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Time: Friday 9:30-13:15

TT 63.1 Fri 9:30 HSZ 103
Sharp Kohn-like phonon anomalies due to charge order can
strongly enhance the superconducting T, — e ALESSIO ZACCONE
— Department of Physics, University of Milan, 20133 Milano, Italy

Phonon softening is a ubiquitous phenomenon in condensed matter
systems which is usually associated with charge density wave (CDW)
instabilities and anharmonicity. The interplay between phonon soft-
ening, CDW and superconductivity is a topic of intense debate. In
this work, the effects of anomalous soft phonon instabilities on su-
perconductivity are studied based on a recently developed theoretical
framework that accounts for phonon damping and softening within
the Migdal-Eliashberg theory [1]. Model calculations [2] show that
the phonon softening in the form of a dip in the phonon dispersion
relation, either acoustic or optical (including the case of Kohn-type
anomalies typically associated with CDW), can cause a manifold in-
crease of the electron-phonon coupling constant A. This, under certain
conditions, which are consistent with the concept of optimal frequency
introduced by Bergmann and Rainer, can produce a large increase of
the superconducting transition temperature T.. These results suggest
the possibility of reaching high-temperature superconductivity by ex-
ploiting soft phonon anomalies restricted in momentum space.

[1] M. Baggioli, C. Setty, A. Zaccone, Phys. Rev. B 101, 214502 (2020)
[2] arXiv:2211.12015v2

TT 63.2 Fri 9:45 HSZ 103
Universal suppression of superfluid weight by non-magnetic
disorder in s -wave superconductors independent of quantum
geometry and band dispersion — eALEXANDER Laul, SEBAs-
T1aN0 ProrTa?, DMITRY I. Pixkunin®, Enrico Rossi?, and Timo
Hvart!2 — MagTop, IF PAN, Warsaw, Poland — 2Aalto Univer-
sity, Finland — 3Microsoft Quantum, Redmond, USA — 4William &
Mary, Williamsburg, USA

Motivated by the experimental progress in controlling the properties
of the energy bands in superconductors, significant theoretical efforts
have been devoted to study the effect of the quantum geometry and the
flatness of the dispersion on the superfluid weight. In conventional su-
perconductors, where the energy bands are wide and the Fermi energy
is large, the contribution due to the quantum geometry is negligible,
but in the opposite limit of flat-band superconductors the superfluid
weight originates purely from the quan- tum geometry of Bloch wave
functions. Here, we study how the energy band dispersion and the
quantum geometry affect the disorder-induced suppression of the su-
perfluid weight [1]. In particular, we consider non-magnetic disorder
and s -wave superconductivity. Surprisingly, we find that the disorder-
dependence of the superfluid weight is universal across a variety of
models, and independent of the quantum geometry and the flatness of
the dispersion. Our results suggest that a flat-band superconductor is
as resilient to disorder as a conventional superconductor.

[1] SciPost Phys. 13, 086 (2022)

TT 63.3 Fri 10:00 HSZ 103
Correction to Morel-Anderson-Tolmachev pseudopotential
from nonlocal Coulomb interaction in 2D superconductors —
eMANUEL SIMONATO, MALTE ROSNER, and MIKHAIL I. KATSNELSON
— Radboud University, Nijmegen, NL

The repulsive Coulomb interaction between electrons is detrimental to
conventional superconductivity. The widely accepted model to account
for this is to describe this repulsion with a purely local interaction of
strength pc. Morel, Anderson, and Tolmachev then showed that the
superconducting quantities are effectively described by a renormalized
parameter ug, as a direct consequence of the energy scale separation
between phonons and electrons. In 2D the screening properties are less
efficient and modeling the Coulomb repulsion with a strictly local in-
teraction can result in inaccurate description. We therefore study how
superconducting properties are affected by nonlocal Coulomb repul-
sions. We find that the superconducting state can still be accurately
described when a revised Coulomb pseudopotential fif, is used. We
show that the revised parameter, which accounts for nonlocal interac-
tions, is always larger that the convetional . The non-local Coulomb
interaction thus suppresses superconductivity and the critical temper-
ature even further. Analyzing the Bethe-Salpeter equation describing
the screening of Coulomb interaction in 2D, we obtain an analytical ex-

Location: HSZ 103

pression for fif,, and show that the structure of the nonlocal Coulomb
interaction weakens the screening effects from high-energy pair fluctu-
ations and therefore yields larger values of the pseudopotential.

TT 63.4 Fri 10:15 HSZ 103
Coherence and pairing fluctuations in strongly correlated su-
perconductors — eNikLas WiTT!2, SERGEY BRENER!, YUSUKE
Nomura®, Ryoraro ARiTaA%®, ALEXANDER LICHTENSTEIN':2, and
Tim WEeHLING! 2 — 1University of Hamburg, Germany — 2The Ham-

burg Centre for Ultrafast Imaging, Germany — 3Keio University Japan
— 4University of Tokyo, Japan — °RIKEN CEMS, Japan

The fundamental properties of superfluids and superconductors are de-
termined by the spatial coherence of the macroscopic condensate. Cen-
tral to this characterization is the knowledge of the coherence length
&, as it specifies the relevant length scales for fluctuations pertinent
to, e.g., the formation of vortex latices or magneto-thermal trans-
port. While the description of £ is well established in weak-coupling
BCS theory and Eliashberg-theory, it is a generally unknown quantity
in strongly correlated superconductors, where spatiotemporal fluctu-
ations influence the critical temperature [1] and might underlie light-
induced enhancement of superconductivity [2].

In this work, we establish a link to directly calculate the coherence
length for superconductors with strong electron correlations from mi-
croscopic theories and first principles. We illustrate with the example
of Alkali-doped fullerides (A3Cgp) how proximity of superconducting
and Mott-localized states impact superconducting coherence, pairing
fluctuations, and critical temperature. Our analysis shows Eliashberg-
type behavior of strongly correlated superconductors.

[1] Emery & Kivelson, Nature 374 (1995)
[2] Fausti et al., Science 331 (2011)
Mitrano et al., Nature 530 (2016)

TT 63.5 Fri 10:30 HSZ 103
Superconductivity from repulsive interactions due to strong-
coupling to a Mott-insulating layer — eCrLARA S. WEBER!?,
DaNTE M. KennEs!, and MARTIN CLaassen? — 'RWTH Aachen,

Aachen, Germany — 2University of Pennsylvania, Philadelphia, USA

While superconductors in their conventional form are established by
effective attractive interactions, mechanisms for emergent electronic
pairing from strong repulsive electron-electron interactions remain un-
der considerable debate. Here, we establish a strong-coupling mecha-
nism that realizes intertwined superconductivity and magnetic order
in a Kondo-like bilayer system with purely repulsive interactions, com-
posed of a two-dimensional Mott insulator with strong Hubbard in-
teractions coupled to a layer of weakly-interacting itinerant electrons.
Remarkably, this model allows for a rigorous strong-coupling analysis,
where we find that itinerant electrons in the nearly-metallic layer are
subject to an effective attractive electron-electron interaction as a func-
tion of magnetic ordering in the Mott-insulating layer. We carefully
study this behavior numerically using large scale DMRG calculations
and find that the superconducting behavior persists in a wide parame-
ter range beyond the strong-coupling regime. Additionally, we classify
the rich magnetic phase diagram and find a 2-site antiferromagnetic
and a 4-site antiferromagnetic phase, along with a phase separation
regime. Finally, we discuss possible applications and realizations of
the proposed mechanism.

TT 63.6 Fri 10:45 HSZ 103

Simulating superconducting properties of overdoped
cuprates: The role of inhomogeneity — MaINAK PaL2,
e ANDREAS KREeIseL!, WiLLiam A. Arkinson®, and PETER J.
HirscHFELD? — !Niels Bohr Institute, University of Copenhagen,

Denmark — 2Department of Physics, University of Florida, USA —
3Department of Physics and Astronomy, Trent University, Canada

Theoretical studies of disordered d-wave superconductors have focused,
with a few exceptions, on optimally doped models with strong scatter-
ers. Addressing recent controversies about the nature of the overdoped
cuprates, however, requires studies of the weaker scattering associ-
ated with dopant atoms. Here we study simple models of such sys-
tems in the self-consistent Bogoliubov-de Gennes (BdG) framework,
and compare to disorder-averaged results using the self-consistent-T-
matrix-approximation (SCTMA). Despite surprisingly linear in energy
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behavior of the low-energy density of states even for quite disordered
systems, the superfluid density in such cases retains a quadratic low-
temperature variation of the penetration depth, unlike other BAG re-
sults reported recently. We trace the discrepancy to smaller effective
system size employed in that work. Overall, the SCTMA performs
remarkably well, with the exception of highly disordered systems with
strongly suppressed superfluid density. We explore this interesting re-
gion where gap inhomogeneity dominates measured superconducting
properties, and compare with overdoped cuprates.

[1] M. Pal, A. Kreisel, W.A. Atkinson, P.J. Hirschfeld arXiv:2211.13338
(2022)

TT 63.7 Fri 11:00 HSZ 103
Finite energy Cooper pairing in multiband superconduc-
tors — eMasoub Bamnari', Sonc-Bo Zuang2?, CHaNG-AN Lil,
SaNg-JunN Chorl, CarsTeEN TimMMm3, and BiorN TrRAUzZETTEL! —
University of Wiirzburg, Wiirzburg, Germany — 2University of
Ziirich, Ziirich, Switzerland — 3Technische Universitiat Dresden, Dres-

den, Germany

Extensive efforts have been carried out to understand the supercon-
ducting pairing symmetry since the birth of Bardeen-Cooper-Schrieffer
theory. In weakly interacting systems, the essential ingredient is a
weak effective electron-electron interaction at the Fermi energy re-
sulting in particular bulk properties including superconducting gaps
possibly with nodes.

We demonstrate and discuss the bulk and surface spectral properties
of a novel pairing mechanism that occurs at finite excitation energies
in multiband superconductors. In the bulk, it is manifested by the ap-
pearance of superconducting coherence peaks in the density of states
at finite energies. Interestingly, on the surface, we predict the emer-
gence of a pair of helical topological Dirac surface cones when the finite
energy pairing is odd-parity.

Finally, we propose aluminum in proximity with (111) surface of gold
to realize the bulk properties of finite energy pairing. We discuss the
pairing symmetry of the system by employing the density-functional
theory, and an analytical model based on the Bogoliubov-de Gennes
formalism. The signature of such a pairing gives important information
about the correct pairing symmetry of a superconductor.

15 min. break

TT 63.8 Fri 11:30 HSZ 103
Fragmented Cooper pair condensation in striped supercon-
ductors — eALEXANDER WIETEK — Max Planck Institute for the
Physics of Complex Systems, Nothnitzer Strasse 38, Dresden 01187,
Germany

Condensation of bosons in Bose-Einstein condensates or Cooper pairs
in superconductors refers to a macroscopic occupation of a few single-
or two-particle states. A condensate is called *fragmented* if not a
single, but multiple states are macroscopically occupied. While frag-
mentation is known to occur in particular Bose-Einstein condensates,
we propose that fragmentation naturally takes place in striped super-
conductors. To this end, we investigate the nature of the supercon-
ducting ground state realized in the two-dimensional t*t**J model. In
the presence of charge density modulations, the condensate is shown
to be fragmented and composed of partial condensates located on the
stripes. The fragments of the condensates hybridize to form an ex-
tended macroscopic wave function across the system. The results are
obtained from evaluating the singlet-pairing two-particle density ma-
trix of the ground state on finite cylinders computed via the density
matrix renormalization group method. Our results shed light on the
intricate relation between stripe order and superconductivity in sys-
tems of strongly correlated electrons.

TT 63.9 Fri11:45 HSZ 103
Superconductivity on the honeycomb lattice: A trun-
cated unity perspective — eMarTHEW BUNNEY!'2, JacoB
Bevyerb2, CarsTeN Honerkamp?, and STEPHAN RACHEL! —
1School of Physics, University of Melbourne, Melbourne, Australia —
2Theoretical Solid State Physics, RWTH Aachen University, Aachen,

Germany

The honeycomb lattice provides one of the simplest scenarios with
sublattice degrees of freedom. For Cooper pairing of electrons on this
lattice, this opens extensive and intricate opportunities of interplay
between the momentum space wavefunction, the electron spins and
the orbital (sublattice) dependencies. Recent advances and improve-

ments in truncated unity versions of the functional renormalization
group allows us to fully capture these phenomena. We thus revisit
the honeycomb Hubbard model and its electron pairing and density
wave instabilities. A particular emphasis is placed on the formation of
sublattice singlets and the resulting exotic pairing states.

TT 63.10 Fri 12:00 HSZ 103
A low-dimensional ML Surrogate Model for Critical Temper-

ature Prediction of Superconductors — e ANGEL Diaz CARRAL,

MARTIN RoiTecur Aronso!, and Maria Fyra? — llnstitute
for Computational Physics, Universitat Stuttgart, Allmandring 3,
70569, Stuttgart, Germany — 2Computational Biotechnology, RWTH-

Aachen University, Worringerweg 3, 52074, Aachen, Germany

A general theory of superconductivity has been the focus of research
over the last decades. Machine learning (ML) approaches based on
chemical and structural features have been developed in order to pre-
dict both the critical temperature (Tc) and potential novel supercon-
ducting structures. Nevertheless, the applied ML models lack inter-
pretability; either the feature matrix is reduced via SVD/PCA trans-
formations or augmented with statistical feature generation. Here,
we introduce a ML model based only on electronic descriptors derived
from the composition formula and the individual elements. We reach a
very high accuracy (R2 over 91%) using a considerably reduced descrip-
tor dimensionality, while retaining the physical meaning of the feature
space. Our active learning model is efficiently tested in predicting crit-
ical temperatures and links to the discovery of new superconducting
structures.

TT 63.11 Fri 12:15 HSZ 103
Ab initio study of magnetic doping in an Ising superconduc-
tor — eMoHAMMAD HEMMATI!, PHILIPP RUssMANND2, and STEFAN
BruGeL! — Peter Griinberg Institut and Institute for Advanced Sim-
ulation, Forschungszentrum Jiilich and JARA, Jiilich, Germany —
2University of Wiirzburg, Germany

The transition-metal dichalcogenide NbSes is a layered supercon-
ducting material that exhibits unconventional Ising superconductivity
that is particularly robust to certain directions of external magnetic
fields [1]. We combined the Bogoliubov-de-Gennes formalism in the
Korringa-Kohn-Rostoker Green function method with the Coherent
Potential Approximation [2,3], to study superconducting NbSes in the
presence of dilute concentrations of magnetic transition-metal impuri-
ties. The ab initio results show a suppression of superconductivity at
higher magnetic impurity concentration, which is in agreement with
the Abrikosov-Gorkov theory.

This work was funded by the Deutsche Forschungsgemeinschaft
(DFG, German Research Foundation) under Germany’s Excellence
Strategy * Cluster of Excellence Matter and Light for Quantum Com-
puting (ML4Q) EXC 2004/1 * 390534769.

[1] K. S. Novoselov et al., Science 353, aac9439 (2016)
[2] https://jukkr.fz-juelich.de
[3] P. Riiffmann and S. Bliigel, PRB 105, 125143 (2022)

TT 63.12 Fri 12:30 HSZ 103
Chiral surface superconductivity in half-Heusler semimet-
als — eTiLmMAN ScuweEMMER!, DomMmENIcO D1 SanTe?3, JoRG
ScumaLiaN?, and RonNy THomaLe! — lInstitute for Theoretical
Physics, University of Wuerzburg, D-97074 Wuerzburg, Germany —
2Department of Physics and Astronomy, University of Bologna, 40127
Bologna, Italy — 3CCQ, Flatiron Institute, New York, NY 10010, USA
— “Institute for Theory of Condensed Matter and Institute for Quan-
tum Materials and Technologies, KIT, Karlsruhe 76131, Germany

We propose the metallic and weakly dispersive surface states of half-
Heusler semimetals as a possible domain for the onset of unconven-
tional surface superconductivity ahead of the bulk transition. Using
density functional theory (DFT) calculations and the random phase
approximation (RPA), we analyse the surface band structure of LuPtBi
and its propensity towards Cooper pair formation induced by screened
electron-electron interactions in the presence of strong spin-orbit cou-
pling. Over a wide range of model parameters we find a chiral super-
conducting condensate featuring Majorana edge modes to be favoured
energetically, while low-dimensional order parameter fluctuations trig-
ger time-reversal symmetry breaking preceding the superconducting
transition.

TT 63.13 Fri 12:45 HSZ 103
Transport in superconducting heterostructures: Quasiclassi-
cal theory and finite element method — eKEevIN MArc SrejA
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and Tomas LOFwaNDER — Department of Microtechnology and
Nanoscience - MC2, Chalmers University of Technology, Gothenburg,
Sweden

We present results on steady-state transport in mesoscopic conven-
tional and unconventional superconductors coupled to either normal-
metal or superconducting reservoirs. Our self-consistent simulations
are using nonequilibrium quasiclassical theory in the Eilenberger for-
mulation which allows different order parameter symmetries at arbi-
trary mean free path. Previously we investigated the thermoelectric
effect[1] and spectral rearrangements due to a voltage bias[2] in d-
wave superconductors. These studies on nonequilibrium effects as-
sumed translational invariance normal to the transport direction.
This talk will address the question of how to go beyond such quasi
one-dimensional models and study superconducting hybrid structures
in realistic device geometries. To this end we present a finite element
method[3] for the self-consistent solution of the underlying quasiclas-
sical transport equations in dimensions larger than one, and give ex-
amples of its application.
[1] Seja & Loéfwander, Phys. Rev. B 105, 104506 (2022)
[2] Seja & Lofwander, J. Phys.: Condens. Matter 34, 425301 (2022)
[3] Seja & Lofwander, Phys. Rev. B. 106, 144511 (2022)

TT 63.14 Fri 13:00 HSZ 103
Nonlinear response of diffusive superconductors to ac electro-
magnetic Fields — ePascalL DERENDORF, ANATOLY VOLKOV, and
Iuya EREMIN — Institut fiir Theoretische Physik III, Ruhr-Universitat
Bochum, Bochum, Germany

Using the generalized Usadel equation, we theoretically study the non-
linear response of a diffusive BCS superconductor to the action of elec-
tromagnetic fields. The response is found in the second order of the
perturbation in the amplitude of the field E for the superconducting or-
der parameter A and in the third order for the current j. We represent
the matrix Keldysh function 3% as the sum of a regular function §m¢9
and an anomalous function §*™. On the basis of this approach, general
formulas for deviations of the retarded (advanced) Green’s functions,
as well as the Keldysh function for an arbitrary number of harmonics
of the incident field are explicitly obtained. The frequency and tem-
perature dependencies of zero harmonic dAg (Eliashberg effect) and
the second harmonic §Asn under action of a monochromatic irradi-
ation are analyzed. We also study the third harmonic j3n and the
possibility of parametric amplification of a signal with a frequency Qg
in the presence of a pumping with a frequency 2 which excites the
Higgs (amplitude) mode.



