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MO 10.1 Tue 16:30 S Foyer LLM
A narrow-line rotational-state-dependent dipole trap for
ultracold polar molecules — ∙Xing-Yan Chen1, Roman
Bause1, Ming Li2, Scott Eustice1, Marcel Duda1, Frauke
Seeßelberg1, Svetlana Kotochigova2, Immanuel Bloch1,3,
and Xin-Yu Luo1 — 1Max-PlanckInstitut für Quantenoptik, Hans-
Kopfermann-Str. 1, 85748 Garching, Germany — 2Department of
Physics, Temple University, Philadelphia, PA 19122-6082, USA —
3Ludwig-Maximilians-Universität, Schellingstraße 4, 80799 München,
Germany
Ultracold polar molecules in rotational states with opposite parities
offer strong dipole-dipole interaction, thus can be used to encode
pseudo-spin and simulate spin models with long-range interactions.
We demonstrate a rotational-state-dependent dipole trap for ultra-
cold 23Na40K molecules by utilizing a narrow-line rotational transition
manifold |𝑋1Σ+, 𝑣 = 0, 𝐽 = 0, 1⟩ → |𝑏3Π, 𝑣 = 0, 𝐽 = 0, 1, 2⟩. By se-
lecting an appropriate laser detuning, we are able to make a "magic"
trap where the polarizabilities of |𝐽 = 0, 1⟩ states are the same, an
"anti-magic" trap where the polarizabilities are exactly opposite, or a
tune-out trap where the polarizability of one of the rotational states
vanishes. Further more, thanks to the narrow natural linewidth of
the excited |𝑏3Π0+ , 𝑣 = 0⟩ state, the photon-scattering of the tune-
out trap is negligible. A long-lived universal spin-dependent dipole
potential will facilitate novel studies of spin models and many-body
localization with ultracold polar molecules.

MO 10.2 Tue 16:30 S Foyer LLM
Spectroscopic characterization of the a3Π ←X1Σ+ and
A1Π ←a3Π transitions of aluminium monofluoride — Ste-
fan Truppe1, Silvio Marx1, Sebastian Kray1, ∙Maximilian
Doppelbauer1, Simon Hofsäss1, Hanns Christian Schewe1,
Boris Sartakov2, and Gerard Meijer1 — 1Fritz-Haber-Institut
der Max-Planck-Gesellschaft, Faradayweg 4-6, D-14195 Berlin, Ger-
many — 2General Physics Institute, Russian Academy of Sciences,
Vavilostreet 38, 119991 Moscow, Russia
Aluminium monofluoride is proposed as an excellent candidate
molecule for laser cooling and trapping. For this, detailed knowledge
of the low-lying rotational levels in the involved X1Σ+, A1Π and a3Π
states is necessary.

The energy levels in the X1Σ+, 𝑣 = 0 state and within each Ω-
manifold in the a3Π, 𝑣 = 0 state are determined with a relative ac-
curacy of a few kHz, using laser - radio-frequency multiple resonance
ionization detection schemes in a jet-cooled, pulsed molecular beam.

The strength of the spin-forbidden A1Π, 𝑣 = 0 ← a3Π, 𝑣 = 0 tran-
sition is measured to be between six and seven orders of magnitude
lower than that of the A1Π, 𝑣 = 0 ← X1Σ+, 𝑣 = 0 transition.

MO 10.3 Tue 16:30 S Foyer LLM
State selective laser induced fluorescence detection of cold
formaldehyde — ∙Maximilian Löw, Martin Ibrügger, Alexan-
der Prehn, Martin Zeppenfeld, and Gerhard Rempe — Max-
Planck-Institut für Quantenoptik, Hans-Kopfermann-Str. 1, 85748
Garching
Because of their rich internal structure and long-range dipole-dipole
interactions, cold polar molecules have great potential for a wide va-
riety of different applications. In our experiment, we are able to cool
formaldehyde (H2CO) down to sub-millikelvin temperatures by apply-
ing optoelectrical Sisyphus cooling [1]. In the past, the molecules were
detected in a robust and reliable way using a quadrupole mass spec-
trometer. However, the low detection efficiency of ∼ 10−4 led to long
measurement times thereby severly limiting the experiment.

Here, we present a new detection setup based on laser-induced flu-
orescence (LIF) of formaldehyde. A quantum yield of up to 30% for
radiative decay from the excited state and light collection optics cover-
ing a solid angle of ∼ 70% lead to an increase in detection efficiency of
up to a factor of 30. A high signal to noise ratio was achieved by reduc-
ing background light by many orders of magnitude. Additionally, we
can now detect molecules state selectively, including discrimination of
different rotational M-sublevels. This makes LIF detection a powerful
tool which will enable us to substantially improve our understanding
of our experiment and promises exciting future prospects.
[1] A. Prehn et al., Phys. Rev. Lett. 116, 063005 (2016).

MO 10.4 Tue 16:30 S Foyer LLM
Building a Zeeman slower for CaF molecules — ∙Mariia
Stepanova, Paul Kaebert, Maurice Petzold, Mirco Siercke,
and Silke Ospelkaus — Institut für Quantenoptik, Leibniz Univer-
sität Hannover
We will report on our progress towards realizing a large flux source
of ultracold Calcium monofluoride (CaF) molecules using molecular
Zeeman slowing. We will give details of our test experiment, demon-
strating the feasibility of the technique using 39K. As a first step to
implementing our method in molecules we have constructed and char-
acterized a cryogenic buffer gas source, capable of producing molecules
with a mean velocity of 150m/s. By comparing our results to simula-
tions using computational fluid dynamics we will discuss several ways
to improve on our initial buffer gas cell design, and present data on
the molecular flux using our improved cell geometry. Because suffi-
cient laser power is essential for efficient Zeeman slowing of molecules,
we will also present data on generating a high power beam of 606nm
Laser light through sum frequency generation. By combining all these
systems, we hope to finally give current experiments the source they
need to produce a quantum degenerate gas of ultracold molecules.

MO 10.5 Tue 16:30 S Foyer LLM
Sympathectic cooling and quatum state dependant reac-
tions of molecular anions by a localized laser-cooled buffer
gas — ∙Eric Endres1, Jonas Tauch1, Saba Hassan1, Markus
Nötzold2, Bastian Höltkemeier1, Henry Lopez1, Roland
Wester2, and Matthias Weidemüller1 — 1Physikalisches Institut
Heidelberg, INF 226, 69120 Heidelberg — 2Institut für Ionenphysik
und Angewandte Physik, Technikerstrasse 25/3, 6020 Innsbruck
Buffer gas cooling is a versatile technique to cool ions confined in a
cryogenic radiofrequency ion traps[1]. However, it is limited to tem-
perature of the coolant, typically being about 4K. By using a laser
cold atom cloud, this limitation can be overcome. Furthermore, by
localizing the atom cloud and/or a higher order radio frequency trap,
theoretical description predicts cooling beyond the critical atom to ion
mass ratio [2, 3].

In this contribution I will present recent results of our hybrid atom-
ion trap system [4], consisting of an 8-pole radio frequency wire trap
confining OH− and a dark spontaneous-force optical Rubidium trap
[5]. By embedding ultra cold atoms in an ion cloud, three kind of
collisions can occur. First, elastic collisions leading to cooling of the
external degrees of freedom from the hydroxy anion, second inelastic
collisions leading to cooling of the internal degrees of freedom. Finally,
reactive collisions, namely associative detachment reactions, leading to
a loss of the trapped anion.

First sings of sympathetic cooling will be shown, as well as, reactive
collisions depending on the quantum state of the Rubidium atoms.

MO 10.6 Tue 16:30 S Foyer LLM
Spectroscopic characterization of aluminium monofluoride
with relevance to laser cooling and trapping — Ste-
fan Truppe1, Silvio Marx1, Sebastian Kray1, Maximilian
Doppelbauer1, ∙Simon Hofsäss1, Christian Schewe1, Boris
Sartakov2, and Gerard Meijer1 — 1Fritz-Haber-Institut der
Max-Planck-Gesellschaft, Faradayweg 4-6, D-14195 Berlin, Germany
— 2General Physics Institute, Russian Academy of Sciences, Vav-
ilovstreet 38, 119991 Moscow, Russia
The aluminium monofluoride molecule (AlF) is an excellent candidate
for laser cooling and trapping. Prior to this, it is necessary to mea-
sure the detailed energy level structure in the X1Σ+ electronic ground
state, in the A1Π state and in the metastable a3Π state as well as the
strength of the transitions between these states. We here report the
results of spectroscopic measurements between the X1Σ+ and the A1Π
state.

MO 10.7 Tue 16:30 S Foyer LLM
Observation of cold dipolar collisions and electrostatic trap-
ping of centrifuge decelerated molecules — ∙Manuel Koller,
Thomas Gantner, Florian Jung, Isabel Rabey, Martin Zep-
penfeld, and Gerhard Rempe — Max-Planck-Institute of Quantum
Optics, Garching, Germany
Dense samples of cold polar molecules provide fascinating research pos-
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sibilities in physics and chemistry. By combining cryogenic buffer gas
cooling and centrifuge deceleration we recently demonstrated a record
high flux exceeding 1010s−1 and densities up to 109cm−3 of cold polar
molecules at kinetic energies corresponding to less than 1K [1]. This al-
lows the observation of cold molecule-molecule collisions for CH3F and
ND3. The low absolute velocity enables the straightforward loading
of molecules into an electrostatic trap [2], making much more detailed
collision studies possible due to longer interaction times. Beyond the
observation of inelastic collisions, the creation of highly nonthermal
energy distributions by sharply cutting away hotter molecules with a
radio frequency knife should allow the investigation of rethermalization
via elastic collisions.

[1] X. Wu et al., Science 2017, 358, 645-648
[2] B.Englert et al., Physical Review Letters 2011, 106, 263003

MO 10.8 Tue 16:30 S Foyer LLM
Modifications and simulations for a Velocity Map Imag-
ing device aiming for methane activation by transition
metal cations — ∙Lisa-Medarda Retter, Jennifer Meyer, Tim
Michaelsen, Björn Bastian, Franziska Krammer, and Roland
Wester — Institut für Ionenphysik und Angewandte Physik, Univer-
sität Innsbruck, 6020 Innsbruck, Austria
Our aim is to image the dynamics of transition metal cations with small
hydrocarbons, namely the system of tantalum ions with methane [1,2].
In order to study elementary reaction dynamics and energy distribu-
tions into different products we operate our experiment under single
collision conditions. This is achieved by crossing a neutral molecu-
lar beam with an ion beam produced by a laser vaporization source.
Detection is managed via velocity map imaging, which allows for the
measurement of differential cross sections [3]. We have recently en-
hanced the experimental setup with alterations in the form of a con-
ductance limiter as well as a supplementary detector for the ion beam.
Simulations in SIMION for these modifications as well as currently
planned ones are shown for the system of tantalum cations reacting
with methane. [1] H. Schwarz. Angew. Chem. Int. Ed. Engl., 1991,
7, 30 [2] L.G. Parke, C.S. Hinton, P. B. Armentrout. J. Phys. Chem.
C 2007, 111, 17773-17787. [3] R. Wester, PCCP, 2014, 16, 396

MO 10.9 Tue 16:30 S Foyer LLM
Monte Carlo simulation of a cryogenic buffer gas cell —
∙Thomas Gantner, Manuel Koller, Martin Zeppenfeld, and
Gerhard Rempe — Max-Planck-Institut für Quantenoptik, 85748
Garching, Deutschland
Cryogenic buffer gas cells have been a workhorse for the cooling of
molecules for more than 20 years. The straightforward sympathetic
cooling principle makes it applicable for a huge variety of different
species. Notwithstanding this success, detailed simulations of buffer
gas cells are rare, and limited to high buffer gas density regimes, when
the mean free path of a molecule is small compared to all dimensions
of the cell. Here, we present a new numerical approach based on a
molecule trajectory analysis. The implementation following the Monte
Carlo method can reproduce the flux of molecules emerging from the
buffer gas cell for varying buffer gas densities. Furthermore, it can re-
produce the velocity distribution of the resulting molecule beam. This
includes the so-called boosting effect, when buffer gas atoms accelerate
the molecules after leaving the cell. The simulations provide various
insights which could substantially improve buffer-gas cell design.

MO 10.10 Tue 16:30 S Foyer LLM
Cavity design for spatial resolved detection of cold molecules
— ∙Jannis Schnars1,2, Alessandro Zenesini2, Silke Ospelkaus2,
and Klemens Hammerer1 — 1Leibniz Universität Hannover, Insti-
tut für Theoretische Physik, 30167 Hannover — 2Leibniz Universität
Hannover, Institut für Quantenoptik, 30167 Hannover
Ultracold polar molecules offer promising research perspectives in par-
ticular due to their strong dipole-dipole interactions. Recently there
has been tremendous progress in the creation and manipulation of ul-
tracold polar molecules. The highest phase space densities have been
achieved by associating molecules from ultracold ensembles of atoms
in a controlled way. However, when it comes to imaging, established
techniques for the destructive and non-destructive imaging of atoms
fail for molecules due to the complex structure of molecules with vi-
brational and rotational degrees of freedom. Typically, imaging of
ultracold molecules is therefore achieved by reversing the creation pro-
cess of ultracold molecules and subsequently image atoms on an atomic
cycling transition. However, it would be desirable to directly imaging
molecules, ideally non-destructively and with high spatial resolution.

Here we present a scheme to detect molecules inside a 2D-optical lat-
tice. The detection relies on an induced phase shift due to off-resonant
light matter interaction. The phase shift is enhanced by a small-waist
multimode cavity. We identify possible resonator geometries which
balance the requirements for a small beam waist and the need to sup-
port several frequency degenerate transverse mode facilitating spatial
resolution of several lattice sites.

MO 10.11 Tue 16:30 S Foyer LLM
IR spectroscopy of glycine-water in helium nanodroplets —
∙Nitish Pal1, Devendra Mani1, Raffael Schwan1, Gerhard
Schwaab1, Britta Redlich2, Lex Van Der Meer2 und Martina
Havenith1 — 1Physikalische Chemie II, Ruhr-Universität Bochum,
Germany — 2Institute for Molecules and Materials (IMM), Radboud
University Nijmegen, Nijmegen, Netherlands
We have studied the microsolvation of glycine with water molecules
using helium droplet isolation infrared spectroscopy. Glycine exists in
neutral form in gaseous state and in zwitterionic form in aqueous solu-
tions. We address the question: "what is the minimum number of water
molecules required to convert a neutral glycine molecule to its zwitte-
rionic form?"The stepwise addition of water molecules to one glycine
molecule was achieved using helium droplets isolation technique. The
superfluid helium droplets allow a barrier free diffusion of the dopant
molecules and enable the formation of large molecular clusters. The
infrared spectra were recorded in the range of 1000-1850 cm−1, using
the free electron lasers (FELs) at FELIX laboratory in Nijmegen.

MO 10.12 Tue 16:30 S Foyer LLM
Analysis of the coupled (2)2Σ+ and (1)2Π of LiSr — ∙Erik
Schwanke, Julia Gerschmann, Horst Knöckel, Silke Os-
pelkaus, and Eberhard Tiemann — QUEST und Inst. f. Quan-
tenopik, Leibniz Universität Hannover
We present a description of several vibrational states of the (1)2Π
state of LiSr. Although the (1)2Π state is not directly visible in our
recorded infrared spectra due to a weak transition dipole moment to
the 𝑋(1)2Σ+ state, we could use observed perturbations in the (2)2Σ+

state to model the coupling between the spectroscopically observed
(2)2Σ+ state and the (1)2Π state.

The coupling model leads to a description of the rotational ladders of
the coupled 𝑣′ = 0 and 𝑣′ = 1 states of (2)2Σ+ and several vibrational
states of both (1)2Π1/2 and (1)2Π3/2, thus giving local rotational and
vibrational constants, as well as the spin-orbit coupling constant for
the (1)2Π states. Relative overlap integrals for the involved vibrational
states of (1)2Π and (2)2Σ are derived. Furthermore, the perturbation
reveals the correct assignment of the F1 and F2 levels in the (2)2Σ+ –
(1)2Σ+ system.

We will report on the status of the investigations.

MO 10.13 Tue 16:30 S Foyer LLM
Investigation of quadrupole moment effects on the determina-
tion of excited state dipole moments in solution — ∙Matthias
Zajonz, Tim Oberkirch, Mirko Lindic, and Michael Schmitt —
Institute for Physical Chemistry I, Heinrich-Heine-University Düssel-
dorf
The molecule under investigation, 2,5-cyclohexadiene-1,4-dione (p-
benzoquinone), is highly symmetric and by looking at its structure
it is obviuos that it has a quadrupole moment instead of a dipole mo-
ment.

To improve thermochromic methods for determination of excited
state dipole moments in solution the effects of quadrupole moments
have to be investigated.

For the molecule under investigation we measured thermochromic
shifts, in order to asses the influence of quadrupole moments on the
dipole moment determination in electronically excited states.

MO 10.14 Tue 16:30 S Foyer LLM
The influence of vibrational excitation on the reaction of
F− with CH3I — ∙Tim Michaelsen, Björn Bastian, Jennifer
Meyer, and Roland Wester — Institut f. Ionenphysik und Ange-
wandte Physik, Universität Innsbruck
We study ion molecule reaction dynamics in a crossed beam setup us-
ing velocity map imaging [1]. One focus of our research are reactions of
halide anions with methylhalides, which represent an interesting model
system to study bimolecular nucleophilic substitution reactions (SN2).
In recent years we have extended our investigations of such systems
to study microsolvation effects as well as the influence of vibrational
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excitation on branching ratios and reaction dynamics [2].
Here we report on recent results investigating the influence of C-H

stretch excitation on the reaction of F− with CH3I at various collision
energies. The CH3I is excited by a broadband OPO/OPA laser prior
to collision and the excited fraction is probed using a photodissociation
and state selective REMPI scheme. The experimental results are com-
pared with recently published quasiclassical trajectory calculations for
the same system [3].

[1] R. Wester, Phys. Chem. Chem. Phys. 16, 396 (2014)
[2] M. Stei, et al., Sci. Adv. 4, 7, eaas9544 (2018)
[3] B. Olasz and G. Czakó, J. Phys. Chem. A , 122, 41, 8143-8151

(2018)

MO 10.15 Tue 16:30 S Foyer LLM
Intramolecular scattering: Simulation of coupled electron-
nuclear motion upon photoionization — Friedrich Georg Frö-
bel, ∙Alexander Schubert, and Stefanie Gräfe — Friedrich-
Schiller-Universität Jena, Jena, Germany.
We theoretically investigate intramolecular scattering and energy re-
distribution during photoionization of molecular systems in intense
few-cycle XUV laser fields. The molecular model system is described
by the extended Shin-Metiu model consisting of two position-fixed
nuclei with one movable nucleus in between and two electrons in a
single dimension. Dynamics simulations are performed by integrating
the time-dependent Schrödinger equation numerically using grid-based
methods. Spectral signatures in the photoelectron spectra are shown
to contain sensitive information about different ionization pathways
revealing the ionization-induced electron and nuclear dynamics and
subsequent non-adiabatic effects.

MO 10.16 Tue 16:30 S Foyer LLM
A modified approach for simulating nonadiabatic dynam-
ics via the generalized quantum master equation — Ellen
Mulvihill1, ∙Alexander Schubert1,2,3, Xiang Sun1,4, Barry D.
Dunietz2, and Eitan Geva1 — 1University of Michigan, Ann Arbor,
MI, United States — 2Kent State Univeristy, Kent, OH, United States
— 3Friedrich-Schiller Universität Jena, Jena, Germany — 4New York
University Shanghai, Shanghai, China
A modified approach for simulating nonadiabatic dynamics based on
the Nakajima-Zwanzig generalized quantum master equation (GQME)
is presented. Unlike the most common GQME-based approaches, the
modified approach (M-GQME) does not require casting the overall
Hamiltonian in a (not uniquely defined) system-bath form, which is
neither natural nor convenient in the case of the molecular Hamilto-
nian that governs the nonadiabatic dynamics. Within the M-GQME
framework, the effect of the degrees of freedom of the environment on
the time evolution of the reduced density operator is fully captured by
a memory kernel superoperator. In the presented numerical implemen-
tation, the memory kernel is calculated employing the Ehrenfest mean-
field method. The modified approach is demonstrated on a benchmark
spin-boson model and shown to lead to significantly more accurate re-
sults than a direct application of the Ehrenfest method while being
computationally more robust than other GQME-based approaches.

MO 10.17 Tue 16:30 S Foyer LLM
A classical ride through a conical intersection — ∙Thomas
Schaupp and Volker Engel — Institut für Physikalische und The-
oretische Chemie, Emil-Fischer-Str. 42, 97074 Würzburg, Germany
Regarding the correlated electron-nuclear motion in a model system,
we investigate the dynamics in the vicinity of a conical intersection
(CoIn) between two excited state potential surfaces. It is documented
that an ensemble of classical trajectories which move in the complete
electronic-nuclear phase space tracks the quantum wave-packet motion
through the CoIn which is accompanied by a strong non-adiabatic
population transfer. On the contrary, for an adiabatic circular mo-
tion around the position of the CoIn, the quantum mechanical and
classical densities deviate substantially. In the latter case, the Born-
Oppenheimer classical nuclear motion on a single potential surface is
able to track the quantum dynamics.

MO 10.18 Tue 16:30 S Foyer LLM
First principles calculation of molecular partial autoion-

ization rates — ∙Gilbert Grell, Oliver Kühn, and Sergey
Bokarev — Universität Rostock, Rostock, Deutschland
Autoionization processes such as Auger and interatomic coulombic de-
cay play a key role in the radiation matter interaction on atomic and
molecular scales. For instance, the lifetime of a core excited state is
primarily defined by its autoionization rate. Further, autoionization
cascades after initial ionization or excitation determine the resulting
ion and electron yields. First principles calculations of partial au-
toionization rates are demanding due to the necessary description of
continuum states. Standard quantum chemistry (QC) codes usually
employ Gaussian basis sets, which describe bound states and orbitals
very well. Continuum orbitals, however, are poorly described by these
basis sets, prohibiting a simple extension of standard QC methods to
include continuum states. We present a protocol that aims at estimat-
ing autoionization energies and partial rates, based on standard QC
calculations for the bound states that are supplemented with contin-
uum orbitals. A single center model is used to reduce the continuum
orbital problem to the solution of a radial Schrödinger equation in the
potential of the remaining ion. In this framework we assess the impact
of different approximations to the radial potential on the continuum
orbitals and resulting partial autoionization rates. Finally, the general
applicability of the single center model for the calculation of molecular
autoionzation rates is analyzed.

MO 10.19 Tue 16:30 S Foyer LLM
Optimized Sampling of Mixed-State Observables — ∙Marec
W. Heger, Christiane P. Koch, and Daniel M. Reich — The-
oretische Physik, Universität Kassel, Heinrich Plett-Straße 40, 34132
Kassel, Germany
Quantum dynamical simulations of statistical ensembles pose a signifi-
cant computational challenge due to the fact that mixed states need to
be represented by a density matrix instead of a wave function. If the
underlying dynamics are fully unitary, for example in coherent control
at finite temperatures, one approach to approximate time-dependent
observables in this context is to sample the density matrix by solving
the Schrödinger equation for a set of wave functions with randomized
phases.

We present an in-depth analysis of the average performance for the
random-phase wave functions and compare them to deterministic sam-
pling of the energetically lowest-lying eigenstates. In particular, the
performance crossing point between these two approaches allows an
estimation of the more efficient sampling scheme for an average ob-
servable. Moreover, we prove that minimization of the worst-case error
among arbitrary observables is uniquely attained by eigenstate-based
sampling. Finally, we point out how the structure of low-rank observ-
ables can be exploited to further improve eigenstate-based sampling
schemes.

MO 10.20 Tue 16:30 S Foyer LLM
Comparison of two different ways to calculate expectation
values — ∙Klaus Renziehausen and Ingo Barth — Max Planck
Institute of Microstructure Physics, Weinberg 2, D-06120 Halle (Saale),
Germany
We analyze two different ways to calculate quantum mechanical ex-
pectation values for several observables. The first ansatz is just the
direct calculation of the quantum mechanical expectation value, the
second ansatz is to calculate this expectation value using the Ehren-
fest theorem. We have performed those calculations for the temporal
mass change, the momentum, the force, the torque, and the angu-
lar velocity of a particle in three dimensions. As a result, we found
for each of these observables an integral equation. On one side of
this equation an integrand depending on the mass density appears,
while we find on the other side an integrand depending on the mass
current density. So, we can calculate these expectation values either
using the mass density or the mass current density (as an exception
the analysis for the expectation value of the azimuth angular velocity
is more complicated). This has application possibilities for molecular
systems where electronic current densities cannot be calculated within
the Born-Oppenheimer approximation. The papers [I. Barth et al.,
Chem. Phys. Lett. 481, 118-123 (2009)] and [T. Schaupp, J. Al-
bert, V. Engel, Eur. Phys. J. B 91, 97 (2018)] can be interpreted as
examples for such applications.
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