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Iron pnictides: Crystal structure and 
phase diagram 

High Tc SC on As-Fe layers 

Kamihara’08  
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(π,0) AF 



Multiorbital system 
AB-initio calculations find that the 5 iron orbitals are the lower in 
energy-> Multiorbital physics in contrast to cuprates.  
At the Fermi surface: dxz, dyz, dxy orbitals 
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2D Γ hole 
pockets 

2D electron 
pocket 

Extended Brillouin zone,  

Fermi surface 

Γ X 

Y 



 Enigmatic nematic: ab anisotropy 
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Kasahara et al. Nature’12 

The nematic phase is between the AF phase and the structural phase 

Origin of nematicity: 
•  Lattice degrees of freedom? 
•  Spin degrees of freedom? 
•  Orbital degrees of freedom? 
Symmetry dictates that the development 
of one of these orders immediately 
induces the other two: interrelation 
between spin, orbital and lattice d.o.f 
        ‘chicken and egg problem’ 



 Theoretical approaches: Spin nematic 
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(π,0) magnetism 
(0,π) magnetism 

Spin-nematic: (π,0) magnetism breaks 2 symmetries: O(3) and Z2.  
              Z2 is discrete symmetry -> is broken before O(3) 
 



Spin nematic scenario 
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Weak coupling view: 

Neel temperature 

Nematic coupling: 
Strongly dependent on  
ellipticity of electron pockets. 
Fine tunning? 

Once the theoretical framework is  
stablized a lot of observables can be  
computed, Fernandes prb’12, …, 
2 Nat. Phys’14, Nat. Mat.’14 



Iron superconductors: 
multiorbital physics 

d Fe orbitals play the main role in the low energy physics 
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Difficult to calculate fluctuations in the PM phase 

U=U’+2JH 



Hints from mean field 
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•  orbital ordering appears in the magnetic phase. Interplay between 
orbital and spin d.o.f. (also in ab-initio calculations and other mean 
field, Daghofer, prb’09) 

•  Orbital ordering anticorrelated with experimental anisotropy. 
•  Experimental anisotropy linked to the magnetic reconstruction of 

the FS at low moment or close to the transition (as in 
experiments).  

 
B.V., E. Bascones, M.J. Calderón, PRL’10 



The quadratic band crossing point (QBCP) and magnetic 
reconstruction 

A low energy theory should have this physics into account! 

Red-yz orbital 
Green-zx orbital 

Non-magnetic phase 
Magnetic phase at low moment  
(close to the transition) 

Γ  pocket  
QBCP 
Vortex=2 
Scalapino arXiv’08 
DHL.et al. PRB’09 

Two Dirac  
Cones 
1+1 

QBCP are unstable under RG to nematic and topological phases, K. Sun et al. prl’09 
(different context, pseudospin: 2 atoms per unit cell, bilayer graphene…) 



Our work: derive a multiorbital 
effective action 
 
Derive an effective action for the spin-nematic phase 
using the Hubbard-Stratonovich machinery from a 
multiorbital Hamiltonian. The Landau coefficients will 
depend on the U, JH, the orbital content and the non 
trivial topology of the Γ pocket  
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The effective action 
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Nematic coupling: 
Different from zero if ellipticity is zero. 
It is not so sensitive to ellipticity 

Landau coefficients 

To be compared to: 



Analysis for the two orbital model 
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H = c+ηα (k)
kαηη '
∑ τ ηη '

0   h0 (k)+τ ηη '
1   h1(k)+τ ηη '

3   h3(k)( )cη 'α (k)

Pseudospin: orbital degree of freedom 



Spin susceptibility 
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There is a structure from the orbital degree of freedom in the BZ 
yz more magnetic in agreement with mean field. 
Along x every contribution is suppressed-> anisotropy? 

q=0 Q=(π,0) 



Spin susceptibility 
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Renormalizes U JH 

Generation of orbital  
anisotropy in the spin  
channel 

If we allow for charge degrees of freedom it will couple to the 
charge channel generating orbital ordering. Agrees with Mean 
field result but from the PM phase. Spin-orbital are intertwined   



Spin susceptibility, continuum limit and 
QBCP 
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Again: 
•  Orbital anisotropy generated dynamically 
•  Anisotropy between kx and ky from the Q=(π,

0) nesting between the Γ pocket with 
vortex=2 and the X pocket: topology of the 
Γ pocket behind anisotropy? 

 

Fig from Lau, prb’13 



Conclusions 
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-We have built an effective action for Iron superconductors to study the 
spin-nematic phase. The Landau parameters depend on U, JH, orbital 
content and topology of the FS. Nematic order parameter not so sensitive 
to ellipticity 

Magnetic susceptibility for the 2-orbital model 
-Orbital anisotropy is generated dynamically in the spin channel. It can 
generate orbital ordering in the charge channel. Interplay between spin-
charge channels revealed from the paramagnetic phase. 
-Anisotropy weight factors: No weight along x-> Has nematicity a 
topological aspect? This would explain why nematicity decreases with 
magnetic moment. 
 
 
 
 
 
 
Future: 
-With this action we or others can calculate the desired response function  
 

Under 90º xz 
transforms in yz 

But under 90º yz 
transforms in -xz 



Thank you!



Some hints from mean field in 
the magnetic state: orbital order 
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Mean field analysis and ab-initio calculations: orbital ordering appears in the 
magnetic phase but not alone. 

B. V., E. Bascones, M.J. Calderón, PRL 105, 207202 (2010) 

Magnetism Orbital ordering 

Orbital ordering anticorrelated with the experimental Drude anisotropy. 
Orbital order not behind anisotropy at the MFL in the magnetic phase 
Experimental anisotropy found for weak magnetic moment as in experiments 

Drude anisotropy: Dx/Dy 



Multiorbital system 
Pnictides: 6 electrons in 5 Fe orbitals in a tetrahedral 
environment: 
 
 
 
 
                   S=1 (2mB)      
 
 
AB-initio calculations find that the 5 iron 
orbitals are the lower in energy->  
Multiorbital physics in contrast to cuprates.  
At the Fermi surface: dxz, dyz, dxy orbitals 

dxy 
 
dxz, dyz 
 
d3z2-r2 
 

dx2-y2 

Crystal field ∼200 meV 
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Kamihara’08  

2D Γ hole 
pockets 

2D electron 
pocket 

Extended Brillouin zone,  

Fermi surface 

Γ X 

Y 



Magnetic reconstruction as origin of the conductivity 
anisotropy 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Dx/Dy 

J H
/U

 

Orbital ordering do not explain the experimental anisotropy 
Anisotropy linked to magnetic reconstruction of the FS at low 

moment or close to the transition (as in experiments).  
B. V., E. Bascones, M.J. Calderón, PRL 105, 207202 (2010)  

Dx/Dy=	  0.72	  Dx/Dy=	  1.34	  

Dx/Dy=	  0.52	  Dx/Dy=	  1.09	  



Spin susceptibility, continuum limit and 
QBCP 
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Again: 
-Renormalization of U,JH 
-Generation of orbital anisotropy 
-Anisotropy between kx and ky from the Q=(π,0) 
nesting between the Γ pocket with vortex=2 
and the X pocket: topology of the Γ pocket 
behind anisotropy? 
 



The nematic phase 

- Anisotropy measured experimentally in charge, spin an orbital channels 
- Cuprates also present a nematic phase 

Chu et al. Science’10 
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Le

ss
 m

et
al

lic
 

Evora 2014  

Resistivity anisotropy in the phase diagram 



From the microscopic model to the 
effective action  
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