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Introduction



M. IMADA

Experimental   
Discovery

Ln = La, Pr, Sm, … 

Tc ~ 26K-55K

Kamihara et al, JACS 

130, 3296 (2008)

Antiferro-

magnetic 

metal

LnFeAs(O1-xFx)

Mukuda et al. PRB 

89 (2013) 064511

Zhao et al. Nat .Mat.

7,963 (2008)
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Global band structure

1111: LaFePO, LaFeAsO

122: BaFe2As2

111: LiFeAs

11: FeSe, FeTe
Similar 
Fe 3d
Bands

Bandwidth 

~ 4.5 eV

Miyake, Nakamura, Arita, Imada

JPSJ 79 (2010) 044705 



M. IMADA

Diversity and strong family dependence

No AF order in LaFePO

Small AF ordered moment （ 0.36-0.83mB  for LaFeAsO）
cf. LSDA overestimate the order (~2mB)

vs. large moment  (2.25 μB for FeTe)

Variation of AF ordered pattern  

(π,0) stripe in LaFeAsO vs. (π/2, π/2) bicollinear in FeTe

Bad metallic behavior

small Drude weight

Keimer et al. Timusk et al.

Chen et al.

Unconventional  T1

Role of electron correlation

Diversity cannot be explained by

band strucuture

Variation of Tc

What controls the material 

dependence? 
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downfolding;  

Fe 3d 5 band models 

(d model)

First Principles 
Approach

dimensional 

downfolding

→ 2 D effective model

Review: Imada, Miyake: 

J. Phys. Soc. Jpn. 79 (2010) 112001

MACEtarget bands
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Ab initio derivation of  U by constrained RPA

U / t :d model dp model

LaFePO 8       20

LaFeAsO 9  20

FeTe 11         26           

FeSe 14         30     
Miyake, Nakamura, Arita, Imada

JPSJ 79 (2010) 044705 

smaller size of Wannier

⇒ larger bare Coulomb

smaller covalency

⇒ poor screening
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Variational Monte Carlo Tahara, MI

JPSJ 77 (2008) 

114701

fij  : pair-dependent variational parameter

optimization of 1000-10000 variables to overcome bias

Gutzwiller factor

quantum number 

projection

Gros

Sorella et al.
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Solution of low-energy solver

ordered magnetic moment

see also Yin Haule Kotliar Nat. Mat. (2011)

Misawa et al.

JPSJ 80 (2011) 023704

PRL 108 (2012) 177007
near magnetic quantum critical point

VMC result for 

ab initio models of 

mother compounds

★ experiment

◇ ab initio model

● λ scaled model
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Detailed Study on Doping Effect

Orbital Selective Mottness
and 

Charge Inhomogeneity

This part was deleted
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Superconducting Mechanism

This part was deleted
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Summary

1.  Ab intio electronic model shows s± superconducting phase

by electron doping into stripe AF phase of LaFeAsO. 

Agreement with experiment

2. Orbital selective Mottness of dX2-Y2 orbital holds an underlying

key for the emergence of the high-Tc superconductivity. 

Major role for both magnetism and superconductivity.  

3. Superconductivity emerges because of the charge instability

accompanied by the PS caused by the strong 1st order

AF/nematic transition.

Smoking gun is found in one-to-one correspondence between

charge compressibility and superconductivity in various cases.
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Thank you


