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Figure 3. Dispersion curves of Rb,WO: (x = 0.33). These are the refined data ot those
published previously (Sato 1980). LA indicates the longitudinal acoustic branches. TA.., and
TAj,indicate the transverse acoustic branches with out-of-plane and in-plane characteristics,
respectively. In each direction of the reciprocal space the same abbreviations are used for

the data taken by the settings of the spectrometer to measure the phonons with the same
polansation.

M dependence of T, a kind of isotope effect

cf. rattling



(1) molybdenum bronze ;Mo (A=K, Rb)

soft phonon near the Peierls instability

large crystal of
1-dim. conductor

Peierls distortion of 1-dim. conductors
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phonon softening atg= 2p/l =2k- incommensurate)

Phonon dispersion curves
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(11l) High 7, Cu-Oxides
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Possible High T. Superconductivity
in the Ba—La—Cu—O System

J.G. Bednorz and K.A, Miiller

IBM Ziirich Research Laboratory, Riischlikon, Switzerland

Received April 17, 1986 , J.G. Bednorz and K.A. Miiller: Ba—La—Cu—O System (a)
Metallic, oxygen-deficient compounds in the Ba— La—Cu -0 system, with the composi- 008 ' : .." . 0020
tion Ba,Las.,CusOy3-,) have been prepared in polycrystalline form.--Samples with " . '5.'

x=1 and 0.75, y>0, annealed below 900 °C under reducing conditions, consist of three FLENN
phases, one of them a perovskite-like mixed-valent copper compound. Upon cooling, 005 |- = \ S .-'

the samples show a linear decrease in resistivity, then an approximately logarithmic A O -1 0016
increase, interpreted as a beginning of localization. Finally an abrupt decrease by up - : Yo o _-::'

to three orders of magnitude occurs, reminiscent of the onset of percolative superconduc- "Lt oo -

tivity. The highest onset temperature is observed in the 30 K range. It is markedly 0041 3. o ", - A

reduced by high current densities. Thus, it results partially from the percolative nature, e et T _

. 4 " 0.012
bute possibly also from 2D superconducting ﬂuctuatnons of double perovskite layers ~ o [ -
of one of the phases present. £ : - §
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Magnetic excitations relevant to the superconducting pairing



active magnetism & anomalous transport

La, ;SrCuQ, X=

S (MV/K)

Ry, (103cm3/C) |

T 0.04
e Y 0.06
) A 0.08
X074 0.10 7

Sl 0.12

K) 1K)

3 Hall

La, ,Sr,CuQ

(for various x0 s

Nd, ,CeCuQ

0 : H. Kontani



pSGUdO gap gap-like structure in co(gw) of YBCO]

Gap formation much above 7,
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High 7, ¢

Growth of AF Correlation& PseudoGap
Phase Coherence of Singlet Pairs Superconductivity
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theoretical description

AF

anomalous
metal

650K for LSCO
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(IV) Superconducting State of NaCoQOH,O

Temperature (K)
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(electron-electron interaction)

a) d- or (d,+/d,)-wave singlet
b) p-or f~-wave triplet
C) extended s -"wave

- ed e - epd el ~ eb e

(electron-phonon interaction)
d) ordinary s-wave



EXxperiments

<samples>

polycrystals & single crystals
Na,Co0,H.,0O & its mother system Na,CoO,

< >

magnetic susceptibilities broad view Y y

specific heats

oxygen isotope effect on 7
impurity effect on 7,

NMR (Knight shifts, longitudinal relaxation rates)
neutron scattering



N®C002 yD,0 Ferromagnetic fluctuations
1600: “(h, 0, 2.8) disappear as 7 approaches zero.
DE =3 meV i

- 1400F

triplet pairin
1200_- ’ $ TZlOOK(+7OOCounts)-_ p p g

: - NMR Knight shift
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ferronfag. i A :
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¢

800 -
: . T=62K (+450counts)
[ T=40K ]
- T=50K (+220cou nts)
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T=25K |
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magnetic structure of Na, :CoO,

- NS recy ik
P =ca: —
- S Ll
O r Na ordering: T <470 K

M. Yokoi, M. et al JPSJ 74 (2005) 3046.

collaboration of NMR and neutron scattering



V) Fe "H "H

+ ¢ = + (!

LnFeAsO ,_F, (Ln=La, Nd, etc.)

FeAs

S symmetry
T.max = 55K 1 dz pair breaking

S symmetry,
H
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oxide conductors bronze

v

Cu oxide superconductors

clarification and understanding
of the characteristics

[ seudo gap,

unneling stripe, phonon
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Spin 1/2, Neighborhood of Mott
Insulator phase, low dimensionality

- :
strong magnetic fluctuation
anomalous metal

AR

frustration \ strongly correlated electrons
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New phenomena of

Low dim. spin systems  Pyrochlore systems s *Supetédmd

NN

spin transition
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. : : .. . . #% strongly correlated i
spin gap, multiferroic spinice spin liqwid  of riangular ‘gectrgoﬁs of Co oxides
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V1) plaquette singlet (spin gap

CaVv,Q, (V4: s=1/2)
dz vid VO,
V4+: S=1/2)

° ® Ca
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VII) NdMo,C, ¢ Hally,

13 b 14

@ @ 1 a rRH=
4pR.M
5028

HIl [111] HIl [001]

o
N

R
o 6K 420K » 80K 3t «5K + 30K ® 90K 3 M_H
O +7K - 30K »90K M-H . . . ~ 23300,
—~ I LI L 6K v 40K + 100K = 3%
o 10K v 40K + 100K s ) veo?®
2 S eaes —~ + 7K = 50K 8 120K 7 .
x 50K = 120K w 2f S ERR 1 R PO RE DR
—~ o BOK © 160K B | s 222" " oo 8 <>10K<60K.160Kijn ol aste
e < (EJ/ RS 05 :ogooooooo ° . ....'.. w ,g%yf:f
:8 " = f*‘“ ’ 5K ) 8 oo e, e - 5K
4 lo o 1 10K ; %oo. 10K
=t 4 e,
O’D 5 80K © n“n;.o8 80K
© A% T,o . ‘ ‘ : L #0000 s+ ,0W 8 % 3
1 3 ’.D 2 4 O 000 *e%8mo H (T)
o A 6 Tepnm H (T) i Co, ¢, ,0m0
F| vAA 00 oo™ ~ .“AAAAAAA 0022‘3580
a Yo L) 4 a4, < o
[T, 20 e ™ s i R VYIVIN ‘AAAfo g o
— 2 «???énﬁgy"&gggwzssaamaéége‘t T 47 mfi‘i‘:‘éeuuixgg 1
1 i< ﬂ§g§§“21xnn;§ig;” - S AR EEIIVIEO Ggﬁsgggﬁ;
1 ] b e > > Bz paRERRY PR R R R R Q
§ > > > > 4 a 4 & & X et U aa<9938Qge%g
> B > ++=ﬁ"‘*ttA aaagd oy PP RN ﬂ 3
Nd Mo SISt FPETITT 0 Il e D
4 [ e agBf8c8ce00a®eg e > bbb b>D>>>P + 8+ 9
Booo 8 ° o> bbb PR t
h d OM-Q!Q ------------------- ﬁ-ﬁ----"-.o.o---._ > > > P> e
tetrahedron LFONSeE Nt I I CEL
-géa laiiiiagons ® 8 8 § 8 ® eoee® \
I
1 1 1 1 1 1 O 2 4 6
K 0 2 4 6
7.~93

rRyH=4pRM 1l
p; Y /



hirality (¢ 1S5,8.3S,)

C H I . 3H coplanar onzero

(D) r +RyH= 4pRM,s+4p R.OU 4 (Sato® group, empirical)
(i) r -RH C(Nagaosd group)
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