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HL 52: Optical properties & Photonic crystals

Time: Friday 9:30-12:45

HL 52.1 Fri 9:30 EW 201
Gyrotropic effects in trigonal tellurium studied from first
principles — oSTEPAN S. TsirkiND2, PaBLo Aguapo PuenTE!:2,
and Ivo Souzal3 — 1Centro de Fisica de Materiales, Universidad
del Pais Vasco, 20018 San Sebastian, Spain — 2Donostia International
Physics Centre, 20018 San Sebastian, Spain — 3Ikerbasque Founda-
tion, 48013 Bilbao, Spain

We present a combined ab initio study of several gyrotropic effects
in p-doped trigonal tellurium (effects that reverse direction with the
handedness of the spiral chains in the atomic structure). The key ingre-
dients in our study are the Berry curvature and the orbital magnetic
moment induced in the Bloch states by the broken spatial inversion
symmetry of the crystal structure.

We show that the observed sign reversal of the circular photogal-
vanic effect with temperature can be explained by the presence of Weyl
points near the bottom of the conduction band acting as sources and
sinks of Berry curvature. The passage of a current along the trig-
onal axis induces a parallel magnetization, leading to the occurence
of Faraday rotation alongside natural optical rotation. In agreement
with experiment, we find that when infrared light propagates antipar-
allel to the current at low doping, the induced Faraday effect enhances
the natural optical rotation. The plane of polarization rotates in the
opposite sense to the bonded atoms in the spiral chains, in agreement
with a recent experimental determination of the handedness of a Te
crystal that contradicts earlier reports.

The work is published as arXiv:1710.03204.

HL 52.2 Fri 9:45 EW 201
Rydberg-like states in organic semiconductor rods —
e AswIN AsaiTHAMBI', Daicar Okapa2, GUENTHER Prinz!, YoHEI
Yamamoro?, and AxXeL Lorke! — !Lotharstrasse 1, Faculty of
Physics, CENIDE, University of Duisburg-Essen, Duisburg 47057, Ger-
many — 2Division of Material Science, Faculty of Pure and Applied
Sciences, University of Tsukuba, Tsukuba, Japan

Organic semiconductor Borondipyrromethene (BODIPY) derived sam-
ples have drawn much attention in recent years in the field of bio-
imaging due to their good photo-physical properties such as high ex-
tinction coefficient and quantum yield. BODIPY molecules, under
certain conditions, can be grown into rods. Different growth methods
result in BODIPY rods with different photo-emission wavelengths.

In this contribution we show photo-luminescence (PL) spectra from
different rods under 405nm laser excitation. Emitted light from the
rods can travel through the rod due to total internal reflection, com-
bining their excellent PL properties with waveguide physics. The light
intensity emitted at the end of the rod shows an exponential decrease
as the distance between end of the rod and the excitation spot is in-
creased. This is attributed to reabsorption and scattering. We quantify
the extinction parameter for different rods and compare them. Inter-
estingly, the PL spectrum from the green emitting rod, shows, besides
a broad luminescence, a set of peaks with energies that follows a l/n2
rule. Such behavior, known from Rydberg atoms comes unexpected.
The spectra will be discussed using different models such as Rydberg
excitons or charge accumulation in the crystal.

HL 52.3 Fri 10:00 EW 201
Sorting exciton polariton vortices by their orbital an-

gular momentum — eBERND BERGER!, MAaRiUs KAHLERT!,

DanieL ScHMIDT!, MARC AssMANN', MAarTIN Kamp2?, CHRIs-

TIAN SCHNEIDER?, SVEN HOFLINGZ, and MANFRED Bavyer! —
IExperimentelle Physik 2, Technische Universitiat Dortmund, D-44221
Dortmund, Germany — 2Technische Physik, Physikalisches Institut,
Wilhelm Conrad Réntgen Research Center for Complex Material Sys-

tems, Universitdt Wiirzburg, D-97074 Wiirzburg, Germany

Vortices are elementary excitations in exciton polariton condensates
that consist of a low-density core and a phase rotation of a multiple of
27 around it. In our experiment a light beam carrying orbital angular
momentum (OAM) is utilized to excite exciton polariton vortices in a
GaAs microcavity at cryogenic temperatures. Thereby the topological
charge of the vortex directly corresponds to the quantized OAM of the
incident light beam. In a sophisticated approach, the sample signal is
sorted by the vortex topological charge and resolved in time without
the need of a phase reference. Thus the dynamics of vortices with

Location: EW 201

different topological charges are investigated.

HL 52.4 Fri 10:15 EW 201
Microscopic theory of two-photon absorption and stimulated
emission in direct-gap semiconductors — eWoOLF-RUDIGER
HanNEs and TorsTEN MEIER — Department of Physics and CeOPP,
University of Paderborn, Warburger Str. 100, D-33098 Paderborn,
Germany

Two-photon absorption (TPA) rates in semiconductors are analyzed
within a simple two-band model. The light-matter interaction is
treated non-perturbatively using the semiconductor Bloch-equations
extended by the intraband accelaration [1], which is shown to cause
a significant enhancement of the x(3) nonlinear response as com-
pared to the two-photon transition rate from second-order perturba-
tion theory. [2] The enhancement is particularly strong for widely-
nondegenerate signal and idler photons. Our results are in agreement
with experimental spectra for both TPA [3] and stimulated two-photon
emission. [4]

[1] H. T. Duc, T. Meier, and S. W. Koch, Phys. Rev. Lett. 95,
086606 (2005); E. Sternemann, T. Jostmeier, C. Ruppert, H. T. Duc,
T. Meier, and M. Betz, Phys. Rev. B 88, 165204 (2013)

[2] M. Sheik-Bahae, D. C. Hutchings, D. J. Hagan, and E. W. Van
Stryland, IEEE Journal of Quantum Electronics 27, 1296 (1991).

[3] C. M. Cirloganu, L. A. Padilha, D. A. Fishman, S. Webster,
D. J. Hagan, and E. W. Van Stryland, Opt. Express 19, 22951 (2011).
[4] M. Reichert, A. L. Smirl, G. Salamo, D. J. Hagan, and E. W. Van
Stryland, Phys. Rev. Lett. 117, 073602 (2016)

HL 52.5 Fri 10:30 EW 201
Functionalized Nanoporous Au Particles for Enhanced Op-
tical Nonlinearities — eJue-MIN Y1!, Donc Wang2, FELIX
Scuwarz?, GERMANN HERGERT!, JAN VogELsang!, PETRA GRoss!,
PETER ScHAAF2, ErRicH RUNGE?, and CHRisToPH LiENAU! — 1Carl
von Ossietzky Universitdt, Oldenburg — 2TU Ilmenau, Ilmenau —
3TU Ilmenau, Ilmenau

Nanoporous Au particles (nanosponges) have promising optical prop-
erties due to their percolated nanoporous structure with disorder and
nanometers-sized pores where coherent multiple scattering of light
can form a series of localized hot spots with large field enhancement.
Here we have systematically studied the nonlinear optical effects from
nanosponges and their functionalization with ZnO materials. In par-
ticular, we have performed time-resolved photoemission measurements
on single nanosponges using ultrashort laser pulse excitation. The
long-lived electron emission with high excitation efficiency proves the
existence of localized plasmon states on the surface of the nanoporous
particles with lifetimes of more than 20 fs [1]. We have further inves-
tigated their potential as disordered nanoantennas by depositing ZnO
into nanometers-sized pores. Strong second harmonic emissions from
ZnO in the vicinity of nanosponges have been observed. Our results
indicate that individual nanosponges are robust disordered nanoan-
tennas with strong local resonances, and shed new light on tailoring
disorder with functional materials for specific applications.[1] G. Herg-
ert, et al., Light: Science &Applications 6, e17075 (2017).

HL 52.6 Fri 10:45 EW 201
Routing of exciton-polaritons in microcavity waveguides —
eJoHANNES BEIERLEIN!, SEBAsTIAN KLEMBT!, MARTIN KLaas!,
Monika EMMERLING!, HoLGER SucHOMEL!, KaArROL WINKLER!, SE-
BASTIAN BropBECK!, Huco FrLavac?, CHRISTIAN SCHNEIDER!, and
SVEN HorFLING!3 — I Technische Physik, Universitat Wiirzburg, Ger-
many — 2Institute of Theoretical Physics, EPFL, CH-1015 Lausanne,
Switzerland — 3School of Physics and Astronomy, University of St.
Andrews, KY 16 9SS, United Kingdom

Exciton-polaritons have been in the centre of scientific investigation
due to their hybrid light-matter nature. It allows for large propa-
gation distances while maintaining a strong non-linearity. This work
sheds light on the functionality of two passive exciton-polariton routing
devices. First, two microcavity waveguides (WGs), which are realized
by etching the top and bottom DBRs, are evanescently coupled. Due
to the evanescent coupling, a Josephson oscillation manifests itself.
This oscillation is clearly displayed in real-space due to the propagat-
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ing nature of the condensate. Depending on the device parameters a
different phase at the end of the coupling area can be achieved, result-
ing in different routing ratios. Further, we discuss two WGs which are
coupled by a microcavity disc. A propagating condensate along one
WG can be transmitted into the disc where it circulates and eventually
exits into the other wire. Both of those tunneling events are energy
dependent. The size parameters of the disc as well as the WGs influ-
ences the energy transmission pattern and therefore allows for energy
controlled reshaping of the condensate.

HL 52.7 Fri 11:00 EW 201

Time-resolved spectroscopic ellipsometry with sub-ps res-

olution — eSTEFFEN RicHTER!, OLIVER HERRFURTH!, SHIRLY
EspiNoza2, Marteusz REeBARz2, MirosLav  Kroz?, Jakos
ANDREASsON?3, MaR1us GRUNDMANN!, and RUDIGER SCHMIDT-

GRrUND! — 1Universitit Leipzig, Felix-Bloch-Instiut fiir Festkorper-

physik, Linnéstr. 5, 04103 Leipzig, Germany — 2ELI beamlines, Za
Radnici 835, Dolni Bfezany, Czech Republic — 3Chalmers tekniska
hogskola, Institutionen for fysik, Kemigarden 1, 41296 Géteborg,
Sweden

Knowledge of the temporal evolution of the complex optical properties
in response to optical excitation is crucial for understanding of fun-
damental physical processes inherent in semiconductors. We demon-
strate time-resolved ellipsometry in a pump-probe scheme employing
continuum white-light probe and UV pump pulses. The ellipsomet-
ric approach allows to obtain the dynamics of the dielectric function
in a broad spectral range with an estimated time resolution of 170fs.
We will stress on essential experimental requirements and show data
obtained from ZnO samples. We will also give an outlook on the
pump-probe VUV ellipsometer being built up at ELI beamlines.

15 min. break.

HL 52.8 Fri 11:30 EW 201
Invisible excitons in hexagonal Boron Nitride — eCrLAuDIO
ArtaccaLiTEl?, Lorenzo Sponza2, Myrra GRUNING®, HAKIM
Amaral, and Frangors DucasteLLE! — 'CINaM UMR 7325, Aix-
Marseille University - CNRS, Marseille, France — 2LEM UMR. 104,
ONERA - CNRS, Chatillon, France — 3Queen’s University, Belfast,
UK — 4Universita Tor Vergata, Roma, Italy

In this work we study excitations in hexagonal Boron Nitride that are
invisible in linear optical response. We show that these dark states can
be measured with other spectroscopic techniques and they play an im-
portant roles in the response of h-NB. Our results clarify the indirect
nature of h-BN and its excitation spectra.

HL 52.9 Fri 11:45 EW 201
Radiative versus non-radiative color conversion in an In-
GaN/polymer hybrid material system — eNikLAs Murz, EMIL
J. W. List-KrarocuviL, and SYLKE BLUMSTENGEL — Hybrid De-
vices Group, Institut fiir Physik, Institut fiir Chemie und IRIS Adler-
shof, Humboldt-Universitiat zu Berlin

White light generation in InGaN/GaN based light-emitting diodes
(LEDs) is commonly achieved by so called external color conversion,
where blue light emitted from an InGaN quantum well (QW) is sub-
sequently partially absorbed by an inorganic phosphor material and
reemitted in the yellow-orange spectral region to yield white light. In
this process, the overall yield of converted photons is limited by the
product of the quantum yield of the involved constituents. As an
alternative, more efficient process, non-radiative Forster-like energy
transfer from the inorganic QW to an organic acceptor can be used for
the color conversion.

Here we investigate energy transfer from an InGaN/GaN single QW
to a thin top layer of a light-emitting polymer, a cyano-ether-poly(p-
phenylen-vinylen) (Cn-ether-PPV). We experimentally find that Cn-
ether-PPV can be efficiently excited through the InGaN/GaN single
QW when the organic polymer layer is in close proximity to the In-

GaN/GaN single QW. By means of time-resolved and -integrated pho-
toluminescence spectroscopy at various temperatures we quantify the
contribution of radiative and non-radiative energy transfer to the color
conversion observed in this hybrid material system.

HL 52.10 Fri 12:00 EW 201
Trapping potentials for Rydberg excitons in cuprous oxide
(Cu20) — eSsarD OLE KRUGER and STEFAN SCHEEL — Institut fiir
Physik, Universitiat Ro- stock, D-18059 Rostock, Germany

The trapping of neutral atoms by optical dipole potentials is an es-
tablished experimental technique. For semiconductor excitons, similar
traps can be created by a spatially inhomogeneous strain field and have
been applied in the pursuit of BEC of the excitonic ground state in
Cu20. These strain traps offer a great variety achievable geometries,
depending on the stressor, its orientation relative to the crystal axes,
the stress and the excitonic state in question. In this talk, calculations
of a strain-induced waveguide potential [1] for the Rydberg excitons of
the yellow series in CuzO [2] will be presented and conditions for the
formation of such traps will be evaluated. Additionally, the possibility
of using optical dipole potentials to trap excitons will be discussed.

[1] S. O. Kriiger and S. Scheel, http://arxiv.org/abs/1711.06639

[2] T. Kazimierczuk et al. , Nature 514, 343 (2014)

HL 52.11 Fri 12:15 EW 201
‘Wafer-scale metallic two-dimensional superlattice photonic
crystals for light trapping — eRu1 Xu, HuariNGg ZHAO, and YONG
Ler — Am Ehrenberg 2, 98693 ilmenau

Two-dimensional (2D) superlattice PhCs of alumina are found to be
formed when preparing perfectly-ordered porous alumina membranes
by anodizing surface-nanopatterned aluminium foils. Through a two-
step replication process, we successfully replace alumina with metals
(e.g., nickel, gold, silver, cobalt) to obtain wafer-scale metallic 2D su-
perlattice PhCs. The geometrical and structural parameters of metallic
2D superlattice PhCs can be precisely tuned based on those of alumina
counterparts, and finally leading to tailorable light trapping properties.
As an example, nickel 2D superlattice PhCs can achieve stably strong
(over 90%) light absorption below the steep cut-off wavelength which
is controlled in the wavelength range of 600 - 1500 nm. Numerical sim-
ulations and systematic experiments reveal that the surface plasmon
resonance and cavity resonance stemming from both nanopores and
nanoconcaves are fundamentally responsible for light trapping.

HL 52.12  Fri 12:30 EW 201

Resonant state expansion for disordered claddings in
photonic crystal fibers — eSwaarai UPENDAR!, IzzaTiON
AvrLavarov!, Guancrur Li?2, Markus ScuMmipT?3, and THOMAS

Weiss! — 4th Physics Institute and Research center SCoPE, Uni-
versity of Stuttgart, Germany — 2Leibniz Institute of Photonic Tech-
nology, Jena, Germany — 3Otto Schott Institute of Material Research,
Friedrich Schiller University, Jena, Germany

Photonic crystal fibers guide light in a central defect core surrounded
by a periodic cladding using a bandgap effect. We would like to study
how disorder in the cladding affects the properties of an all solid pho-
tonic crystal fiber. As effects originating from disorder need to be av-
eraged over many realizations, fast simulation techniques are required.

In this contribution we show how to adapt the so-called resonant
state expansion [1]| to such fiber geometries. Resonant states are solu-
tions of Maxwell’s equations with outgoing boundary conditions in the
absence of source terms. For resonant state expansion, the resonant
states need to be normalized correctly. The difficulty is that modes
in hollow-core photonic crystal fibers radiate in the direction normal
to the fiber axis, so that the electromagnetic fields of the modes grow
exponentially with distance to the core and cladding. We demon-
strate the correct normalization of the modes in such fibers and use
the normalized modes to derive the propagation constants of modes in
perturbed and thus, disordered systems.

[1] M. B. Doost, W. Langbein, and E. A. Muljarov, Phys. Rev. A
87, 043827 (2013).



