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Electronic correlations

Local or non-local?

Duality of the 3d electrons 1n bridged systems
(super-exchange)

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

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



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 KFe,As,: not-sure-
yet physics.

5. Conclusions
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Unoccupied states in ferropnictides
I
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N. Xu et al., PRX 3,011006 (2013)

Red curves are fit to
optimally-doped

(Ba,K)Fe,As, that
have been renorma-

Other bands: x 2

Except  for  the
renormalization,
BaCo,As, allows the
visualization of the
unoccupied states in
the ferropnictides.
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BaCo,As, = BaFe,As,+1 electron

Local physics seems very important
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Hole-doping: Fe—>Mn
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Pairing mechanism
1in Fe-based
superconductors



Nodeless SC gaps
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Quasi-nesting breakdown
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KFe,Se (Ba, K)Fe,As KFe,As
2°C) 2438) 2435

hT:‘T c
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| 38 A

Same crystal structure but totally different Fermi surface topologies

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.

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



Quasi-nesting breakdown

K ~
N
A)
il
T

) = o)
L N
! ‘ K 4 . ) \\ 72
/ | . r

‘ C ! \| . '/

| '3 y J !

' 0 Se ‘\ ” \ \\

N 4
~ Z

Co—¢%

Same crystal structure by y di ermi surface topologies

The only way to sug a Fermi-surface-%
that there are at 18 unconventional (!!!) T
the same crystal structure.

2 pairing 1s to admit
d> mechanisms for

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



ILocal magnetic interactions
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Recipe for a high-7, SC

. J.-P. Hu and H. Ding., Sci. Rep. 2, 00381 (2012
Global gap functions uan Ing., SC1. Rep (2012)

Bi,Sr,CaCu,0g, Ba, Ky 4FesAS,

AF couplings & gap form a

Ji: s-wave (cosky + cosky)/2

Ji: d-wave (cosky — cosky)/2

Jo: s-wave coskycosk,

Jo: d-wave sinkysink,

J3: s-wave (cos2ky + cos2ky)/2

J3: d-wave (cos2ky — cos2ky)/?2

The form of the different K
functions simply comes from 4. yave
the Fourier transform of Dirac
functions representing the
position of the atoms in real
space.




SC gap (meV)

—
o

0.9)

=~ O

0

Ca -Na ;;Fe,As,

= | | F
(d) ’ 7.5 10.5
— — < 45r(b)
C z
. ~ 40! o
- 4 »
80 o
g 350
| - | 13
'%%‘ 6 = 30| |
S r
B o aband | 4[ -1 2 25¢ o
o S band Sl .
— © o band H 2 ‘,a"Zﬁt = | Agcos(ky)cos(ky) + 7 £ 6 8 10 12
© < band ca"& A,/2[cos(k;)+cos(ky)]cos(k,]|) SC gap (meV)
= A | | | H ol _ 1 1 1 1 1 1
0.0 0.2 04 0.6 08 1.0 O 2 4 o6 8 10 12
cos(kz)cos(ky)| At
| Tl =T
Y.-B. Shi et al., CPL 37, 067403 (2014)
Az/AZ — 83

The SC gap obeys a strong coupling derived formula!



Intensity (arb. units)
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Orbital anti-phase S
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Non-Fermi liquid
behavior in doped
LiFeAs



Electrical resistivity
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LiFeAs shows the 72 dependence of a Fermi liquid. The exponent

decreases down to nearly 1.3 with Co doping but increases
towards 2 for further doping.

po Increases monotonically with doping = the crossover 1s not

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




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

Y.-M. Dai et al., Phys. Rev. X 5, 031035 (2015)
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The FS nesting 1s poor
in LiFeAs, it increases
with Co-doping up to x
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Hole-doping
Confirms the nesting-induced NFL scenario

Inter-orbital scattering is favored



Coherent to
incoherent

Crossover 1n
KFe,As,



F. Hardy et al., PRL 111, 027003 (2013)

KFe,As,: Motivations
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incoherent state at high T.

Coherence-incoherence crossover
in KFe,As, at T*=165+25K



Fermi-Dirac cutofft
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P. Richard et al., Unpublished.
Be aware that the electronic states of interest locate within the

energy range affected by the Fermi-Dirac cutoff.



Removing the cutoit
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P. Richard ef 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 cutoit

Lifshitz
transition
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1 evolution

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

@ o ;

What i1s the cause for
| this behavior? The

Hund’s coupling or

Intensity (arbitrary units)
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P. Richard et al., Unpublished.



1.

Electronic correlations come out naturally from “local
physics” and they are tuned by the filling of the 3d shell.

SC does not come from a Fermi surface instability. The
pairing glue 1is better described 1n the real space.

k-physics remains and 1s responsible for interesting
phenomena such as non-Fermi liquid behavior.

The coherent to incoherent crossover in KFe,As, may not be
due to local electronic correlations?

PHYSICS 1s not kor r. It 1s kK AND r. PHYSICS 1s not local

or non-local. It 1s BOTH. Calls for more sophisticated
calculation methods.

W AK !



