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One dimensional plasmons in Si(hhk)-Au — eTivo
1

LicHTENSTEIN', MARvIN DEeTERT!, JuLiAN AuLBacH?, JORG
ScHAFER2, CHRIsTOPH TEGENKAMP!, and HERBERT PFNUR! —
Mnstitut fiir Festkorperphysik, Leibniz Universitit Hannover —

2Physikalisches Institut and RCCM, Universitat Wiirzburg

For future plasmonic devices the understanding of low dimensional
collective excitations is indispensable. For quasi one dimensional (1d)
structures Au induced wires on regularly stepped Si(hhk) offer the
perfect playground. Therefore, Si(553) and Si(775) were prepared at
coverages where both surfaces host a double atomic gold chain per ter-
race. The wire quality was checked with spot profile analysis in low
energy electron diffraction (SPA-LEED). A combination of an electron
energy loss spectrometer and SPA-LEED providing both high energy
and momentum resolution gave access to the plasmon dispersion.

Although 1d metallicity is observed, the plasmon dispersion strongly
depends on a two-dimensional crossover: on the lateral distribution of
the 1d electron density of states (DOS) within one terrace (intrawire
correlation), as well as on the spacing of the wires (interwire correla-
tion). This can quantitatively be described by a modified plasmon
model for a wire array. We obtained effective widths of 7.5A for
Si(553)-Au and 10.2 A for Si(775)-Au, which are considerably smaller
than the terrace widths. A modulated DOS of comparable width can
also be seen by tunneling spectroscopy. These effective widths seem to
be influenced both by the structural motif, i.e. single or double chain,
as well as by the terrace size.
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Impurity-mediated early charge density wave condensation
in the oxygen-adsorbed In/Si(111)-(4x1)/(8x2) nanowire ar-
ray — STEFAN WIPPERMANN!, ANDREAs LUcke?, WoLrF GERO
ScumipT?, DEOK MAHN On?, and HAN Woonc Yeom® — 'Max-
Planck-Institut fiir Eisenforschung, Diisseldorf — 2Universitit Pader-
born, Germany — 3Pohang University, South Korea

The self-assembled In/Si(111)-(4x1) nanowire array is an extremely
popular model system for one-dimensional electronic systems and fea-
tures a reversible temperature-induced phase transition into a charge
density wave (CDW) ordered ground state. While impurities have been
widely known to affect this phase transition, the atomistic mechanisms
have rarely been elucidated. Here we present a joint experimental and
first principles study, demonstrating oxygen impurity atoms to con-
dense the In/Si(111) nanowire array locally into its CDW ground state,
even above the transition temperature. Interestingly, CDW ordering is
induced only by a concerted effect of multiple impurities. The mecha-
nism is explained as a subtle interplay between coherent superposition
of local impurity-induced lattice strain, a strong coupling between elec-
tronic and lattice degrees of freedom, and phononic effects on the free
energy. Funding from DFG FOR1700 is gratefully acknowledged.
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The technologies to fabricate nanostructures on surfaces with atomic
precision have become very elaborate, making it possible to play with
low-dimensional physical phenomena: among these, approaches to the
one-dimensional (1D) world offer a particularly rich arena. What can
we expect here? With the lack of effective screening, and in the pres-
ence of quasi-1D electron states that promote particular scattering vec-
tors, these systems become susceptible to symmetry-breaking ground
states. Idealized examples include, e.g., Peierls instabilities or mag-
netic ordering — while in real-word systems these phenomena may be
far more complex.

The study of such quasi-1D systems on semiconductor surfaces, i.e.,
atomic wires, has made tremendous progress in the last years. In my
talk I will review some of the most interesting realizations. Specifi-
cally, I will address the scenarios encountered for multi-band metallic
chains with strong spin-orbit coupling, and their tunability. Moreover,
as a recent development, we will turn to the step edges of terraced
substrates with honeycomb chains, that show strong indications for
spin polarization and long-range magnetic ordering. Such setup has
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intriguing connections to honeycomb topological insulators, predicted
to have 1D edge states. The talk will look at this developing field from
an overview perspective.
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Surface vibrational Raman modes of In/Si(111)-(4x1) and

(8x2) nanowires — eSTEFAN WIPPERMANN!, WoLF GERO
ScaMipT?, EUGEN SPEISER®, and NoRBERT Esser? — !Max-Planck-
Institut fiir Eisenforschung, Diisseldorf — 2Universitéit Paderborn,

Germany — 3ISAS Berlin, Germany

The ordered array of atomic-scale In nanowires that self-assembles on
the Si(111) surface is a prototypical model system for one-dimensional
(1D) electronic systems. It exhibits a Peierls-like instability, induc-
ing a reversible phase transition from the metallic (4x1) phase into
the insulating (8x2) ground state at T = 120 K. The detailed nature
and mechanism of this metal-insulator (MI) transition is still discussed
controversially. We performed a joint first principles and surface vi-
brational Raman spectroscopy study of the In/Si(111)-(4x1)/(8x2) sur-
faces’ vibrational properties. The measured phonons are assigned to
characteristic modes of the quasi-1D In nanowires, employing density
functional theory calculations and symmetry considerations. Both the
(4x1) and (8x2) phases exhibit a distinct set of phonon modes. The ob-
served strong modifications in the Raman spectra of the (8x2) phase
are consistent with a symmetric quadrupling of the surface elemen-
tary cell and confirm characteristic structural changes at the surface.
Funding from DFG FOR1700 is gratefully acknowledged.
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Spin correlations in the Si(553)-Au nanowire system — eB.
Harke!, T. Fricee!, B. KrRENzER!, J. AuLBacH?, R. CLAESSEN?Z, J.
ScuArFFER2, and M. HorN-voN HokGEN! — 1Universitit Duisburg-
Essen, Lotharstr. 1, 47057 Duisburg — 2Universitit Wiirzburg,
Physikalisches Institut and Réntgen Center for Complex Materials Sys-
tems (RCCM), 97074 Wiirzburg

To study the microscopic mechanism of formation, stabilization, and
interaction in low dimensional systems we used Si(553) as vicinal sur-
face to enforce the nucleation of Au into one dimensional wires. Depo-
sition of 0.5 ML Au results in the formation of one pair of 1D Au atomic
chains per Si terrace exhibiting a twofold periodicity. These metallic
wires are structurally terminated by Si step edge atoms, which show a
threefold periodicity of the Si atoms along the rows. Theory predicts
an antiferromagnetic spin ordering of every third Si step edge atom [1].
The long-range interaction of the twofold and threefold periodicity is
investigated by spot-profile analysis in SPA-LEED at a sample tem-
perature of 80 K. The strict twofold periodicity of the Au atoms is not
correlated between adjacent wires. In contrast the threefold ordering
of the Si spins exhibit a clear short range order perpendicular to the
Au wires. Both results support the structure model where the interrow
correlation is mediated by the spin-spin interaction of adjacent Si step
edge atoms.
[1] S. C. Erwin and F. J. Himpsel, Nature Commun. 1, 58 (2010).
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Interwire coupling of In(4 X 1) reconstruction probed by
transport measurements — eILio MiccoL!, FREDERIK EDLER!,
STEPHANIE DEMUTH!, HERBERT PFNUR!, STEPHAN WIPPERMANNZ,
ANDREAs  Ltcke?, WorLr G. Scumipt®, and CHRISTOPH
TecENKAMP! — !nstitut fiir Festkorperphysik, Leibniz Universitét
Hannover, 30167 Hannover, Germany — 2Grenzflichenchemie und
Oberflachenphysik, Max-Planck-Institut fiir Eisenforschung GmbH,
40237 Diisseldorf, Germany — 3Lehrstuhl fiir Theoretische Physik,

Universitat Paderborn, 33098 Paderborn, Germany

The In(4 x 1)/Si(111) reconstruction is used as a prototype for the
understanding of 1D systems of atomic chains. It shows strong
anisotropic transport properties and a temperature driven metal-
insulator transition. Although being intensively studied for more than
one decade the effect of defects induced by adsorption (e.g. Oz, H2) are
still under current debate. A better understanding of the influence of
defects and a correlation with transport measurements can be achieved
by a spatial constriction of the electron path. This restriction was re-
alized by optical ex-situ lithography with reactive ion etching. We
report a systematic investigation of the confinement effects using a 4-
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tip STM/SEM system. Moreover, Oy adsorption dependent transport
studies show not only a reduction of conductivity along the direction
of atomic chains but also a decrease in the perpendicular. This was
not reported before and reveals an effective interwire coupling between
the chains, which is in agreement with recent DFT calculations.
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Phase transition of In-Si(111) (4x1)- (8x2) nanowires in a
new light — eEuGEN SPEISER', STEFAN WIPPERMANNZ, SIMONE
SanNa3, WoLr Gero ScumIDT3, SANDHYA CHANDOLA', and Nor-
BERT Esser! — !ISAS e.V., Schwarzschildstrae 8, 12489 Berlin,
Germany — 2Max-Planck-Institut fiir Eisenforschung GmbH, Max-
Planck-Strafe 1, 40237 Diisseldorf, Germany — 3Lehrstuhl fiir Theo-

retische Physik, Universitat Paderborn, 33095 Paderborn, Germany

Although recognized as a model case for atomic metallic nanowires,
the (4x1)-(8x2) phase transition continues to hide behind the complex-
ity of the structure and electronical properties. In cooperation with
continuously developing theoretical methods a variety of conventional
and newly developed experimental surface investigation methods are
actively applied to elucidate the underlying mechanism of the phase
transition. Our approach to this problem is the joint work of calcula-
tions and measurements of the low energy surface vibrations localized
in the top layer. Successful assignment of calculated vibrational pat-
terns and frequencies to measurements of both the insulating (8x2)
and metallic (4x1) phases, is a necessary requirement to understand
the dynamics of each phase. Based on this knowledge an interpreta-
tion of temperature dependency of phonon frequencies near the phase
transition will be given in terms of participation of the electron phonon
coupling to the phase transition mechanism. Coupling parameters be-
tween phonons and electrons can be estimated from an empirical model
based on Landau-Ginsberg theory, as already verified in 1D like bulk
materials, eg. blue bronze.
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Dynamic Ginzburg-Landau theory for the Peierls transition
in In/Si(111) — eYAseMIN ErRGUN and Eric JECKELMANN — Leib-
niz Universitdt Hannover, Germany

We investigate thermal fluctuations and collective excitations in quasi-
one-dimensional charge-density-wave systems using the Ginzburg-
Landau (GL) theory. Starting from a microscopic Su-Schrieffer-
Heeger-like model for In/Si(111), we generalized the GL theory for
grand canonical Peierls transitions. The equilibrium properties and the
non-equilibrium dynamics are simulated using the Langevin approach.
We discuss our theoretical results in relation to doping and spec-
troscopy experiments for In/Si(111). Support from the DFG through
the Research Unit FOR 1700 is gratefully acknowledged.
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Beyond thermal equilibrium: ultrafast non-thermal melting

of a surface CDW in the In/Si(111) atomic-wire system —
oTim FricGE, BERND HAFKE, ToBias WITTE, Boris KRENZER, and
MicHAEL HorN-vON HOEGEN — Department of Physics, University
of Duisburg-Essen, Lotharstr. 1, 47057 Duisburg, Germany

The wire-type arrangement of Indium atoms on a Silicon(111) sur-
face serves as a famous prototype for the formation of a quasi
one-dimensional charge density wave groundstate. We used time-
resolved electron diffraction in surface-sensitive geometry to investi-
gate the transient non-equilibrium dynamics of the impulsively driven
(8x2)—(4x1) phase transition. Optical excitation of the (8x2) ground-
state with fs-laser pulses revealed the existence of a metastable, super-
cooled (4x1) excited state at 30 K. This phase survives for hundreds
of picoseconds because the recovery of the (8x2) phase is hindered
due to an energy barrier of 40 meV. At fluences of 3-7 mJ/cm? the
CDW groundstate is lifted and the structure changes within 350 fs.
This photoinduced transition can not be explained by a simple ther-
mal excitation scenario because laser induced heating takes place on
timescales 6 times longer. Instead, we explain the observed dynam-
ics through an accelerated displacive excitation scenario upon changes
of the potential energy landscape. This also explains the observation
of an increase of the excitation time constant towards lower fluences
below 3 mJ/cm?.
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Atomistic Mechanism and Dynamics of the Optically Induced
In/Si (111) (8x2)-(4x1) Phase Transition — e ANDREAS LUcKE!,
SiMONE SanNAl, UwWE GERSTMANN!, STEFAN WIPPERMANNZ, and
WoLr GERO ScHMIDT! — 1Lehrstuhl fiir Theoretische Physik, Uni-
versitét Paderborn, 33095 Paderborn, Germany — 2Interface Chem-
istry and Surface Engineering Department Max-Planck-Institute for
Iron Research GmbH, 40237 Diisseldorf, Germany

The In-Si(111)(8x2)/(4x1) nanowire array features a Peierls
instability-driven phase transition, the mechanism of which has been
controversial since its discovery, cf. Ref. [1-3]. Experimentally it has
been shown that the insulating (8x2) phase undergoes a phase transi-
tion towards the metallic (4x1) phase upon optical excitation far below
the critical temperature [4]. Here we rationalize this finding by means
of ab-initio total-energy and electronic-structure calculations and pro-
vide atomistic insight into the driving force and the dynamics of the
optically driven phase transition by performing molecular dynamics
simulations on excited-state potential energy surfaces. In particular we
relate the phase transition to the population/depopulation of specific
surface bonds that excite soft phonon modes. Our results rationalize
recent findings from ultra-fast time-resolved electron diffraction.
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