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What does the disorder “look like”?




Signatures of electronic nematicity in FeSC
II. STM in SC state

FeSe: CL Song et al, Science 2011, PRL 2012
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Origin of electronic dimers in the SDW phase
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Summary of main exp. facts

Challenges for theory:

1) The emergence of strongly C2 symmetric impurity states

2) The counterintuitive sign of the resistivity anisotropy on the electron-doped side, where
Pb > pa although b < a.

3) The decrease of the anisotropy upon annealing.
4) The pronounced increase in pp as TN is approached, with pa remaining metallic like
5) The possible sign change but also significant decrease of the anisotropy on the hole-doped side.

6) The decrease in anisotropy both with increasing T and electron overdoping.




Spin-nematic theory: of resistivity. anisotropy. In nematic phase
Fernandes, Abrahams and Schmalian PRL 2011
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Nematic spin correlations in

the tetragonal state of
uniaxial-strained BaFe,_,Ni, As,
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Results: Impurity response
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Results: Impurity response
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Results: Scattering rate
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Results: Scattering rate
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Results: Scattering rate
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Results: Transport
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What happens to nematogens at T<Tn ?




What do point-like impurities actually do
in the SDW phase?
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Origin of electronic dimers in the SDW phase
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Origin of electronic dimers in the SDW phase
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Origin of electronic dimers in the SDW phase
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Nematogens automatically give correct sign,
annealing dependence of transport anisotropy
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Anomalous effect of Lifshitz transitions on DC transport in magnetic phases of
Fe-based superconductors
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Impurity scattering dominates
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Summary T-dependence
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Summary T-dependence

Ishida et al, PRL 2013

X =IO.02'
1 I 1 1
) 100 200 C




0.75

0.50

0.25

0.00

Summary doping-dependence

4
a\/’b
I = Chu etal.?®°
e Tanatar et al. '

P Ying et al. % T
L * This work
| @

\\ )

v—*—
-0.20 -0.10 0.00 0.10 0.20 0.30

n electron-doping (2x) p hole-doping (x)




Summary doping-dependence
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Summary of main exp. facts

Challenges for theory:

1) The counterintuitive sign of the resistivity anisotropy on the electron-doped side, where /
Pb > pa although b < a.

2) The decrease of the anisotropy upon annealing.
3) The pronounced increase in pp as TN is approached, with little or no increase in pa.
4) The possible sign change but also significant decrease of the anisotropy on the hole-doped side.
5) The decrease in anisotropy both with increasing T and electron overdoping.

6) The emergence of strongly C2 symmetric impurity states
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4) The possible sign change but also significant decrease of the anisotropy on the hole-doped side. J
5) The decrease in anisotropy both with increasing T and electron overdoping. J

6) The emergence of strongly C2 symmetric impurity states /
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Talk outline

1) Emergent defect states

- experimental overview (transport, STM).
- model and results; origin and consequences of nematogens.
- scenario for understanding the resistivity of pnictides.

—) 2) Impurity-induced long-range ordered phases

- experimental overview (X-rays, neutron, muSR).

- model and results; origin and consequences of unusual
“RKKY” exchange couplings.

- induced magnetic phases and extreme Tc suppression.
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Puzzling

How can magnetic (non-doping) random disorder tune
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Phase coexistence
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Induced magnetic (pi,pi) scattering
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Summary of main exp. facts for Mn-122

Challenges for theory:

1) Mn impurities are a source of (non-doping) magnetic impurities.

2) Mn induce local (pi,pi) order in their vicinity both above and below
Tn

3) (pi,0) order is induced above Tn but only for enough Mn.

4) Explain apparent absence of orthorhombicity.




Talk outline

1) Emergent defect states

- experimental overview (transport, STM).
- model and results; origin and consequences of nematogens.
- scenario for understanding the resistivity of pnictides.

2) Impurity-induced long-range ordered phases

- experimental overview (X-rays, neutron, muSR).

—) - model and results; origin and consequences of unusual
“RKKY” exchange couplings.
- induced magnetic phases and extreme Tc suppression.




The 5-band model + magnetic impurity
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The 5-band model + magnetic impurity
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Mean-field decoupling and self-consistent solution for all densities at
all orbitals and sites.




Single magnetic impurity

(a)

+

Vimp=0.3eV

(©)

*

Vimp=0.8eV

T>Tn

0

1

2

3




Single magnetic impurity

m(r)

(a)

+

Im(q)| .

Vimp=0.3ev

ﬂi(b

kil

| o ‘
—7Th
T

)

k‘ L
o
[e]

-
0
q

INNENENEENE Y | I
| | [e)
[\) —_—

-0.015

-0.010

0005

(©)

*

0020 7

®
-y

H0.00S
0
T

0
qx

Vimp=0.8ev

0.020

I,
-1
)
-3

0.015

-0.010

T>Tn




Two different kinds of magnetic impurities
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Multiple magnetic impurities

Energy calculation : “Monte Carlo”
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Generation of (0,pi) order-from-disorder

3% Mn

Only (pi,pi) at low Mn
concentrations
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Generation of (0,pi) order-from-disorder
- In a nutshell




Generation of (0,pi) order-from-disorder
- in a nutshell

030 030 030030




Generation of (0,pi) order-from-disorder
- in a nutshell




Exchange map

0.48

P

0.16

-0.16

-048

Eaa’ - Eaa




Exchange map

0.48

P

0.16

-0.16

-048

Eaa’ - Eaa




Exchange map

0.48

P

0.16

-0.16

-048

Eaa’ - Eaa




Exchange map

0.48

P

0.16

-0.16

-048

Eaa’ - Eaa




Exchange map

0.48

P

0.16

-0.16

-048

Eaa’ - Eaa




Exchange map

0.48

P

0.16
-0.16

-048

Eaa’ - Eaa

4}
3!
o)

Max Stripe order map

5F -
0.039

0013
| -0.013

1 §-0.039




Generation of (0,pi) order-from-disorder
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T-dependence of Mn-induced (0,pi) order

(pi,0) at high enough
Mn concentrations
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T-dependence in real space for dilute concentrations

3% Mn
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T-dependence in real space for dilute concentrations

6% Mn
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T-dependence in real space for dilute concentrations
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Conclusions

Challenges for theory:

1) Mn impurities are a source of magnetic impurities. J

2) Mn induce local (pi,pi) order in their immediate vicinity both above
and below Tn

3) (pi,0) order is induced above Tn but only for enough Mn.

4) Explain apparent absence of orthorhombicity.
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Talk outline

1) Emergent defect states

- experimental overview (transport, STM).
- model and results; origin and consequences of nematogens.
- scenario for understanding the resistivity of pnictides.

2) Impurity-induced long-range ordered phases

- experimental overview (X-rays, neutron, muSR).
- model and results; origin and consequences of unusual
“RKKY” exchange couplings.

—) - induced magnetic phases and extreme Tc suppression.




Poisoning effects

PHYSICAL REVIEW B 89, 134503 (2014)

Poisoning effect of Mn in LaFe;.,Mn,AsQg 39Fy.11: Unveiling a quantum critical point in the
phase diagram of iron-based superconductors

F. Hammerath,"-” P. Bonfa,” S. Sanna,' G. Prando,'"" R. De Renzi,” Y. Kobayashi," M. Sato," and P. Carretta’
' Dipartimento di Fisica and Unita CNISM di Pavia, I-27100 Pavia, ltaly
*Dipartimento di Fisica and Unita CNISM di Parma, I-43124 Parma, Italy
*Department of Physics, Division of Material Sciences, Nagoya University, Furo-cho, Chikusa-ku, Nagoya 464-8602, Japan
(Received 29 January 2014; revised manuscript received 17 March 2014; published 4 April 2014)

A superconducting-to-magnetic transition is reported for LaFe AsQOq ssFo 1 where a per-thousand amount of Mn
impurities is dispersed. By employing local spectroscopic technigues like muon spin rotation (@ SR) and nuclear
quadrupole resonance (NQR) on compounds with Mn contents ranging from x = 0.025% tox = (.75 %, we find
that the electronic properties are extremely sensitive to the Mn impurities. In fact, a small amount of Mn as low as
0.2% suppresses superconductivity completely. Static magnetism, involving the FeAs planes, is observed to arise
for x > 0.1% and becomes further enhanced upon increasing Mn substitution. Also a progressive increase of
low-energy spin fluctuations, leading to an enhancement of the NQR spin-lattice relaxation rate 7, ', is observed
upon Mn substitution. The analysis of 7, for the sample closest to the crossover between superconductivity and
magnetism (x = (0.2%) points toward the presence of an antiferromagnetic quantum critical point around that
doping level.
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Five band model

H = Hy+ Hipt + Hpcs + Himp,
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Five band model

H = HO + Hz'nt + HBC’S + Himpa
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Pairing
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Five band model
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Study of magnetic disorder in the superconducting phase
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Growing magnetization bubble upon approaching the QCP




Study of magnetic disorder in the superconducting phase
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Quasi-long-range magnetic order induced by very dilute disorder
concentrations
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Thank you for your attention




