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1. Heavy fermion
ă spin- fluctuation mediated

2. Superfluid 3He
ă hard- core interaction

3. High- Tc cuprates
ă spin- fluctuation mediated

4. Iron- based superconductors
ă spin/charge fluctuation mediated

Non- phonon mechanism SC/SF

Kohn & Luttinger 1965; Chubukov 1993:
Repulsively interacting fermions 
Ą Attractive pairing channel exists for TĄ 0

(weak- coupling, dilute case)
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Cuprates Iron- based               Molecular       

d- orbitals             d - orbitals            molecular orbitals
(dx 2- y2, dz2)      (dxy, dyz, dz 2)           (deg LUMO's)

(a) (b) (c) 
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Vsinglet :

Vtriplet :
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Spin- and charge- fluctuation mediated pairing
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J- PARC
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D
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ARPES (angle- resolved photoemission spectroscopy)
(courtesy of Prof. Fujimori, Univ Tokyo)
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Magnetic structure
[Yamada et al, PRB 57 , 6165 (1998)]



5

0

Tc

T (K)

1
/T

1
T

 (
s
e

c
-1

.K
-1

)

Pseudogap from NMR
[ὄ῎ ἶ̝ 52 , 197(1997)]

Bias voltage (mV)
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Zero- bias peak
[Kashiwaya & Tanaka, Rep Prog Phys 63 , 1641 (2000)]
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Multi - layered cuprates

e.g., HgBa2Cun-1On

n = 1       n = 2       n = 3 experimental results

Ru4+ : d4

eg

4d

dyz, dxz : q1D band

t2g

dxy : q2D band

Sr2RuO4

Sr

O

(Nakatsuji & Maeno, 2000)

Bergemann

a
b g 

Ru(4d) ă Cu(3d)
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Triplet p+ip (Pfaffian state )

Trial wf: Moore- Read, Greiter- Wen- Wilczek 1991

Numerical: Morf 1998, Rezayi- Haldane 2000; Onoda- Mizusaki- Aoki 2003

Experiment:Willett- West- Pfeiffer 1998, 2002
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superfluid 3He
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L: p+ip

S: triplet

Sr2RuO4
p+ip

Standard

(Wigner- Dyson)

A (unitary)

AI (orthogonal)

AII (symplectic)

d =1  d =2  d =3

x         x        x

+1        x        x

1        x        x

-- Z           --

-- -- --

-- Z2 Z2

AIII (chiral unitary)

BDI (chiral orthogonal)

CII (chiral symplectic)

Chiral 

x          x         1

+1       +1        1

1         1        1

Z           -- Z

Z           -- --

Z           -- Z2

D (p-wave SC)

C (d-wave SC)

DIII (p-wave TRS SC)

CI (d-wave TRS SC)

x         +1        x

x           1        x

1        +1        1

+1         1        1

Z2 Z           --

-- Z           --

Z2 Z2 Z

-- -- Z

BdG (SC) 

IQHE

QSHE
Z2TI

p+ip SC

d+id SC

3He-B

Table of topological insulators/superconductors

p SC

SSH,Creutz

(Altland- Zirnbauer 1997; 
Schnyder- Ryu- Furusaki- Ludwig 2008; 
Hasan- Kane, RMP 2010)
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Iron - based compounds

(Kuroki et al, PRL, 2008)

(Kamihara et al, JACS, 2008)
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Fourier- transform STM
(FeSe: Hanaguri et al,

Science 2010)
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nodal d
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LaFeAsO

LaFePO

(Shibauchi & Matsuda, Ann Rev Condens Matt Phys 2014)


