =-S5, Si,;=S;) TOST=0RHI8E M b BKTHRS MHRTED
HEB([5]e MEMIEDOREDREKTH %,

SEH

[1] K.Nomura and K.Okamoto J. Phys. A 27 (1994) 5773.

[2] K.Nomura J. Phys. A 28 (1995) 5451.

(3] A.Kitazawa J. Phys. A 30 (1997) 1.285.

[4] A.Kitazawa and K. Nomura, J. Phys. Soc. Jpn. 66 (1997) 3379 ; ibid. 3944.
[5] K.Nomura and Kitazawa J. Phys. A 31 (1998) 7341.

EE—EFERCsiICrClids LUBFRE v =&&3CuClz - 2dioxanelc & (7 2 SRS - EEIKESR

nRE @M R F R
& ¥ 8 T

fie 8 # K&

FiEREW ¥ A # Z
Aok #

1. FCBHIC

B A AR IC TR T 2R E L TEFA Y VB EOEN BRI ChE TIcErEhTO
%, REORERVEHERO#EREICK > TEMLY - BAKESRIIRTRAEVRDIA+ 7 R%F
RS E THR T 2HBENOME—DFREIBM T 2 E TICRE L, #HETIE, BANICANIEST
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SIS LT S b — &S BE—EEREETRE Y =BIKICRY 2 KREIZ2FEM L1

2. EE—EIFRCsiCrally

AEVF ¢y TIREZO b O (3B FOENE _BATREZEIN S Dimerfi THON A T L1
BLHoONTWVWS, CssCroClei B W) Tl il 15 D 2{ O Cra+(S=3/2) h3 5\ sk i AH BLAE
(-J)THABT B oI DimerfERIC & 2 EE—FRIKES=0)NEHL, J, 3J, 6JLAicZh
FhS=1, S=2, S=3DWERBREMN AL »F+ v 72> THHENICHbLN 5, BHSHALE
BofERiIc>WTiEBicH#ss Lz (Inagaki et al., Proc. Int. Symposium on Advanced Physical
Fields (1999) 236.; fisde, #AfX, W2 v R1999FK), KR - (EHSTRIEHMTSH 505,
BT IE3BRE (S=0—>1, 12, 2—>3)DREBIROREA L@ £ T ticEiEd 5, 0.5KICH
WTA0T & TOMBRESHALRIETT - 7of5 5, TG SR ORLBIENBRRAI S/, 3ODER
WS 1 B I S RARE T I3 78 < (16T, 29.5T, 38T)/2illSZDimerE 7 b o (3 SR8 W R
RN B o htc, COEFIUMEICOWT30T, 800GHzZICE 3 &5 - & /& ESRER %
To1ze BEOETICHY, “RAEROBIEERM L TV EBbh 2 ILIBALE O R EL(LHE
Mattz, DimerfHHEFAEZRL CHHR=EROFEE LI (F+ I v 7 R%&#Him L1

3. —RILREV=E4FR3CuClz - 2dioxane

B PR A OBRVCHRT IFALRTAE VIRICBEEL T, RAE V12 ER
LT BHAAE VY BRTF—RTMOMEEERS 2 LD TH B, LIFL Hxid, TOXIBEERE
VEO—HIE LT, 3EDS=1/2R £ »in 6 S ki = RAO — R OsREERE S Lic e T
JVIE 3CuClz » 2dx D TS L@IE DR IC> W THE L2 (Ajiroet al., J. Phys. Soc. Jpn.
63 (1994) 859.), {&ik T DAL 2Rk T Heisenberg KAt AICEB L O T, FAHICEH
LEASIEGEICHEML, H15TTHMT 5, —R|ETFT NS}, KRICHEWTS=3/20—KT
RS DB A RS EEZ SN BA, S=3/208HihEL 0 b AL v OEMIAEL, HER
EVvRICBVWTREFIENBEIL->-TWAIEARLTVWS, COETFTAMEICOWVTIOT,
800GHzIZ % 2 @5 « BAHESRER AT > 12, BEQETICHY, RE y=BEEKOEIEE
KL TW3EEbh s =@EDHKIBE— FHBRIS N, RIERE1.6K)ICH T 5 HikEvs. W
BREEMN S, H— R Y S=3/2—KouEHIME# & TR HE A E S=3/2— Rz RO
5 EEONBEREVERNEONTVWS, BohfckERE, H—RE S=3/2—RuTaiIEH
DIFEELFHONCRILS Z LD oIKEEZE L /- KIRE— FOFERZET - 720

BEERAIC (3, FRHEEEZTEIC X > T(Hida, J. Phys. Soc. Jpn. 63 (1994) 2359.), AN A
J AL A B WO TR IC (Okamoto, Solid State Commun. 98 (1996) 245.)—R Tt =&k % %
#a L, BEOHADLEDOHEIER/ T A —FFIRICHWTL/BMHALT 5 b —% 4 Blkd 5]
HOFEEERL TV S,
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CsCuCls ODNMR : EF W 5 & L5

FATRXVF—ETH F % 0 B
OB R
E H O K

AE YROKFHICE T B T3 VF—REEICEM T W8 (nontrivial degeneracy) 9\ fE(Ed
5LE, BTWHEICL - TIERZOFEENENINS Z ENERMNICH SN TVWA[1], HVLAES
EREG P DCsCuClsld 2 DB —FITH %, #EfmDc-ICTEITICRBSEMNF & XA
SHBEAFUIRE SN, 10 TA A 2HIBICBLTRTWO Fick 3 R E &R 5,
DI &, Rk, ESR, "hHETREMEOEGRNSHSNTED, KeD 7 V—7 H5Cs D
NMRANRZ bIVinG A E HEEEEF ZEHENICREEL TV 5[ 2],

CsCuClic ki 2 BB MR UERMMIC LV FESEBEENT, 1 Vv 7 BOCH DA
W% F—=7 LIk B 2EBRD, &F, ThhTtwa, Coilbick\wTid, 3 T TOER
BItBWT, fiRTHRONTVL S Ta~10KICE T 2RO, X 5IC{ER TARMYIEE
2B KOHIGBICHATES 2B AT DB S 2 ED, W LROREICL DREZINTVWB[3],
Forld, COHEEBICHES RE EEOE(LETINS 125 CsCui-»CoxCls (x = 0.02)DFKHCH
i+ 5'%Cs ONMR R b LOBERAIZB/c- BORE TIT- 72, BRIZNI 2T b LO—f]
58 1 RKISRY . KR, (EESBAT, FRRE st d 2 0ma Bl s v, #ifbEs
L UNMRANRY b SRDIETHERZSE 2 [KIS/RT. NMRO SRb B ML, #ib%
NORDIZbDE L —FHLTWS, HEHHED R E A& RO & X iIcb AL TO G S
[IL, c-MM120° {#:&ET, WHOAEICD LA U zumbrella®f&E s Bbh s, —4, KEM
2B 5 A E ViR, KEHSHTERL,

BCstEONMR AR M VOREEDTF— 5 %R 25 &, HRIED R E VI T 5845
MEERMICHET 2 IMBIRLOBIN A& L, HICEEASBRBEZ(LEV, JhE, THE
KIBHETRL BU - AE UL -TWA I EARLTHED, HREEERED X E
MWEGHNCDIENZ SO TRV, £, HIREHERTIIREBHEMELOEEL TEMEH, =
HEFEREL TV A,

feam< LT, NMROT—4# &R 5R0, thifH—(EKEMEED 2 E &0l i3 REREN TH
52L&, Fi, BERREFESRICBOTEENEEL TV I b5, 1720, ZHEEICML
T, RHMBEORN—Hick s ufetk b HETE WY, KENZ HONE IDRIRETSH
%,

[1] T. Nikuni and H. Shiba, J. Phys. Soc. Jpn., 62, 3268 (1993).
[2] M. Chiba, K. Ohara, Y. Ajiro and T. Morimoto, J. Phys. Soc. Jpn., 62, 4186 (1993).
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(3] /NEF, Hch, HAMEEELHEMEE1998FKOIFEFEINME, p.570.

133Cs NMR Spectrum
f=13.9MHz CsCu,,Co,Cl, (x=0.02)
e B//c

1
T=4.2K EA 4 T T T T T T T T
1
o A [ enese @ '
I
| 3r

3.6k ! !
| | =
3.0K F.L
B &2
2.5k /1 ' : L-Phase
: il )
2%/ ® NMR
| - O susceptibility .
1.4K /,
(I 0 L | \ | " | " |
| | | 0 1 2 3 4
2.0 2.5 3.0 T(K)
B(T)
1K #2[

F J RT— IV FHMERFSD R EV YA FZ v I R

HAABR  #i M H
E B Ok
AV ZAEy JREEEIE I 7o s 7 oohificirE L, BT HFHE & SRDFNEEO S
MIMHEERT bO & L TEKED, 5 THI TP/t /3787 2 ) F U EFTHANE IR
b TEEN, ST F ) 4 X, F—H 1 XORBEXEPEA S B T EANhR, KB
WEICETEHDTH S, oD THMEICEWT, Hll, WERTHLOBERIET L %
)y FESABRNINEEEED TV S, ik dFe8B LU Fel0 & TN 2 5 FREEAZ &L,
MR ENMROEBRET-> TV 5,
Fe8®D | 3 F4 5 A% —i2id, 8 HDFe* (S=5/2)MIEEL, BEFEEN L oii ORGSR FLIE
FATHEAL, &7 3525 —HOMEEERBIFE NIV, KRIZBWT, 7527 —DEERER
S=10& B4 EMTE, REUNI W=7 YRESIHEAUD=0.27K £ K1/ & WEIFRE
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B LY —< MHEERICKDEREN S, 04K EOERBICBEVTREB(LOBIZRS
MRV F—EELABE S FICLDROBZ L EICL->TRI D, ZOEMKEEIXArrhenius
BTRandD, 04KLITICE 5 LHLORAMIBEREICKFE LD, TR VF—ERMRRIC
WHIET BREDHIBTORBRET PR Y v I/HEI > TWAHLShHH, Landau- ZenerJEHi#h
ERHGmTHAIATL S,

FExid, Fe8D3mmADHFERFABOGHICHKIIL, 9 HHELMILthRENE L. Fi
R, BLHRE DRESTELMHERL, WALOM BRI 2514 R L THIR5180° F
HERLTWS, 2.0KICH T BHEALEIER I3RS SIS U T0.5TH & 5THEEE O {45 T 20 18/ Fe8
I8l 5 C ENElllE N, S=100MMHATH 5 s,

"HiZONMR AN Y MVZREET & EICBAMAT 5, CHIRBEETICHES M(LoBAER
ML, 2LZHOHYA MEET 212D TH 5, BED IR E U EFMOIRZE(L b IS
A 2RT, TOLILHEICE, VHENOERLG & HEOBRNELE52 5, 20
EMB OB, WHKFHEZ300KMNS05KDREETHIEL 2, Z0#EREER 1 1T/Rd . 100K
VUETHIREETE ISR E U TFEMET BX PR E Y RE VEET kL, &
100K 510K D EIRTIET: #M T EFTNMRESFBRITE L 2> 7. KL TFTIRE |
HORBEE FTRIIRR 4T b L,

Fofis GLEERE) ZHE LERNR 5 , . ,

BRADT B, T DFEFEAE Lascialfari "

et al. [1], Hartmann et al. [2] @ 10° F &
WA VTRIT L. R E VIS TERIE

RAEORS FOMMMMO T~V 403 ¢ 1
BRI 5. — MR EARES g

L DABIL 1225+ =21HD TR L ¥~ = 10°F 1
BHONOLFANSS AL AR Em & ;

MREY-7 4+ /) VHEEHICEOmE1 P~_ 10' F ':.-':/5 /’ ¢ =3X10° [Hz/K’]
DR BT 5 LIk D REVED iy A =1%10" [rdsec]
ENELTVS & L TRMEENET S 10° ..-":;/ ,, o 10MHz (0.24T) T2 ]
bR OERETRS LS KR R Yot ©Z4DTI |
C—BF B ERESMCH T T 4 = T T g

J Sk BBTFOFAHMER E IHE RN P o il
fEFI%E L TR E VIREEO BB AR S L " 1 19 198
TLWaLELZLNE, Temperture(K)

SHESIT0ARLITO bz ) v 74 1. Fe8D'HIE R E EFIET !, Tt
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HicH i 3 ERNHEROREETTS FETH . CORKTIE, BEA Helok i) 5°He AT D3 b
YR EBIC L BENTRON S L ICEHIRBREICKFELRCRD, FrRY VT OEE
HicBd At EoNns b LHIRFEN S,

[1] Lascialfari et al., Phys. Rev. Lett., 81, 3773, 1998.

[2] Hartmann - Boutron et al., Int. J. Mod. Phys., 10, 2577, 1996.

BESIEN - R 2 BE—E5REIMEA OIS RIS

FERAEREREARM - BEEHAH  F H %
HE—EERMMEA (CsFeCls, RbFeCls) ICHWTHKEL, REMEEIMEM(J) L EGET*
VE—(D)DBEEEKAE ¥ - TERBRTIORES S B~ ERERET 5. CsFeClhich b
TEESICEVWTDORMELE DI DICT=0 KE THEHMMELZL 5N DI LT, RbFeClic
BOLTEHESITE W TIOREL D
72012 T=2.6 KTHE ZEIAND#
[V 7 MebiiEE, REMK [ L ! S

o "*3Cs in CsFeCl, H//c
I?FH‘J (LRO) ﬁ‘ﬁELéo o™ e (Tl»l).i o 3.5T
CsFeClsic W T b L5 A 55 il } S (Tl-:)// : gg
(ctlp) CETEMTBRE, B 108 ° — -t T.0T |

FIFD D — > DREFANELERAENL &
22T B HIGTIE D H=4~11 TT,
% — MR~ OB RIEN Y 7 b
L, #isFHeEHEE EE5, |
BT &R E— A >~ PAYH
kTHEMHLE, ZHHRICEDLRO
ML B &5 BEHTORPERIC
BIBEAEYVIAFI T ADENE
HA~NZEHNT, BCs ¥ RbO T %
H//cDSZMTRIE L1z, N B
CsFeCliicbB W Tid, IO 10 g I e S S W
LV cgERE (1) o TCK)

BEARAEYE IR BGE T T, R L3R

TERB R IS B ENC & B A%, 1
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KR HOFET 2SR TI3H5 KUIT TRMENZBICH AT 2EEN R 5Nz, RbFeClich
WTHFERRIC, EERMETREMENER T 2ERENR SN, 8RO BEREE IS
(DCEFA) % W@ o SEFEMNMER ICE A, - T ¢ 2 @6, R E AZBO 450
5 ((T7)) K& 2b0THD, HBHEAMHETORMNEESG IR, REEBHOyHRSOHFS
(T LB HDTHB LN -1, BIZ, AL ORERIHEREOIEMBEMNEREERES
5 &, LROMWAEL 5 & 5 REHSIEICH I 2 EHHMHTIE, FERMEIIC L 2 280K X BRI
DFRGHPEN ERDh -1, 58I, BSEcHICER I RETOMTMERE TIORIEIC
LOFARBFETH 5,
SEHR
[1] M.Toda, T. Goto, M. Chiba, K. Adachi and N. Suzuki, J. Phys. Soc. Jpn. 68 (1999)
2210.

FBAETAPEY FB S=1/2 RE VEORERE —HRESENE—

AR AR #
RIARHET [ A & %
R RREEARTE 5] K & &
S #’é

HEAREESE & K il

KONINFZT

H=J Ze (S3e-1-Sae + Sae - Sae41) + J2 Ze Sse41 - Saete
+J3 Zl(gse—z - S3¢ + Sa¢ - Sae4a) — sz S¢ (Jy, J2, J3>0)

TR EINE, BAKLTAYEY P S=1/22 K VDO RIERELXHRT S, CONIL =T
13 Cu* L& CusCls(H20)2 » 2HsCaS02 %2 EF LT 2 bD & LTRESH, ZokayTik
J1>J2>0, Ji>Js>0TH 5 ETFRINTVS [1], F4iE, 5k, EE L TRENAEERWT, H=0
DIHED J3 W Fi L (=1L EE) OREEREHRERE L1 [2, 3] » ORI, £2E Y
DAEE St (=3, Se) 5 Stot =N/6 (NIHLRE V) ®7 = Y (FRDH, BT, Sw=0 ® ¥
1< —(D)#l, RE VifESF)HEN S0, PIZIE, J2=0.8DKZIF, J3>0.813, 0.813>J3>0.353,
0.353>J3>07T, Zh<h, FRI #, D #, SFHAEEREH L L5,

AHETR . 3, BRSSP REREICHT 2IFAER (3] 28G L, BETIIRDAAEE
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ARWT, Ji=1.0, J2=0.8 DL, 0 Okt L TRERE#M iRATRL, 8T
F—OHBEIE LT, FlZIE, J5=0.50& %, 0<H/H<0.003% T 0.161<H/Hs<0.698T, Zh¥
i, 0-75 F—RU1/3-735 b=h, £1, J5=0.30 & &, 0.316<H/H;<0.841}%T*0.908<H/Hs
<0.942 T, #hZh, 1/3-735 F—RU2/3-75 b= HBRT LV ERER/. TIT,
HdBRiEs T, ChoOEREE EHT, Ji=1.0, J2=0.8DHEOH/Hs %t J3 FH_EOW
{LARBI & 2.

FLHLRTWA LI, 0-75 b —DHBEOEME, H=0 TOREERENF ¢ v 7% HOH
(DH)TH B0, Fr v 7EbEVM (SFH)THEMNCL B, £, 1/3-73 k —DiKfEIR,
AEHI Fxkd FREKREEEIL bDTH B, —4, 2/3- 75 b—ORER PIBIREFR D b
LETEYA PDRE VD z-Bi5Y S; ORIRHEETTET 5 &ick 0 WEMFED N n A5 n=6
DIRIETH 2 - MDD, ORRE, 1% (4] k575 F—OHBICHT 2 LB
i LTED, COTS5 F—KECBWT, EEN I =T o OWHENTEASERITICHENTY
52 EATRLVWG, 2/3-75 b —OIREED HIHEREI, K2 FR-RO S 5 Rkt B & —tk
RIGEBME F % b S=1/2 MR T I T 5, WtefrtEo BRI 72 1/2-7
5 h— [5] OB [6]LELTHEEELLONS, JOBBICINE, PIAE, Ji O {E % E
Bz, Js it Jo i FTT S b —AEELBABEREFEL AT VB DO B R 13
Berezinnskii - Kostelitz- Thouless 8 T# 0, #->T, VRLARZ boRIE—# [T] £
WTHEREABIEICED 5 C N KD, Ji1=1.0, Jo=1.0 DHED 2/3- 75 h—DREOHB
Btk I, 0.160 <J3 <0.375 &3RE B, 0< Joy, 0< JakJy DHERTD 2/3- 75 b+ —DIREED
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& H Molecular Architecture at Organic- Inorganic Interfaces
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Organic - inorganic interfaces play critical roles in a number of technology areas
including the emerging fields of molecular electronics and biotechnology. Despite the fact
that the microelectronics industry revolves around silicon, comparatively little has been
understood about how to control the attachment of organic molecules to surfaces of
silicon and other semiconductors. We have developed strategies for bonding molecules to
silicon surfaces to produce well-defined arrays of functionalized molecules and have
characterized the structure and properties of chemisorbed molecules using a variety of
techniques including atomic-resolution scanning tunneling microscopy and
monolayer- sensitivity vibrational spectroscopy; in some cases these molecules can even
be aligned to direct specific chemical bonds along particular crystallographic directions,
giving rise to unusual optical(and possibly electrical)properties. This talk will present the
current state-of-the-art and prospects for the future in controlling the architecture of

organic molecules on surfaces of silicon and other group IV semiconductors.
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& H Dynamical Measurements with STM: Experiments with One and Two Probes.
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The use of single probe STM to solve important dynamical problems in surface science
is described. In particular we discuss the dynamics of hydrogen adsorption on the
Si(100) - 2x1 surface. At room temperature the sticking coefficient for molecular

hydrogen on this surface is less than 10sup - 12. However, hydrogen molecules desorbing
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from the surface do not have an excess of energy, suggesting at best a small barrier on
the exit channel. These observations have led to speculation about the validity of detailed
balance in this system. Here we show that this discrepancy can be explained by
considering both the surface - molecule co-ordinate and that associated with the Si-Si
dimer bond tilt-angle. By preparing the surface dimers with a specific tilt-angle we
demonstrate that the barrier to adsorption is a function of this angle and that the sticking
coefficient dramatically increase for certain angles. The adsorption - desorption dynamics
can then be described in terms of a common potential energy hypersurface involving both
of these co-ordinates. The implications of these observations are also discussed.

In this talk we will also discuss the potential for two probe STM measurements. The
goals, design criteria and performance of our dual probe microscope will be described.
The positioning and imaging capabilities are described, as are the sensitivity for

transport measurements.
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= The Physical and Chemical Properties of Metal Clusters on Planar Oxide
Supports
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Model catalysts consisting of Au and Ag clusters of varying size have been prepared
on single crystal TiOz and ultra-thin films of TiOz and Alz0s films. The morphology,
electronic structure, and catalytic properties of these Au and Ag clusters have been
investigated with emphasis on the unique properties of those clusters <5.0 nm size.
Motivating this work is the recent literature report that gold supported on titanium oxide
is active for various reactions including low temperature CO oxidation and the selective
oxidation of propylene.
Scanning tunneling spectroscopy (STS) has been used to study the electronic structure
of Au and Ag clusters prepared on single crystal Ti02(100). A band gap in the clusters
is apparent at cluster diameters of 2-5 nm suggesting a metal-to-insulator transiton

within this cluster size range.Furthermore, the onset of catalytic activity for the Au
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clusters is observed within this 2-5 nm cluster size range for CO oxidation, with a
maximum found for those clusters with heights of two atoms and a band gap of 0.2-0.6.
The binding energies as well of CO and Oads vary significantly with cluster size within
the 2-5nm range. These studies illustrate the novel and unique physical and chemical

properties of nanosized metal clusters.
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#H H Chemisorptions and Reactions on Metal Oxides: A Quantum Chemical

Cluster Model Study.
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& H Formation of High - Temperature Superconducting Balls
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A new phenomenon has been observed by physicists at Southern Illinois University.
Rongjia Tao and his colleagues began by wanting to observe the motion of micron - sized
Br-Sr-Ca-Cu-0, Nd-Ba-Cu-0, and Y-Ba-Cu-0 superconducting particles (suspended
in liquid nitrogen) in an electric field running between two electrodes. Metal particles in
this situation would bounce between the two electrodes to transport charges or tend to line
up; after all, an electric field helps define a preferred direction in space. The

superconducting particles ignored this hint and, to the researchers’ great surprise,
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formed themselves into a ball. The ball, about .25 mm across and containing over a
million particles, formed quickly and was quite sturdy; it even survived constant
collisions with the electrodes.

What binds the ball together? Tao, collaborating with Princeton theorist Philip
Anderson, have concluded that the effect is an artifact of superconductivity (the same
particles, above their superconducting transition temperature, do not ball up but instead
group into lines), perhaps something to do with way in which the surface energy of the
particle ensemble is reduced by self-assembly into a ball. This unprecedented new
surface energy is related to the acquired surface charges on the particles and the
interlayer coupling in these superconductors. Granular properties of the particles might
also play a role in the process and in the ball’s internal structure. The liquid nitrogen,
needed in the experiment to neutralize gravity, mitigates the friction dissipation occurred
in all other granular materials. A way around this is to do the experiment in the
microgravity space.

The basic scientific novelty of this new phenomenon is paramount, but Tao is also
turning his attention to possible applications in the area of superconducting thin films

and unusual forms of wetting.
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H Investigations of MBE Growth and Surface Structures of Wurtzite GaN
=
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Using molecular beam epitaxy and in-situ analytical techniques, the surfaces of
wurtzite GaN have been explored. We find two unique classes of surface reconstructions
corresponding to the two polar faces, (0001) and (000-1). Combining first principles total
energy calculations with the experimental data, models for the surface structures have
been deduced. 1 will present our findings for the surface structures as well as their
relationship to the observed MBE growth phenomena. The use of various atomic

overlayers which promote surfactant behavior on GaN will also be discussed.
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. 3509 Single-Particle Pseudogap in Two-Dimensional Electron Systems, by
Shigeki Onoda and Masatoshi Imada.

. 3510 Control of Superconducting Correlations in High-Te Cuprates, by Hi-

rokazu Tsunetsugu and Masatoshi Imada.

. 3511 Quantized Conductance through Atomic-sized Iron Contacts at 4.2K,
by Fumio Komori and Kan Nakatsuji.

3512 Quantum Effects of Resistance-Shunted Josephson Junctions, by Takeo

Kato and Masatoshi Iimada.

. 3513 Quadrupolar Order Parameter and Third-order Magnetic Suscepti-
bility of Kondo-lattice Compounds CezPdaygGes, by Jiro Kitagawa, Naoya
Takeda, Masayasu Ishikawa, Masahiko Nakayama, Noriaki Kimura and Takemi

Komatsubara.

. 3514 Jahn-Teller-like Phase Transition of T'mPd3S; around 200K, by J.
Kitagawa, B. Matsuoka, N. Takeda and M. Ishikawa.

3515 Evidence for Strong Quadrupolar Pair Interactions in Rare-Earth Pal-
ladinm Bronzes RPd3Ss, by K. Abe, J. Kitagawa, N. Takeda and M. Ishikawa.

3516 Cluster Algorithms for General-S Quantum Spin Systems, by Synge
Todo and Kiyoshi Kato.

3517 Random Fixed Point of Three-Dimensional Random-Bond Ising Mod-
els, by Koji Hukushima.

. 3518 Numerical Study of Aging Phenomena in Short-Ranged Spin Glasses,

by Koji Hukushima, Hanime Yosino and Hajime Takayama.

3519 Polarization and Momentum Dependence of a Charge Transfer Exci-
tation in Nd,CuQy, by K. Hamalainen, J. P. Hill, S, Huotari, C. -C. Kao,
L. E. Berman, A. Kotani, T. Ide, J. L. Peng and R. L. Greene.
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