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“Bi S B9Frustration”

Pyrochlore Oxide (A,B50-),
Spinel Oxide (AB,0,),
C15 Laves Phase (AB.)

Geometrical Frustration
Spin Frustration
Charge Frustration
Magnetite Fe;O, (Fe?" and Fe**) P. Laccore (1987)

Spinel Oxide AlV,0, AF Triangular platelet < AF Pyrochlore
(V2.5-6 and V2.5+36)

High Degeneracy
Lattice Distortion, Spin-Ice, Spin-Singlet,
Heavy Fermion

“4K& T 1% (Low Dimensionality)”




Pyrochlore A,B,0,0’
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Introduction rakada, Sakurai er al. Nature 422 (2003) 53

Na _Co0O, (x~0.7)
(mother compound)

) Oxidation
Process
C
f
o L3 L3 a ‘ !‘\ ’ b
~ Susceptibility
0_
+H=200e +H=1000e
»H=30kOe + H = 1 kOe
3 . *H=500e <t -10kOe
. $ * H=70kOe
5 S ]
- ; ‘ -
: Tol g
: % o] e TV
N ; S 000000 T Y]
g £ X%a B I hh0eessesiesig]
= % 4 |
> é’ ‘
= 2 4
=
3 |
0 r Y } ‘
| 5 g 10 15 20
Temperature (K)
-4 ; T G ) I '
0 5 0 s o ” 7

Temperature (K)

p (Qcm)
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Cobaltate Superconductor Cuprate Superconductor

Q g Superconductivity in Y
\ the strongly correlated T_)

a CoO, plane electron system
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T.vs. vy; Phase Diagram of Na Co0O,yH,0

Reentrant Behavior of Superconductivity
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The Phase Diagram

of Na,Co0O,'yH,O

Recently, Mochizuki & Ogata proposed new theoretical phase diagram
in order to explain our phase diagram. Their calculation is based upon the

s 4 s=+3.4(nt2g=5.6) multi-orbital model and RPA.
= Maghetic order It is important to compare to the real
% _____ phase diagram. | |
F glet SC trlplet
(fzxt s-wave (p WaVe) 12.5MHz 12.6MHz
12.3MHz l l 12.7MHz
T = 4.511 Tc=4.4K
(I)OCOO
thicker «—— CoQO2 layer —> thinner
Pla content x SCI-T| M| SC-I

M. Mochizuki & M. Ogata: JPSJ 76 (2007) 013704.



Nuclear Spin-Lattice Relaxation Rate 1/T, : SC state
K. Ishida et al. J. Phys. Soc. Jpn 72 3041 (2003)

Coherence peak is absent.

Na CoO, yH,O
e Co -NQR

Na CoO,yH,0 = _ '
SC bilayer Hydrate
20F Co-NQR lTC~4.7K —~
- 4 4005
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A ~ o 10°
= %
300 :
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Far below 7

| s
10° X ?
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1/T, in Na Co00O,*yH,0 cannot be understood by'q 7 :
an s-wave superconductor with isotropic gap

10 10

the same conclusion by Fujimoto et al. PRL 97 047004 (2004)



Density of States
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Nuclear Spin-Lattice Relaxation Rate 1/7; :

BLH Cobaltate 4Cuprate YBaZCug,O7 Organic System
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K. Ishida, Y. Ihara, K. Yoshimrua et al. ) _
JPSJ 72 3041 (2003) Na Co00O,"yH,O0 1s classified to be

Fujimoto ef al. PRL 97 047004 (2004) an unconventional superconductor.
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Na Co0O,"yH,O0 is classified to be
an unconventional superconductor.




Magnetic Excitations in BLH, MLH and Unhydrated

Magnetic fluctuations above
100 K are similar in these
cobaltate.

SC BLH shows the increase
of 1/T, T below 70 K

Two kinds of magnetic
fluctuations in BLH

Ferromaganetic Fluctuation (g~0)

L T
Yeour - 10 (emu / mof']

1/T.T (s'K")

1 : , A 11
— =875+ 15exp| —= | (sec K7)
(7)., o(-7) |

30

20

10

0

Psuedogap behavior?

HO ¢ @
CoO, layer . 0.0 [

&

}: :.‘r: : ¢ :.»¢ _
et 2 - 2N
“ESEL unhydrate
MLH )
Na0.35C902
\p
Non-SC -

L Vv

& MLH
O unhydrate
Nao_sl,)CoO2

100

T (K)



1/T,T : Nuclear spin-Lattice relaxation Rate

NQR Spectrum
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1/T,T : Nuclear spin-Lattice relaxation Rate

NQR Spectrum
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1/T,T : Nuclear spin-Lattice relaxation Rate

NQR Spectrum
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1/T,T : Nuclear spin-Lattice relaxation Rate
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magnetic ordering.
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1/T,T : Nuclear spin-Lattice relaxation Rate

NQR Spectrum
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SC is observed in the vicinity of
QCP of magnetic fluctuations.

NQR frequency has
relation with S.F.




Magnetic fluctuation in BLH Superconductivity
in the vicinit of QCP
of A-type fluctuation ?
Co
Nal Na2 In-plane ferromagnetic

fluctuation is still remain.

The inter-plane AFM fluctuation is o0
canceled at Na site. \o _j
(&)
AFM
The 7" relation seen in 21/T, of & ﬁ@ ﬁ
Na, ,C00, below 40K 1s due to FM ‘
spin fluctuations. (—Co%-*) % # % #

- . . °o.df
Similar relation seen in 231/T of Tﬁ Tﬁ Tﬁ Tﬁ o
Na,;:C00,:1.7H,0 indicates the
existence of FM spin fluctuations in
the SC Na CoO,yH,0. Na,,Co0O,

(—Co0%%5* ? = Co*#* in the presence  A-type fluctuation
of H,0%) BLH Na, ,.C00,'1.7H,0
Neutron Scattering: Boothroyd et al., PRL 92 (2004) 197201.




Cuprate Ruthenate Cobaltate
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Conclusion (Na,Co0O,-yH,0)

1. Universal Phase Diagram: T vs. v, of *>Co NQR
— Superconducting Phases appear in both sides of Magnetic Phase !
— Strong Relation between Superconducting and Magnetic Phases

2. Magnetic Correlation: Na_Co0,:yH,0 is Unconventional Superconductor
« 1/T, of ®Co NQR
Superconductivity appears in the vicinity of
Unconventional Quantum Critical Point !

3. Only SC BLH has spin fluctuations at g~0! <= >*Co NQR
The A-type spin fluctuation is important ! < 23Na NMR
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