NMR/NQR probes of emergent properties in
correlated-electron superconductors

* Symmetry of the Cooper pair of either spin-singlet or spin-triplet

* SC gap with either isotropic or nodal structure

* Characters of spin fluctuations
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Nuclear Magnetic Resonance (NMR, Zero-field NMR, NQR)
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NMR — Nuclear Magnetic Resonance — NQR and Zero-field NMR for nuclear spin 1> 1
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NMR in superconducting state under magnetic field
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Knight-shift can measure the spin susceptibility below T,

regardless of bulk-susceptibility being dominant by SC diamagnetism




Possible SC order parameters and their spin-state

s-wave with isotropic gap

Quasi-particle DOS in SC state
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Summaryl : Knight shift
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Summary?2 : pairing state in unconventional superconductors
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Nuclear-spin Lattice Relaxation Rate 1/T,

probing SC and magnetic characteristics

Nuclear Magnetism
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Nuclear-spin relaxation (1/T,) process NMR —-1/T, -

T,in normal state of metals
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1/T, in superconducting state BCS s-wave superconductors
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Line-nodes gap SC in correlated electrons SC
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Summary: NMR probe for SC characteristics
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Magnetic phases and Spin Fluctuations of
Correlated Electrons

Probed by 1/T, measurement
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In general, for magnetic fluctuations of correlated electrons

Dynamical susceptibility and NMR-1/T,
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Spin Fluctuations of High-Temperature Superconductivity

0 i L | I 1 L *
0.1 0.2 0.3
x

Phase diagram of AFM and SC

1/T,T of 83Cu-NMR in La,,Sr,Cu0,and YBa,Cu,0,

. . . : i ,
L La,_,Sr,CuO, Cu NQR |
UT,Tocy” (Quoy)/ o, I 2-xS:Cu0,
: L (Q’ 0) o | T L x=0.075
| o . ° 0.10 |
. 40 q9°° ® 0.13 _
@, : NQR frequency 5 v oL
—~ OI %% 4 8 0.20
Q : (n/atd, n/a +3) v iy ° . . 0.24
T30 | % ° YBa,Cu;0;
& oA =§ 00 AA
T ol" “..\_.‘ ®o a
” —_ i
X (ch‘)o) E 20 | |oaPo o o + x ° A i
. . o *
= ':f' .o, Dx o A .
o7, "R e % taaa
e et e p8
10 [¥s- | ol
L] CDODO
:;E; 2 e oo ° o
) B .l g |
0 100 200 300
—® T (K)

1/T,T (x, T) probes AFM spin fluctuations

Antiferromagnetic Spin Fluctuations in LSCO

2D-AFM spin fluctuations : ‘
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Characteristics of Antiferromagnetic Spin
Fluctuations in HTSC
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Summary: Carrier-density Dependence of Spin Fluctuations

Spin Fluctuations in YBa,Cu,O, probed by neutron
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