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Fourier transform STS (FT-STS) §

p(q+ G, e) = / dre 9T p(r,¢)

Scattering processes

FIG. 1. Scattering patterns in strongly doped graphene. (a) In-
verted LEED pattern of gr/Cs/Ir(111) at E = 143.5 eV, the
intercalated Cs forms a (2 x 2),. superstructure. The sketch
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« Scattering (elastic) on constant
energy contours in k-space.

* Nesting vectors (backscattering)
dominate — Friedel osc.

* Replicas outside 1'st BZ (Bragg).

«JDOS: pipos(a;e) x Zﬁk(5)0k+q(€)
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A “unified” FT-STS theory

LDOS:  p(r,e) = —1/nImG(r,r;¢)
FT of LDOS:
1 *
pla+ G,e) = o ZZ”?S(G) X [ ﬁTq,k(g) - ﬂfﬁ+q(5) ]
mn k
Interference in g space Scattering processes
N o(G) = (Wmx|e ™ T sy VA = W]V $nierq)
(pristine) (defect/impurity)
DFT based
method: . Supercell
- LCAO basis
- Spin-orbit
« T-matrix

« NxN BZ sampling
Kaasbjerg et al., PRB 96, 241411(R) (2017)



Graphene tight-binding
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Impurity model:

R, = nia; + nsas
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* Filled disc instead of gq=2k backscatter ring + strongly
anisotropic intervalley features (PRL 100, 076601 (2008) ).

» Backscatter ring at Bragg points (weak intensity).



Role of (intrinsic) chirality =

Hk — hUFk-O'
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Phase-factor element:

nfi?q(G) — <wsk|€_i(q+G)'f'|wS’k+q>

+ et Ra 0
S XM+ G M@= (0T dn,)
Intervalley (q=K,K’)
Intravalley (g~0) and Bragg (G#0)
M(q) = oo M(q) # o0
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Role of (intrinsic) chirality

p(q,€)
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QPI/FT-STS in graphene
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Resonant impurity

Impurity 7T-matrix:

Taa(e) = Vo/[1 = VoGha(e)]
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FT-STS for resonant scattering
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FT-STS for resonant scattering
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FT-STS for resonant scattering
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FT-STS for resonant scattering
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« Reappearance of broad backscatter ring at resonance
— standard “scattering picture” breaks down.

Kaasbjerg et al., in preparation (2018)



Summary

i

. QPI/FT-STS unique method for probing QP states and the
scattering properties of defects — direct fingerprint.

. Unified theoretical framework for calculating FT-STS/QPI spectra
in two-dimensional materials: Vv
kk'

« Impurity matrix element (scattering processes). *\‘

» Phase-factor matrix element (interference). I
od \J/v(\j(\xwm
i
\/

. The latter can mask scattering processes in FT-STS:
« intravalley backscattering in graphene (spinor overlap).

. Uncovered a hitherto unexplored variant of the backscatter ring
for resonant scattering in graphene.

. Relevant for QPI in Moiré lattices, other 2D materials (e.g.,
silicene), as well as surfaces of TIs and Weyl semimetals.
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