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O 11.1 Mon 15:00 MA 004
Surface plasmon polariton induced shortening of the op-
tical response in perforated gold films — eFELIX SpiTzER!,
MAaRTIN PonL!, Boris A. GraviN?, VLADIMIR BELOTELOVS, ILvA
Axmvov!, Sacuin KasTure?, ARVIND S. VENGURLEKAR?, ACHANTA
V. Gorar?, and MaNFRED Bayer! — !Technische Universitit Dort-
mund, Dortmund, Germany — 2V.E. Lashkaryov Institute of Semi-
conductor Physics, Kiev, Ukraine — 3Lomonosov Moscow State Uni-
versity, Moscow, Russia — #Tata Institute of Fundamental Research,
Mumbai, India

Ultrafast relaxation dynamics of a laser-heated periodically perforated
gold film are investigated using a femtosecond pump-probe technique
with 30 fs pulses far from intrinsic gold resonances. The grating period
is 595 nm with a thickness of 120 nm and 110 nm slit width. Changes of
differential transmission are measured time- and angular-resolved and
fitted afterwards using the nonequilibrium electron model to obtain the
characteristic relaxation times. We observe, that the pump induced op-
tical response becomes significantly shorter when the electrons in metal
are excited with surface plasmon polaritons. These results uncover the
role of thermal conductivity of electrons which becomes important in
case of strongly inhomogeneous spatial distribution of hot carriers.

O 11.2 Mon 15:15 MA 004
Probing electron relaxation in single metal nanotips with
terahertz-induced field emission — eLArRA WiIMMER, GEORG
HEerINK, SERGEY V. YALUNIN, and Craus RopPERs — 4. Physical
Institute - University of Gottingen, Gottingen, Germany

We implemented a streaking-type photoemission experiment at indi-
vidual metal nanotips [1], employing single-cycle terahertz (THz) tran-
sients and femtosecond near-infrared (NIR) pulses. In a first scenario,
the photoelectrons are generated by the NIR pulses and subsequently
accelerated in the local THz electric field. Due to the high confine-
ment of the THz-induced near-field at the tip apex, the photoelectrons
leave the electric field in much less than one optical half-cycle [2]. This
allows for a phase-resolved characterization of the THz near-field and
for a control of the photoelectron kinetic energy spectra.

In a second set of measurements, we increase the local THz field
strength to above 3 V/nm, inducing THz field emission [3]. Slightly
below the threshold for cold field emission, the THz transient triggers
the emission of NIR-excited hot electrons in the metal. The elec-
tron relaxation is quantitatively characterized by varying the relative
time delay between the two pulses, and we find direct evidence for a
confinement-induced prolongation of cooling times as compared with
planar surfaces.

[1] Wimmer et al., Nature Physics 10, 432-436 (2014).

[2] Herink et al., Nature 483, 190-193 (2012).

[3] Herink et al., New Journal of Physics, in press (2014).

O 11.3 Mon 15:30 MA 004
Transient absorption spectroscopy on gold nanorods coated
with molecular J-aggregates — eTHomaAs SimonDb2, Dzim-
ITRY MELNIKAU®, ALEXANDER URBAN'2, JOCHEN FELDMANND2,
and YUry Rakovicu® — !Chair for Photonics and Optoelec-
tronics, Ludwig-Maximilians-Universitdt Miinchen, Amalienstr. 54,
80799 Munich, Germany — 2?Nanosystems Initiative Munich (NIM),
Schellingstr. 4, 80799 Munich, Germany — 3Centro de Fisica de Mate-
riales (MPC, CSIC-UPV/EHU), Donostia International Physics Cen-
ter (DIPC), Po Manuel de Lardizabal 5, Donostia-San Sebastian 20018,
Spain
We have performed femtosecond transient absorption spectroscopy
on cyanine based molecular J-aggregates covering the surface of gold
nanorods. By changing the aspect ratio of the rods or choosing J-
aggregates with different HOMO-LUMO transition energies, the cou-
pling between excitonic and plasmonic resonances can be tuned and
controlled. We have analyzed the nonlinear optical responses of purely
excitonic, purely plasmonic and hybrid excitonic-plasmonic transitions.
The transient behavior of the absorption changes at the hybrid transi-
tion frequencies gives further insight into coupling mechanisms between
excitons and plasmons.

O 11.4 Mon 15:45 MA 004

Short-range surface plasmonics on atomically flat thin sin-

Location: MA 004

gle gold nanocrystals: Electron emission from a 60 nm spot
at 800 nm wavelength — eBrTTINA FRrANK!, PHILIP KAHLZ?,
Tuomas Weiss!, Liwer Fu3, MicHAEL HorN voN HoEcENZ, FRANK
MEYER zU HERINGDORF2, and HArRALD Giessen! — l4th Physics
Institute and Research Center SCoPE, University of Stuttgart, Ger-
many — 2Faculty of Physics and Center for Nanointegration Duisburg-
Essen (CENIDE), University of Duisburg-Essen, Duisburg, Germany
— 31Institute of Applied Optics, University of Stuttgart, Germany

We observe short-range surface plasmons in atomically flat single gold
nanocrystals with a thickness in the 20-40 nm range. The crystals
are grown electrochemically on atomically flat silicon wafers and struc-
tured with FIB-milled patterns on the surface. Sub-20 fs laser pulses at
800 nm in normal incidence geometry excite long-range as well as short-
range surface plasmons. The latter ones possess plasmon wavelengths
in the 140-180 nm range and exhibit considerably reduced propaga-
tion velocity. Using PEEM we can image these plasmons, statically
as well as in a time-resolved fashion. Using circular grating patterns,
nanofocusing down to 60 nm is experimentally observed.

This work was supported by DFG (SPP1391), BMBF, BW Stiftung,
and ERC.

O 11.5 Mon 16:00 MA 004
Nonlinear Plasmo-Emission of Electrons from Focused Sur-
face Plasmon Polaritons — ePHiLip KaHL, DANIEL PODBIEL, AN-
DREAS MAKRIS, SIMON SINDERMANN, MicHAEL HORN-vON HOEGEN,
and Frank-J. MEYER zU HERINGDORF — Faculty of Physics and
Center for Nanointegration Duisburg-Essen (CENIDE), University of
Duisburg-Essen, 47057 Duisburg, Germany

In a photoemission electron microscope with normal incidence light
geometry we recently observed high-order photoemission of electrons
from focused surface plasmon polaritons (SPPs) on a silver film. The
SPPs are excited at concentric circular gratings, have convex wave
fronts and propagate from opposite directions into the center of the
inlying disc. By combining sub 20 fs laser pulses and a home-built
Mach-Zehnder interferometer to a pump-probe experiment we are able
to temporarily resolve the propagation of these SPPs, the formation
of a standing wave at the center and the reversal of the wave front
curvature of the SPPs. The fact that the circles have diameters larger
than 40 microns guarantees that the laser is not present anymore when
the SPPs reach the center. Hence, the electrons are emitted from the
plasmonic field alone, which is why we call this effect plasmo-emission.
We also captured energy-filtered photoelectron images and analyzed
the kinetic energy spectra of the electrons originating from the stand-
ing wave fringes at the focal spot. The spectra indicate photoemission
orders of up to five.

O 11.6 Mon 16:15 MA 004
Shaping and spatiotemporal characterization of sub-10-fs

pulses focused by a high-NA objective — eSEBASTIAN GOETZ!,

MonNika PawLowskal, CHRISTIAN DREHER!, MATTHIAS WURDACK!,
Enno Krauss?, PreTErR GEISLER?, GARy Razinskas?, BERT
Hecur?3, and Tobias Brixnerb3 — lInstitut fiir Physikalische
und Theoretische Chemie, Universitat Wiirzburg, Am Hubland, 97074
Wiirzburg, Germany — 2Nano-Optics and Biophotonics Group, Ex-
perimentelle Physik 5, Universitdt Wirzburg, Am Hubland, 97074
Wiirzburg, Germany — 3Réntgen Center for Complex Material Sys-
tems (RCCM), Am Hubland, 97074 Wiirzburg, Germany

For the investigation of ultrafast processes on the nanoscale by far-field
radiation, the temporal resolution of femtosecond laser pulses has to
be combined with the spatial resolution of a high-NA microscope. We
combine confocal microscopy with phase and amplitude pulse shaping
of few-cycle NIR pulses using an LCD pulse shaper in 4f single-pass
geometry. By utilizing the pulse compression algorithm PRISM, a
pulse length of 10 fs could be achieved at the focus position. The ca-
pability of the setup is demonstrated by investigating the influence on
the diffraction-limited focus of a high-NA objective, LCD imperfections
and spatio-temporal coupling. By scanning of gold nanorods through
the focal plane, position-dependent reflections within the focus reveal
the spectrally resolved intensity profile and the spatial dependency of
the pulse arrival time. The ability to shape the light fields and the
availability of high peak powers open the path to all-optical control of
near-field propagation in the linear and nonlinear regimes.
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O 11.7 Mon 16:30 MA 004
Local Nonlinear Spectroscopy of Single Gold Nanostructures
— eDANIELA WOLF, THORSTEN SCHUMACHER, and MARKUs LIPPITZ
— Experimental Physics III, University of Bayreuth

While higher harmonics generation is a commonly known effect and
is used in many applications, the origin of the higher harmonics light
generated in plasmonic nanostructures is still not fully understood.
Contrary to the luminescence from gold structures, higher harmon-
ics generation is a coherent process so that interference effects come
into play when more complex structures are considered. In our ex-
periments, we investigate the response of different gold nanostructures
upon excitation with infrared light. The homogeneous luminescence
background as well as the interference effects in the third harmonic sig-
nal can be observed in spectrally resolved backfocal plane images. In
combination with calculated interference patterns from a dipole model,
this method allows conclusions about the spatial origin of THG.

O 11.8 Mon 16:45 MA 004
Second-harmonic generation with double resonant hybrid
plasmonic/dielectric antennas — eHEIKO LINNENBANK!, YEVGEN
GRryNkKo?, JENs FORSTNER?, and STEFAN LINDEN! — !Physikalisches
Institut, Universitét Bonn, Germany — 2Institut fiir Elektrotechnik
und Informationstechnik, Universitat Paderborn, Germany

In several studies it has been shown that the excitation of plasmonic
resonances in gold nanostructures with ultrashort light pulses can give
rise to large second and third harmonic signals. Here, we demonstrate
that the second harmonic generation efficiency of metallic nanostruc-
tures can be increased by depositing a dielectric material with a large
second order nonlinear coefficient in the hot spots of the structures.
By varying the geometry of the nanostructures and by performing non-
linear spectroscopy we rule out that the enhancement of the second
harmonic signal is due to a trivial shift of the plasmonic resonance fre-
quency caused by the incorporation of the dielectric material. Further-
more, we have performed nonlinear experiments with double-resonant
metallic nanostructures that exhibit plasmonic resonances at both the
frequency of the pump light and the generated second harmonic light.
Compared to metallic nanostructures which are only resonant to the
pump light, the double-resonant structures give rise to larger second
harmonic signals. Moreover, they also allow to control the polarisation
properties of the generated light.

O 11.9 Mon 17:00 MA 004
Frequency doubling with second harmonic resonant plas-
monic nanostructures — eHEIKO LINNENBANK and STEFAN LINDEN
— Physikalisches Institut, Universitdt Bonn, Germany

Second harmonic generation from lithographically defined metallic
nanostructures has been a topic of large interest in recent years. In
order to take advantage of local field enhancement effects, the samples
are typically designed such that one of the plasmonic modes of the re-
spective metallic nanostructure is resonant to the incident pump wave.
In contrast, the second harmonic signal usually is not resonant to one
of the higher order plasmonic modes. Here we show that also the oppo-
site scheme can be employed for enhanced second harmonic generation.
For this purpose, we have performed nonlinear spectroscopic experi-
ments with different metallic nanostructures where rather the second
harmonic light drives a plasmonic resonance than the pump field. Our
findings can be explained in the framework of the anharmonic oscil-
lator model where the characteristic parameters are extracted from
linear extinction measurements.

O 11.10 Mon 17:15 MA 004
Nonlinear plasmonics of aluminum nanoantennas resonant
at the second harmonic frequency — eLiLt Gul, Jaco FucHs,
BERND METZGER, DoMINIK FLOEss, MaxiMm NESTEROV, and HAR-
ALD GIESSEN — 4th Physics Institute and Research Center SCoPE,

University of Stuttgart, 70569 Stuttgart, Germany

Localized surface plasmon resonances can boost significantly the op-
tical nonlinearity of metallic nanoparticles due to the strongly con-
fined and enhanced electromagnetic near-field. Although some double-
resonant and multi-resonant configurations have been employed in or-
der to achieve large nonlinear conversion efficiencies, there has been
so far no quantitative investigation to illustrate the role of the plas-
monic resonance of the nanoantenna at the harmonic frequency. It is
still controversial whether the contribution of the harmonic resonance
is adverse, as a loss mechanism due to more absorption, or beneficial,
due to higher radiation efficiency.

Through comprehensive experimental studies of the second-
harmonic spectroscopy of aluminum nanorods resonant at the second
harmonic, we demonstrate that the contribution of the harmonic res-
onance is higher with regards to increased radiation efficiency than
to increased absorption loss, with a clear evidence of larger overall
second-harmonic-generation efficiency. The nonlinear response of the
nanoantennas can be well explained by an analytic anharmonic oscil-
lator model and nicely reproduced with finite-element simulations.

O 11.11 Mon 17:30 MA 004

Applying the Otto geometry to observe second-harmonic

generation from a surface plasmon resonance — eKARSTEN
Purani!, Jan Heckmann!, Nicorar B. Grosse!, Liuvvang Sun?,
Joun Sipe3, Xi1aoqQiN Li%, and ULRIKE WocGcon! — !nstitut fiir

Optik und Atomare Physik, Technische Universitdt Berlin, Germany
— 2Department of Physics, University of Texas-Austin, USA —
3Department of Physics, University of Toronoto, Canada

The Otto geometry enables the probing of material surfaces using
evanescent fields having well-defined k-vectors. We have demonstrated
this technique in the nonlinear optical regime to investigate how the ex-
citation of a surface-plasmon (SP) resonance leads to enhanced second-
harmonic generation (SHG) from a silver surface. The analysis of SHG
in k-space allows one to infer SP propagation length and the enhance-
ment of the near-field, while being free to vary the air gap which sets
the SP-to-photon coupling strength. In contrast to the Kretschmann
geometry where one is limited to investigating thin films at a fixed
coupling strength, the Otto technique has the additional advantage
that surface wave phenomena can also be explored in bulk and opaque
samples.

O 11.12 Mon 17:45 MA 004
Electron tunneling mediated amplification of radiative plas-
mon decay — eXIAO WANG, KAI BRAUN, DAI ZHANG, HEIKO PEISERT,
HILAMAR ADLER, THOMAS CHASSE, and ALFRED MEIXNER — Institute
of physical and theoretical chemistry, University of Tiibingen, Auf der
Morgenstelle 18, 72076 Tiibingen, Germany

Here we demonstrate electron tunneling mediated amplification of pho-
toluminescence (PL) from an Au-Au junction in a combined tip en-
hanced near-field optical and scanning tunneling microscope. Lumi-
nescence spectra were collected from the same Au-Au junction with dif-
ferent bias voltages with and without laser illumination. Without op-
tical excitation the luminescence spectra show typical plasmon modes
in the spectral range from 700-1050 nm excited by inelastic electron
tunneling. Under laser illumination at 634 nm, at low bias voltages the
PL is dominated by the radiative decay of the laser excited electron-
hole pairs from the sp/d interband transition with a single band at
690 nm. At higher bias voltages, the luminescence increases dramat-
ically, showing both the band from electron-hole recombination and
the plasmon-modes from inelastic tunneling. The increase of the lumi-
nescence from inelastic tunneling is more than an order of magnitude
and is attributed to the laser induced hot-electron population closely
above the Fermi-level to inelastic tunneling having a higher radiative
decay rate than the conducting electrons from the sp-band.



