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Direct observation of spin-orbit coupling  

    in iron-based superconductors 
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LDA band structure and Fermi surface: 1111 
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Energy scale of 1 eV 



SVB et al., PRL (2010) 

Superconducting material: LiFeAs 

Renormalization ~ 3 



Spectra of NaFeAs in a wide energy range 

Evtushinsky et al. arXiv 
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High-energy anomaly in iron-based SC 
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High-energy anomaly in iron-based SC 
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Electron scattering rate in ordinary and 
strongly interacting systems 
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Model for high-energy spectral function 

Evtushinsky et al. arXiv 
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How to understand the electronic structure on  
1 eV energy scale (alternative – DMFT) 

Evtushinsky et al. 

Experiment Theory          =       bare band      +     a2F 
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Energy scale of 0.1 eV 
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Simple way to understand the electronic structure on 0.1 eV scale 
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Energy scale of 0.001 eV 
(gaps) 
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xy band 

SVB et al.  
Symmetry 12 



Ca-NaFe2As2 

Evtushinsky et al. PRB 13 

LiFeAs 

K-FeSe 

K-BaFe2As2 
SVB et al. Symmetry 12 

Evtushinsky et al. PRB 14 



Fermi surface 

Band structure 

„Quasiparticle Tight-Binding Fit“ 

Your Theory 

Gap function from theory Gap function from experiment 
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More precision is needed ! 
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LiFeAs: more precision 
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LiFeAs: structure near center of BZ 
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LiFeAs: spin-orbit coupling 

Calculations: A. Yaresko 

~ 40 meV 



What to expect in ARPES spectra 

S.V. Borisenko et al. arXiv:1409.8669 



LiFeAs: kz-dependence 

hn – scan (from 80 to 30 eV) 

S.V. Borisenko et al. arXiv:1409.8669 



LiFeAs: photon energy dependence 

LDA Experiment 

S.V. Borisenko et al. arXiv:1409.8669 



LiFeAs: kz-resolved electronic structure 
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LiFeAs: magnitude of SOC at G 
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LiFeAs – electron pockets 

Angle, (°)  

Electron pockets 

Spin-orbit interaction ! 
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LiFeAs: magnitude of SOC along at MX 

10 meV 

Momentum 

Momentum 

Kinetic energy (eV) 
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T<Tc T>Tc 

LiFeAs: SOC does not depend on T 
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LiFeAs: Fermi surface in the center of BZ 
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LiFeAs: orbital mixing 
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• Iron-based superconductors are „moderately“ correlated systems: far from 
insulating state but Hubbard bands start to be formed. 

 
• DMFT is a proper theoretical tool to describe electronic structure on 1 eV 

energy scale: U and J can be extracted from comparison with ARPES. 
 
• Orbital-dependent renormalization strongly modifies the low-energy electronic 

structure and Fermi surface given by 3D relativistic LDA band-structure, but all 
features/dispersions are present. 

 
• Significant spin-orbit interaction defines the Fermi surfaces bearing the largest 

gaps in optimally doped materials.  
 
• Important details of the electronic structure of iron-based superconductors are 

not yet understood. 

Conclusions 


