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Abstract

Lattice effects on superconductivity in high Tc oxide superconductors were investigated by X-ray absorption spec-
troscopy (XAS) giving a snapshot of local lattice distortions with a time scale of 10~15 sec. Local structures of Bi,Sr,
CaCu,0gs, La, g5S1¢.15Cu0Oy4, YBa,Cus0y and La; 4551 1,Nd, 4CuO,4 were investigated by polarized XAS over a wide temper-
ature range. We found that the local lattice fluctuation in these materials increases at low temperature, segregates into dis-
torted and undistorted domains, and finally forms a charge and lattice stripe. Local lattice distortions involve the elongat-
ed in-plane Cu—O bonds which introduce charge fluctuation or instability leading to ordering into localized and itinerant
domains. Also at characteristic temperatures such as Tc and T*, pronounced phonon anomalies were observed in the in-
plane Cu-O stretching vibration. These carrier-induced local lattice effects indicate a strong influence of charge fluctuation

on pairing mechanism of high Tc¢ superconductivity.
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Figure 1. Crystal structure of La,CuQy, local structures within the
ab-plane and those along the c-axis are obtained from the Cu K-
XAS with the electrical vector E parallel and perpendicular to the
ab-plane, respectively.
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Figure 2. Polarized Cu K-XANES spectra for La,CuQ, single crystal together with those for powder specimen. Left
and right columns show the experimental data and theoretical calculation, respectively (Ref. 2).
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Figure 3. Experimental set-up for polarized XAS in a fluorescence
detection mode. In (a), crystal is oriented and cut so that the
absorption is polarization-independent (Ref. 3). In (b), crystal is
measured as grown and the in-plane polarization can be recorded by
rotating the azimuthal angle (Ref. 4).
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Figure 4. XAS spectrometer for polarization dependence. Uper
and lower columns illustrate goniometers installed at Spring-8
(three-axis), BL10XU and Photon Factory BL10B (two-axis),
respectively.
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(a) Polarized Cu K-EXAS for Bi,Sr,CaCu,0g (Bi2212) single crystal with the electrical field vector parallel

with the c-axis (upper column, open circle). Solid line indicates the calculated curve. In the lower column, contributions

of the apical-oxygen atoms are shown (Ref. 6-8).

(b) Fourier transform of the Cu K-EXAFS oscillations for Bi,Sr,CaCu,Og (Bi2212) single crystal with the electrical field
vector parallel with the c-axis. The existence of the two Cu—O distances corresponding distorted and undistorted domains

are demonstrated (Ref. 6-8).
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(a) Temperature dependence of the fraction of distorted domains in La, gsSr, ;sCuQy, single crystal obtained

from the Cu K-EXAFS with the electrical field vector parallel with the c-axis (Ref. 9, 10).
(b) Lattice stripe caused by the local distortion of CuOg unit. (Ref. 9, 10).

LT EDDD 5T, FNHIRIEF % Cu-0,, FEEEx & DI
TR IR L Cu—O, BB 2 FF DA K TH 5, £
FZTIIEA D Cu-0 FEEHIMIC R 7> TW5, COfth
13 CuO, O T HBHEEEZ L D2 DS DDF AL
VIIEHICEFN LA NS A TR LB iR I s,
#BRE 7S 25 Bi-O i OA TS I R4 A AREM b B - 7o/
&, Cu R F O8R5 8A V72 X FEBELIC L 0 B0
R AN, G CuO, HIC KB LD TH S Z &1
BENL,
3.2 X bMFATERBFREME— K-La;s5Sr.15Cu0,~
Bi2212IC BT A A+ 54 T LT EAOFRBLITEEE
B XANES OZ b & L CElMl S h 55, ZHE
BOFELZVETIEE D2 ? LV OWICEZ S
1, LapgsSre15Cu0y (LSCO) Hifhfh (Tc=35K) ©
ab 1 LU c 7 M OIRIEHEAF Cu K-EXAFS #ZEiRH» 5
21 K & COMITHEIE L 72, BIE O FMFIE Bi2212 & [
CTHHP, BREGOTER 2mm ATETHS XK

Y — A MBS E ORISR E % 28 2 5 7o UNTAT D B
BH o7z, LSCODabTB LT clh M D Culf FOED
D OBYES AR AN TAER, BT TIREAEE» 5T
BXN5XDICCuO, HE—HTCu-O LU & DT
H5HN, KR TIE Fig. 6@Q)ICRINS LIV EVE
HiEsEAE S OMPER T 5, ZOR/FTEAIGBEREOBH
INAH3BK LD HIEH2IER (75K) TEL SR, 5
72ODF A A VDML Fig. 6(b) D Xk 51 2 : 8 TIEIEM
TE—F L T\5b, Bi22121C N5 L5 A S % 4
DI kb, LSCOICHBWTh, KEMTRE2EED
Cu-O fElEA DO F AL VDPEBIILIZA L FATHAELT
WAHZ EDbDB, E/RRHC Teifil LU ERMA (~
1.5 Tc) TIHAEER ETHAEEE & O Cu-O fEEFRHEHS 7
JVRERBEII A0, Ty SV REIEAT S
YBa,Cus0y THEM S N2W, SiREEEOEEEIC /T
BT PEL B> TWE T L EREL TW5, SiRBrE
OBREL L TAYVF v XIVOMlh, BT v RIVBH 5



358

B, TTIKETBCSTHAZ EDIE-> &N L TWAHHEIK
HY)E MgB, DB, BIEERBIREICSY 2 A TE
HBOGRO), KEFH KIS TS 7 5 / VG D5
SND7E RIS T ORBI e EE A RBE SN T 5,
Yt EXAFS 22 5 CuO, [ D& T O— e i7x 28I,
IR TN O Cu—O HREEAEAR L, THAMSHE & O Cu-O iR
DI T B LD TH -7z, TD LD mERFEL
T 2R ELAE—FIZEDLDLLDNRBH L0 EELEL
7z o Figure 6 (b) T 7/r ¥ Low-temperature tetragonal
(LTT) A & WD DIiF—F7D 0-Cu-0 %l & L T/AMIE
2=y F CuO¢ DEET B /FTEETH 575, ZTOBHBEFIT
R & 705 O-Cu-O ICEA 4 5 Cu-O fE &3 A LTE
EEAFEII BT A, THICH L T Low temperature or-
thorhombic (LTO) 4 Tld Cu-O f&& 7> HASFEEN /=T
ANC [R5 25 5 O TR T O EHBEA K 5, —77,
Y—vrS—FH]JT (Q3) FHEANOREGHEEIIE &b
DIEAHEFRO Co-O S EHHIIH KRS 5, Elcv—v T
S—Z#MIT (Q2) TiE, MHDHEED I LR MLVED 2
D s A PR A 9 2 TS E R O Cu-O 5 & IRk
KT 5, CNHOETILVONTERERICED LOEFA
WAL=y FOMEFNC LS LTT £7213 JT (Q2) 127 %,
Figure 6 (b) 12 LSCO I BF A RIFEAE F ALV (AT
FA4T7) WHOBGRE R oo A ZTIRITBHEE O R
LRFTHEE D H~8 A DIFE %L, FAMA~16A T
EADL VB A 1T S A TRREESE A TR L T 5 & 2
HEN 590, B LTTH % CuOg 2= v FOERIC LD
4 U % Culd ¥ D AT IR T ER OFIFA Tl EEH Th
05, (R EAD B 5561213 p REE & ORI &
DEEISNS) Culs—>3d ¥— 27 OHEING AP HIEND D
7}1'(1«\2318%
FAERDOE—FIZOWTEFRSEFHELLO 7 + / V5
BORF» BEAT 5 Cu-O fEH& DR iR TER T
%ET IR EPR OFE R O BB 2 AV A L
THEXTLLDICEMTLIETNVORRERINT W5,
WINOETIICEWTAEER S LA O Co-0 #ie
DFFED S 5 —T7 L MAARIZ I AETETH D, B « KT
AL FA T TCOKTFER (LTT £, JT (Q2) E—F)
IV, ROBEIZINGDF AL VR ED LS ITHAL
TWAEDPEVNDETH D, STeDDF AL VRS
L TCITBEEPBIIN LI T Th S, &l F— 7Ok
WTIEE L OEE, q=pb*+ (1/y)e* (T T THidAITAR
Jb=1/]2d, d3F#HD Cu-Culiflix 7d) TEIN
LBEEPBINSN S, cHi 3 7%b b Cul, MICHEE
TR OBRESE TS IR T 525, A (D) OB
T <KDORT—ELTEY Bi2212TE =021TH %,
S HIC & B X AREGEL A VT Cu JJRFICE B L 7o #iGiL
B, o o T 1R O IR F A LI U E Ge ClE R
&R G e —RILERETIVIC L D 35 &, CuO, 12
DAERL L7255 A O R AL V5 a il ICHEIIL T

WA H15%565 (2002

LRERPBHN DY, BELORWM» SO R AL /3iE
WADHOR AL Ik TRTONTWAS EE 2 BN
B, COHNBNELE LTRNE ALV EBAREE AL
VORRICKHIET AT LD, HAMEL /S ODF A4
VIIAHICEIN L 72 A 54 TR L H 0 LiEmS
%o

4. WBFLBEHFOFE—MERINTAT

La; 4gS10.12Ndo4sCuO, TRHHHEFBELIC LD ALYV R
FIAEHAC CuOy W CTE,FNT H AT T A THFEIN TV
B, CDOANSGAT LI TEZTWAEMALSA
TEED L DITBFRT B D pBIBRE, % C THEFHEL
ICHWOL Nk d A AW TREXAS EBR 21T - 7o,
Figure 7 {C TSFZ i TH{E L 7z Lay48Sr(.12Nd4CuOy IZ
XL CHIZE S 17z Cu K-EXAFS, (x(k)*k2) o7 —U T
ZHOMIHEL R, 4 A £ TOFEREILKL 72FH LD
Xz Cu-0, Cu-La(Nd, Sr), Cu—O-Cu OFHEJIC R I 9 5
V—rRabnbt, CO>H Cu-0, Cu-La(Nd, Sr) OM
BV — 7 3REZA(L (20K 100K) 2¥#sL T 5,
CHUHEIR T Cu-O BRI+ OZERAAE L T b C

La+.4050.1 2 Nty LU0,

[FT( (k) *k2) |

| FT(X (K)*K2) |

Figure 7. Polarized Cu K-EXAFS of La; 4Srg,Ndg4CuOy, single
crystal with the electrical field vector parallel with the ab-plane. In-
sets show the data taken at 100 K and 20 K (Ref. 26).
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AFS for La, 44Sr(1,Ndo4CuO, single crystal with the electrical field
vector parallel with the ab-plane. The lower curve is the calculation
based on Einstein model (Ref. 22).
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Figure 9. Difference Cu K-XANES spectra for La; 4Sr ,Nd, 4CuO, single crystal using the 20 K data as a reference
(left) and magnitude of the lattice distortion evaluated from the XANES (right, Ref. 22).
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Figure 10. Temperature dependence of the Cu—O peak intensity in the Fourier transform of the E//ab EXAFS oscilla-

tions for YBa,Cu;0, single crystal (Ref. 14).
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Figure 11. Schematic of a novel Ge pixel array detector. Only a
part (3x3 array) of the total 10 X 10 array is shown (Ref. 32).
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Figure 12. Polarized Cu K-XANES spectra for YBa,Cu;O, single
crystal with the electrical field vector parallel with the ab-plane. The
azimuthal rotation (¢) shown in Fig. 3(b) allows the observation of
the in-plane anisotropy (Ref. 33).
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