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What can we learn from ARPES?

• Electronic structure = 
electronic band structure +
structure of interaction (self-energy)

• ARPES on HTCS: self-energy

• ARPES on FeCS: band structure



Occam's razor

"entities should not be multiplied 
beyond necessity"

Electronic band structure defines electro-
magnetic properties of metals
(inc. “strongly correlated”)

What can we learn from ARPES?

• Electronic structure = 
electronic band structure +
structure of interaction (self-energy)
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• Electronic structure = 
electronic band structure +
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• ARPES on HTCS: self-energy

• ARPES on FeCS: band structure
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A(ω,k) f(ω)

Spectral
function

Σ(ω,k) – self-energy

Kordyuk PRB 2005

Structure of electronic spectrum 

ε(k) – “bare” electronic
band structure
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Electronic spectrum = 
band structure + self-energy



Cu-SC vs Fe-SC 



Cu-SC vs Fe-SC 

complexity of the cuprates is 
encapsulated in complex 
kω-dependence of the self-energy
that is defined by the spectrum of 
spin-fluctuations

Band structure is simple but...

Cuprates
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Spin-fluctuations and superconductivity

Im G0(k,ω) Im G(k,ω)Im χ(q,Ω)
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1. ARPES and INS 
-> spin-fluctuations 

2. Тс ~ 150 К.
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Formula of cuprates:
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Non-monotonic pseudogap in BSCCO
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Kondo Nature (2009)

SDW and superconductivity
compete for the phase spase

“Two-gap scenario"

“FS nesting”



Cu-SC vs Fe-SC 

Complexity of Fe-SC is in complex 
band structure. Both phonons and SFs
are importand but multi-band effects 
should be taken into account

Fe-SC

ARPES + LDA + self-energy analysis



Yaresko 2010

FeSC electronic band structure
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Iron-based superconductors: electronic structure
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Fermi surface of BKFA
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Fermi surface of LiFeAs

Kordyuk, J. Supercond. Nov. Magn. 2013
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Small Fermi surfaces 
= 

vicinity to Lifshitz transition
=

vicinity to 2D-3D crossover



FS‘s of iron-based superconductors

D. Evtushinsky 2011



FS‘s of iron-based superconductors

D. Evtushinsky 2011



FeSC: electronic structure and superconductivity
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AxFe2Se2 (31K)

BFCA (26K)
LiFeAs (18K)

BKFA (38K)

A. A. Kordyuk, J. Supercond. Nov. Magn. (2013)
A. A. Kordyuk et al., Phys. Rev. B 83, 134513 (2011)

correlates with SC gap!!! - Daniil
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S. V. Borisenko arXiv:1204.1316 – PRB 2013 

A-FeSe
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Zabolotnyy 2011
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BFA

BKFA (38K)

KFA (4K) ???

Hole doped KFA
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• The band structure of Fe-SC is well captured 
by LDA but do not take it too literally. The 
calculated Fermi surface is usually bad starting 
point for theory.

• Main contributors to SC are dxz,yz electrons 
and Tc for different compounds seems to 
correlate with the position of the Van Hove 
singuliarities (Lifshitz transitions) for the xz-
and yz-bands. 



Self-energy in Fe-SC

- crystal quality
- 3D
- lack of manpower



LiFeAs: renormalization

Kordyuk PRB 2010

λ = λel + λph = 2 + 1.38
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LiFeAs: renormalization
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LiFeAs: renormalization

Kordyuk PRB 2010
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Bi-2201 LiFeAs

MDC asymmetry = k-dependent self-energy

Kushnirenko 2013 (see poster)



Cu-SC Fe-SC

pseudogap k-dependent no

main interaction SF
(phonons + SF)
*multi-bands

band structure
simple 

(1 band, split)
complex
(5 bands)

renormalization k-dependent band dependent

1+λ (ω cutoff) k-dependent 
2 (0.5 eV)

>4 (50 meV)
3 (1.5 eV)

SC gap k-dependent band dependent

Cuprates vs ferropnictides
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