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News from the Department

The physics department invited to a day of physics on
May 6 and guided the visitors through the fascinating
world of physics. There were various interactive
experiments, guided tours through research labs and the
observatory, an exciting physics show and finally the
stage opened for the science slam. This was a great and
a successful day with many visitors. You can watch the TV
report below.

Day of physics

We would like to thank people who made this event work:
Werbegruppe (Samuel Brem, Josefine Neuhaus, Eike
Pohlenz), Georg Otto (for the terrific physics show),
Tobias Breuer, Heinz Jansch, Catrin Ellenberg (for the
experiment street being a real highlight), Andreas
Oppermann and the Fachschaft and there in particular Lea
Obermiiller and Andrey Huber (for the delicious food),
Sven Claar and Peter Osswald (for being our MacGyvers),
Renate Schmid and Carina Hlawaty (for handling the
extensive administration), Florian Gebhard (for the
financial support) and also all groups who showed their
research in an appealing way (AG Malic, AG Wipperman,
AG Lenz, AG Witte, AG Volz, AG Koch, AG Gebhard, AG
Hofer, AG Schrimpf).

Der Fachbereich Physik lud am 6. Mai zu einem
umfangreichen Erlebnisprogramm ein und fiihrte den
ganzen Tag durch die Welt der Physik. Es gab
verschiedene Experimente, Fiihrungen durch
Forschungslabore und die Sternwarte, eine spannende
Physikshow und zum Abschluss offnete die Biihne zum
Science Slam. Ein toller Tag mit vielen, vielen Besuchern,
der sogar von einem HR Fernsehteam begleitet wurde.
Den TV-Bericht kann man unten ansehen.

Wir mochten uns bei allen bedanken, die zum Gelingen
dieser Veranstaltung beigetragen haben:

PR team (Samuel Brem, Josefine Neuhaus, Eike Pohlenz),
Georg Otto (fur die herausragende Physikshow), Tobias
Breuer, Heinz Jansch und Catrin Ellenberg (fur die
interaktive Experimentierstrasse, die ein absolutes
Highlight war), Andreas Oppermann und die Fachschaft
und dort insbesondere Lea Obermidiller und Andrey Huber
(fir das leckere Essen vom Grill), Sven Claar und Peter
Osswald (unsere MacGyvers), Renate Schmid und Carina
Hlawaty (fiir die extensive Administration im Hintergrund),
Florian Gebhard (fiir die Unterstiitzung durch das
Dekanat) und schliesslich alle Gruppen, die ihre
Forschung auf eine spannede Art und Weise vorgestellt
haben (AG Malic, AG Wipperman, AG Lenz, AG Witte, AG
Volz, AG Koch, AG Gebhard, AG Héfer, AG Schrimpf).

. Dear members, friends and family of the physics
80MM En department, the student council is pleased to invite you
‘ FEST to the summer party again this year! There will be music,

. drinks and barbecue. The party starts at 3pm on 14 June.
iy i i I
4 . We are looking forward to seeing you!

ab 15 Uhr

hinter Renthot 7

We need your support, so please contact the Fachschaft.

Physics Summer Party

Liebe Mitglieder, Freunde und Familie des Fachbereichs
Physik, die Fachschaft freut sich, Sie dieses Jahr wieder
zum Sommerfest einladen zu koénnen! Es wird Musik,
Getranke und Grillgut geben. Das Fest beginnt um 15 Uhr
am 14. Juni. Wir freuen uns auf Sie!

Wie immer suchen wir Unterstiitzung beim Auf- und
Abbau. Bei Interesse meldet euch gerne beiuns.

Dr. Shamail Ahmed, who finished his PhD in the research
group of Prof. Dr. Kerstin Volz, received the Alfred-
Wegener-Dissertationspreis 2022 for his outstanding
dissertation “Characterization of Ni-Rich Lithium-lon
Battery Layered Cathode Materials Using Scanning
Transmission Electron Microscopy”. Using TEM, he was
able to identify two effects that are partly responsible
for material-related problems in energy storage and thus
Winner of the Alfred- provided insights into why the materials used in such
Wegener-Price 2022 batteries degrade so quickly. His work is of particular

(AG Volz) scientific and socio-political relevance as the sustainable
generation and storage of energy are among the most
pressing issues of our time.

Dr. Shamail Ahmed, der im Jahr 2022 in der Arbeitsgruppe
von Prof. Dr. Kerstin Volz promoviert hat, erhielt den
Alfred-Wegener-Dissertationspreis 2022 fir seine
herausragende Dissertation "Characterization of Ni-Rich
Lithium-lon Battery Layered Cathode Materials Using
Scanning Transmission Electron Microscopy" Mit Hilfe der
TEM konnte er zwei Effekte identifizieren, die fir
materialbedingte Probleme bei der Energiespeicherung
mitverantwortlich sind und damit Aufschluss darlber
geben, warum die in solchen Batterien verwendeten
Materialien so schnell degradieren. Seine Arbeit ist von
besonderer wissenschaftlicher und
gesellschaftspolitischer Relevanz, da die nachhaltige
Erzeugung und Speicherung von Energie zu den
drangendsten Fragenunserer Zeit gehort.

read more

Transport of charge carriers is crucial for
nanoelectronics. In 2D materials, transport of neutral
excitons cannot be controlled by electrical fields, but
rather strain engineering has been introduced to
manipulate exciton propagation. A joint theory-
experiment proposal "Low-temperature exciton transport
in strained atomically thin semiconductors” between AG
Malic and R. Bratschitsch (University of Miinster) has been
approved by the DFG. The grant runs over 3 years and will
be carried out by a theoretical and an experimental Phd

DFG grant on exciton
transport in 2D materials

Der Transport von Ladungstragern ist flr die
Nanoelektronik von entscheidender Bedeutung. In 2D-
Materialien kann der Transport von neutralen Exzitonen
nicht durch elektrische Felder gesteuert werden,
sondern sog. Strain-Engineering kann ausgenutzt
werden, um die Ausbreitung von Exzitonen zu
manipulieren. Ein gemeinsamer Antrag ("Exziton-
Transportin atomar dinnen Halbleitern bei tiefen
Temperaturen") von der AG Malic und R. Bratschitsch
(Universitat Miinster) wurde von der DFG bewilligt. Die
Forderung lauft Gber 3 Jahre und wird von einem
theoretischen und einem experimentellen Doktoranden

durchgefihrt.

you TN Perovskites have emerged as highly promising materials
) for energy harvesting application. Solar cell applications
rely mostly on the bulk, however 2D perovskites are
known to have a high quantum emission efficiency. Its
microscopic origin is still not well understood. A joint
theory-experiment proposal "Microscopic understanding
of the phonon bottleneck in 2D perovskites“ between AG
Malic and P. Plochocka and M. Baranowski (Wraclaw
DFG grant on exciton Universfty, Poland) has been approved by the DFG‘ and
dynamics in perovskites the .POlISh NCN. The grant‘runs over 3 years and will be
(AG Malic) ct:j\r;edt out by a theoretical and an experimental Phd
student.
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Perowskite sind vielversprechende Materialien fiir die
Energiegewinnung. Solarzellenanwendungen beruhen
meist auf dicken Schichten von Perovskiten, allerdings
haben atomdiinne 2D-Perowskite Vorteile im Sinne von
einer hohen Quanteneffizienz. Der mikroskopische
Ursprung dieses Phanomens ist noch immer nicht
gutverstanden. Ein gemeinsamer Antrag
"Mikroskopisches Verstandnis vom Phonon-Bottleneck in
2D Perovskiten" von der AG Malic und P. Plochocka und M.
Baranowski (Universitat Breslau, Polen) wurde von der
DFG and der polnischen NCN genehmigt. Die Forderung
l@uft Gber 3 Jahre und wird von einem theoretischen und
einem experimentellen Doktoranden durchgefihrt.

read more

A bat, several vacuum cleaners, two lamps and a Walter
who hides well. What does all this have to do with
physics? That is a good question. The answer was given
by 4 physicists from our department at the Science Slam.
At the end of the Day of Physics, the large lecture hall
was again well filled. Two newbies and two more
experienced slammers ventured on stage. With their
; unexpected analogies, charm and striking punchlines, the
Science Slam - Physics Edition presenters made the audience laugh. And to think. And

Day of Physics - Science along the way, physical concepts about how vacuum
Slam Winner Vitalii Lider pumps work, p-n transitions, the Doppler effect and 2PPE

were vividly explained. In the end, it was a close race
between the four speakers, who alternated between
knowledge transfer and entertainment, that Vitalii Lider
won.

Eine Fledermaus, mehrere Staubsauger, zwei Lampen
und dann noch ein Walter, der sich gut versteckt. Was das
alles mit Physik zu tun hat? Das ist eine gute Frage. Die
Antwort gaben 4 Physiker:iinnen von unserem
Fachbereich beim Science Slam. Zum Abschluss des Tags
der Physik war der grofe Horsaal wieder gut gefiillt. Zwei
Newbies und zwei erfahrenere Slamerinnen wagten sich
auf die Bilihne. Mit ihren unerwarteten Analogien, ihrem
Charme und markanten Pointen brachten die
Vortragenden das Publikum zum Lachen. Und zum
Nachdenken. Und ganz nebenbei wurden physikalische
Konzepte zur Funktionsweise von Vakuumpumpen, zu p-
n-Ubergangen, dem Dopplereffekt und 2PPE anschaulich
erklart. Am Ende war es ein enges Rennen zwischen den
vier Vortragenden, die zwischen Wissensvermittlung und
Unterhaltung changierten, dass Vitalii Lider flr sich

entschied.
watch the winner slam

po— Do you know how they say that laughter is the best
onuoBrL At | - medicine? Well, | just found out that it also works for
s science. For those who don't know, a science slam is a
format where young researchers present their work in a
short and entertaining way to a general audience. This
event was the Einstein Slam organized during the spring
meeting of the SKM division at DPG 2023. As a first-time
: slammer, | competed with some experienced slammers
Ravi Priya at the for the Golden Albert. The audience was engaged and
Einstein Slam (DPG 2023) responsive, clapping, and laughing. When it was my turn, |
took a deep breath and went on stage. | started with a
catchy introduction that hooked the audience's attention.
| used simple analogies, jokes, and stories to make the
behavior of the Quinacridone, the pigment, relatable to
the audience from the perspective of infrared
spectroscopy. | was so happy and proud of myself. Even
though | did not win, | overcame my fear and shared my
passion for science with others. It was an unforgettable
experience that | would recommend to anyone who loves

science and wants to communicate it in a creative way.
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Wissen Sie, wie man sagt, dass Lachen die beste Medizin
ist? Nun, ich habe gerade herausgefunden, dass das auch
fir die Wissenschaft gilt. Fir diejenigen, die es nicht
wissen: Ein Science Slam ist ein Format, bei dem junge
Forscher ihre Arbeit auf kurze und unterhaltsame Weise
einem breiten Publikum vorstellen. Bei dieser
Veranstaltung handelte es sich um den Einstein-Slam, der
wahrend der Frihjahrstagung der Fachgruppe SKM der
DPG 2023 organisiert wurde. Als Erstslammerin
konkurrierte ich mit einigen erfahrenen Slammern um den
Goldenen Albert. Das Publikum war engagiert und
reagierte, klatschte und lachte. Als ich an der Reihe war,
holte ich tief Luft und ging auf die Biihne. Ich begann mit
einer eingangigen Einleitung, die die Aufmerksamkeit des
Publikums fesselte. Ich verwendete einfache Analogien,
Witze und Geschichten, um dem Publikum das Verhalten
von Quinacridon, dem Pigment, aus der Perspektive der
Infrarotspektroskopie nahe zu bringen. Ich war so
gliicklich und stolz auf mich. Auch wenn ich nicht
gewonnen habe, habe ich meine Angst iberwunden und
meine Leidenschaft fiir die Wissenschaft mit anderen
geteilt. Es war eine unvergessliche Erfahrung, die ich
jedem empfehlen wiirde, der die Wissenschaft liebt und
sie auf kreative Art und Weise vermitteln mochte.

Research Highlights

Under strong periodic driving, the original electronic
bands of a solid can split in evenly spaced Floquet-Bloch
states, as if the original eigenstate of the electron
dressed itself with several envelopes of light. AG Hofer,
in collaboration with the group of Rupert Huber
(Regensburg), succeeded in taking actual videos of the
formation process of such exotic hybrid states between
electrons and light. They accelerated electrons in the

4 Ultrafasf birthﬁ e aid topologically protected Dirac surface state of Bi,Te; with
collapse of a Floquet-Bloch electric fields up to 1 MV/cm. ARPES measurements with a
band structure time-resolution better than a single oscillation cycle of

(AG Hofer) the 25-40 THz driving pulses resulted in an unforeseen

discovery, namely that Floquet-Bloch bands form already
after a single optical cycle. The surprisingly low
fundamental time limit for light-induced material
engineering paves the way to tailored quantum
functionalities and ultrafast electronics. The discovery is
supported by theoretical modeling of Michael Schiiler
(Paul Scherrer Institute, Villigen/ Switzerland) and Michael
Sentef (Max-Planck Institute, Hamburg). The work is
published in Nature and featured in Nature Physics.

read more

Interactions between out-of-plane dipoles in bosonic
gases enable the long-range propagation of excitons.
The lack of direct control over collective dipolar
properties has hitherto limited the degrees of tunability
and the microscopic understanding of exciton transport.
In this joint experiment-theory work carried by Andras Kis
(EPFL, Lausanne) and AG Malic, we modulate the layer
hybridization and interplay between many-body
interactions of excitons in a van der Waals
exciton transport in a van heterostructure with an applied vertical electric field. By
S ERG FerE e Ee performing spatiotemporally resolved measurements

(AG Malic) supported by microscopic theory, we uncover the
dipole-dependent properties and transport of excitons
with different degrees of hybridization. Our findings
provide a complete picture of the many-body effects in
the transport of dilute exciton gases and have crucial
implications for the study of emerging states of matter,
such as Bose-Einstein condensation, as well as for
optoelectronic  applications  based on exciton
propagation. The work is published in Nature Photonics.

read more

At
Electrical control of hybrid

[ e g ey
e fy :%ﬁ&fﬂ!ﬁ.‘@ Kerstin Volz and colleagues from Giessen report in a
st 7B m:;gﬂ% ] recent issue of Advanced Energy Materials on
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Sl ] A R thiophosphate-based solid-state batteries (SSBs) with
%ﬁf’“‘\ff{, high-nickel ~ternary cathode materials such as
"f::“f" P LiNi0.83C00.11Mn0.0602  (NCM), which represent a
100 A promising next-generation energy storage technology
LA . due to their expected high specific discharge capacity
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Re(2)/ 0 cnv and improved safety. However, rapid capacity fading
Mitigating contact loss in caused by contact loss through interphase and crack
batteries using a thin formation during cell cycling is a significant problem
cationic polymer coating hindering stable SSB cycling and high-energy-density
(AG Volz) applications. In this work it is shown that an exceptionally

thin cationic polymer coating of only 2-4 nm thickness on
NCM helps stabilize the interface between NCM and the
Li6PS5Cl solid electrolyte (SE). The work is published in

Advanced Energy Materials.

The existence of bound charge transfer (CT) excitons at
the interface of monolayer lateral heterojunctions has
been debated in literature, but contrary to the case of
interlayer excitons in vertical heterostructure their
observation still has to be confirmed. In this joint theory-
experiment study carried out by AG Malic together with
Bernhard Urbaszek (TU Darmstadt) and Andrey Turchanin
(University of Jena), we demonstrate signatures of
bound CT excitons in photoluminescence spectra at the
interface of hBN-encapsulated lateral MoSe2-WSe2
heterostructures. Based on a fully microscopic and

Interface engineering of
charge-transfer excitons in

2D lateral heterostructures . c. .
(AG Malic) material-specific theory, we reveal the many-particle

processes behind the formation of CT excitons and how
they can be tuned via interface- and dielectric
engineering. The theoretical prediction is compared with
experimental  low-temperature  photoluminescence
measurements showing emission in the bound CT
excitons energy range. Our study presents a significant
step towards a microscopic understanding of optical
properties of technologically promising 2D lateral
heterostructures. The work is published in Nature

Communications.
read more

In superlattices of twisted semiconductor monolayers,
tunable moiré potentials emerge, trapping excitons into
periodic arrays. In particular, spatially separated
interlayer excitons are subject to a deep potential
landscape and they exhibit a permanent dipole providing
a unique opportunity to study interacting bosonic
lattices. Recent experiments have demonstrated
density-dependent transport properties of moiré

Bosonic Delocalization of excitons, which could play a key role for technological
Dipolar Moiré Excitons applications. However, the intriguing interplay between
(AG Malic) exciton-exciton interactions and moiré trapping has not

been well understood yet. In this work, Samuel Brem
from the AG Malic developed a microscopic theory of
interacting excitons in external potentials allowing to
tackle this highly challenging problem. Interactions
between moiré excitons are found to lead to a
delocalization at intermediate densities and we show
how this transition can be tuned via twist angle and
temperature. The delocalization is accompanied by a
modification of optical moiré resonances, which gradually
merge into a single free exciton peak. The predicted
density-tunability of the supercell hopping can be utilized
to control the energy transport in moiré materials. The

work is published in Nano Letters.

Nex > Npmott

Transition ~metal dichalcogenide heterostructures
provide a versatile platform to explore electronic and
excitonic phases. As the excitation density exceeds the
critical Mott density, interlayer excitons are ionized into
an electron-hole plasma phase. The transport of the
highly non-equilibrium plasma is relevant for high-power
optoelectronic devices but has not been carefully
investigated previously. In this experiment-theory

Nex < Mpott

Delay time collaboration between Elaine Li (University of Texas), Libai

Fermi Pressure and Coulomb Huang (Purdue University) and AG Malic, we employ
Repulsion in 2D materials spatially resolved pump-probe microscopy to
(AG Malic) investigate the spatial-temporal dynamics of interlayer

excitons and hot-plasma phase in a MoSe2/WSe?2 twisted
bilayer. At the excitation density of ~1014 cm-2, well
exceeding the Mott density, we find a surprisingly rapid
initial expansion of hot plasma to a few microns away
from the excitation source within ~0.2 ps. Microscopic
theory reveals that this rapid expansion is mainly driven
by Fermi pressure and Coulomb repulsion. This work is

published in Nano Letters.

Surface states of 3D topological insulators are
- characterized by a Dirac-like, quasi-relativistic energy
dispersion and a helical spin texture in momentum space
with the spin of the electron locked to its parallel
moment. By mapping the full two-dimensional momentum
distribution of photoexcited electrons in the Dirac cone
T with time- and angle-resolved photoemission, AG Hofer in
collaboration with Akio Kimura (Hiroshima, Japan),
Ballistic photocurrents ina showed that linearly polarized mid-infrared light can

Bl Cora induce strong spin currents at the surface of an

(AG Héfer) appropriately oriented topological insulator Sb,Tes.

Electron-electron scattering was found to be strongly
supressed by spin-momentum locking. The result are
ballistic currents with scattering times in the picosecond
regime. The paper was published in the guest-edited
collection “Topological Materials” Scientific Reports.

read more

Prof. Dr. Jiirgen Janek, Justus Liebig Universitat
GieRen

“Energy in the Box” - The Physical Chemistry of High-
Performance Batteries

Electrochemical energy storage is a key technology in
our “mobile society”, and is also expected to contribute
to the future energy grid. Lithium ion batteries have
evolved during the last 30 years as leading battery cell

Physics Colloquium

7 June, 3.30pm ; -
Big lecture hall, Renthof 5 concept, and their further development drives world-

wide research activities. In parallel and in view of the
ever-increasing demand for the total storage capacity
that amounts to hundreds or thousands of GWh,
alternative electrochemical storage concepts based on
compounds with virtually unlimited resources are also
increasingly investigated. This lecture will therefore first
focus on the (electro)chemical ingredients of state-of-
the-art lithium ion batteries and their further evolution as
reference for any alternative approach. Secondly, the
lecture will try to consider electrochemical energy
storage through the eyes of a physicochemist who
knows well the different views of physicists and
chemists.

Universe on Tour

During Science Year 2023 - Our Universe, researchers,
policy-makers and civil society will be looking into outer
space from a wide variety of perspectives. “Universe on
Tour” is a roadshow presented at 15 cities throughout

Universe on Tour Germany. The Marburg astronomy group is involved in
14'18JU“9_, Fulda Fulda (14-18 June) with contributions to the planetary
(AG Schrimpf) show, a talk and a poster.

Bart Verberck, Senior Cunsulting Editor Nature
Physics

After a brief introduction to Springer Nature and the
Nature Portfolio — the brand behind the ‘Nature journals’
— | will provide an overview of the inner workings of a
Nature research journal, with Nature Physics as an
example. | will focus on the editorial process at a Nature
research journal, explain the roles of editors and discuss

Physics Colloquium editorial criteria for publication. Along the way, | will give
21 June, 3.30pm some advice on how to present research. | will reflect on
Big lecture hall, Renthof 5 the value Nature Physics aims to bring to the physics

community, as well as on the ever-evolving role of
scientific publishers and, particularly, on the ongoing
transition to fully open access publishing.

Prof. Dr. Witlef Wieczorek, Chalmers University of
Technology

Towards Quantum Experiments with Micrometer-Sized
Particles

Quantum states of massive objects have fascinated
since the inception of quantum mechanics. Nowadays
molecules of thousands of atoms and nanomechanical

Physics Colloquium resonators weighing picograms can be brought into
28 June, 3.30pm quantum states. This capability enables tests of the
Big lecture hall, Renthof 5 validity of quantum mechanics and provides new avenues

for quantum technologies. To explore even more massive
guantum systems requires exceptional isolation of the
system from the environment and precise control over
its quantum state. | will present first steps in the
development of a new experimental platform that may
allow quantum control over the motion of objects with
masses larger than 10713 atomic mass units. This
platform is based on magnetically levitating a
superconducting microparticle in cryogenic vacuum

New Colleagues

I recently completed my master's degree in the group of
Prof. Volz. Right after that | started my PhD in the same
group. As part of my work, | want to study different
materials using 4D-STEM while in-situ applying bias inside
the TEM. | hope to gain new insights for the development
of methods for measuring the electric fields and for the
materials investigated. | am fascinated by the wide range
T of possible uses of semiconductor materials, which is
Vitalii Lider - PhD student why I would like to delve deeper into the subject. Besides
(AG Volz) the physics, I enjoy growing plants indoors.

Share your good news

Your newsletter team: Carina Hlawaty and Ermin Malic

Send us an e-mail with a : : .
short text and a nice foto @ 0
to newsfbl3@physik.uni-

marburg.de
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