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Scanning Tunneling Microscopy (STM)
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Scanning Tunneling Spectroscopy (STS)
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Superconductivity: short introduction

Macroscopic quantum state
» Zero resistivity?!

 LiFeAs
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Conventional: electron-phonon interaction

Phonons Tunneling spectroscopy
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Unconventional: electron-electron interaction

e.g. in iron-based superconductors

Spin fluctuations... Orbital fluctuations...
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Outline

Probing electron-boson coupling in L|FeAs
Local spectroscopy
Friedel oscillations

-0.15 0 0.15
q along '-M direction (n/a)
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Explore possible pairing bosons by STM/STS

LiFeAs . ' LiFeAs
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e Stoichiometric superconductor
e “perfect” surfaces

e No magnetic order

e No nematic order
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Temperature dependent STS on LiFeAs

Topography @ 5 K Spectroscopy
high | ' I . I
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7 Superconducting gap A ~ 6meV A
* T.= 16K
* High-energy depletion
o \ =) signature of boson! y
Nag, Hess et al., Scientific Reports 2016
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Bosonic mode signature
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Bosonic mode signature

di/dU (a.u.)
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Bosonic mode signature
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Friedel oscillations

Quasiparticle scattering off defects = Friedel oscillations

EnergyA
impurity in a metal
=
Fermi level
W AN,
S ' ;
scattered electron
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k
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Friedel oscillations in LiFeAs
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Friedel oscillations in LiFeAs

dl./dU@6K dl./dU map @ -12 mV Topography@6K
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Friedel oscillations in LiFeAs

dl./dU@6K dl./dU map @ -12 mV Fourier transform
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Friedel oscillations in LiFeAs

g-space image

Reciprocal atomic lattice

Hanke, Hess et al., PRL 2012; Hess et al., PRL 2013
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Friedel oscillations in LiFeAs

g-space image

ARPES band structure
. g 7

-12meV

t o
TC-TC
Reciprocal atomic lattice
Hanke, Hess et al., PRL 2012; Hess et al., PRL 2013 ARPES-Data: S. Borisenko et al., PRL 105, 067002 (2010)
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Friedel oscillations in LiFeAs

ARPES band structure
. g 7

Reciprocal atomic lattice

See also:
Allan et al., Science 336, 563 (2012)
Chi et al., PRB 89, 104522 (2014)

Hanke, Hess et al., PRL 2012; Hess et al., PRL 2013 ARPES-Data: S. Borisenko et al., PRL 105, 067002 (2010)
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Bosonic mode signature
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Friedel oscillations in LiFeAs

ARPES band structure
. g 7

Reciprocal atomic lattice (Required:

Higher resolution at g<q,
\‘ new measurementJ

Hanke, Hess et al., PRL 2012; Hess et al., PRL 2013
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Friedel oscillations with high q resolution

Topography @ 6.7 K

lron defects
Schlegel, Hess et al., PSSB 2017; Grothe et al., PRB 2012
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Energy dependence
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Energy-momentum dependence

T=6.7K

Energy (meV)

-0.3 -0.15 0 0.15 0.3
q along I'-M direction (n/a)
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Energy-momentum dependence

T=6.7K

Energy (meV)

-0.3 -0.15 0 0.15 0.3
q along I'-M direction (n/a)

[ 1 } [ Impurity bound states! J

1Schlegel, Hess et al., Phys. Stat. Sol. B 2017
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Boson-assisted scattering?

T=6.7K
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Boson-assisted scattering

Electron-boson coupling

Well established: Band energy renormalization
€ wmp €

energy

momentum
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Boson-assisted scattering

Electron-boson coupling

o

Well established: Band energy renormalization

~

E mm) £

energy

Scattering potential
= High
. V ==y =
g Resonant
enhancement!
Low
Theory: Steffen Sykora Scatt. momentum, g——

Momentum, k———p
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Resonantly enhanced Friedel oscillations

Superconducting State — 6.7 K
30

20
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0

Energy (meV)

-10
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03 015 0 045 03 Scatt. momentum, g——

q along I'-M direction (n/a)

1 Impurity bound states J
2 Resonant peak = Boson at A+Q =14 meV,q=0 }

Christian Hess — IFW Dresden Friedel oscillations and electron-boson coupling



Check: signature at negative energies?

Superconducting State — 6.7 K
30

20
High
10

Energy (meV)
o

Low

03 015 0 015 03 Scatt. momentum, g——

q along '-M direction (w/a)

( ) (

1 Impurity bound states J

\ J/ \

2 Resonant peak = Boson at A+Q =14 meV,q=0 }

Prediction: Signature at -A-Q
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Check: signature at negative energies?

Superconducting State — 6.7 K
30

20
High
10

Energy (meV)
o

Low

03 015 0 015 03 Scatt. momentum, g——

q along '-M direction (w/a)

1 Impurity bound states J
2 Resonant peak = Boson at A+Q =14 meV, q=0
3 Resonant peak = Boson at -A-Q =-14 meV,q=0
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Superconducting vs. Normal State

Superconducting State — 6.7 K Normal State — 25 K
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-30
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[ Resonance at ~14 meV persists! J

* Spin orbit split bands (A~10meV) yield similar shift in normal state as A in SC state
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Friedel oscillations vs. dl/dU

Integration for q<0.11t/a

co
o

E,.=A+Q

(o))
o
1

N
o
I

Integrated amplitude (a. u.)
B
o

30 -20 -10 0 10 20 30
Energy (meV)
A+Q = 14 meV
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Check tunneling spectra...
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Friedel oscillations vs. dl/dU

Integration for q<0.11t/a dl/dU away from impurities
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Check tunneling spectra...
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Conclusions

Electron-boson coupling === Enhanced Friedel oscillations

[New probe: energy and momentum of renormalized states J
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Conclusions

Electron-boson coupling === Enhanced Friedel oscillations

[New probe: energy and momentum of renormalized states ]
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Here: LiFeAs 20
(=8 meV, q=0

4

New constraints for pairing models
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Conclusions

Electron-boson coupling === Enhanced Friedel oscillations

[New probe: energy and momentum of renormalized states ]
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Mazin, PRL 2008
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Ahn et al., PRB 2014 Saito et al., PRB 2014, PRB 2015 SR G Elly (P12 2010
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Strained LiFeAs
Topography Spectroscopy

— On stripes
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C.M. Yim et al., Nat. Comm. 9, 2602 (2018)
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e Suppressed leading gap A
* Global appearance of resonance peak
\° Stripe order
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Conclusions

Electron-boson coupling === Enhanced Friedel oscillations

[New probe: energy and momentum of renormalized states ]
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