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Invited Talk TT 81 Mon 15:00 HSZ 103
Molecules on a superconductor: Inducing magnetism and
resonance-enhanced vibrational spectroscopy — eRICHARD
BernDT!, JaN HomBERG!, ALEXANDER WEISMANN!, MANUEL
GRUBER?, and TRoELs MARKUSSEN3 — lInstitut fiir Experimentelle
und Angewandte Physik, Christian- Albrechts-Universitat zu Kiel, Ger-
many — 2Fakultét fiir Physik, Universitit Duisburg-Essen, Germany
— 3Synopsys Denmark, Copenhagen, Denmark

Magnetic impurities can induce so-called Yu-Shiba-Rusinov (YSR) res-
onances in the energy gap of a superconductor. We use these res-
onances for spin detection in a scanning tunneling microscope and
demonstrate that diamagnetic phthalocyanine molecules acquire a spin
when they are arranged into supramolecular arrays on superconduct-
ing Pb(100). Spectroscopy and modeling reveal that the electrostatic
fields of its neighbors render a molecule paramagnetic.

Inelastic tunneling spectroscopy of vibrational excitations usually
suffers from low sensitivity and limited spectral resolution. We har-
ness YSR resonances to enhance the inelastic signal by more than
an order of magnitude and to improve the energy resolution beyond
the thermal broadening limit. As a result, 46 vibrational peaks are
resolved from Pb-phthalocyanine enabling a comparison with calcu-
lated modes. The method may help to further probe the interaction of
molecules with their environment and to better understand selection
rules for vibrational excitations.

TT 8.2 Mon 15:30 HSZ 103
Yu-Shiba-Rusinov impurity bound states in superconduc-
tors from first principles — eDaviD ANTOGNINI Sival, PHILIPP
Rossmann!2 and STeEFAN BLUGEL' — !Peter Griinberg Institut
and Institute for Advanced Simulation, Forschungszentrum Jiilich and
JARA, Jiilich, Germany — 2Wiirzburg Universitit, Germany

Materials that combine magnetism, spin-orbit interaction and conven-
tional s-wave superconductivity are a suitable platform to study Ma-
jorana zero modes (MZM) [1], that can be used as building blocks of
fault-tolerant topological qubits. In general, magnetic impurities in
superconductors leads to localized Yu-Shiba-Rusinov (YSR) states at
the impurity [2]. Understanding their interplay with MZMs is crucial
to achieve topological quantum computers in the future.

In our work, we implemented the Bogoliubov-de Gennes (BdG) for-
malism in the juKKR Korringa-Kohn-Rostoker Green function impu-
rity code (https://iffgit.fz-juelich.de/kkr/jukkr) to allow the material-
specific description of defects perfectly embedded in superconductors
from first principles. We apply it to an Fe impurity embedded in
bulk Pb in the normal and superconducting state, then analyse the
YSR states of different magnetic transition-metal adatoms placed on a
superconducting Nb(110) surface where the influence of the impurity-
substrate distance on the energy of the YSR states is discussed.

[1] Nadj-Perge et al., Science 346, 6209 (2014)

[2] L. Yu, Acta Physica Sinica 21, 75 (1965)

H. Shiba, Prog. Theor. Phys. 40, 435 (1968) A. I. Rusinov, Sov. J.
Exp. Theor. Phys. 29, 1101 (1969)

TT 8.3 Mon 15:45 HSZ 103
Yu-Shiba-Rusinov states of quantum impurities in spin-split

superconductors — e ANASTASIIA SKURATIVSKA!, JON ORTUZARZ,

SEBASTIAN BERGERET!3, Dario Bercioux!4, and MiGUEL AN-
GeL CazariLLal? — IDIPC, 20018 San Sebastian, Spain — 2CIC
nanoGUNE-BRTA, 20018 San Sebastian, Spain — 3CFM-MPC
Centro Mixto CSIC-UPV/EHU, 20018 San Sebastian, Spain —

4IKERBASQUE, Basque Foundation for Science, 48009 Bilbao, Spain

Yu-Shiba-Rusinov (YSR) states arise as a sub-gap excitations in a sys-
tem of magnetic impurity coupled to a superconducting host. Despite
the quantum nature of their spin degree of freedom, magnetic impu-
rities in such systems are often described by a classical spin. Taking
into account quantum nature of the impurity-spin has proven to give
useful insights into the ground-state and excitation properties of the
magnetic impurity-superconductor system.

Here, we report on the spectral properties of the YSR states of a
magnetic impurity on a spin-split superconductor. Using the zero-
bandwidth approximation we obtain the spectral function of the YSR
states. Unlike the classical model which predicts full spin polariza-
tion for the YSR peaks, we find the quantum model predicts partial

Location: HSZ 103

polarization. The parity-changing phase transition switches the spin
polarization of the YSR peaks after crossing at the center of the su-
perconducting gap. We discuss the possibility of using this effect as a
tunable spin-filter in a quantum dot or a molecule in proximity to a
spin-split superconductor.

TT 84 Mon 16:00 HSZ 103
Building crystalline topological superconductors from Shiba
lattices — eMaRTINA ONDINA  Sorpinit!, FeLix KUSTERZ,
GLENN WacNER!, Souvik Das2?, AMAL ALDARAWSHEH>'®, RONNY
TuomarLe®6, Samir Lounis®®, Stuarr S. P. Parkin?, PaoLo
Sessi?, and Trtus NEUPERT! — !University of Zurich, Winterthur-
erstrasse 190, 8057 Zurich, Switzerland — ?Max Planck Institute of
Microstructure Physics, Halle, Germany — 3Peter Griinberg Institut
and Institute for Advanced Simulation, Forschungszentrum Jiilich &
JARA, Jiilich, Germany — *Institut fur Theoretische Physik und As-
trophysik, Universitat Wurzburg, Wurzburg, Germany — ?Faculty of
Physics, University of Duisburg-Essen and CENIDE, Duisburg, Ger-
many — %Department of Physics and Quantum Centers in Diamond
and Emerging Materials (QuCenDiEM) Group, Indian Institute of
Technology Madras, Chennai, India

Majorana boundary modes are the key feature of topological su-
perconductors. Lattices of Shiba bound states, arising from mag-
netic adatoms placed on the surface of a conventional superconduc-
tor, may host these topological excitations. With scanning tunnel-
ing microscopy we create and probe adatom lattices to create topo-
logical crystalline superconductors. We combine theoretical modeling
and experimental analysis to reveal signatures consistent with mirror-
symmetry protected topological superconductors, hosting edge and
higher-order corner states. Our results show the immense versatility
of Shiba lattices to design the topology of 2D superconductors.

TT 85 Mon 16:15 HSZ 103
Mn clusters on superconducting Ta(110) surface — e ANDRAS
LAszL6FFY!, BENDEGUZ NYARIZ3, LAszL6 SzuNvyocH?, and BALAZS
UsraLussy! — 'Wigner Research Centre for Physics, Budapest, Hun-
gary — 2Budapest University of Technology and Economics, Budapest,
Hungary — 3ELKH-BME Condensed Matter Physics Research Group,
Hungary

Over the past decade, the formation of Yu-Shiba-Rusinov (YSR) states
around magnetic impurities proximity coupled to superconducting ma-
terials raised considerable interest. The hybridization between these
states leads to bands in magnetic chains being potential candidates for
hosting Majorana edge states. In this work we solve the Bogoliubov-de
Gennes equation as implemented in the first-principles Korringa-Kohn-
Rostoker Green’s function method. First, we provide an in-depth anal-
ysis of the YSR states of a single Mn adatom on Ta(110), and the hy-
bridization between them in Mn dimers. We then study the formation
of a minigap and zero energy states in chains with various directions
and nearest-neighbor distances, making a strong implication that Ma-
jorana zero modes can emerge in these systems.

TT 8.6 Mon 16:30 HSZ 103
Effect of Fe impurities on the superconducting state of
Ir/Nb overlayer — eBrnDEGUZ NYARI''2, ANDRAs LASZLOFFY3,
KRiszTIAN PaLoTAs®, LAszL6é Szunvocu'2, LEVENTE Roézsa?, and
Bavazs UsraLussy® — Department of Theoretical Physics, Budapest
University of Technology and Economics, Hungary — 2ELKH-BME
Condensed Matter Physics Research Group, Hungary — 3Wigner Re-
search Centre for Physics, Institute for Solid State Physics and Optics,
Hungary — 4Department of Physics, University of Konstanz, Germany

Artificial magnetic chains on top of superconducting surfaces, where
in the presence of large spin-orbit coupling or non-collinear magnetic
states a topological gap can appear, are potential candidates to host
Majorana edge states. Iridium as an overlayer on various metallic sub-
strates appeared to be a good platform for the formation of spin-spiral
states in magnetic overlayers and chains.

By solving the relativistic Bogoliubov—de Gennes equations, first we
investigate the superconducting properties of 10 monolayers of Ir on
top of Nb(110) surface. In the Ir layer we observe a strong reduction
of the superconducting order parameter, but the gap just slightly de-
creases as compared to bulk Nb. Then the effect of Fe impurities on the
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superconducting state is studied in different setups. For a single Fe im-
purity we find a huge spatial extension of the Yu—Shiba—-Rusinov states.
Disordered Fe impurities modelled within the coherent-potential ap-
proximation in the dilute concentration limit seem to rapidly destroy
the superconducting state of the Ir overlayer.

TT 8.7 Mon 16:45 HSZ 103
Yu-Shiba-Rusinov states in small Fe clusters on Pb(111) —
eNora Kucska, KriszTIAN PALOTAS, ANDRAS LASZLOFFY, and BAL-
Azs UisraLussy — Wigner Research Centre for Physics, Budapest,
Hungary
By solving the fully relativistic Bogoliubov-de Gennes equations by
band-theoretical methods, we investigate the Yu-Shiba-Rusinov (YSR)
states of single, double and triple magnetic Fe adatoms on the top of
Pb(111) surface. First, we show that the local density of states in the
normal state plays a key role in the formation of the YSR states that
appear in the interior of the superconducting gap. We discuss the ef-
fects of different atomic arrangements, the role of lattice relaxations
and various spin configurations on the YSR states, and we compare
our results to recent experiments.

TT 8.8 Mon 17:00 HSZ 103

Yu-Shiba-Rusinov band dispersion of an infinite chain on a
semi-infinite surface — eRik BROEKHOVEN, ARTEM PULKIN, AN-
TONIO MANEScO, SANDER OTTE, ANTON AHKMEROV, and MICHAEL
WIMMER — Delft University of Technology, Delft, the Netherlands

Chains of magnetic atoms on s-wave superconductors have been pro-
posed to become topological superconductors, when their in-gap Yu-
Shiba-Rusinov (YSR) band is p-wave gapped by for example spin-orbit
coupling. As recently shown through STM experiment, however, re-
alistic systems have many YSR bands and relatively small spin-orbit
coupling limiting the topological phase. Ab initio models can help to
increase our understanding and find regions of material and parame-
ter space where the system is still predicted to be topological. These
finite-size simulations must however overestimate the superconducting
gap to ensure the system is smaller than the superconductor coherence
length.

We combine ab initio calculation with multi-dimensional Green’s
functions formalism to extend the model beyond this limit. This al-
lows us to do calculations with realistic gap size. We compute the
dispersion of an infinite chain on top of a semi-infinite surface. We
focus on Mn atoms on Nb(110) and show how our model compares
with the dispersion measured by Schneider et al. in 2021.



