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HL 20.1 Wed 9:30 H36

Dark exciton anti-funneling in monolayer transition metal
dichalcogenides — eRoBERTO RosaTi!, ROBERT SCHMIDTZ,
SAMUEL BreEM!, RaUL PrerEA-CAaUsin®, Iris NIEHUES?, JOHANNES
KERN2, JOHANN ADRIAN PREUss?, ROBERT SCHNEIDER?, STEFFEN
MICHAELIS DE VASCONCELLOSZ, RupoLr Brarscurtsca?, and ERMIN
Maric!® — Philipps-Universitit Marburg — 2University of Miinster

— 3Chalmers University of Technology — #CIC nanoGUNE BRTA

Current nanoelectronics relies on transport. While charged carriers
can be controlled by electric fields, atomically thin semiconductors are
governed by excitons, which are neutral electron-hole pairs. Recently,
strain engineering has been introduced to manipulate exciton diffu-
sion [1] and propagation [2] in monolayer transition metal dichalco-
genides. Strain-induced energy gradients give rise to exciton funneling
up to a micrometer range. Combining spatiotemporal photolumines-
cence measurements with microscopic theory, here we track the way
of excitons in time, space and energy. Surprisingly we find that in
WS32 excitons move away from high-strain regions, contrary to what
we observe in MoSez [2]. This anti-funneling behavior can be ascribed
to dark excitons, whose strain-induced energy variations are opposite
compared to bright excitons. Our findings open new possibilities to
control transport in exciton-dominated materials.

[1] R. Rosati et al., 2D Mater. 8, 015030 (2021).

[2] R. Rosati, R. Schmidt et al., Nat. Commun. 12, 7221 (2021).

HL 20.2 Wed 9:45 H36
Ultrafast nanoscopy of a Mott transition in twisted bilayer
WSe; — oSVENJA NERRETER!, THOMAS SIDAY!, FABIAN SANDNER!,
SAMUEL BRrEM?3, MARTIN Z1zLsPERGER!, FELIX ScHIEGL!, RAuL
PEREA-CAUSIN®, MaRrkUs Prankir!, PuiLipP MERkKL!, FaBIAN
MoosHAMMER' %, MarkuUs A. Huser!, ERMIN MaLic?3, and Ru-
PERT HUBER! — !Department of Physics and Regensburg Center for
Ultrafast Nanoscopy, University of Regensburg, 93040 Regensburg —
2Department of Physics, Philipps-Universitdt Marburg, 35032 Mar-
burg, Germany — S3Department of Physics, Chalmers University of
Technology, 41296 Gothenburg, Sweden — “Department of Physics,

Columbia University, New York, NY 10027, USA

The density-driven transition of an exciton gas into a Fermi liquid of
unbound electron-hole pairs has formed a compelling testing ground of
many-body physics. Layered transition metal dichalcogenides feature
advantageous conditions, yet nanoscale inhomogeneities have compli-
cated quantitative studies of this elusive transition. Here, we use ultra-
fast polarization nanoscopy to trace optically bright and dark electron-
hole pairs during an exciton Mott transition in a twisted homobilayer
of WSesz. At elevated densities, initially monomolecular recombination
dynamics of optically dark excitons continuously evolve into the bi-
molecular recombination of unbound electron-hole pairs. We directly
reveal how the Mott transition varies over nanometer length scales,
evidencing strong spatial disorder in stacked monolayers and demon-
strating the capabilities of our technique to resolve the local interplay
of strong electronic correlations.

HL 20.3 Wed 10:00 H36
Rashba excitons in the 2D Ruddlesden-Popper perovskite
(BA)YMAPI — ePuiLipp Moser!, MARTIN ScHALK!, ATSUHIKO
MryaTta2, JoacHiM WosNiTza2, ANDREAS STIER!, and JONATHAN
FiNnLEY! IWalter Schottky Institute, Garching, Germany —
2Helmholtz-Zentrum Dresden-Rossendorf, Dresden, Germany

Two-dimensional organic-inorganic perovskites have emerged as re-
markable materials for energy conversion, optoelectronic and spin-
tronic applications. Recently, the role of spin-orbit (SO) coupling
and the resulting effects on the band-structure and dark/bright op-
tical transitions has become a key topic of interest. The necessary
structural inversion asymmetry for SO-coupling is predicted to stem
from the organic cations comprising the crystals. As a result, dark ex-
citons, red detuned from the bright exciton, have been discussed in this
material system. Here, we investigate the exciton physics of the 2D
Ruddlesden-Popper perovskite (BA)MAPI. By performing one-photon
absorption, -PL and two-photon PLE spectroscopy, we investigate the
optical transitions close to the R-point of the Brillouin zone and find
distinct 2-photon transitions blue detuned from the ground state ex-
citon that can be explained by a Rashba-split band-structure. Utiliz-

Location: H36

ing high-field magneto-spectroscopy up to B=60T, we determine that
these absorption features are due to Wannier excitons. We determine
the size and binding energy from the diamagnetic shift of the features
and obtain evidence that 2D (BA)MAPI hosts strongly bound Rashba

excitons.

HL 20.4 Wed 10:15 H36
Ultrafast pseudospin quantum beats in multilayer WSe2
and MoSe2 — eSmmoN RaiBEr!, PauLo E. Faria JuNIORZ,
Dennis Farter!, Smon FewLpr!, PeTTeErR Marzenal, KEeni
WATANABES, Takasur TanicucHi?, JarosLav FaBian?, and CHRIs-
TIAN ScHULLER! — lInstitut fiir Experimentelle und Angewandte
Physik, Universitidt Regensburg, D-93040 Regensburg, Germany —
2Institut fiir Theoretische Physik, Universitit Regensburg, D-93040
Regensburg, Germany — 3Research Center for Functional Materials,
NIMS, Tsukuba, Japan — “International Center for Materials Nanoar-

chitectonics, NIMS, Tsukuba, Japan

We present investigations of excitonic transitions in mono- and multi-
layer WSe2 and MoSe2 materials by time-resolved Faraday ellipticity
(TRFE) with in-plane magnetic fields, of up to B = 9 T. In monolayer
samples, the measured TRFE time traces are almost independent of B,
which confirms a close to zero in-plane exciton g factor, consistent with
first-principles calculations. In stark contrast, we observe pronounced
temporal oscillations in multilayer samples for B > 0. Remarkably,
the extracted in-plane g factors are very close to reported out-of-plane
exciton g factors of the materials, namely |g< 1s| = 3.1 4/- 0.2 and
2.5 +/- 0.2 for the 1s A excitons in WSe2 and MoSe2 multilayers,
respectively. Our first-principles calculations nicely confirm the pres-
ence of a non-zero in-plane g for the multilayer samples. We propose
that the oscillatory TRFE signal in the multilayer samples is caused
by pseudospin quantum beats of excitons, which is a manifestation of
spin- and pseudospin layer locking in the multilayer samples.

HL 20.5 Wed 10:30 H36
Nonlinear Exciton Dynamics in Layered Heterostructures
— oVipIN Krisunal, Xiao CueEN2, TARLAN Hamzavev!, Siv-
vaNa BorTi?, and GiaNcaRLo Soavil — llnstitute of Solid state
Physics,Friedrich-Schiller-University,Jena — 2Institute of Theoretical

Solid State Theory and Optics,Friedrich-Schiller-University,Jena

Transition-metal-dichalcogenides and related heterostructures(HS) are
promising candidates for photonic and optoelectronic applications ow-
ing to strong light-matter coupling and electrically-tunable carrier
dynamics.However,the presence of intense nonlinear effects such as
Exciton-Exciton Annihilation(EEA)[1] limits the maximum realizable
exciton-density,and is particularly efficient for interlayer-excitons(IL)
due to their out-of-plane dipole nature|2].In this work,we systemati-
cally study the onset of EEA in type-II WS2/WSe2 HS by steady-state
and nonlinear time-resolved PL.We infer that in HS the generation-
rate is at least one order of magnitude larger for interlayer com-
pared to intralayer-excitons for a given excitation-fluence, as expected
from the ultrafast interlayer-charge-transfer and consequent IL for-
mation.However,we do not observe stronger EEA for interlayer com-
pared to intralayer-excitons and observe that for HS the recombination-
dynamics are identical for both,suggesting that the EEA mechanism
is dominated by the total excitonic-density via intra and interlayer-
exciton interactions.Our work provides new insights on EEA mech-
anism, which is of paramount importance for optoelectronic-devices
and study of excitonic-condensates with layered-materials.[1]Kuechle
et.AL.J.OMX(2021),12.[2]Sig] et.Al.Phys.Rev.B 105,035417.

15 min. break

HL 20.6 Wed 11:00 H36

Tunable exciton-polaritons emerging from WS; monolayer
excitons in a photonic lattice at room temperature — eLLUukAs
LackNER!', Marco Duser?, OLec Ecorov3, Bo Han!, HEriko
Knopr3, FaLk EiLENBERGER?, CARLOS ANTON-Soranas!, SvEN
HorLiNnG?, and CHRISTIAN ScHNEIDER! — 1 University of Oldenburg,
Oldenburg, Germany — 2University of Wiirzburg, Wiirzburg, Ger-

many — SFriedrich Schiller University Jena, Jena, Germany

The engineering of non-linear light-matter states in optical lattices has
emerged as a key research strategy for the exploration of Hamilto-
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nians in the spirit of ultrafast- and possibly quantum-simulation. It
furthermore has revealed its potential to probe non-trivial topology
phenomena. Excitons in atomically thin crystals have emerged as an
ideal active medium for such purposes, since they couple strongly with
light, and bear the potential to harness giant non-linearities and inter-
actions.

In this work, we present an experiment conducted at room temper-
ature in an open optical cavity of high quality, with an implemented
one-dimensional photonic lattice. In our present work we integrate an
atomically thin layer of WSs in such a device. We discuss the emer-
gence and tunability of a lattice-band-structure in the tight-binding
configuration at room temperature, fuelled by the emission from mono-
layer excitons[1].

References

[1] L. Lackner et al., Nat Commun 12, 4933 (2021).

HL 20.7 Wed 11:15 H36
Optical Spectroscopy of Colloidal Transition Metal Dichalco-
genides — e ANDRE PHILIPP FRAUENDORF!, ANDRE NIEBUR?, JENS
HosnER!, JaANNIKA LauTn?3, and MicHAEL OEsTREICH! — !Institut
fiir Festkorperphysik, Leibniz Universitdt Hannover — Z2Institut fir
Physikalische Chemie und Elektrochemie, Leibniz Universitdt Han-
nover — 3Institut fiir Physikalische und Theoretische Chemie, Uni-
versitat Tiibingen

Atomically thin transition metal dichalcogenides (TMDs) are at the
forefront of a new generation of two-dimensional semiconductor sys-
tems and experience an increasing research interest due to their
unique optical properties. As an additional fabrication approach
the wet-chemical synthesis has emerged as a promising method for
the straightforward solution-processing of these materials. [1] Never-
theless, the optical properties of colloidal TMD mono- and few-layer
structures have been sparsely studied.

Here, we demonstrate room-temperature micro-photoluminescence
of colloidal TMD nanosheets. Both, mono-and multilayer photo-
luminescence are observed rendering these delicate structures fully
competitive with conventionally fabricated TMDs.[1] In addition
temperature-dependent transient absorption measurements are pre-
sented as a convincing technique for the exploration of the ultra-fast
recombination dynamics of two-dimensional materials. [2]

[1] A. Frauendorf et al., J. Phys. Chem. C 125, 18841 (2021).

[2] A. Frauendorf et al., Manuscript in preparation (2022).

HL 20.8 Wed 11:30 H36

Capacitively and inductively coupled excitons in bilayer

MoS2 — eLukas SpoNFELDNER!, NapINE Lriscanc!, SHIvanci
SHREE2?, IoaNnNIs Parapisanos?, KENJI WATANABES, TAKASHI
TanicucHr?, Cepric RoBERT?, DELPHINE LAGARDEZ, ANDREA
BaroccHi?, XaviER MaRrie?, IaNN C. GERBER?, BERNHARD

UrBaszek?, and RicHARD J. WARBURTON! — lDepartment of

Physics, University of Basel — 2Université de Toulouse, INSA-CNRS-
UPS, LPCNO — 3Research Center for Functional Materials, National
Institute for Materials Science — “International Center for Materials
Nanoarchitectonics, National Institute for Materials Science

1

Exciton-exciton couplings in semiconductors lead to a plethora of
phenomena such as nonlinear optical effects and quantum condensa-
tion. Transition-metal dichalcogenides constitute a versatile platform
to study these effects as the excitons are very robust and their cou-
plings can be controlled by exploiting their spin and valley properties.

Here, we probe exciton-exciton couplings in gated-homobilayer
MoSz. Using a driven-coupled oscillator model it is shown that the
measured optical susceptibility reveals both the magnitude and the
phase of the coupling constants. The interlayer excitons (IE) and in-
tralayer B-excitons couple via a O-phase (capacitive) coupling; the IE
and the intralayer A-excitons couple via a w-phase (inductive) cou-
pling. Using the IE as a sensor, the A-B intravalley exchange coupling
is determined, a result which is also relevant for a monolayer. Finally,
we realize a bright and highly tunable lowest-energy momentum-direct
exciton at high electric fields.

HL 20.9 Wed 11:45 H36
Controlling the non-linearity in two dimensional materials —
eMaTHIAS FEDEROLF and SVEN HOFLING — Technische Physik, Uni-
versitdt Wiirzburg, 97074 Wiirzburg, Germany

Recently Datta et al. [1] have shown that exciton-polaritons in bilayer
MoSg experience a blueshift due to interacting with other exciton-
polaritons. The observed blueshift is non-linear with respect to the
laser power used for excitation. Due to the bilayer’s nature interlayer-
excitons can occur, which exhibit an out of plane dipole moment. Using
an electric field along the out of plane axis those dipoles can be aligned
and used to influence the exciton-exciton interaction. By using a vary-
ing electric field, we map the parameter space to gain deterministic
control over the blueshift. Understanding and controlling the system
allows us to tune the polariton-polariton interaction such that they
can be used in future application i.e., single-photon sources.
[1] Datta, Biswajit, et al. arXiv preprint arXiv:2110.13326 (2021).



