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Strong hole doping: KFe
2 As2  

(Tc  ≈3K) 



KFe
2 As2 

O
kazaki et.al. 

Science (2012) 

Even if the pairing sym
m

etry is s-w
ave, or 

m
ore precisely A

1g , such experim
ents 

indicate that the Cooper pairs have a 
richer internal structure that those of 
conventional sc. 



(Caricature of the…
) Basic idea (Γ point) 

O
V and A. Chubukov, PRL  118, 087003 (2017) 
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Low
 carrier density, quasi 2D system

 
parent state is a com

pensated sem
i-m

etal 
 => Luttinger’s theory of invariants 



Full tight banding band structure and the low
 energy `spinor’ 

Cvetkovic and O
V, PRB 88, 134510 (2013) 



Low
-energy effective theory 

Low
-energy spinor  

(Γ: E
g  states; M

: E
M

1  and E
M
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=> Do not m
ix (at k

z =0) 



Com
parison of the low

-energy effective 
theory and the tight binding m

odels 

K. Kuroki, e
t
 a

l., PRL 101, 087004 (2008) 



Fit to the bulk FeSe ARPES  
(assum

ed tetragonal) 

Fedorov et. al Scientific Reports 6:36834 (2016) 
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iltonian 
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Spin-orbit interaction in the low
-energy effective theory 

The effect on the spectrum
 

Borisenko et.al. 
N

ature Physics (2016) 

m
eV 

m
eV 

10-15m
eV 



H
i
n
t
=

3
Xj
=
0

g
j

2

Z
d
2r
:
Ã
y¾
(r)
¿
j
Ã
¾
( r)
Ã
y¾
0 ( r)

¿
j
Ã
¾
0(r ):

g
0
=

12
(
U
+
U
0)
+
:
:
:
>
0

g
1
=

J
+
:
:
:
>
0

g
2
=

0
+
:
:
:
>
0

g
3
=

12
(
U
¡
U
0)
+
:
:
:
>
0

Interaction Ham
iltonian 

inter-orbital Hubbard repulsion: 
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Hunds coupling: 



Fierz transform
ation of the interaction Ham

iltonian 
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could be attractive! 



Sym
m

etry of the pairing 
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ingly corresponds to spin triplet A

2
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 How
ever, the spin-orbit coupling term

 in H
0  changes  

the sym
m

etry to A
1

g
 (i.e. s-w

ave)  
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O
rder param

eters 
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O
rder param

eters and spectrum
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O
rder param

eters and spectrum
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i surface is (further) reduced 

by the adm
ixture ∆

0   
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Knight shift KFe
2 As2 

Fukuzaw
a et.al. J. Phys. Soc. Jpn  80 (2011) 



Ba
1-x K

x Fe
2 As2 

Cho et.al. Sci.Adv. (2016) 
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O
pen questions 

•
How

 to (reliably) determ
ine the param

eters in the low
 energy 

effective Ham
iltonian from

 first principles?  

•
U

nder w
hat conditions do w

e achieve Jeff >U
eff ’ ? Phonons? 

•
Interplay of hole and electron pockets? 

•
How

 to incorporate the additional ordering tendencies at sm
aller 

doping?  


