Effect of Spin-Orbit Interaction in Spin-Triplet Superconductor:
Structure of d-vector and Anomalous O!'-NQR Relaxation in Sr,RuQ,
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Knight shift: unchanged across Tc — Evidence for ESP pairing
K. Ishida et al : Nature 396 (1998) 658

10 T I ' I T I

| SrzRUO4
. K 1x

- i
| H(~6.5k0e)Lc .y

0.8

Te (H)
0.6

Ty n TR e
04} '

K(%)

02

dlle, HLé
Oscillations of d-vector gives

spin fluctuations in the plane

Inconsistent with NQR relaxation

d-vector rotated by magnetic field ?
or
Intrinsic ?



Knight shift: unchanged across Tc also for H//c
H. Murakawa et al : Phys. Rev. Lett. 93, 167004 (2004)
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Spin-Orbit Interaction Hamiltonian
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GL region : Non-Unitary State due to Spin-Orbit Coupling
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Internal Josephson Effect  cf. 3He-A, Leggett (1974)
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NQR Relaxation Rate : by applying Leggett & Takagi theory
> Ann. Phys. 106 (1977) 79
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cylindrical or 2d spherical model
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Summary

Anomalous NQR relaxation of Sr,RuO, can be explained
qualitatively by internal Josephson effect arising from
spin-orbit coupling effect on spin-triplet Cooper pairs with
d-vector in the plane.

It is rather hard to explain the anomalous relaxation
If the d-vector is along the c-direction.

Prospect

- Search for hydrodynamic collective mode
cf. collisionless collective modes in superfluid SHe

- New type of anisotropic superconductivity

- New type of superfluidity, quartet, sextet, etc



