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Duality of the 3d electrons in bridged systems

Long timescale: the electrons are itinerant and do
participate in the transport properties.

(super-exchange)

Short timescale: the electrons are “atomic-like”.

Electronic correlations
Local or non-local?



Outline
1. Filling the 3d shell of the 122 materials: local physics.

2. The nature of the superconducting pairing in the Fe-
based superconductors: short-range physics.

3. Non-Fermi liquid behavior induced by low-energy
interactions in doped LiFeAs: non-local physics.

4. Coherent to incoherent crossover in KFe2As2: not-sure-
yet physics.

5. Conclusions



Filling the 3d shell 
of the 122 
materials
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Dmitri Ivanovitch Mendeleïev 
(1834 – 1907) est un chimiste 
russe connu pour ses travaux 
sur la classifi cation périodique 
des éléments.  En 1869,  il 
publia une première version 
de son tableau périodique des 
éléments appelé aussi tableau 
de Mendeleïev.  Il déclara que 

les éléments chimiques pouvaient être arrangés selon 
un modèle qui permettait de prévoir les propriétés 
des éléments non encore découverts.

TABLEAU PÉRIODIQUE DES ÉLÉMENTS

k

E

?
3d6  Fe2+

Werner et al., Nature Phys. 8, 331 (2012)

3d7 Co2+
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Unoccupied states in ferropnictides 

N. Xu et al., PRX 3, 011006 (2013)

Red curves are fit to
optimally-doped
(Ba,K)Fe2As2 that
have been renorma-
lized

dxy (b): x 4

Other bands: x 2

470 meV

Except for the
renormalization,
BaCo2As2 allows the
visualization of the
unoccupied states in
the ferropnictides.



ARPES vs DMFT: BaCo2As2

N. Xu et al., PRX 3, 011006 (2013)



BaCo2As2 vs BaFe2As2

N. Xu et al., PRX 3, 011006 (2013)

BaCo2As2 = BaFe2As2+1 electron

0.44

Local physics seems very important
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What about Cu?
It should be Cu 3d9, like in the
cuprates, right?

BaCu2As2
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Cu 3d10

kz dispersion
weak or absent

The Cu 3d states
are located well
below EF

EF states
[-4, -3]

B
aC

u 2
A

s 2
a

-B
aC

u 2
Sb

2

S.-F. Wu et al., Phys. Rev. B 91, 235109 (2015)
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Dmitri Ivanovitch Mendeleïev 
(1834 – 1907) est un chimiste 
russe connu pour ses travaux 
sur la classifi cation périodique 
des éléments.  En 1869,  il 
publia une première version 
de son tableau périodique des 
éléments appelé aussi tableau 
de Mendeleïev.  Il déclara que 

les éléments chimiques pouvaient être arrangés selon 
un modèle qui permettait de prévoir les propriétés 
des éléments non encore découverts.

TABLEAU PÉRIODIQUE DES ÉLÉMENTS

L.-K. Zeng et al., PRB 94, 024524 (2016)

There is a decrease of the band
renormalization factor upon filling the
3d shell.

DFT renormalized by 1.1
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Well-defined features.

No band renormalization.
TN = 625 K

W.-L. Zhang et al., arxiv:1608.06110 (2016), In Press (PRB)



Pairing mechanism 
in Fe-based 

superconductors



Nodeless SC gaps
H. Ding, P. Richard et al., EPL 83, 47001 (2008)

Are the pairing interactions better described
in the k space or in the r space?



Quasi-nesting breakdown

The only way to support a Fermi-surface-driven pairing is to admit
that there are at least 3 unconventional (!!!) paring mechanisms for
the same crystal structure.

Same crystal structure but totally different Fermi surface topologies

Richard et al., J. Phys.: Condens. Matter 27, 293203 (2015)
For more details, see our recent review paper:

e h



Quasi-nesting breakdown
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Local magnetic interactions
J.-P. Hu and H. Ding., Sci. Rep. 2, 00381 (2012)

Magnetism can be
characterized by the
J1-J2-J3 model in
cuprates, pnictides
and chalcogenides

Lipscombe et al., PRL 
106, 057004 (2011)



Recipe for a high-Tc SC

J1 J2

J.-P. Hu and H. Ding., Sci. Rep. 2, 00381 (2012)

The form of the different
functions simply comes from
the Fourier transform of Dirac
functions representing the
position of the atoms in real
space.

Global gap functions

✔

✔



Ca0.67Na0.33Fe2As2

Y.-B. Shi et al., CPL 37, 067403 (2014)

The SC gap obeys a strong coupling derived formula! 

D2/Dz = 8.3

J2/Jz = 7



FeTe0.55Se0.45: gap asymetry
Tc = 14.5 K

D2/D3 = 3.7 compares
quite well with J2/J3 = 3.2

H. Miao, P. Richard et al., PRB 85, 094506 (2012)

The absence of band at G in
KFe2Se2 has no fundamental
importance



Orbital anti-phase S±

Z. P. Yin, K. Haule and G. Kotliar, Nature
Phys. 10, 845 (2014)

Umezawa et al., PRL 108, 037002 (2012).

LiFeAs

See also Borisenko et al., Symmetry 4, 
00251 (2012).



Non-Fermi liquid 
behavior in doped 

LiFeAs



Electrical resistivity

Y.-M. Dai et al., Phys. Rev. X 5, 031035 (2015)

LiFeAs shows the T2 dependence of a Fermi liquid. The exponent
decreases down to nearly 1.3 with Co doping but increases
towards 2 for further doping.
r0 increases monotonically with doping Þ the crossover is not
the result of impurities.



Optical conductivity

Y.-M. Dai et al., Phys. Rev. X 5, 031035 (2015)

n = 1.64n = 2

n = 1.35 n = 1.52 n = 2

The same exponents are obtained from the real part of the optical
conductivity.



LiFeAs: FL-NFL-FL crossover

Y.-M. Dai et al., Phys. Rev. X 5, 031035 (2015)

The FS nesting is poor
in LiFeAs, it increases
with Co-doping up to x
= 0.12, and then
deteriorates again.
1/T1T increases rapidly
for x = 0.12



V-doped LiFeAs

L. Y. Xing et al., Phys. Rev. B 94, 094524 (2016)

- Hole-doping

- Confirms the nesting-induced NFL scenario

- Inter-orbital scattering is favored



Coherent to 
incoherent 

crossover in 
KFe2As2



KFe2As2: Motivations
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Coherence-incoherence crossover
in KFe2As2 at T* = 165 ± 25 K



Fermi-Dirac cutoff

Be aware that the electronic states of interest locate within the
energy range affected by the Fermi-Dirac cutoff.

P. Richard et al., Unpublished.



Removing the cutoff

P. Richard et al., Unpublished.

Similar, and even more pronounced chemical potential shift observed
in other Fe-based superconductors as a function of temperature.

See V. Brouet et al. and A. Kaminski et al. 
… and S. Borisenko’s talk



Removing the cutoff

P. Richard et al., Unpublished.

“Lifshitz transition”
above 120 K?

N. Xu et al., PRB 88, 220508(R) (2013)



T evolution

P. Richard et al., Unpublished.

The spectral weight intensity decreases
exponentially with a characteristic
temperature scale T* = 142 K

What is the cause for
this behavior? The
Hund’s coupling or
the low-energy
excitations?



Summary
1. Electronic correlations come out naturally from “local

physics” and they are tuned by the filling of the 3d shell.

2. SC does not come from a Fermi surface instability. The
pairing glue is better described in the real space.

3. k-physics remains and is responsible for interesting
phenomena such as non-Fermi liquid behavior.

4. The coherent to incoherent crossover in KFe2As2 may not be
due to local electronic correlations?

5. PHYSICS is not k or r. It is k AND r. PHYSICS is not local
or non-local. It is BOTH. Calls for more sophisticated
calculation methods.


