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Iron-based superconductors:
Fermi surface topology
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Iron-based superconductors (FeSC)
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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



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



Fermi surface of BKFA

Shimojima Science 2011

Mazin & Schmalian 2009

Tesanovic Physics 2009

Ding EPL 2008

Hu & Ding arXiv:1107.1334
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Fermi surface of BKFA

V. Zabolotnyy Nature 2009

A. A. Kordyuk, J. Supercond. Nov. Magn. 2013
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Fermi surface of LiFeAs

Kordyuk, J. Supercond. Nov. Magn. 2013

Ен
ер

гі
я

(е
В)

Імпульс

polarization

Borisenko PRL 2010 Kordyuk PRB 2010

http://www.imp.kiev.ua/~kord/papers/box/2013_JSNM_Kordyuk.pdf
http://www.imp.kiev.ua/~kord/papers/box/2013_JSNM_Kordyuk.pdf
http://www.imp.kiev.ua/~kord/papers/box/2011_PRB_Kordyukb.pdf
http://www.imp.kiev.ua/~kord/papers/box/2010_PRL_Borisenko.pdf
http://www.imp.kiev.ua/~kord/papers/box/2010_PRL_Borisenko.pdf


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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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

http://www.imp.kiev.ua/~kord/papers/box/2013_PRB_Maletz.pdf
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D. V. Evtushinsky arXiv:1211.4593 
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S.Thirupathaiah arXiv:1307.1608 

“10 3 8” – 15K
“10 4 8” – 35K
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KFA (4K) ???

Hole doped KFA



• 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. 



Fusion of bogoliubons in BKFA

D. Evtushinsky arXiv:1106.4584

http://arxiv.org/abs/1106.4584


D. Evtushinsky arXiv:1106.4584

BKFA: band structure

http://arxiv.org/abs/1106.4584


D. Evtushinsky PRB 2009, NJP 2009

BKFA: Fermi surface and gaps

Δ correlates with the orbital composition:
Δ = 3–4 meV for 3dxy and 3dz2
Δ = 10.5 meV for 3dxz/yz.

D. Evtushinsky 2011

http://arxiv.org/abs/0809.4455
http://arxiv.org/abs/0903.4362


122
isovalent doping
BaFe2(As1-xPx )2 (BFAP)



H. Shishido et al. PRL 2010
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http://arxiv.org/abs/1008.2080


Y. Zhang et al. arXiv:1109.0229
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Self-energy in Fe-SC

- crystal quality
- 3D
- lack of manpower



LiFeAs: renormalization

Kordyuk PRB 2010

λ = λel + λph = 2 + 1.38

http://www.imp.kiev.ua/~kord/papers/box/2011_PRB_Kordyukb.pdf
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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



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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