Philipps

Newsletter Physics 07/24

Department News Research Highlights New colleagues

Photo: Thorsten Richter

News from the Department

In the latest "Meet the Prof" video, Prof. Gregor Witte
from AG Molecular Solid State Physics talks about his
research focus and his scientific career. What are
crystalline molecules good for and what are the
challenges in their preparation? When and how did his
scientific curiosity develop and what are his favourite
hobbies? You can find the answers in the video. The
interview was conducted by Sarah Zajusch with Oliver
Meet the prof with Rehn behind the camera.

Gregor Witte

Im neuesten ,,Meet the Prof”-Video berichtet dieses Mal
Prof. Gregor Witte von der AG Molekulare
Festkorperphysik tiber seinen Forschungsschwerpunkt
und seinen wissenschaftlichen Werdegang. Wofir sind
kristallin angeordnete Molekiile gut und was sind die
Herausforderungen bei deren Herstellung? Wann und wie
wurde sein Forscherdrang geweckt und was sind
eigentlich seine liebsten Hobbys? Die Antworten dazu
findet ihr im Video. Gefiihrt wurde das Interview von
Sarah Zajusch mit Oliver Rehn hinter der Kamera.

Interview

The PR team has continued the series of interviews with
key people in the Physics Department, this time with
Daniel Immel, head of the electronics workshop. The
graduate engineer from Erksdorf was practically born
with a soldering iron in his hand. No request is too crazy
for him; he repairs elevators, boats and washing
machines, among other things. Find out more about the
Lego-playing DJ in this interview that has been conducted
by Sarah Zajusch.

Interview with
Daniel Immel

Die  Werbegruppe hat die Interviewreihe  mit
Schliisselpersonen im Physik Fachbereich fortgesetzt,
diesmal mit Daniel Immel, Leiter der Elektronik-Werkstatt.
Der Diplomingineur aus Erksdorf wurde quasi mit dem
Lodkolben in der Hand geboren. Fiir ihn ist keine Anfrage
zu verrlckt, er repariert u.a. Aufziige, Boote und
Waschmaschinen. Erfahrt hier im Interview mehr iber den
Lego spielenden DJ. Das Interview wurde von Sarah

Zajusch gefuhrt.

At an academic ceremony on 3 June, Dr. Hannah Jeckel
received the Alfred Wegener Dissertation Prize for her
doctoral thesis "Computational Approaches to Explore
Spatially Structured Microbial Communities" Dr. Jeckel
impressed the jury with her multidisciplinary approaches
and innovative methods for investigating spatially
structured biofilms; the BiofilmQ software she developed
illustrates the high application potential of her work.

Dissertation Prize
Im Rahmen einer akademischen Feier erhielt Dr. Hannah

Jeckel am 3. Juni den fachbereichsinternen Alfred-
Wegener-Dissertationspreis ~ fiir  ihre  Doktorarbeit
"Computational Approaches to Explore Spatially
Structured Microbial Communities" Uberzeugt hatte Dr.
Jeckel durch ihre multidisziplindren Ansdtze sowie
innovative  Methoden zur Untersuchung raumlich
strukturierter Biofilme; die von ihr entwickelte Software
BiofilmQ verdeutlicht das hohe Anwendungspotenzial

ihrer Arbeit.

Various experiments are offered in the practical physics
courses to give students a clear understanding of
physical topics and also to train experimentation and
evaluation skills such as plotting data, comparing with
reference data sets and graphically evaluating
correlations. At this point, we would like to provide
examples of such experiments to give interested
readers an insight into our experiment portfolio. In this
article, we present the experiment "Electricity and
resistance".

Experiments in physics
practical courses

In den Physik-Praktika werden diverse Versuche
angeboten, um den Studierenden physikalische Themen
anschaulich naherzubringen und zudem Experimentier-
und  Auswertungskompetenzen  auszubilden  wie
beispielsweise das Auftragen von Daten, den Vergleich
mit Referenzdatensatzen und die graphische Auswertung
von Zusammenhangen. An dieser Stelle mochten wir
beispielhafte Impressionen solcher Versuche anbringen,
um den interessierten Leser_innen einen Einblick in unser
Versuchsportfolio zu geben. In diesem Beitrag mochten
wir denVersuch ,Elektrizitat und Widerstand“ vorstellen.

Read more

The new data release of the Gaia mission contains about
220 million spectra of stars. For the first time, spectral
information is available to correctly calibrate the
magnitudes of stars recorded with astronomical
photographic plates in the 20th century. The primary goal
of the DFG project "Plate Archive Photometric Calibration
by Gaia SED Fluxes and Applications" is the development
of a software package for an automated consistent
photometric calibration of photographic plates.
Subsequently, the package in a first application will be
used to study long-term properties of variable stars in

DFG grant on
astronomical photo plate

analysis . .
(AG Schrimpf) the photographic plate archive of the Sonneberg

Observatory, Thuringia, the largest plate collection in
Europe. The project will run for 2 years and is carried out
by Maryam Raouph, PhD student of the astro group.

Der neue Datenrelease der Gaia Mission enthalt ca. 220
Mio Spektren von Sternen. Zum ersten Mal stehen damit
spektrale Informationen zur Verfiigung, um die
Helligkeiten  von Sternen aufgenommen mit
astronomischen Photoplatten im 20. Jahrhundert korrekt
zu kalibrieren. Das primare Ziel des DFG-Projektes
"Photometrische Kalibrierung von Photoplatten aus
Archiven mit Gaia SED Daten und Anwendungen" ist die
Entwicklung  eines  Softwarepacketes  fir eine
automatisierte konsistente photometrische Kalibrierung
von Photoplatten. AnschlieRend soll das Paket in einer

ersten Anwendung zur Untersuchung des
Langzeitverhaltens variabler Sterne in den
astronomischen Photoplatten der Sternwarte

Sonneberg, Thiringen, der groRten astronomischen
Plattensammlung Europas, eingesetzt werden. Das
Projekt lauft Uber zwei Jahre und wird von Maryam
Raouphim Rahmen ihrer Dissertation bearbeitet.

The student council of the physics department is happy
about the statistical uncertainty, because apart from two
short showers, the weather played along at the summer
party! The whole faculty came together and lent a hand.
We would therefore like to thank the many helpers once
again! In addition to a supporting program with awards for
special commitment in the Corona pandemic and
outstanding teaching, we also took care of the physical
well-being: The "Big Ben" constantly provided barbecue
food (also vegan!) and we were kindly supported by
Paulaner for the bar. Other highlights of the evening were
the pub quiz and the spectacular Blitz ice cream station
by AG Koch. If you didn't get caught in the crossfire of a
water fight, you could also compete in various games
such as spike ball, table football, Viking chess or beer
pong with teams from all areas of the faculty. In the latter,
four professors were able to demonstrate their
knowledge of kinematics, giving the students hope for a
rematch. With this in mind - see you at the next summer

party!

Summer party of the
Physics Department

Die Fachschaft freut sich (Uber die statistische
Unsicherheit, denn bis auf zwei kurze Schauer spielte das
Wetter beim Sommerfest mit! Der ganze Fachbereich
kam zusammen und packte mit an. Deshalb méchten wir
uns nochmal ganz herzlich fir die vielen Helfer*innen
bedanken! Neben einem Rahmenprogramm mit Ehrungen
fir besonderes Engagement in der Corona-Pandemie und
herausragender Lehre wurde auch fiirs leibliche Wohl
gesorgt: Der "Big Ben" lieferte konstant Grillgut (auch
veganes!) und beim Ausschank wurden  wir
freundlicherweise von Paulaner unterstiitzt. Weitere
Hohepunkte des Abends waren das Pub-Quiz und die
spektakuldare Blitz-Eis-Station der AG Koch. Wenn man
nicht ins Kreuzfeuer einer Wasserschlacht geraten ist,
konnte man sich auch in verschiedenen Spielen wie
Spike-Ball, Kicker, Wikinger-Schach oder Bierpong mit
Teams aus allen Bereichen des Fachbereichs messen.
Beim Letzteren konnten vier Professoren ihre Kenntnisse
der Kinematik beweisen, welche die Studierenden auf
eine Revanche hoffen ldsst. In diesem Sinne - bis zum
nachsten Sommerfest!

Every year, the student body of the Department of
Physics awards the Patricia Pahamy Prize for outstanding
teaching. Following a nomination process, the student
council was able to announce two awards at the summer
party: Lukas Stock was honored for his dedication to
tutoring. His inexhaustible patience, his didactic skills and
his personal commitment beyond the scheduled times
stood out in particular. Prof. Stefan Wippermann was
honored for his lectures on analytical mechanics and
classical field theory. As a young member of the
professoriate, students appreciate his sense for the
essential thought bridges in the learning process and the
quality of his freshly prepared teaching materials. His
enthusiasm for physics is infectious and takes away the
students' fear of complexity.

Patricia Pahamy Prize

Die verfasste Studierendenschaft des Fachbereichs
Physik verleiht jahrlich den Patricia-Pahamy-Preis fiir
herausragende Lehre. Nach einem
Nominierungsverfahren durfte der Fachschaftsrat beim
Sommerfest zwei Auszeichnungen verkinden: Lukas
Stock wurde flr seinen Einsatz im Tutorium
ausgezeichnet. Seine unerschopfliche Geduld, sein
didaktisches Geschick und sein personlicher Einsatz Gber
die Planzeiten hinaus stachen besonders hervor. Prof.
Stefan Wippermann wurde fiir seine Vorlesungen zur
Analytischen Mechanik und klassischen Feldtheorie
ausgezeichnet. Als junges Mitglied der Professorenschaft
schatzen die Studierenden sein Gespur fur die
wesentlichen Gedankenbriicken im Lernprozess und die
Qualitat seiner frisch erarbeiteten Lehrmaterialien. Seine
Begeisterung fiir die Physik ist mitreiRend und nimmt den
Studierenden die Angst vor der Komplexitat.

At the beginning of May, 19 female students traveled to
the planetarium in Fulda as part of the "More (for) female
physics students" project. There they watched a live
moderated show in which they discovered the path
through the known universe, right up to its limits.
Afterwards, the students enjoyed a pizza snack together,
where they were able to chat in a relaxed atmosphere.
After a final detour to the cathedral, the journey home

More for female physics began. The project was also represented at the physics
students journey to Fulda summer party. After a short but informative quiz, all

(MfPS) participants were able to win lots of great goodies.

3 7 =S

Anfang Mai fuhren 19 Studentinnen im Rahmen des ,Mehr
(fir) Physikstudentinnen“ Projekts zum Planetarium in
Fulda. Dort sahen sie sich eine live-moderierte
Vorstellung an, in der sie den Weg durch das bekannte
Universum, bis hin zu dessen Grenzen entdeckten. Im
Anschluss fand ein gemeinsamer Pizza-Snack statt, bei
dem sich die Studentinnen gemitlich austauschen
konnten. Nach einem letzten Abstecher zum Dom wurde
dann die Heimreise angetreten. Auch beim Sommerfest
der Physik war das Projekt vertreten. Nach einem kurzen
aber informativen Quiz konnten alle Teilnehmenden viele
tolle Goodies gewinnen.

Daniel Bischof successfully completed his Ph.D. in June
2024. In his dissertation, which he wrote in Prof. Witte's
Molecular Solid State Physics group, he investigated the
structural and optoelectronic properties of fluorinated
organic semiconductors. Using synchrotron-based
experiments and density functional theory calculations,
he was able to show that the degree of fluorination
determines the molecular properties, while the
fluorination pattern governs the packing motif. By
cleverly combining the molecular properties and the
2 Gy e Gl packing motif, the optoelectronic solid-state properties
departement such as the optical band gap, the exciton binding energy

(AG Witte) and the photoluminescence can be controlled. Daniel's
work thus shows a way of specifically modifying the
solid-state properties of organic semiconductors by
fluorination.

Daniel Bischof: new

Daniel Bischof hat im Juni 2024 seine Promotion
erfolgreich abgeschlossen. In seiner Dissertation, die er
in der AG Molekulare Festkorperphysik von Prof. Witte
angefertigt hat, untersuchte er die strukturellen und
optoelektronischen Eigenschaften fluorierter organischer
Halbleiter. Mithilfe von Synchrotron-basierten
Experimenten  und Dichtefunktionaltheorie (DFT)
Rechnungen konnte er zeigen, dass der Fluorierungsgrad
die Molekilleigenschaften bestimmt, wahrend das
Fluorierungsmuster das Packungsmotiv vorgibt. Durch
geschickte Kombination der Molekileigenschaften und
des Packungsmotivs konnen die optoelektronischen
Festkorpereigenschaften, wie die optische Bandliicke,
die Exzitonenbindungsenergie und die Photolumineszenz
kontrolliert werden. Daniels Arbeit weist somit einen Weg
auf, die Festkorpereigenschaften organischer Halbleiter
durch Fluorierung gezielt zu modifizieren.

On May 14, Damien Heimes (AG Volz) and Sarah Zajusch
o (AG Hofer) performed at the now biannual science slam
"Wissen lacht" at the KFZ Marburg, together with two

snie ﬂe biologists, a mathematician and a psychologist. The

s event was sold out weeks in advance. In his debut slam
am "Uber Physik und Kiihe", Damien explained how a
: marburg transmission electron microscope works and how the

data obtained from it can be used to train a neural
network. "lt's worth it if you dare to do something," he
sums up the evening. Even though he was quite nervous
beforehand, the performance immediately whetted his
appetite for more. Sarah, who performed her slam "Im
dunklen Tal" about dark excitons for the second time after
the DPG in Berlin, can confirm this. "You learn something
new every time, but the nervousness remains," she says.
The feedback from the event was overwhelmingly
positive. Anyone who now also wants to try their hand at
a science slam: The next event will take place on 14.11
and slammers are always wanted! Just watching is of
course also allowed.

Science Slam at
KFZ Marburg

Am 14. Mai traten Damien Heimes (AG Volz) und Sarah
Zajusch (AG Hofer) zusammen mit einem Biologen, einer
Biologin, einem Mathematiker und einem Psychologen
beim inzwischen zweimal jahrlich stattfindenden Science
Slam ,Wissen lacht® im KFZ Marburg auf. Die
Veranstaltung war bereits Wochen vorher ausverkauft. In
seinem Debit-Slam ,Uber Physik und Kiihe“ erklarte
Damien, wie ein Transmissionselektronen-mikroskop
funktioniert und wie man mit den daraus gewonnen Daten
ein neuronales Netz trainieren kann. ,,Es lohnt sich, wenn
man sich etwas traut® fasst er den Abend zusammen.
Auch wenn er vorher ziemlich nervés gewesen sei, habe
der Auftritt direkt Lust auf mehr gemacht. Das kann Sarah
so bestatigen, die ihren Slam ,/m dunklen Tal“ Uber
dunkle Exzitonen nach der DPG in Berlin nun zum zweiten
Mal aufgefiihrt hat. ,Man lernt mit jedem Mal dazu, doch
die Aufregung bleibt“, sagt sie. Die Rickmeldungen auf
die Veranstaltung waren liberwaltigend positiv. Wer nun
ebenfalls Lust bekommen hat, sich mal beim Science
Slam zu versuchen: Der nachste Termin findet am 14.11
statt und es werden immer Slammys gesucht! Nur
Zugucken st natlrlich auch erlaubt.

Research Highlights
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Moiré superlattices have emerged as a new platform for
studying strongly correlated quantum phenomena, but
these systems have been largely limited to van der Waals
layer 2D materials. In this joint experiment-theory
collaboration involving the groups of Libai Huang (Purdue
University, USA) and AG Malic, we introduce moiré
superlattices leveraging ultra-thin, ligand-free halide

Moiré superlattices in perovskites, facilitated by ionic interactions. Square
twisted 2D perovskites moiré superlattices with varying periodic lengths are
(AG Malic) clearly visualized through high-resolution transmission

electron microscopy. Twist-angle-dependent transient
photo-luminescence microscopy and electrical
characterizations indicate the emergence of localized
bright excitons and trapped charge carriers. The
localized excitons are accompanied by enhanced exciton
emission, attributed to an increased oscillator strength
by a theoretically forecasted flat band. This work
illustrates the potential of extended ionic interaction in
realizing moiré physics at room temperature. This work is

published in Nature Materials.

In the past decade, dipolar many-body complexes have
beenobserved in 2D van der Waals heterobilayers. These
complexes show compelling dipolar characteristics such
as long-range and anisotropic interactions among
dipoles, and their high tunability and long coherence time
make them promising for applications in quantum
information processing and optoelectronic devices. The
presence of powerful dipole-dipole interactions among
long-lived interlayer excitons can cause the system to
enter unique classical and quantum phases with
multiparticle correlations, which can host rich many-body
physics such as dipolar liquids, dipolar crystals and
superfluids. The strong binding energy of interlayer
excitons in 2D heterobilayers enhances the critical
temperature of these exotic phenomena. In this review
article, AG Malic together with Yuerui Lu from the
Australian National University discuss recent studies on
dipolar complexes and many-body effects in transition
metal dichalcogenide bilayers and present potential
opportunities in the field. This work is published in

Nature Review Physics.
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Dipolar many-body
complexes in 2D
heterobilayers

(AG Malic)

orbit and exchange coupling creates a rich excitonic
ey landscape, determining their optical signatures and
: exciton dynamics. Despite the dark excitonic ground
state, surprisingly efficient emission from higher-energy
bright states has puzzled the scientific community,
sparking debates on relaxation mechanisms. Combining
low-temperature magneto-optical measurements with
sophisticated many-particle theory, AG Malic together
with Paulina Plochocka (CNRS Toulouse) could clarify the
origin of the bright exciton emission in perovskites by
tracking the thermalization of dark and bright excitons

Phonon-Bottleneck under a magnetic field. The unexpectedly high emission is
Enhanced Exciton clearly attributed to a pronounced phonon-bottleneck
Emission in 2D effect, considerably slowing down the relaxation toward
Perovskites the energetically lowest dark states. It is demonstrated
(AG Malic) that this bottleneck can be tuned by manipulating the

bright-dark energy splitting and optical phonon energies,
offering valuable insights and strategies for controlling
exciton emission in layered perovskite materials that is
crucial for optoelectronics applications. This work is
published in Advanced Energy Materials and was
selected for the cover of the journal.

read more

Two-dimensional (2D) materials exhibit the potential to
transform  semiconductor technology. Their rich
compositional and stacking varieties allow tailoring
materials’ properties toward device applications.
However, achieving commercial viability requires wafer-
scale integration, contrasting with established, limited
methods such as mechanical exfoliation. In this study, the
group of Prof. Kerstin Volz introduces the one-step
synthesis of 2D GaS is via metal-organic chemical vapor

Sulfide with Ultraviolet deposition on sapphire substrates. Monolayer to
Emission by MOCVD multilayer gallium sulfide (GaS) with its ultraviolet band
(AG Volz) gap, which can be tuned by varying the layer number,

holds promise for solar-blind photodiodes and light-
emitting diodes as applications. The alignment of the GaS
with respect to the substrate is shown with sophisticated
Scanning Transmission Electron Microscopy and the
nucleation mechanism of GaS is clarified in a collaboration
with the group of Prof. Michael Gottfried from the
chemistry department. This work is published in Nano

Micro Small.
read more

In this work of the group of Prof. Kerstin Volz, which is
performed jointly in a European project with groups from
Italy and the UK, it is demonstrated that Si microcrystals
can form the building blocks of a new class of near-
infrared sensitive photodetectors operating in a linear or
avalanche regime. The chemical vapor deposition of
silicon on a patterned silicon substrate leads to the
formation of 3D microcrystals, which, due to their inclined
| Ay top facets and high aspect ratio, produce a light-trapping

! effect enhancing the optical absorption in the near-
\l infrared. Microcrystal-based devices are designed by
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coupling a 2D kinetic-growth model with a Poisson drift-
diffusion solver and fabricated by combining electron
beam lithography and low-energy plasma-enhanced
chemical vapor deposition.. This work is published in
Advanced Optical Materials.

Near-Infrared Light
Trapping and Avalanche

Multiplication in Silicon
Epitaxial Microcrystals

(AG Volz)
I Dark excitons in transition metal dichalcogenides (TMDs)
A have been so far neglected in the context of polariton
physics due to their lack of oscillator strength. However,
in tungsten-based TMDs, dark excitons are known to be
R : T the energetically lowest states and could thus provide

important scattering partners for polaritons. In this joint
theory-experiment work, AG Malic together with Christian
Schneider (University of Oldenburg) investigate the
impact of the full exciton energy landscape on polariton
absorption and reflectance. By changing the cavity
detuning, we vary the polariton energy relative to the
unaffected dark excitons in such a way that we open or
close specific phonon-driven scattering channels. We
demonstrate both in theory and experiment that this
controlled switching of scattering channels manifests in
characteristic sharp changes in the optical spectra of
polaritons. These spectral features can be exploited to
extract the position of dark excitons. Our work suggests
new possibilities for exploiting polaritons for
fingerprinting nanomaterials via their unique exciton
landscape. This work is published in ASC Photonics.

read more

Revealing Dark Exciton

Signatures in Polariton

Spectra of 2D Materials
(AG Malic)

Moiré Modulation . . .
— 2D materials have received a lot of interest over the past

decade. Controllable mixing and matching of the 2D
materials with different properties and precise control of
the in-plane twist angle in these heterostructures are
essential to achieve superior properties and need to be
established through large-scale device fabrication. To
gain fundamental insight into the potential control of
these twist angles, 2D heterostructures of tungsten
disulfide (WS,) and graphene (Gr) were grown by bottom-

up synthesis via metal-organic chemical vapor deposition
(MOCVD) and investigated using a scanning transmission

A Small Step for Epitaxy, a electron microscope (STEM) in the group of Prof. Kerstin
Large Step Toward Twist Volz. Specifically, the combination of conventional high-
Angle Controlin 2D resolution imaging with scanning nanobeam diffraction
Heterostructures (SNBD) using advanced 4D STEM techniques is used to
(AG Volz) analyze moiré structures. The latter technique is used to

reveal the epitaxial alignment within the WS,/Gr

heterostructure, showing a direct influence of the
underlying Gr layers on the moiré structure in the
subsequent WS, layers. In particular, the importance of

grain boundaries (GBs) within the underlying WS, and Gr

layers on the structure of moiré patterns with rotation
angles below 2° is discussed.. This work is published in

Advanced Materials Interfaces.

Physics Colloquium Claus Ropers, Max-Planck-Institut fiir
3 July, 3.30 pm Multidisziplinare Naturwissenschaften

Big lecture hall, Renthof 5

Probing Structures and Fields with Electron Pulses

New Colleagues

Having completed my Master’s degree in Functional
Materials at UMR, | joined AG Molekulare
Festkorperphysik as a doctoral candidate in June 2024.
My research will be primarily based on the preparation
and analysis of organic thin films and single crystals used
for organic electronics applications. | come from South
India and find great pleasure to be a part of the
international community here. Marburg feels like a home
Vishva Raj away from home and I look forward to this opportunity
(AG Witte) for self-development and to contributing positively to
the department.

I recently finished my master thesis in the group of Prof.
Marina  Gerhard, = where | investigated the
photoluminescence of molecular single crystals by
means of TRPL. Now, | am staying in the group as a PhD
student, where | will be continuing the exploration of
molecular systems. Additional to PLspectroscopy
measurements, | willinvestigate the crystal structure and
molecular  orientation  using Fourier-microscopy
measurements. In my free time, | like to exercise, listen

Anton Kriiger . . .
(AG Gerhard) to music and meet up with friends.

Share your good news

Your newsletter team: Carina Hlawaty, Ermin Malic and Oliver Rehn
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