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The disorder probe: local effects
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Pnictides: What can similar experiments reveal
about the properties of the ground state?
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Bound states of defects in superconducting LiFeAs studied by scanning tunneling spectroscopy
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Theoretical status on bound states in s+

Bound states exist for s+ but controversy about their position/weight
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Theoretical study of impurity states in the superconducting phase

H = HO + Hint + HBCS + Himpa
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Theoretical study of impurity states in the superconducting phase

H = HO + Hint + HBCS + Himpa

_ pv T
Ho = Z tij Ciuacj’/ff — Mo Z Nip.o- Hpcs = — Z [A%VCLTC}V\L + H.C.],

ij,/,w,a i,U'U i;éj,y,u

| |
I, I

| I ]7 N |
Intra Mixed

Inter

The pairing vertex in the singlet channel:

st

oo (k=K',0) = | SUXE (=K 0)U+ 3 U = SUXE k=K O) U™ 5 UF
jole}




Theoretical study of impurity states in the superconducting phase
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Theoretical study of impurity states in the superconducting phase
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Theoretical study of impurity states in the superconducting phase
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Theoretical study of impurity states in the superconducting phase
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state




Theoretical study of impurity states in the superconducting phase
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Theoretical study of impurity states in the superconducting phase
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Theoretical study of impurity states in the superconducting phase
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Five band model: nonmagnetic impurity Vimp dependence
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FIG. 2. (Color online) Total LDOS for nonmagnetic point-
like scatterers at the impurity site (dashed red line) and at
the NN site (solid blue line). Panels (a-i) correspond to
Vimp/t = —8.0,—2.0,—1.0,—0.5,0.5,1.0,1.5,2.0,8.0. In all
plots the solid black line is the DOS of the clean supercon-
ductor.
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Recent STM data from magnetic Mn impurities

In-Gap Quasiparticle Excitations Induced by Non-Magnetic Cu Impurities in

Na(Fe.96C00.03Cug,01)As Revealed by Scanning Tunneling Spectroscopy
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Five band model: magnetic impurity
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FIG. 3. (Color online) Total LDOS for magnetic point-like
scatterers at the impurity site (dashed red lines) and at the
NN site (solid blue line). The dotted green lines show the spin-
up LDOS at the NN site. Panels (a-f) correspond to Vimp /t =
—8.0,—-6.0,—4.0,—2.0,—1.0, —0.5. Repulsive potentials lead
to the same total LDOS (with interchanged spin-polarisation
of the individual bound states).
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If spin-resolved STM finds that one of these 3
are nonmagnetic -> strong evidence for s+




Five band model

H = HO + Hint + HBCS + Himpa

What happens when we include correlations?
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Single (cuprate) band; impurity-induced order

BMA et al, PRL 2007
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Single (cuprate) band; impurity-induced order

Origin of disorder-induced magnetism:
local Stoner instability
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Five band model: impurity-induced order in FeSC

M. Gastiasoro et al,
preprint
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Five band model: impurity-induced order in FeSC
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Implications of induced order: spin glass phase
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Implications of induced order: spin glass phase
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Implications of induced order: spin glass phase
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Implications of induced order: spin glass phase
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Implications of induced order: LDOS
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Implications of induced order: LDOS

16
_12(a) 12/(b) (c)
S 12
S8 8|
2 8
e 4 4/./\'\01\ 4/ 4
ot \ —— ol \ ‘ 0 \ | \
-001 0. 001 ~001 0. 001 —001 0. 001
Energy [eV] Energy [eV] Energy [eV]
non-selfconsistent selfconsistent selfconsistent
BdG BdG BdG with induced

magnetic order

— N W A W
— N W B W
— N W A~ N

M. Gastiasoro et al,
preprint




Not there yet!
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1a) Overview of selected experimental data (STM)

1b)Theoretical modeling:
- SC phase (realistic modeling of bound states)
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What is the origin of the anisotropy/nematicity

1) Orbital ordering Nz 7 My
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2) Anisotropic AF spin fluctuations




What is the origin of the anisotropy/nematicity

1) Orbital ordering 1., # ny.
2) Anisotropic AF spin fluctuations

3) Anisotropic impurity scattering
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Commensurate antiferromagnetism with orthorhombic crystal

symmetry exists in the phase ‘parent’ to the superconductivity in
most underdoped FeAs materials. The a axis unit cell is fractionally
longer than that of the b axis, with the Fe spins aligning in an
anti-parallel fashion along the a axis but parallel along the b axis.
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What do point-like impurities actually do
in the SDW phase?
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They generate new emergent elongated
iImpurity states!
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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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Origin of electronic dimers in the SDW phase

Nematogens:

1) robust (not
sensitive to
band, V_imp ..)

2) cooling-
dependent!
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FIG. 2. (Color online) Magnetization in real-space upon low-
ering T with U = 1.6eV and Vimp = 0.1eV. From top to
bottom: T'/Tn = 0.88,0.67,0.46,0.25. At each T, the system
is iterated until the bulk magnetization has converged. The
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Origin of electronic dimers in the SDW phase

magnetization

(b) (e)
density I o T

LDOS

FIG. 3. (Color online) 2D real-space maps of (a,d) the mag-
netization, (b,e) the total electron charge density, and (c,f)
the low-energy integrated LDOS for the same two low-T" ne-
matogens shown in Fig. d,h).
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Origin of electronic dimers in the SDW phase
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We now have a microscopic candidate for these dimers
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Open question: how can the electronic dimers survive above Ts?




Conclusions

Disorder in superconductors:
- rich bound state scenario (honmagnetic, magnetic, induced order).

- more work needed for understanding of all details.

Disorder in the SDW phase:

- nonmagnetic point-like potentials generate large 1D emergent
nematogens.

- the nematogens constitute a microscopic candidate for electronic dimers
seen by STM and the impurity-induced transport anisotropy.
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