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O 34.1 Tue 18:15 Poster E
Oxidation of monovacancies in graphene by oxygen molecules
— oUDO SCHWINGENSCHLOGL, THANESHWOR KALONI, and YINGCHUN
CHene — KAUST, PSE Division, 23955-6900 Thuwal, Kingdom of
Saudi Arabia

We study the local magnetic moments develop at monovacancies in
graphene due to the presence of dangling carbon bonds. These mo-
ments remain intact when an oxygen molecule is adsorbed such that
the dangling bonds are not fully saturated. We obtain values of 1.35
and 1.86 up for the magnetic moments of monovacancies and oxidized
monovacancies, respectively. A transition from semimetallic to semi-
conducting behavior appears if at least one C—-O—C bridge is present,
whereas the formation of C=0O groups makes the system metallic.
Our results explain the experimentally observed behavior of graphene
under exposure to an oxygen plasma.

Reference: J. Mater. Chem. 21, 18284 (2011).

O 34.2 Tue 18:15 Poster E
Growth of epitaxial graphene on Rh(111) — eKArRIN GOTTER-
BARM, CHRISTIAN Paprp, OLIVER HOFERT, WEI ZHAO, and HANSs-
PETER STEINRUCK — Lehrstuhl fiir Physikalische Chemie II, Univer-
sitdt Erlangen-Niirnberg, Egerlandstr. 3, 91058 Erlangen

Epitaxial graphene was grown on a Rh(111) single crystal surface by
chemical vapor deposition of propylene at elevated temperatures. The
growth process was observed by fast XPS performed at the synchrotron
facility BESSY II. The quality of the produced graphene sheets was
checked by LEED. Different preparation parameters such as propylene
pressure and preparation temperature were varied in order to investi-
gate the influence of these parameters on corrugation and regularity
of the produced graphene sheet. Additionally we explored the thermal
stability of the produced graphene layers as well as the possibility to
oxidise these layers. The lattice mismatch of graphene on the Rh(111)
surface induces corrugation of the graphene sheet leading to two sepa-
rated signals in the C 1s region.* The binding energy separation of the
two species becomes more distinct at lower temperatures and varies
depending on the preparation parameters mentioned above.

Support is acknowledged from the BMBF (05 ES3XBA/5) and the
Cluster of Excellence ”Engineering of Advanced Materials”.

* A. B. Preobrajenski, May Ling Ng, A. S. Vinogradov, N. Martens-
son, Phys. Rev. B 78, 2008, 073401.

O 34.3 Tue 18:15 Poster E
Investigation of excitonic Fano resonances in graphene us-
ing optical spectroscopy — ePaTrick HERLINGERD'2, DANIELA
UrLricab2, DoNne-HuN CuAE!, HArRALD GiessEN?, JURGEN SMET!,
and Markus LipprTzh2 — Max Planck Institute for Solid State Re-
search, Stuttgart — 24th Physics Institute, University of Stuttgart

Using transmission and reflection spectroscopy we examine the optical
response of graphene from the visible to the UV regime. The opti-
cal absorbance spectrum shows an asymmetric peak of about 10% at
around 4.7 eV. We introduced a Fano model which is in excellent agree-
ment with our experimental data. Our model includes an excitonic
state beneath the saddle point M of the band structure [1]. We study
the influence of the environment on the excitonic Fano resonance. We
compare the optical response of free-standing and supported graphene
and investigate the dependence on the ambient conditions.
[1] Chae et al., Nano Lett. 11, 1379 (2011)

O 34.4 Tue 18:15 Poster E
Graphene on mica: corrugation of monolayer and stacking
faults within few-layer graphene studied by scanning tun-
neling microscopy (STM) — eSiLKE HATTENDORF, ALEXANDER
GEORGI, VIKTOR GERINGER, MARCUS LIEBMANN, and MARKUS MOR-
GENSTERN — II. Institute of Physics B and JARA-FIT, RWTH-Aachen

Graphene flakes were prepared on freshly cleaved mica by exfoliation.
The topography of mono- and few-layer flakes was studied down to
atomic resolution revealing an overall roughness of (614 13) pm on the
monolayer, which is a bit more than measured recently with atomic
force microscopy (24,1 pm) [2] but flat compared to graphene on sili-
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con dioxide (320 pm) [1]. The corrugations are analyzed in respect to
height and correlation length. The latter is determined by analyzing
the auto correlation functions. The results are compared to those on
silicon dioxide [1] and earlier measurements on a few-layer flake on
mica.

On few-layer graphene on mica a large triangular network of partial
dislocations separating differently stacked graphene areas was stud-
ied. Such networks have been observed before on HOPG [3,4]. Due
to differences in the electronic structure of hexagonal and rhombohe-
dral graphite, the differently stacked areas appear to be separated by
edges of 1-4A height. This apparent height depends on the bias volt-
age. This dependency is studied by scanning tunneling spectroscopy
(STS).

[1] V. Geringer et. al., Phys. Rev. Lett.102, 76102 (2009).

[2] C. Lui et. al., Nature 462, 339 (2009).

[3] S. Amelinckx and P. Delavignette, J. Appl. Phys. 31, 2126 (1960).
[4] S. Snyder et. al., Phys. Rev. B 47, 10823 (1993).

0 34.5 Tue 18:15 Poster E
An electron lens out of strained graphene — Lukas
GerRHARD!, ERiIc MoYEN?, e TiMOFEY BaLasHov!, Icor OzerovZ,
MaRrc Porrain®, Houpa SaHAF?, LAURENCE Masson?, WULF
WuLrHEKEL!, and MARGRIT HANBUCKEN? — !Physikalisches Insti-
tut, Karlsruhe Institute of Technology, Germany — 2CINaM-CNRS,
Aix-Marseille University, Marseille, France — 3CRHEA-CNRS, Val-

bonne, France

An epitaxial layer of graphene was grown on a 6H-SiC(0001) crystal,
prepatterned with hexagonal nano-holes. The graphene layer covers
the surface smoothly, without dislocations or grain boundaries. The
necessary elastic deformation of graphene leads to a strain-induced
modification of electron group velocity in the graphene layer, and to
an increased time-of-flight across the nano-hole. We propose to use
this effect to focus two-dimensional electrons in analogy with simple
optical lenses.

O 34.6 Tue 18:15 Poster E
Local transport measurements in graphene and graphene
nanostructures — eFREDERIK EDLER, JENS BARINGHAUS, THOMAS
LANGER, HERBERT PFNUR, and CHRISTOPH TEGENKAMP — Institut
fiir Festkorperphysik, Leibniz Universitdt Hannover, Abteilung Atom-
are und Molekulare Strukturen, Appelstrasse 2, 30167 Hannover, Ger-
many

Graphene exhibits interesting transport signatures. The non-vanishing
conductivity in neutral graphene was believed to be a signature of a
ballistic system. However, diffusive transport theory including long
range ordered defects reveal similar conductance values. Therefore,
the control of the structure is important in order to interpret transport
data, affected by in impurities, defects, or finite size effects, correctly.
We have studied the morphology and the resistivity of graphene and
graphene nanostructures by means of a 4-tip STM SEM system.

Due to inhomogeneous growth and the residual influence of substrate,
the sheet resistance for monolayer graphene, grown on SiC(0001) and
SiC(0001) substrates, was around 40-50 k2/0]. After further graphi-
tization it decreased to 8 k{2/[]. Graphene bilayers on SiC(0001) re-
veal values close to those reported for exfoliated graphene. Besides 2d
graphene, uniaxial graphene nanoribbon structures (width ~ 100 nm),
grown by using appropriate SiC-MESA structures, have been studied.
The resistances measured on them were found to be significantly lower
and are almost independent on the contact separation, as expected for
graphene ribbons with robust edge channels.

O 34.7 Tue 18:15 Poster E
Production of Nitrogen-Doped Graphene via Low Energy Ni-
trogen Bombardment — eWEkI Zuaol, OLive HOFERT!, KARIN
GoTTERBARM', JUNFA Znu2?, CHRISTIAN Pappl, and HANS-PETER
STEINRUCK! — !Lehrstuhl fiir Physikalische Chemie II, Universitit
Erlangen-Niirnberg, Egerlandstr. 3, 91058 Erlangen — ?National Syn-
chrotron Radiation Laboratory, UniVersity of Science and Technology
of China, Hefei 230029, Peoples Republic of China

Tailoring the electronic structure of graphene by chemical modification
of graphene represents a crucial route to the synthesis of a new class of
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semiconductor materials. The covalent introduction of nitrogen might
pave a way to use tailored graphene in electronic devices. Herein, we
report a simple procedure to insert nitrogen atoms into graphene by
low energy nitrogen bombardment, forming nitrogen-doped graphene.
Applying high resolution X-ray photoelectron spectroscopy, different
carbon-nitrogen species in the nitrogen-doped graphene sheet are iden-
tified. Additionally, the distribution of nitrogen in its doping sites and
the doping level becomes available. The doping level and doping sites
of nitrogen-doped graphene can be varied by changing the nitrogen
bombardment energies and times.

Support is acknowledged from the BMBF (05 ES3XBA/5) and the
Cluster of Excellence "Engineering of Advanced Materials”.

O 34.8 Tue 18:15 Poster E
Graphene as a supporting layer for nanoparticles — ¢ TORSTEN
VEeLTUuM, WOLFGANG ROSELLEN, HENDRIK BETTERMANN, and M ATH-
1As GETZLAFF — Institute of Applied Physics, University Duesseldorf

In the past few years graphene has gained the attention of scientists
due to its unique mechanical and electrical properties. On the other
hand, fabrication and deposition of nanoparticles on a substrate is
of great interest for studies of, e.g. model catalysts. In this study
we want to get a better understanding of the interaction between the
nanoparticles and graphene substrate.

A thin Ni(111) film is prepared by electron beam evaporation on
a W(110) crystal under ultra-high vacuum conditions. To achieve a
structurally ordered monolayer graphene on the ferromagnetic sub-
strate we use chemical vapor deposition with propylene. The structure
of the thin film system is characterized in-situ by means of scanning
tunneling microscopy (STM), low energy electron diffraction (LEED)
and auger electron spectroscopy (AES).

The well-characterized FeCo nanoparticles are produced by a con-
tinuously working arc cluster ion source (ACIS), mass-selected by an
electrostatic quadrupole (Am/m = 10%) and subsequently deposited
on the single-layer graphene under softlanding conditions. The struc-
tural analysis of the nanoparticles is carried out by STM.

0O 34.9 Tue 18:15 Poster E
Strain Modulation of Graphene Nanoribbons — eYINGCHUN
Cuenc!, HoneTtao WaNG?2, Zurvone Zuul, Xixiang ZHANG3, and
Upo ScHWINGENSCHLOGL! — 1PSE Division, KAUST, Thuwal 23955-
6900, Kingdom of Saudi Arabia — 2Institute of Applied Mechanics,
Zhejiang University, Hangzhou 310027, China — 3 Advanced Nanofab-
rication, Imaging and Characterization Core Lab, KAUST, Thuwal
23955-6900, Kingdom of Saudi Arabia

The edge structure and width of graphene nanoribbons (GNRs) are
crucial factors determining the electronic structure. A combination
of experiment and first-principles calculations allows us to study the
mechanism of transformation from hexagon-hexagon (66) to pentagon-
heptagon (57) configuration. Thin GNRs (< 2 nm) are fabricated by
bombardment of a graphene sheet with high-energetic Au clusters. The
edges of the GNRs are modified in-situ by electron irradiation. Tensile
strain along the edge decreases the transformation energy barrier from
the 66 to the 57-GNR. A thin 66-GNR is antiferromagnetic with direct
band gap, a 57-GNR turns out to be an indirect semiconductor, and a
GNR transformed on only one edge is ferromagnetic. We propose that
strain can be an effective method to tune the edge (and electronic)
structure of thin GNRs for graphene based electronics.

O 34.10 Tue 18:15 Poster E
Strain Modulation of Graphene Nanoribbons — eYINGCHUN
Cuencg!, HoNaTAo WaNG2, Zurvong Zuul, Xixiane Zuanc?, and
Upo ScHWINGENSCHLOGL! — 1PSE Division, KAUST, Thuwal 23955-
6900, Kingdom of Saudi Arabia — 2Institute of Applied Mechanics,
Zhejiang University, Hangzhou 310027, China — 3 Advanced Nanofab-
rication, Imaging and Characterization Core Lab, KAUST, Thuwal
23955-6900, Kingdom of Saudi Arabia

The edge structure and width of graphene nanoribbons (GNRs) are
crucial factors determining the electronic structure. A combination
of experiment and first-principles calculations allows us to study the
mechanism of transformation from hexagon-hexagon (66) to pentagon-
heptagon (57) configuration. Thin GNRs (< 2 nm) are fabricated by
bombardment of a graphene sheet with high-energetic Au clusters. The
edges of the GNRs are modified in-situ by electron irradiation. Tensile
strain along the edge decreases the transformation energy barrier from
the 66 to the 57-GNR. A thin 66-GNR is antiferromagnetic with direct
band gap, a 57-GNR turns out to be an indirect semiconductor, and a
GNR transformed on only one edge is ferromagnetic. We propose that

strain can be an effective method to tune the edge (and electronic)
structure of thin GNRs for graphene based electronics.

O 34.11 Tue 18:15 Poster E
Non-linear optics in graphene — eEvcGENY BoBKIN, TORBEN
WiNzER, ERMIN MALic, and ANDREAS KNORR — Institut fiir Theo-
retische Physik, Nichtlineare Optik und Quantenelektronik, Technische
Universitiat Berlin, 10623 Berlin, Germany

We present a microscopic study on non-linear optics in graphene in-
cluding the investigation of Rabi oscillations, adiabatic following, and
detuning effects. Our approach is based on the density matrix formal-
ism, which allows a straight-forward inclusion of many-body interac-
tions, such as excitonic effects. By solving the microscopic graphene
Bloch equations we gain a time- and momentum-resolved access to
the non-linear dynamics of the charge carriers and the coherence [1].
We investigate the appearance of Rabi oscillations as a function of
time and pump fluence for different excitation regimes. Furthermore,
we compare the free-particle and the excitonic picture to extract the
influence of the Coulomb interaction.

[1] Ermin Malic, Torben Winzer, Evgeny Bobkin and Andreas
Knorr, ”"Microscopic theory of excitonic absorption and ultrafast many-
particle kinetics in graphene”, Phys. Rev. B 84, 205406 (2011)

O 34.12 Tue 18:15 Poster E
Local anodic oxidation of graphene by scanning force mi-
croscopy — eMARcus LIEBMANN, THERESA HECKING, ALEXAN-
DER NENT, LENA JuNG, JOoNAs vAN BEBBER, JENs KELLNER, Lisa
FELKER, SILKE HATTENDORF, NiLs FrEITAG, and MARKUS MORGEN-
sTERN — II. Phys. Inst. B, RWTH Aachen University and JARA-FIT,
Germany

For structuring graphene flakes exfoliated on a substrate, local anodic
oxidation (LAO) is an interesting tool which avoids the contamination
of large parts of the flake during processing using conventional lithog-
raphy. Being well-established for semiconductor nanostructures [1],
this technique has also been applied to graphene more recently [2]. It
makes use of the oxidation of the surface at the contact area between a
sample and a scanning tip of an atomic force microscope (AFM) when
a bias voltage is applied under ambient conditions.

Graphene flakes exfoliated on SiO2 and contacted by Indium solder-
ing are modified by LAO. We observe two main processes: oxidation
and cutting, depending on parameters like voltage, load force, tip ve-
locity, and humidity. Appropriate sets of parameters are investigated
and first nanostructures are tested. Line widths of 40 nm could be
achieved. Conductivity measurements indicate that cut lines are in-
sulating and oxidized structures show sheet resistances of at least 300
GQ. Graphene samples have also been prepared on BN and the mor-
phology has been analyzed by AFM.

[1] R. Held et al., Appl. Phys. Lett. 71, 2689 (1997).

[2] A. J. M. Giesbers et al., Solid State Commun. 147, 366 (2008).

O 34.13 Tue 18:15 Poster E
Mechanical exfoliation of epitaxial graphene on Ir(111)
enabled by Bry intercalation — eCuarLOoTTE HERBIG!,
Markus Karser?, Nepsma Benpias?, Jomann Coraux®, Kraus
MegerHOLZ2, THomAs MicHELY!, and CarsTeEN Busse! — !IL
Physikalisches Institut, Universitét zu Koln, Germany — 2Institut fiir
Physikalische Chemie, Universitat zu Koln, Germany — 3Institut Néel,

CNRS-UJF, France

For a technological use of graphene, it is desirable to grow it on a
large scale with a reproducible high quality. The best quality up to
date is achieved by growth on metal substrates. Especially on Ir(111),
strictly monoatomic graphene sheets of well defined orientation and
macroscopic extension are achieved [1]. For application graphene on
metals is non-suitable. Therefore, a transfer is necessary. Here, we
present a method for a dry transfer of graphene grown on Ir(111).
First, the epitaxially grown graphene layer was investigated by LEED
and STM. Afterwards, graphene was intercalated by Brs and exam-
ined by SEM. The transfer process was conducted by attaching adhe-
sive tapes as supporting material and subsequent removal. Finally, the
surface was analyzed by SEM. Raman spectroscopy was carried out to
prove the transfer of graphene onto the adhesive tapes.

(1] R.van Gastel et al., Appl. Phys. Lett. 95 (2009) 121901

O 34.14 Tue 18:15 Poster E
Microscopic derivation of screened Graphene-Bloch equa-
tions — eEIKE VERDENHALVEN!, ERMIN MaLic!, RoLF BINDER?,

and ANDREAS KNORR! — llnstitut fiir Theoretische Physik, Technis-
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che Universitit Berlin, Germany — 2College of Optical Sciences and
Department of Physics, University of Arizona, Tucson, USA

The Coulomb interaction is known to be very strong in low-dimensional
carbon-nanostructures, such as carbon nanotubes and graphene. Ear-
lier calculations and experiments have revealed that excitonic effects
significantly change the optical properties even of metallic nanotubes
and graphene [1,2]. However many-particle interaction also leads to
the reduction of the Coulomb interaction strength by introducing an in-
ternal screening. In this work, we present a fully microscopic derivation
of the dielectric function in the static limit. Within a density-matrix
formalism we derive screened graphene-Bloch equations and a screened
microscopic Boltzmann equation in second order Born-Markov approx-
imation. We calculate the dielectric function in dependence of the
momentum transfer along different directions in the Brillouin zone of
graphene, showing its highest value of about 4.7 for small momentum
transfer.

[1] E. Mali¢, T. Winzer, E. Bobkin, and A. Knorr, Phys. Rev. B 84,
205406, (2011)

[2] E. Mali¢, J. Maultzsch, S. Reich, and A. Knorr, Phys. Rev. B
82, 035433 (2010)

O 34.15 Tue 18:15 Poster E
Mechanical exfoliation of graphene in UHV — eGEgRRIT BE-
GALL, OLIVER OcCHEDOWSKI, and MARIKA SCHLEBERGER — Univer-
sitdt Duisburg-Essen, Duisburg, Germany

Our new approach to graphene preparation is mechanical exfoliation
under UHV-conditions.

There are typically two ways of preparing graphene on an arbi-
trary substrate: The mechanical exfoliation (known as the scotch tape
method) and the transfer of CVD-graphene (graphene grown on Ni by
chemical vapor deposition), using a polymer which is dissolved later.

Both techniques are far from being perfect, regarding cleanliness of
the samples and graphene properties. Scotch tapes, used in the me-
chanical exfoliation method, leave adhesives and there is usually water
intercalated inbetween substrate and graphene. The quality of CVD-
graphene is inferior to the quality of exfoliated graphene regarding its
physical properties, since it consists of small domains. The chemicals
involved in the transfer (acetone, PMMA) can be problematic as well.

With the possibilities of an UHV-system, we can prepare atomi-
cally clean substrates by sputtering and heating. After this cleaning,
a graphenium-flake or a HOPG-crystal is pressed onto the sample. We
plan to prepare graphene on Ni, Si (7x7) and SiO2 surfaces. The results
will be compared to classically prepared graphene.

O 34.16 Tue 18:15 Poster E
Theoretical modelling and interpretation of the C 1s — 7*,0*
X-ray absorption spectra of HyO(NHj3)/graphene — eELENA
VorosHINA!, RoMAN OVCHARENKO!'2, ALEKSANDER SHULAKOVZ,
BeaTE PauLus!, and Yurry Debpkov® — 1Physikalische und Theo-
retische Chemie, Freie Universitit Berlin, Germany — 2V. A. Fock
Institute of Physics, Saint-Petersburg State University, Russia —
3SPECS Surface Nano Analysis GmbH, Germany

Recently, adsorption of polar molecules on graphene/Ni(111) was
investigated by means of angle-resolved photoelectron spectroscopy
(ARPES) and X-ray absorption spectroscopy (XAS) [1]. It was found,
that adsorption of HoO and NHjs leads to the noticeable modifica-
tion of the XAS C K-edge spectra indicating the orbital mixing of the
valence band states of graphene and adsorbates. Further analysis of
the obtained results allows assuming the site-selective adsorption for
the two studied adsorbates. However, neither position nor orientation
of the adsorbate were determined. In order to clarify these aspects,
we performed the first-principles electronic structure calculations on
the HoO/graphene and NHs/graphene systems as well as modelling
the C K-edge XAS spectra of these systems. The dynamical core-
hole screening effects in the XAS spectra were taken into account via
the multiband Mahan-Nozieres-De Dominicis (MND) theory [2]. The
presented theoretical results are compared to available previously pub-
lished theoretical data as well as experimental observations.

[1] S. Bottcher et al. Nanoscale Res. Lett. 6, 214 (2011).

[2] O. Wessely et al. Phys. Rev. B 73, 075402 (2006).

O 34.17 Tue 18:15 Poster E

Quasi-free standing trilayer epitaxial graphene on SiC(0001)

— oSTIVEN Forti!, CamiLLa CoLETTI?, KONSTANTIN V. EMTSEV!,

ALEXEI ZAkHAROV?, KevIN Daniens?, BrrLo Daas?, M.V.S.
CHANDRASHEKHAR?, and ULricH STARKE! — 'Max Planck Institute

for Solid State Research, Heisebergstr. 1, 70569 Stuttgart, Germany

— 2Center for Nanotechnology Innovation @ NEST, Istituto Italiano
di Tecnologia, Piazza San Silvestro 12, 56127 Pisa, Italy — 3Max Lab,
Lund University, Box 118, Lund, S-22100, Sweden — 4University of
South Carolina, 301 S. Main St, Columbia, SC 29208, USA

The control of the thermal decomposition of the 6H-SiC(0001) surface
to grow a homogeneous coverage of epitaxial few-layers graphene re-
mains not easily achievable in the experiments. In the present work,
we report on high resolution ARPES data, showing the electronic band
structure of quasi-free standing trilayer epitaxial graphene. The system
is characterized in different doping conditions, from p-type to charge
neutrality. LEEM data provide evidence that the number of graphene
layers is homogeneous over the surface up to a several micron scale.
The question of different stacking sequences will be addressed with the
aid of theoretical calculations to fit the experimental band structures.

O 34.18 Tue 18:15 Poster E
Excited electron dynamics in Au-intercalated Graphene
on Ni(111) — eCArsTEN WINTER!, THORBEN HAARLAMMERT!,
Luca BieNnarDI?2, PETRA RupOLF?, and HELMUT ZAcHARIAS! —
1Physikalisches Institut, Westfalische Wilhelms-Universitit Miinster

— 2Zernike Institute for advancd materials, University of Groningen

Theoretical calculations predict an initial ultrafast relaxation of hot
electrons accompanied by a population of optical phonons, which de-
cays on a picosecond time scale[1]. We present an experimental set-up
suited to measure the lifetime of excited electrons and their relaxation
dynamics in Graphene via time-resolved two-photon photoemission.
The set-up utilizes an amplified Ti:sapphire laser to generate intense
femtosecond pulses with high repetition rates. Through frequency con-
version by High Harmonic Generation coherent radiation at 39 eV pho-
ton energy is generated and subsequently used as the probe pulse in
two-photon photoemssion. The fundamental radiation of the Ti:Sa
laser is used to excite the carriers.

Graphene was produced by decomposition of ethylene on a Ni(111)
substrate. The Laser-Assisted Photoelectric Effect (LAPE) was uti-
lized to determine the XUV pulse duration to 28 fs. First experiments
reveal a Ni(111) nonthermal electron lifetime of less than 20 fs. Ad-
ditional measurements on Au-intercalated Graphene and Graphene on
SiC will be presented.

[1]T. Elsaesser et al., Phys. Rev. Lett. 66 (1991) 1757

O 34.19 Tue 18:15 Poster E
Water adsorption on heteroepitaxial graphene — eJANINE
SCHERER, SAMIR MAMMADOV, THOMAS SEYLLER, and SABINE MAIER
— Department fiir Physik, Universitdt Erlangen-Niirnberg

Graphene devices operated in ambient conditions are exposed to a va-
riety of molecules. Here, we focus in particular on water, which can
act as dopant and might alter the electronic properties of such devices.
We study epitaxial graphene grown on 6H-SiC(0001) upon water ad-
sorption using high resolution scanning tunneling microscopy operated
in ultrahigh vacuum conditions at low temperature. We will discuss
the adsorption structures of water on clean graphene surfaces with re-
spect to the number of graphene layers. While water forms clusters
on the interface layer, it leads to significant topographical changes for
single and multiple graphene layers. We observe that graphene is split
into small flakes in the vicinity of step edges, which is unfavorable for
technological applications.

0O 34.20 Tue 18:15 Poster E
Interaction of manganese and nickel with epitaxial graphene
on Ir(111) — eHENDRIK VITA, STEFAN BOTTCHER, MARTIN WESER,
Yurlty DeEDpKoOv, and KARSTEN HoORN — Fritz-Haber-Institut der
Max-Planck-Gesellschaft, 14195 Berlin, Germany

In view of an application as spin filter, the interaction of graphene with
magnetic materials is interesting. Here we report on a LEED as well as
core and valence level photoemission study of the interaction of man-
ganese and nickel adlayers and intercalated layers with graphene grown
epitaxially on Ir(111). We examine the doping effect of the adlayers
and intercalates through a shift of the Dirac cone to higher binding
energies. In a second step, the growth of alloys films of Mn and Ni by
stepwise deposition and annealing is examined. We compare our data
to Al and Fe intercalated layers in graphene grown on Ni(111).

O 34.21 Tue 18:15 Poster E
Interaction of Water Molecules with Graphene — eSEBASTIAN
Stanpopr, THoMAs MicHELY, and CARSTEN Busse — II. Physikalis-
ches Institut, Universitiat zu Koln
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Graphene is a promising candidate as an electrode material in future
electronics including ultracapacitors [1] and dye sensitized solar cells
[2]. With the potential of graphene to be used in electrochemical appli-
cations it is of great interest to understand in detail structure as well as
adsorption kinetics and energetics of water on graphene. Therefore we
dosed water onto a graphene covered Ir(111) surface and performed
both scanning tunneling microscopy (STM) and thermal desorption
spectroscopy (TDS). For low coverages adsorbed at 20K the water
layer shows zero order desorption with an high temperature shoulder
increasing with coverage, eventually leading to a complete suppression
of the initial peak in favor of the high temperature structure. When
elevating the adsorption temperature above 100 K the formation of the
second structure is preferred over the low coverage phase indicating its
metastable character. We presume that this transition corresponds to
a reduced number of dangling bonds within the water layer which is
due to the hydrophobicity of the graphene substrate [3]. Our real space
analysis corroborates these findings by showing heavy manipulation of
the low coverage phase even at 20 K. When increasing the coverage the
water molecules organize in extended islands aligned to the inherent
moiré supercell of epitaxially grown graphene. [1] C. Liu et al., Nano
Lett. 10, 4863 (2010); [2] X. Wang et al., Nano Lett. 8, 323 (2008);
[3] G. A. Kimmel et al., J. Am. Chem. Soc. 131, 12838 (2009)

O 34.22 Tue 18:15 Poster E
Intercalation of Cs through wrinkles of epitaxial graphene —
MaRrIN PeTrROVIG!, Iva SrUT!, Ivo PLETIKOSIG!, PETAR PERVANT,
MiLorap MiLun!, Sven RunTr?, CARSTEN Busse?, THoOMAS
MicHELY2, JUREK Sapowski®, Tonica VaLLa3, and eMARKO
KraLy! — llnstitut za fiziku, Zagreb — 2II. Physikalisches Institut,
Ko6ln — 3Brookhaven National Lab, New York
Interclation of alkali atoms is a straightforward route for the chemi-
cal doping of epitaxial graphene (G). This has been demonstrated for
graphene on SiC [1] as well as for graphene on metals [2], where dop-
ings/shifts of the Dirac cone at the K-point near the Fermi level have
been followed by angle-resolved photoemission spectroscopy (ARPES).
However, ARPES is area-averaging technique which does not provide
a clear picture on the process of the penetration of alkali atoms to a
position between graphene layer and its support. Our ARPES stud-
ies for intercalation of Li, Na, K, and Cs to G/Ir(111) have indicated
that dynamics of alkali intercalation depend on the size of the alkali
atom and we have focused to the intercalation of large alkali atom, Cs.
By the combination of ARPES, scanning tunneling microscopy and
low-energy electron microscopy we reveal two different doping effects
from Cs on top and intercalated compact layer which is formed by a
diffusion of Cs atoms through wrinkles network of graphene.

[1] J. L. McChesney, et al., Phys. Rev. Lett. 104, 136803 (2010).
[2] M. Bianchi, et al., Phys. Rev. B 81, 041403(R) (2010).

O 34.23 Tue 18:15 Poster E
Raman spectrum of the (6\/§ X 6\/§)R30° reconstructed sur-
face of 6H-SiC(0001) — eFrLix Fromm!, MarTIN HUNDHAUSEN!,
MyriaNo HENRIQUES DE OLIVEIRA JR.2, MARCELO Lopes?, HEN-
NING RiecHERT?, and THoMmAs SEYLLER! — 1 Universitidt Erlangen-
Niirnberg, Lehrstuhl fiir Technische Physik, 91058 Erlangen — 2Paul-
Drude-Institut fiir Festkorperelektronik, 10117 Berlin

The epitaxial growth of graphene on silicon carbide (SiC) by thermal
sublimation of silicon in an argon atmosphere is a prominent method
to produce high quality graphene layers. There are two approaches
to obtain graphene on SiC: As an initial step of graphene formation
a (6\/5 X 6\/§)R30° reconstructed overlayer of carbon, the so-called
buffer layer (BL) is formed. Further graphitisation converts the BL
to graphene and forms a new BL underneath (MLG). Another path
is the conversion of the BL to graphene via intercalation of hydrogen.
This results in quasi-free-standing graphene on hydrogen saturated SiC
(QFMLG). In this work we analysed Raman spectra of QFMLG and
MLG. Since graphene is highly transparent the substrate underneath
the garphene contributes to the Raman spectrum. Therfore a SiC Ra-
man spectrum has to be subtracted to obtain the Raman signal of the
graphene layers. Whereas the Raman spectrum of QFMLG shows sym-
metric D and G lines, the spectrum of MLG shows additional broad
features in the D and G range. We assign these broad contributions
to the Raman spectrum of the BL.

O 34.24 Tue 18:15 Poster E
Giant Rashba splitting in graphene/SiC(0001) after Au inter-
calation — eDMITRY MARCHENKO!, A. VARYKHALOV!, J. SANCHEZ-
Barrical, M. R. Scuorz!, Tu. SevLLER?, and O. Raper! —

1Helmholtz-Zentrum Berlin — 2Universitit Erlangen

We have recently demonstrated a giant spin-orbit splitting in
graphene/Ni(111) after intercalation of a Au monolayer. The spin-
orbit splitting is by 4 orders of magnitude larger than the intrinsic split-
ting of graphene. The intercalation approach works also for graphene
on SiC(0001) which is one of the most popular substrates for high qual-
ity graphene growth. We show that in graphene/SiC the spin splitting
of the Dirac-cone is zero, but intercalation of a gold layer under the
graphene dramatically increases the splitting up to 120 meV.

O 34.25 Tue 18:15 Poster E
Characterization of functional plasmonic elements: a far-
field approach — eCHRIsTIAN REwITZ!, THOMAS KEITZL!, PHILIP
TucHSCHERER', JER-SHING Huang?, PreTeER GEISLER3, GARY
Razinskas®, BErT HecuT34, and Tosias Brixnerb? — lInstitut
fur Physikalische und Theoretische Chemie, Universitdt Wiirzburg,
Am Hubland, 97074 Wiirzburg, Germany — 2Department of Chem-
istry, National Tsing Hua University, Hsinchu 30013, Taiwan — 3Nano-
Optics and Biophotonics Group, Experimentelle Physik 5, Universitét
Wiirzburg, Am Hubland, 97074 Wiirzburg, Germany — *Réntgen
Center for Complex Material Systems (RCCM), Am Hubland, 97074
Wiirzburg, Germany

Plasmonic modes supported by noble-metal nanostructures offer strong
subwavelength confinement and promise the realization of nanometer-
scale integrated optical circuits with well-defined functionality. In view
of applications in the field of optical communication the dispersion and
group velocity of plasmon propagation are of high interest. Here, we
present a microscope setup that employs a far-field technique to mea-
sure the spectral and spatial transfer functions of plasmonic elements
thus enabling us to determine the dispersion and group velocity of plas-
mon propagation. For the exact determination of the plasmon group
velocity, i.e., the speed of ultrashort propagating pulses representing
bits of information, a detailed knowledge of the setup transfer function
is needed, which we provide here. The setup inherent time delay of
signals due to different path lengths is measured with 1 fs accuracy
and is used to obtain corrected results for plasmon group velocities.

O 34.26 Tue 18:15 Poster E
Photochemical metal deposition in nanoporous aluminum ox-
ide matrices — eJurLiA KarzmaANN and THoOMAs HAERTLING —
Fraunhofer Institute for Nondestructive Testing, Maria-Reiche-Str. 2,
01109 Dresden, Germany

Well-ordered arrays of metal nanorods show highly interesting optical
properties which make them promising structures for sensor applica-
tions [1]. Such arrays can be fabricated via template-based methods
at low cost and on large areas.

We report on a proof-of-concept investigation which demonstrates the
targeted photochemical deposition [2] of gold into the pores of anodized
aluminum oxide (AAO). We exploit a thin layer of gold sputtered onto
one side of the AAO membrane as a seed layer for the photochemi-
cal process. A solution of HAuCly is applied onto the other side of
the membrane. Upon UV light irradiation, nanorods grow within the
oxide matrix without the need of an electrical contact. The optical
properties of the gold-filled matrices, i.e., the excitation of plasmons
in the nanorods were measured by means of optical transmission spec-
troscopy, while the rod length was determined by scanning electron
microscopy. We observe a spectral blue shift of the transversal plas-
mon resonance with increasing rod length. This finding is correlated
with different fabrication parameters to obtain a detailed understand-
ing of the photochemical growth process.

[1] A.V. Kabashin et.al, Nature Materials 8, 857 (2009)

[2] T. Haertling et.al, Optics Express 16, 12362 (2008)
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Mapping of gold nanostructure-induced near-field enhance-
ment — eOksaNa KosTiucHENKO!2, Jacek Frurowski?, CHRIs-
TIAN MaiBonm?, JakoB KieLsTRUP-HANSEN2, HorsT-GUNTER
RusauN2, and HEiNz STURM! — 'BAM - Div. Nanotribol. & Nanos-
truct., Berlin — 2Univ. of Southern Denmark, Mads Clausen Inst.,

NanoSYD, 6400 Sgnderborg, DK

Sub-diffraction spatially resolved, quantitative mapping of strongly lo-
calized field intensity enhancements on gold nanosquares and nano-
triangles via laser scanning femtosecond (fs) ablation of polymer thin
films and via second harmonic generation (SHG) is reported. Using
electron beam lithography, periodical patterns of gold squares and tri-
angles on gold thin films are fabricated. Subsequently, poly(methyl
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methacrylate) (PMMA) is spin coated on top of such nanostructures.
Illumination by a scanning fs laser beam induces an electromagnetic
surface field, which is locally enhanced at the edges of the nanostruc-
tures and - under appropriate excitation wavelength conditions - also
between the structures due to surface plasmon excitation. This en-
hancement lowers the threshold for nonlinear optical effects such as
surface second harmonic generation or deformation and ablation of
the polymer coating. The scanning laser beam thus results in a two-
dimensional map of near field enhancement, imprinted into the poly-
mer and directly seen via SHG. A variation of the polymer film thick-
ness enables one to discriminate between edge and surface plasmon
enhancement effects.

O 34.28 Tue 18:15 Poster E
Plasmons in Ag-Nanowires Grown on Si (557) — YU ZHANG,
ULricH KrIEG, CHRISTIAN BRAND, HERBERT PFNUR, and CHRISTOPH
TEGENKAMP — Institut fiir Festkorperphysik, Leibniz Universitat
Hannover, Appelstrasse 2, D-30167 Hannover, Germany

We present electron energy loss spectroscopy data of wire like Ag-
structures grown via self assembly of on vicinal Si(557) at a coverage
of 0.3 monolayers.

Using an instrument with both high energy and high momentum
resolution (ELS-LEED) we observed a linearly dispersing plasmon loss
parallel to the step-edges and a plasmon loss without dispersion in
perpendicular direction.

Spot profile analysis LEED (SPA-LEED) and STM measurements
show that the step-structure remains unchanged and the step-edges are
still undecorated after the evaporation and annealing process. Both
results are strong indications for well separated nanowires with a de-
fined width resulting in a confinement of the plasmon to the individual
nanowire.

Further effects of finite wire width and of residual coupling between
the wires are discussed.

O 34.29 Tue 18:15 Poster E
Investigation of Si/chalcogenide hybrid slot waveguides —
oPETER NOLTE, CHRISTIAN BOHLEY, and JORG SCHILLING — Martin-
Luther-Universitat Halle-Wittenberg, ZIK SilLi-nano, Halle, Germany

In the last years great efforts lead to a strong miniaturization of optical
components, as several devices were realized on the silicon-on-insulator
(SOI) platform which is to CMOS technology. The very high refrac-
tive index contrast between the Si core, oxide cladding and air, leads
to a high confinement of light inside a waveguide. However, for many
applications active devices exhibiting a nonlinear optical behavior are
needed. One possible way to boost the nonlinear optical properties in
integrated optics is the functionalization of SOI-structures with chalco-
genide glasses. These glasses (e.g. As2S3) exhibit a nonlinear figure
of merit of about Re(x(®)/Im(x(®) = 10 in the near infrared. We
present slotted SOI-waveguides which have been clad and infiltrated by
chalcogenide glasses. The linear optical properties of the clad waveg-
uides were investigated using a fiber coupled laser setup, tuned from
1490 nm to 1640 nm with 1 pm steps. The nonlinear properties have
been studied by means of degenerate four wave mixing. Here, two laser
beams with frequencies w; and wg interact with each other through the
3rd order nonlinear susceptibility of the waveguides. Thus two new
beams formed. From the conversion efficiency and its intensity de-
pendence the averaged 3rd order nonlinear susceptibility x(®) for the
hybrid waveguide device is determined. We demonstrate how hybrid
silicon/AsaS3 waveguides can perform nonlinear frequency conversion
via four wave mixing extending the functionality on integrated SOI
photonics.

O 34.30 Tue 18:15 Poster E
Optical fiber sensor with concentric circular gold grat-
ing sensitive to change of ambient refractive index —
oSABRINA DarRMawI!, SHENGFEI FENGZ, TorsTEN HENNING!, XING-
PING ZHANG?, and PrTer J. Krar!' — !I. Physikalisches Insti-
tut, Justus-Liebig-Universitit, Heinrich-Buff-Ring 16, 35392 Gieften —
2College of Apllied Sciences, Beijing University of Technology, Beijing
100124

Metallic nanostructures on top of the end facet of an optical fiber can
be employed as probes or sensors. Due to their flexibility, durability
and large aspect ratio, optical fibers are well-suited for remote sens-
ing. We present a polarization-independent optical sensor consisting
of a concentric gold ring grating with a period of 900 nm transferred
onto the end facet of an optical fiber. The sensing function of the
device is realized by sending white light through the unstructured end

and collecting the reflected response signal. A distinct peak due to the
Rayleigh anomaly of the gold ring grating is observed in the reflection
sprectrum. We show that this peak is sensitive to the change in the
environmental refractive index of the end facet of the fiber.

O 34.31 Tue 18:15 Poster E
Multi-wavelength superlensing with layered phonon-resonant
dielectric — ePErINING L1 and THoMAs TAUBNER — . Institute of
Physics (IA), RWTH Aachen University, Sommerfeldstrafe 14, 52074
Aachen, Germany

A superlens is a very promising device to overcome the diffraction
limit and resolve subwavelength features [1]. However, the practical
application of the superlens is limited by its narrow bandwidth since
a superlensing condition should be met. For dispersive materials, this
condition limits operation to a very small wavelength range for each
material system. For example, the superlensing condition for the sil-
icon carbide (SiC) case is met at a wavelength of around 11 pm [2].
Therefore, in order to cover a relatively wide wavelength range, differ-
ent superlenses should be used [3].

Here, we theoretically propose a possibility of employing a multilay-
ered polar-dielectric system to achieve sub-diffraction limited imaging
at different wavelengths. Our theory and simulation results show that
this multilayered lens can fulfill the superlensing condition at multiple
different wavelengths simultaneously due to the phonon resonances of
polar dielectrics, and the number of superlensing wavelengths of the
lens can be easily tuned by controlling the number of polar dielectrics.
Ideally, by suitably choosing the polar dielectrics, the wavelength range
of our lens can cover from infrared to THz frequencies.

O 34.32 Tue 18:15 Poster E
Comparative study of localized surface plasmons in gold ring
structures performed by SNOM and PEEM. — eCRISTIAN
GonNzALEZ, DANIELA BAYER, PAscAL MELCHIOR, ALEXANDER Fis-
CHER, CHRISTIAN SCHNEIDER, BERNHARD SCHAAF, EGBERT OESTER-
SCHULZE, and MARTIN AESCHLIMANN — University of Kaiserslautern,
Department of Physics, 67663 Kaiserslautern, Germany

We will present a first comparative study on plasmonic nanostruc-
tures performed by SNOM (Scanning Near-field Optical Microscopy)
and PEEM (Photo-Electron Emission Microscopy). Our new PEEM
setup allows measurements under normal and 65° incidence of the laser
beam. Hence, we are able to compare directly local near field enhance-
ment in the vicinity of nanostructures obtained by both techniques,
PEEM and SNOM under the same geometrical conditions.

With these two complementary microscopy techniques, we have the
possibility to address both plasmonic damping channels, the radiative
channel by SNOM and the non-radiative channel (electron-hole pair
creation) by PEEM. In our first studies we focus on Au ring struc-
tures and ring segmented arrays made by electron beam lithography
deposited on Indium Tin Oxide (ITO). Ring structures are of special
interest because of the high tunability of their optical properties. Be-
sides the interest in fundamental physics of the excitation of multipolar
modes, they can be implemented in technological applications as, for
example, bio-sensors and resonators.

O 34.33 Tue 18:15 Poster E
ToF-PEEM on Metallic Structures using Attosecond XUV
Pulses — Soo Hoon CHEw!2, FREDERIK SUSSMANNZ, CHRIS-
TIAN SpATH!, ADRIAN WIrTH?, ALEXANDER GuGcGENMOsh2, JUR-

GEN ScHMIDT!, SERGEY ZHEREBTSOVZ?, KELLIE PEARCE!, AN-

prREAS OELSNER3, NiLs WEBER?, JaMEs KapaLDO?, ALEXANDER
GuiseriN'2, FerENc KRrausz!'?, MARK STOCKMAN®, MATTHIAS
Kring?, and ULr KLEINEBERG! — !Department of Physics, Lud-
wig Maximilian University of Munich, Garching, Germany — 2Max
Planck Institute of Quantum Optics, Garching, Germany — 3Surface
Concept GmbH, Staudingerweg 7, 55128 Mainz, Germany — “Focus
GmbH, Hiinstetten Kasselbach, 65510, Germany — °Department of
Physics and Astronomy, Georgia State University, Atlanta, Georgia,

30303 USA

We report on the imaging of gold structures by time-of-flight-
photoemission electron microscopy (ToF-PEEM) in combination with
extreme ultraviolet (XUV) attosecond pulses from a high harmonic
generation (HHG) source. Characterization of lithographically fabri-
cated gold structures using these ultrashort XUV pulses by ToF-PEEM
shows a spatial resolution of 200 nm. Energy-filtered imaging of the
secondary electrons resulting in reduced chromatic aberrations as well
as microspectroscopic identification of core and valence band electronic
states have been successfully proven. We also find that the fast valence
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band electrons are not infuenced by the space charge effects, which is
essentially important for attosecond nanoplasmonic field microscopy
realization.

O 34.34 Tue 18:15 Poster E
Coherent two-dimensional nanoscopy — insights into an

advanced spectroscopic technique — MARTIN AESCHLIMANNL,

ToBias BRIXNER?, ALEXANDER FiscHER!, e CHRISTIAN KRAMERZ,

PascaL MEeLcuioR!, WALTER PFEIFFER®, CHRISTIAN SCHNEIDER!,

CHRISTIAN STRUBER3, PuiLlp TucuscHERER?, and DwmiTri V.
VoroNINE? — Fachbereich Physik and Research Center OPTIMAS,
Technische Universitat Kaiserslautern, Erwin-Schrodinger-Str. 46,
67663 Kaiserslautern, Germany — 2Institut fiir Physikalische und
Theoretische Chemie, Universitat Wiirzburg, Am Hubland, 97074
Wiirzburg, Germany — S3Fakultit fiir Physik, Universitiat Bielefeld,
Universitétsstr. 25, 33615 Bielefeld, Germany — Institute for Quan-
tum Science and Engineering, Texas A&M University, College Station,
TX 77840, USA

Coherent two-dimensional nanoscopy combines the principle of co-
herent two-dimensional spectroscopy with photoemission electron mi-
croscopy (PEEM). Using a sequence of four ultrashort laser pulses
for excitation ensures high temporal resolution and detection of the
emitted photoelectrons with a PEEM guarantees high spatial resolu-
tion below the optical diffraction limit. We present the concept of 2D
nanoscopy for a quantum three-level system and compare the tech-
nique with conventional 2D spectroscopy. Furthermore we go into
details about the experimental realization of this method and explain
the evaluation of the measured data, i.e. the calculation of the local
2D nanospectra.

O 34.35 Tue 18:15 Poster E
A Point-Dipole Model for fast Computation of Plasmonic
Structures and Nanoantennas — eTHORSTEN SCHUMACHERDZ,
Mario HenrtscHeL!2, HaraLD Giessen?, and Markus Lippirz!:2
— IMax Planck Institute for Solid State Research, Stuttgart — 24th

Physics Institute, University of Stuttgart

Optical nanoantennas based on plasmonic nanostructures are a novel
tool to investigate previously inaccessible single nanoobjects [ref. Nat-
com|. Here the optical and geometric properties of the nanoantenna
play an important role and have to be designed very accurately to
achieve the desired effects. Several numerical methods such as FEM,
FDTD, or multiple multipoles (MMP) are available to compute the
linear optical behavior of such plasmonic nanostructures. They all
have in common, that the required computation time is relatively long
and that a deeper understanding of the coupling behavior is not ob-
tained. Here we present a simple and very fast alternative to these
methods to predict the coupling behavior of plasmonic nanoparticles
in dependence of their spatial arrangement and individual plasmonic
eigenmodes. Our approach is based on the discrete dipole approxima-
tion with a maximum reduction of used dipoles. We show the range
of validity and demonstrate how our method can be used to obtain a
deeper understanding of plasmonic interactions in complex nanostruc-
tures.

O 34.36 Tue 18:15 Poster E
Investigations of silver and copper nanoparticles for photo-
catalysis — eHANNES HARTMANN!, VLADIMIR PoPOK?2, ALEXANDRA
Pazipis!, ANTJE NEUBAUER!, I. BARKE!, STEPHAN BARTLING!, STE-
FAN LocHBRUNNER!, and KARL-HEINZ MEIWES-BROER! — lInstitut
fiir Physik, Universitdt Rostock, Universitdtsplatz 3, 18051 Rostock,
Germany — 2Department of Physics and Nanotechnology, Aalborg
University, 9220 Aalborg, Denmark

Clusters and nanoparticles are of significant interest for applications
in catalysis. One approach is the utilization of the nanoparticles’ op-
tical properties to increase the efficiency of existing catalytic schemes
for hydrogen production. Here the interaction of clusters with Ir based
photosensitizers (PS) is investigated. These molecules are known to be
promising systems for reduction of water to hydrogen in combination
with metal-complex catalysts [1].

Using arc-discharge and magnetron sputtering cluster ion sources,
silver and copper nanoparticles are produced and deposited on fused
silica substrates. The PS is then deposited on cluster-covered sam-
ples. Their optical properties are characterized by absorption and
fluorescence measurements. For understanding the detailed processes
investigations with PEEM (photoemission electron microscopy) are
planned. The current status of the experimental setup is presented.

[1] Beller et al., Angew. Chem. 2009, 48, 9962-9965

O 34.37 Tue 18:15 Poster E
Simulation of the nonlocal optical response of metallic nanos-
tructures — eMaTHIAS WAND, PETER KOLLING, TORSTEN MEIER,
and JENs FORSTNER — Department Physik and CeOPP, University
of Paderborn, 33098 Paderborn, Germany

Recent developments for the theoretical description of plasmonic
nanostructures have shown that nonlocal effects in the motion of elec-
trons can have a significant influence on the optical properties [1].
We present two quantum theories for the nonlinear optical response
of metals and their application to the simulation of plasmonic nanos-
tructures: The first theory is based on the time-dependent density
functional theory (TDDFT) [2]. The second theory is based on the
quantum generalized Vlasov equations [3], which describe the time-
evolution of the single-particle Wigner functions for a two-component
plasma. Both quantum theories take nonlocal effects into account. We
compare our results with those from classical hydrodynamic model cal-
culations regarding ground-state charge distribution, linear response,
nonlocality, and higher harmonic generation.

[1] J. M. McMahon, S. K. Gray, and G. C. Schatz, Phys. Rev. Lett.
103, 097403 (2009).

[2] M. Wand, T. Meier, and J. Forstner, phys. stat. sol.
887 (2011).

[3] Y. Zeng, W. Hoyer, J. Liu, S. W. Koch, and J. V. Moloney, Phys.
Rev. B 79, 235109 (2009).

(b) 248,
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A SPA-LEED Study of Ag Nanowires grown on vicinal
Si(557) via self-assembly — eVikToria MEIER, ULRICH KRIEG,
and HERBERT PFNUR — Institut fiir Festkorperphysik, Leibniz Uni-
versitdt Hannover, Appelstrasse 2, D-30167 Hannover, Germany

To be able to study plasmonic excitations on Ag-nanowires we first
must find a reproducible process to prepare uniaxial nanowires of well
defined width. In this work we try to measure the averaged width of
the nanowires via spot profile analysis LEED (SPA-LEED).

We prepared our samples by evaporation of different amounts of
silver (0.2, 0.3 and 0.5 ML) on Si(557). After a precise heating and
annealing cycle a single domain system of Ag-nanowires is formed on
the surface via self assembly.

Studying the so-prepared sample with SPA-LEED we show that the
step-structure of the substrate remains unchanged and the step-edges
remain undecorated after the evaporation process. Already at 0.3 as
well as 0.5 ML the silver forms a v/3 X v/3 reconstruction on the (111)
terraces.

To access the width of the nanowires we made a (K”7 KJ_) plot of
the I'-Point. We compute the terrace width from the angle between
the diffraction-rods of the step-train and the (111)-structure.

O 34.39 Tue 18:15 Poster E
Ferroelectric-metal core-shell nanoparticles — eTHOMAS
KAwMPFE, PHILIPP REICHENBACH, STEFAN GRAFSTROM, and LUKAS
M. Eng — Institute of Applied Photophysics, University of Technol-
ogy Dresden, 01062 Dresden

The optical properties of plasmonic nanoparticles (NPs) are widely
used in linear-optical microscopy techniques as well as in many nano-
technological applications. However, in coherent nonlinear optical mi-
croscopy the narrow adjustment range of the localized surface plasmon
(LSP) resonance wavelength practically restricts the application to far-
off-resonant excitation, hence dramatically limiting the efficiency of the
invoked nonlinear processes. Here, we show how to increase the nonlin-
ear particle scattering by using dielectric-metallic core-shell NPs. Such
a core-shell nanosystem provides plasmon-resonance tuning from the
visible into the near-infrared wavelength range, allowing to resonantly
excite LSPs with standard femtosecond laser sources. Moreover, a
ferroelectric core will give rise to strongly enhanced second-harmonic
generation due to the field enhancement produced by the plasmonic
shell. We demonstrate (a) the fabrication steps for BaTiO3@Au core-
shell NPs, (b) the optically controlled in-situ adjustment of their plas-
monic resonance by laser-induced metal precipitation [1], and (c) the
ability of such BaTiO3@QAu core-shell NPs to emit enhanced SHG.
The approach sketched here is very versatile, and paves the way to
nonlinear-optical read-out of nearfields by means of a single core-shell
NP probe via the emitted second-harmonic radiation.

[1] T.Hértling et.al., Nanotechnology 21, 145309 (2010)
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Fabrication of bow-tie like infrared antennas with small gaps
by nanosphere lithography — HENDRIK JANSSEN, ¢JON MATTIS
HorrmanN, and THoMAas TAUBNER — I. Institute of Physics (IA),
RWTH Aachen University, Sommerfeldstrafe 14, 52074 Aachen, Ger-

many

Infrared absorption spectroscopy allows for the investigation of char-
acteristic molecule absorption bands of sample materials by directly
probing molecular vibrations. The sensitivity of infrared spectroscopy
has been increased by several orders of magnitude with optical
antennas.[1-3] Decreasing the distance between two antennas leads to
antenna coupling and increased field-enhancement [4], resulting in even
higher enhancement factors over non-coupling antennas.

In this work we present metallic bow-tie like structures with gap
sizes down to sub 20nm. To prepare these structures we use the easy
method of nanosphere lithography (NSL) and two steps of evapora-
tion on a tilted sample. For spectral characterization of the infrared
resonances we use polarization resolved far-field measurements.

[1] R. Adato et al.; PNAS, 106, 19227 (2009)

[2] F. Neubrech et al.; PRL 101, 157403 (2008)

[3] R. Bukasov et al.; Analyt. Chem. 81, 4531 (2009)

[4] P. J. Schuck, et al, Phys. Rev. Lett. 94, 017402 (2005)
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Leakage radiation microscopy of laterally manipulated sur-
face plasmons — eMaNUEL RoTH, STEPHEN RIEDEL, PAauL LEI-
DERER, ELKE SCHEER, and JOHANNES BONEBERG — Universitdt Kon-
stanz

In a Kretschmann-configuration for an ATR (attenuated total reflec-
tion) setup, we excite SPPs (surface plasmon polaritons) on thin gold
layers with a laser diode at 965 nm. Due to natural surface roughness,
a fraction of the SPPs is scattered into the half space above the metal
layer and recorded by a camera on top of a microscope (leakage radi-
ation microscopy). Standing wave patterns and scattering centers can
be observed on the images.

We report on SPP interference patterns which are created by dif-
ferent surface structures. The results are compared to simulations
done by a FDTD (finite-difference time-domain) algorithm provided
by Lumerical Solutions.

O 34.42 Tue 18:15 Poster E
Plasmonically enhanced electro-optical effects in metal-
semiconductor nanodevices — oMARKUS PaRrzeraLL!, Jo-
HANNES KERN!, Monika EMMERLINGZ, MARTIN Kamp2, Jorp C.
PrancsMAal, and Berr HecuaT! — !Experimental Physics 5, Uni-
versity of Wiirzburg, Germany — 2Technical Physics, University of

Wiirzburg, Germany

Surface plasmon enhanced internal photoemission in nanostructured
Schottky devices has recently gained attention due to its promising
application in photodetection and solar energy conversion. Due to
their resonant nature, metallic nanostructures have shown to increase
the photocurrent generated in such devices by orders of magnitude.
We experimentally investigate electro-optical effects in nanostructured
Schottky diodes based on gold and titanium dioxide. Our main focus
lies on the evaluation of new design principles for optimized incident
photon to current conversion efficiency, spectral tunability and the
achievement of a deeper understanding of the underlying physics.

O 34.43 Tue 18:15 Poster E
Numerical study of circular dichroism in bi-chiral plas-
monic crystals — ¢YEVGEN GRyNKO!, JENS FORSTNER!, TORSTEN
Meier!, ANDRE RaDKE?, Timo GissiBL?, PauL V. Braun®, and
HARALD GiEssEN? — 1Department of Physics & CeOPP, University of
Paderborn, Warburger Str. 100, D-33098 Paderborn, Germany — 24.
Physikalisches Institut, University of Stuttgart, 70569 Stuttgart, Ger-
many — 3Department of Materials Science and Engineering, Frederick
Seitz Materials Research Laboratory, Beckman Institute, University of
Illinois at Urbana-Champaign, Urbana, IL 61801, USA

We study the optical properties of bi-chiral plasmonic nanostructures
using the Discontinuous Galerkin Time Domain method [1], utiliz-
ing its advantages in the description of nanostructures with complex
shapes. We simulate experimental measurements of transmission spec-
tra of silver helix structures presented in [2]. Our numerical results
reproduce the phenomenon of selective transmission of different circu-
lar polarizations well and qualitatively agree with the experiment for
all types handednesses of bi-chiral crystals. The numerical analysis of
the near fields provides information towards an understanding of the

effects.

[1] J. S. Hesthaven, T. Warburton, 2002, J. Comp. Phys., 181, 186-
221. [2] A. Radke, T. Gissibl, T. Klotzbiicher, Paul V. Braun, and H.
Giessen, 2011, Adv. Mater., 23, 3018.

O 34.44 Tue 18:15 Poster E
Enzymatically generated silver nanoparticles for sur-
face enhanced Raman spectroscopy (SERS) — eHENRIK
ScunemEWIND!, Karina WEBERD2, Dana Ciannal?, Marco
DieceL!, RoLanD MarTHEIS!, ANDREAs BERGER3, and JURGEN
Popp! — lInstitute of Photonic Technology (IPHT) Jena, Germany
— 2Institute of Physical Chemistry and Abbe-Center of Photonics,
Friedrich-Schiller University Jena, Germany — 3Max Planck Institute
of Microstructure Physics Halle, Germany

Silver nanoparticles (Ag-NP) synthesized by an enzymatic induced
growth process onto solid substrates form structures called as desert
roses or nanoflowers. In order to customize the enzymatically grown
nanoparticles to analytical applications in bio-molecular research,
studies were carried out on the time evolution of the formation of the
Ag-NP, their morphology, and their chemical composition. Therefore,
Ag-NP films of different densities were investigated using SEM, TEM
as well as energy dispersive X-ray spectroscopy. The surface coverage
of substrates with Ag-NP and the maximum particle height were deter-
mined using Rutherford backscattering spectroscopy. It is shown, that
the desert rose like Ag-NP consist of single crystalline silver plates
containing only pure silver. Surface enhanced Raman spectroscopic
(SERS) measurements of the vitamin riboflavin incubated on the Ag-
NP are shown as an exemplary application for quantitative analysis.
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Electroluminescence in STM junction: nanostructures on

Cu(3)N insulating layer — eANNA STROZECKA, JINGCHENG Li,
GUNNAR ScHULZE, MARTINA Corso, KaTHARINA J. FRANKE, and
Jose I. PascuaL — Institut fiir Experimentalphysik, Freie Univer-

sitdt Berlin, Arnimallee 14, 14195 Berlin

Photons emitted in a scanning tunneling microscope (STM) junction
can provide rich information about the electronic structure of investi-
gated systems. However, on metal surfaces the light emission spectra
are usually dominated by plasmonic excitations of the tip-sample cav-
ity and the direct optical transitions are strongly quenched due to the
short lifetime of the involved resonances. The decoupling from the
metal support is neccessary in order to observe light emission directly
from the nanostructure. Our experiments aim at getting closer insight
into the coupling between plasmonic and electronic degrees of freedom
in such systems. We investigated different types of nanostructures
grown on Cu(3)N insulating layer on Cu(110). In three-dimensional
Cu(3)N nanocrystals the narrow resonances corresponding to local-
ized images potential states give rise to a direct optical transition. We
studied also light emitted from molecules supported on a single Cu(3)N
layer. The resulting spectra show that the molecular fluorescence is
mediated by the plasmonic excitations in the cavity. Depending on the
molecular structure we observe enhancement or quenching of the light
emission.

O 34.46 Tue 18:15 Poster E
Fano resonances in plasmonic nanostructures — eMANUEL
GongaLves and OTHMAR MARTI — Ulm University - Inst. of Ex-
perimental Physics, Albert-Einstein-Allee 11, 89069 Ulm, Germany

Fano resonances arise from the interference between a resonant process
and the continuum (background) [1]. Recently, it was found that res-
onances in plasmonic nanostructures may also give rise to asymmetric
resonance line shapes (Fano modes) [2]. These modes arise from in-
terferences between electric dipole resonances, between electric dipole
and quadrupole and, in some cases, between electric dipole and mag-
netic dipole. On the other hand, resonant modes in arrays of gold
nanospheres have pronounced dips in the transmission spectrum and
large figure of merit (FOM)[3]. These resonances are very sensitive to
changes in the refractive index of the medium and are therefore good
candidates for sensing applications.

We present a study of the Fano resonances in several plasmonic
nanostructures, using the finite-element method (COMSOL Multi-
physics). The dependence of the resonances on the excitation con-
ditions, shape, size of the nanostructures and embedding medium was
investigated.

[1] U. Fano, Phys. Rev., 124 1866 (1961).

[2] B. Lukyanchuk et al., Nature Materials, 9 707 (2010).

[3] Arseniy I. Kuznetsov et al., ACS Nano, 5 4843 (2011).
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Plasmons in Pb nanowire arrays : Between one and two di-
mensions — eTaMMo Brock, CHRIsTOPH TEGENKAMP, JENS BAR-
INGHAUS, KARTHIGA KANTHASAMY, and HERBERT PFNUR — Institut
fir Festkorperphysik, Leibniz Universitdt Hannover, Appelstrasse 2,
30167 Hannover, Germany

Electron energy loss spectroscopy with both high energy and momen-
tum resolution (ELS-LEED) was used to investigate the plasmon dis-
persion of arrays of Pb nanowires in the monolayer regime on a vicinal
Si(557) substrate. While for coverages close to the physical mono-
layer (at 1.3ML) a true one-dimensional (1D) plasmon loss can be
found, a wavelength-dependent transition from 1D to 2D properties
takes place in the range from 1.2 to 1.4 monolayers. Due due to the
high anisotropy in the system at all coveragess, the dispersion curves
exhibit 1D characteristics in both directions, perpendicular and along
the Pb wire direction. The Pb-induced refacetting of the Si(557) sur-
face, which depends on Pb coverage seems to be the reason for this
behavior, because both effective system sizes and coupling strength
between miniterraces changes while increasing the Pb coverage.
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Interaction of Carbon Nanotubes with periodic Plasmonic
Surfaces — oCHRISTIAN LEHMANN, ESErR AKINOGLU, MICHAEL
Giersiq, and STEPHANIE REIcH — FU Berlin, Fachbereich Physik,
Arnimallee 14, 14195 Berlin

We investigate the interaction of carbon nanotubes with plasmonic
particles using Raman spectroscopy. Our goal is to understand the
influence of the shape and dielectric environment of the plasmonic
particles on the Raman signal. Therefore we use shadow nanosphere
lithography to create plasmonic surfaces with homogeneously shaped
triangular gold particles aligned in a hexagonal lattice structure. De-
pending on the deposition parameters, the plasmonic resonance was
shifted to available excitation wavelengths for Raman measurements.
The parameters were obtained by finite difference time domain simula-~
tions, which agree well with the measured resonances. The resonances
were obtained using dark field and UV /VIS absorption spectroscopy.
As marker molecules we used carbon nanoubes because of their well
known Raman spectrum. We observed an additional plasmonic am-
plification of the Raman signal. The effect was observed only when
the particle was in resonance with the exciting laser wavelength. Un-
der certain conditions additional Raman modes were observed. These
modes are strongly dependend on the distance between the carbon
nanotube and the plasmonic particles. We will discuss the origin of
these additional modes. Furthermore, a strong luminescence amplifi-
cation of the gold particles was observed for certain shapes. It is likely
that this effect originates from clustering of the gold particles.
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Fabrication and characterization of complex nano anten-
nas generated by evolutionary algorithms — eOLEG SELIG,
THORSTEN FEICHTNER, MARKUS KIUNKE, and BERT HECHT — Nano-
Optics & Biophotonics Group, Experimentelle Physik 5, Physikalis-
ches Institut, Wilhelm-Conrad-Roéntgen-Center for Complex Material
Systems, Universitat Wiirzburg, Am Hubland, D-97074, Wiirzburg,
Germany

Plasmonic nano antennas are used to enhance visible light-matter in-
teraction on the nanometer scale and thus can improve e.g. single
molecule detection and the coupling of light into plasmonic waveguides.
Most of the established nano antenna designs are inspired by well-
known concepts from the radio-frequency regime. In order to find new
designs, which account for the plasmonic behavior of metals in the op-
tical regime we used an evolutionary algorithm which finds optimized
structures for defined properties. The working principal is basically to
etch holes in an array of gold in the right position and size to get an
good value for the desired property and then recombine and mutate
good structure to further improve them. By using rounded corners,
gaussian excitation and realistic material thickness a very good ap-
proximation to feasible experimental conditions was achieved. For the
realization we dropcasted mono crystalline gold flakes on ITO-covered
glass. The structures calculated by the evolutionary algorithms were
then written by means of focused ion beam milling. The optical prop-
erties were measured by confocal two-photon-photo-luminescence and
compared to the simulation results, showing a substantial agreement.

O 34.50 Tue 18:15 Poster E
Fabrication of nanometer-sized gaps between nanoantenna
dimers by photo-chemical metal deposition for SEIRS

measurements — eCHRISTIAN Huck!, DaNnIEL WEBER!, FRANK

NeuBrecH!, JuLia Karzmann?, THoMmAs HARTLINGZ, ANDREA
Toma3, Enzo D1 FaBrizio®, and ANNEMARIE Pucct! — 1Kirchhoff-
Institute for Physics, Im Neuenheimer Feld 227, Heidelberg, Germany
— 2Fraunhofer Institute for Non-Destructive Testing, Dresden, Ger-
many — 3Istituto Italiano di Tecnologia (IIT), Genova, Italy

Metal nanoparticles exhibit surface plasmons, which are able to
strongly enhance electromagnetic fields when excited by electromag-
netic radiation. If the resonance frequency matches specific IR active
vibrations of molecules, the detection of such vibrations of molecules
adsorbed on the antennas can be improved up to 5 orders of magnitude.
Additional enhancement can be achieved by exploiting the extraordi-
nary field enhancement of two antennas interacting across a very small
gap. Constraints in the lithographic fabrication limit the gap size to
> 20nm.

To overcome these limitations, we applied the method of optically
induced metal deposition to lithographically prepared gold nanoanten-
nas. The technique was demonstrated for nm-sized structures and is
applied here in the pum range.Covering the nanorods on the substrate
with a solution of HAuCl4 and illuminating them by a focused 532nm
laser beam leads to the reduction of the gold salt and to a gradual
growth of the nanorods. The changes of the optical particle properties
can be monitored by IR-spectroscopy.

O 34.51 Tue 18:15 Poster E
Transfer of Angular Momentum by Circularly Polarized
Near Fields — ePETER KLAER, FLORIAN ScHERTZ, KENO KREWER,
GERHARD SCHONHENSE, and HANs-JoAacHIM ELMERs — Institut fiir
Physik, Johannes Gutenberg-Universitat Mainz, 55122 Mainz

A locally rotating electrical near field generated by special nanoan-
tennas might have properties similar to a circularly polarized plane
light wave.[1] In particular, the photons of the near field possess spin
momenta of +h and all effects related to the photon spin should ex-
ist for near fields as well. The plasmonic near field concentrates large
amounts of electromagnetic energy and, for rotating fields, also large
amounts of photon spin momentum in a very small spatial volume far
below the diffraction limit.

We show first results confirming the transfer of angular momen-
tum by circularly polarized near fields using spin-polarized photoemis-
sion electron microscopy (SP-PEEM) to detect the spin polarization
of electrons excited by 100fs light pulses with 800nm wavelength from
localized plasmons on a Ag/GaAs(100) surface. We thank the DFG
EL172/16-1 for financial support.

[1] R. Mohammadi et al., Appl. Phys. B, publ. online (2011).
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Fabricating Confined Nanorod Arrays for Nano-optical

Applications — eVErRA Horrmann!, RENE Kurrock!, MATH-

1as Boum!, GunTHER ScHEUNERT2, and Lukas M. Enc!
1Department of Applied Photophysics, TU Dresden, Dresden, Ger-
many — 2Department of Physics and Astronomy, Queen’s University

Belfast, Belfast, UK

Two-dimensional nanorod arrays made of materials such as gold, silver,
cobalt etc. show optical properties [1,2] that provide the basis for novel
plasmonic devices [3]. To go a step further towards low-cost integration
into existing technologies, the electrochemical growth of such nanorods
in self-organized porous alumina masks deposited onto a thin gold film
is of great interest. In this study, we present a novel technique in which
we restrict the nanorod growth to a confined nanoscale surface area
only. By pre-structuring the underlying gold metal film, the growth of
nanorods is confined to the edges of this structured area. Hence, the
geometry and the plasmonic properties of the arrays can be modified,
which makes them very promising and tunable for applications such
as waveguides, nanoantennas, or in data storage devices.

[1] R. Kullock et al., Optics Express 16, 21671 (2008) [2] R. Kullock
et al.,, J. Opt. Soc. Am. B 27, 1819 (2010) [3] A.V. Kabashin et al.,
Nat. Mater. 8, 867 (2009)
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Towards Quantum Plasmonics on a Chip: An Effi-
cient Photon-Plasmon-Coupler for Single-Mode Operation
— oGuUNTER KEWEs!, ANDREAS W. SchELL!, Rico Henze!, SvEN
Burcer?, and OLivER BeENson! — !nstitut fiir Physik, Humboldt-
Universitét zu Berlin — 2Konrad-Zuse-Zentrum fiir Informationstech-

nik Berlin

Not only the ability of surface plasmon polaritons to guide energy
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and information below the diffraction limit of light [1] but also their
quantum nature [2]|, hold great potential for highly integrated pho-
tonic/plasmonic circuits or on-chip experiments. We numerically in-
vestigate and design a photon to plasmon coupler which consists of a
tapered dielectric waveguide and a V-shaped metal part, using adap-
tive finite-element methods. We pay special attention on an easy-to-
fabricate approach and focus on single-mode operation since this will
simplify quantum plasmonic experiments.

[1] W. L. Barnes et al., ”Surface plasmon subwavelength optics”, Na-
ture 424, 824-830 (2003) [2] A. V. Akimov et al., ”Generation of single
optical plasmons in metallic nanowires coupled to quantum dots”, Na-
ture 450, 402-406 (2007)
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Near-Field of Strongly Coupled Plasmons - Uncovering
Dark Modes Using PEEM — eFLORIAN ScHERTZ!, MARCUS
ScHMELZEISEN?3, REzA MoHAMMADI®#, MAXIMILIAN KREITERZ,
Hans-Joacumm ELmEers!, and GErD Scuonuense! — !nsitut fiir
Physik, Johannes Gutenberg-Universitat, D-55099 Mainz, Germany
— 2Max-Planck-Institut fiir Polymerforschung, D-55128 Mainz, Ger-
many — SCenter of Smart Interfaces, TU Darmstads, D-64287 Darm-
stadt, Germany — 4Department of Physics, Payame Noor University,
Tehran, Iran

Strongly coupled plasmons in a system of individual Au nanoparticles
placed at sub-nm distance to a Au film (nanoparticle-on-plane, NPOP)
are investigated using two complementary single particle spectroscopy
techniques. Optical scattering spectroscopy exclusively detects plas-
mon modes that couple to the far-field via their dipole moment (bright
modes). By using photoemission electron microscopy (PEEM) we de-
tect in the identical NPOPs near-field modes that do not couple to the
scattered far-field (dark modes) and are characterized by a strongly en-
hanced non-linear electron emission process. To our knowledge, this is
the first time that both far-field and near-field spectroscopy are carried
out for identical individual nanostructures interacting via a sub-nm
gap. Strongly resonant electron emission occurs at excitation wave-
lengths far off-resonant in the scattering spectra. Simulations based
on classical electrodynamics confirm the observed differences of near-
and far-field characteristics for a strongly coupled plasmonic model
system. We thank DFG EL172/16-1 for financial support.
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Surface passivation and dark field spectroscopy of metallic
nanocones — eDOMINIK GOLLMER, CHRISTIAN SCHAFER, Y ULIYA
FuLmMmEs, ANDREAS HORRER, DIETER P. KERN, and MonNikA FLEIs-
CHER — Institut fiir Angewandte Physik, Eberhard Karls Universitét
Tiibingen, Auf der Morgenstelle 10, 72076 Tiibingen

The external electromagnetic excitation of plasmonic nanostructures
is accompanied by a localized enhanced near field, which makes these
structures promising candidates for several applications like near-field
imaging or sensing. We fabricated conical nanostructures with sharp
tips (tip radii less than 10 nm) [1] using different unique fabrication
methods. Because of their shape, these nanocones are suitable candi-
dates for the applications mentioned above. The tunability of the op-
tical properties of nanocones is an important precondition for efficient
excitation. We showed via dark field spectroscopy of single structures
that this can be achieved by variation of size, aspect ratio and ma-
terial. For non-stable materials a passivation is essential to keep the
optical properties constant over time. Aluminum oxide has been sug-
gested as an appropriate material for this purpose [2]. We showed that
it is possible to passivate silver nanocones by oxidized thin sputtered
aluminum layers. The fabrication processes will be presented together
with dark field images and spectra of gold and silver nanocones in dif-
ferent sizes. The changes in unprotected and passivated silver cones
with time will be illustrated by SEM and dark field images. [1] M.
Fleischer et al.; Nanotechnology 21 (2010); 065301 [2] C. A. Barrios et
al.; The Journal of Physical Chemistry C 113 (2009); 8158-8161
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Interaction of Light and Surface Plasmon Polaritons in
Ag Islands Studied by Nonlinear Photoemission Microscopy
— PHiLip KaAHL, eSiMONE WALL, NIEMMA BUCKANIE, PIERRE
KirscHBAUM, SIMON SINDERMANN, MIcHAEL HORN-vON HOEGEN,
and FraNk-J. MEYER zU HERINGDORF — Faculty of Physics and
Center of Nanointegration Duisburg-Essen (CeNIDE), Universitét
Duisburg-Essen, Lotharstrasse. 1, 47057 Duisburg

Two Photon Photoemission Microscopy was used to study the interac-
tion of femtosecond laser pulses with Ag islands on Si(111) and SiOa.

The fs laser pulses initiate surface plasmon polariton (SPP) waves at
the edges of the island. The superposition of the electrical fields of the
fs laser pulses with the electrical fields of the SPP results in a moiré
pattern, the analysis of which gives access to the wavelength and di-
rection of the SPP wave. If the SPPs reach edges of the Ag islands,
they may be converted back into light waves. The incident and re-
fracted light waves result in an interference pattern that can again be
described with a moiré pattern, showing that Ag islands can be used
as plasmonic beam deflectors for light.
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Calculation of enhanced up-conversion intensity from Er3+

ions near gold nanospheres — FLORIAN HALLERMANN!, STE-
FAN FiscueEr?, Deepu Kumar!, ALEXANDER SPRAFKE!, JaN
CuristopH GoLpscHMIDT?, and GERO voN PLessen! — llnstitute

of Physics (1A), RWTH Aachen University, 52056 Aachen, Germany
— 2Fraunhofer ISE, Heidenhofstr. 2, 79110 Freiburg, Germany

In conventional silicon solar cells, photons with energies below the sil-
icon band gap (1.12 V) do not contribute to current generation. The
near-infrared part of the solar spectrum could be exploited by using up-
conversion processes, such as the excitation of electrons via sequential
absorption of infrared photons in suitable rare-earth ions. The elec-
trons subsequently relax from the final state by emitting photons whose
energy is high enough to be absorbed in the silicon. Here, we show on
the basis of model calculations by how much the up-conversion inten-
sity from Er3+ ions can be enhanced using spherical gold nanoparticles.
In the vicinity of the nanoparticles, the excitation rate of the ions is
changed due to the near-field of the particles. In addition, the relax-
ation times of all involved excited states of the ions are changed by the
presence of metal nanoparticles due to energy transfer from the ions
to the nanoparticles, which offer additional radiative and nonradiative
decay channels. We calculate the effects that these changes have on
the up-conversion intensity by using Mie theory combined with a rate
equation system. We find a 17% enhancement for the most prominent
up-conversion line emitted by Er3t ions that are distributed over a
volume around a 200 nm particle.
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Theoretical and Experimental Studies of Surface Plasmon Po-
laritons on Gold Microstructures Using Photoemission Elec-

tron Microscopy — eMARTIN Piecucu!, CHRISTIAN SCHNEIDER!,

DaNIELA Baver!, ALEXANDER FiscHeEr!, PascaL MELCHIOR!,
CurisToPH LEMKE?, MIcHAEL BAUER?, and MARTIN AESCHLIMANNT

— 17U Kaiserslautern — 2Christian-Albrechts-Universitit zu Kiel

Collective electron excitations at metal surfaces are currently a rapidly
developing research field. Surface plasmon polaritons (SPPs) for in-
stance are promising candidates for future ultrafast subwavelength
electronic devices. By using photoemission electron microscopy
(PEEM), we investigate coherent excitations with spatial resolution
which is well below the diffraction limit defined by the laser wave-
length. Applying a laser pulse to a gold microstructure results in a
beating pattern due to interference between the incident light source
and excited SPPs which can be observed by PEEM. Using a phase sta-
bilized Mach-Zehnder-interferometer that manipulates the excitation
spectrum of the laser enables us to control the phase sensitive inter-
ference pattern. Theoretical simulations of the full electrical field with
a fast algorithm based on the Huygens principle give insight into the
underlying SPP dynamics. We show the high potential of the devel-
oped algorithm by a comprehensive comparison between experimental
data and the simulation.
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Coherent Control of the Electron Emission from Metal Nan-
otips due to Ultrashort Laser Pulses — ¢STEVE LENK and EricH
RuNGE — Institut fiir Physik und Institut fiir Mikro- und Nanotech-
nologien, Technische Universitat Ilmenau, 98693 Ilmenau, Germany

Recent experiments show the possibility for a novel scanning micro-
scope using ultrafast laser-induced photoelectron emission. The anal-
ysis of the experimental data requires a detailed theoretical knowledge
of the emission process and the underlying physics. We investigate the
electron emission from sharp gold nanotips illuminated by ultrashort
femtosecond laser pulses theoretically. The emission processes under
discussion for few-femtosecond laser pulses are multiphoton emission
and optical field emission. We calculate the probability current and the
Wigner distribution of the emitted electrons from a numerical solution
of the time-dependent Schrodinger equation via a real-space product-
formula algorithm. By the use of an optimization routine, we study
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the dependence of several target functions, like the emission current,
on laser pulse properties and on confined potential energy profiles. By
comparing experimental and theoretical findings, we can distinguish
the dominant physical processes for different energy profiles and pulse
shapes. Generally speaking, such investigation allow us to find op-
timized laser pulse properties to achieve the best electron emission
characteristics for different experimental requirements.
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Far-field control of optical near-field enhancement — eRiko
KiessLing, Davip LeipoLp, and EricH RUNGE — Technische Univer-
sitdt Ilmenau, 98693 Ilmenau, Germany

Controlling optical near-fields by shaping the temporal envolope of
an incoming far-field laser pulse is a new and interesting topic with

most promising applications in optical nano-circuitry. Recent experi-
ments proof the possibility to tailor the near-fields in an arrangement
of nano-antennas spatially and temporally [1].

In this theoretical work, we study how strong the fields near one
out of some randomly arranged nano-anntennas can be enhanced. We
quantify the relative near-field enhancement dependent on the number
of far-field degrees of freedom allowed in the optimization. In partic-
ular, we consider superpositions of incident plane-waves with different
frequencies, directions and polarizations. For this purpose, we ex-
plore a huge configuration space with a discrete-dipole approximation
(DDA). DDA calculations are numerically cheap and inherently well
suited for sytems of small antennas. The optimization itself is then
performed semi-analytically.

[1] M. Aeschlimann, et. al, PNAS 107, 5333 (2010)



