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TT 5: Nickelates |

Time: Monday 9:30-13:15

TT 5.1 Mon 9:30 H 3007
Theory of magnetic excitations in bilayer nickelate super-
conductor LagNioO7 — eSTEFFEN BOTZEL, FRANK LECHERMANN,
JanNNIK GonpoLrr, and IyA EREMIN — Ruhr-Universitdt Bochum,
theoretische Physik III, Bochum, Germany

Motivated by the recent reports of high-T. superconductivity in
La3zNizO7 under pressure, we analyzed theoretically the magnetic exci-
tations in the normal and the superconducting state in this compound,
which can be measured by inelastic neutron scattering. We show that
the bilayer structure of the spin response allows to elucidate the role
of the interlayer interaction and the Cooper-pairing in a very efficient
way. In particular, we demonstrate the key difference between the
potential s+ and d-wave gaps, discussed recently, by comparing the
corresponding response in the even and odd channels of the spin sus-
ceptibility. We show that mostly interlayer driven s+ Cooper-pairing
produces a single large spin resonance peak in the odd channel near
the X point whereas several resonances are predicted for the d-wave
scenario.

TT 5.2 Mon 9:45 H 3007
Electronic correlations and superconducting instability in
LazNizO7 under high pressure — FRANK LECHERMANN, @ JANNIK
GonNDpoLF, STEFFEN BOTzEL, and InyaA M. ErREMIN — Institut fir
Theoretische Physik III, Ruhr-Universitdt Bochum, D-44780 Bochum,
Germany

Motivated by the report of superconductivity in bilayer LagNi2O7 at
high pressure, we examine the interacting electrons in this system.
First-principles many-body theory is utilized to study the normal-
state electronic properties. Below 100K, a multi-orbital non-Fermi
liquid state resulting from loss of Ni-ligand coherence within a flat-
band dominated low-energy landscape is uncovered. The incoherent
low-temperature Fermi surface displays strong mixing between Ni-d 2
and Ni-d,2_, 2 orbital character. In a model-Hamiltonian picture, spin
fluctuations originating mostly from the Ni-d 2 orbital give rise to
strong tendencies towards a superconducting instability with Bi4 or
Bag order parameter. The dramatic enhancement of T¢ in pressurized
LagNi2O7 is due to stronger Ni-d > correlations compared to those in
the infinite-layer nickelates.

TT 5.3 Mon 10:00 H 3007
Superconductivity in high-pressure La3zNi2O7; — ePascaL
Ress!, Minu Kim!, Runze Zuang!, PascarL PupHAL!, MATTHIAS
Hepring!, Kerra Masaki?, Kentaro Kitacawa?, BERNHARD
Kemer!, and Hipenorr Takacib23 — 1Max Planck Institute for
Solid State Research, 70569 Stuttgart, Germany — 2Department
of Physics, The University of Tokyo, Bunkyo, Tokyo, Japan —
3Institute for Functional Matter and Quantum Technologies, Univer-
sity of Stuttgart, Germany

The recent observation of high-temperature superconductivity in
La3zNi2O7 under high pressures represents a remarkable discovery.
However, superconductivity appears very fragile, and reports so far
have differed greatly regarding the observation of a zero-resistance
state, pressure range required, and the nature of the normal state.

In this talk, we will present our own high-pressure investigations of
single crystal and powder LagNigO7 samples and we will discuss sev-
eral implications regarding the nature of the superconducting phase.

TT 5.4 Mon 10:15 H 3007
Investigation of Superconducting Phase in Polycrystalline
LagNizO7_s — eRuNze Zuanc!, Yuicuiro Suirok1?, MINU
Kim!, Pascar Rriss!, and Hipenorr Takaci!?3 — 1Max Planck
Institute for Solid State Research, 70569 Stuttgart, Germany —
2University of Tokyo, Tokyo 113-0033, Japan — 3Institute for Func-
tional Matter and Quantum Technologies, University of Stuttgart,
70569 Stuttgart, Germany

The recent discovery of superconductivity in Ruddlesden-Popper (RP)
nickelate LazNigO7 under pressure has attracted significant research
attention. However, the exact phase that facilitates this superconduc-
tivity remains unidentified, partly due to the complexities in managing
RP stacking faults in single crystals. To address this issue, we present
a comprehensive growth study focusing on identifying the potential
superconducting phase using high-quality pure-phase polycrystalline

Location: H 3007

La3NigO7_s samples. The implications on the critical role of oxygen
deficiency will be discussed.

TT 5.5 Mon 10:30 H 3007
Correlated electronic structure of LazNi2O7 under pressure
— oVIkTOR CHRISTIANSSON!, FRANCEsco PEToccHI?, and PHILIPP
WERNER! — 1University of Fribourg, Switzerland — 2University of
Geneva, Switzerland

The report of superconductivity with a record T, for nickelates in bulk
samples of bilayer LagNiaO7 (up to 78 K at pressures above 14 GPa)
sets the stage for a continued interest in the nickelate superconduc-
tors. An important theoretical task is therefore to formulate a relevant
model to describe this system, and to clarify its normal state proper-
ties. Here, we discuss the correlated electronic structure of the high-
pressure phase for a minimal four-orbital low-energy subspace using
different many-body approaches: GW, dynamical mean field theory
(DMFT), extended DMFT (EDMFT), and GW+EDMFT.

We focus mainly on the nonlocal correlation and screening effects
captured by GW-+EDMFT which result in an instability towards
the formation of charge stripes for the experimentally reported high-
pressure F'mmm structure, with the 3d,2 as the main active orbital.
While charge ordering has been found experimentally in the low-
pressure phase, it is suppressed under application of pressure. We
comment on this in relation to the crystal structure and possible rare-
earth self-doping, since hole doping suppresses the ordering tendency
in our model.

15 min. break

TT 5.6 Mon 11:00 H 3007
Critical role of interlayer dimer correlations in the supercon-
ductivity of La3NizO7; — eSieoN Ryee!, NikLas Wirrh?2, and
T WEHLING!2 — Universitit Hamburg, Hamburg, Germany —
2The Hamburg Centre for Ultrafast Imaging, Hamburg, Germnay

The recent discovery of superconductivity in LagNisO7 with T, ~ 80 K
under high pressure opens up a new route to high-7¢ superconductivity.
This material realizes a bilayer square lattice model featuring a strong
interlayer hybridization unlike many unconventional superconductors.
A key question in this regard concerns how electronic correlations
driven by the interlayer hybridization affect the low-energy electronic
structure and the concomitant superconductivity. Here, we demon-
strate using a cluster dynamical mean-field theory that the interlayer
electronic correlations (IECs) induce a Lifshitz transition resulting in
a change of Fermi surface topology. By solving an appropriate gap
equation, we further show that the dominant pairing instability (in-
traorbital s-wave/interorbital d2_,2-wave) is enhanced by the IECs.
The underlying mechanism is the quenching of a strong ferromagnetic
channel, resulting from the Lifshitz transition driven by the IECs. Our
finding establishes the role of IECs in LagNi2O7 and potentially paves
the way to designing higher-T¢ nickelates.

TT 5.7 Mon 11:15 H 3007
Synthesis of bulk Rare Earth Nickelates from infinite-
layer to Ruddlesden-Popper — ePascaL PupHAL!, VIGNESH
SUNDARAMURTHY!, VALENTIN ZIMMERMANN!, Yu-Mi Wul, Y.
EREN SuvoLcul, BiSrRN WEHINGER2, MAsAHIKO IsoBE!, BERNHARD
KeimvMer!, and MarTHias HEpTING! — Max Planck Institut fiir Fes-
tkorperforschung, Heisenbergstrafe 1, D-70569 Stuttgart, Germany —
2European Synchrotron Radiation Facility, 71 Avenue des Martyrs, F-

38043 Grenoble, France

Recently, rare-earth nickel oxides have emerged as a new class of un-
conventional superconductors. Where two types of structures have
drawn particular interest. The first type comprises nickelates with
the infinite-layer crystal structure which only exists via topochemical
synthesis, such as Ndg.gSrg.2NiOg2, showing superconducting transi-
tion temperatures T. up to 20 K. The second type falls in to the
Ruddlesden-Popper phase nickelates, where LazNiaO7 under hydro-
static pressure manifests a remarkably high Curie temperature T of
80 K. Despite these promising observations, the possibly distinct mech-
anisms driving the superconductivity in these two types of nickelates
are not yet fully understood. In my talk I will show limitations in
the doping and ways out of this issue via topochemistry for the first
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class of nickelates. We recently observed that the second class exhibits
multiple crystallographic phases and a pronounced sensitivity to oxy-
gen stoichiometry. Here, I will show how they affect their physical
properties and superconducting mechanism.

TT 5.8 Mon 11:30 H 3007
Synthesis and characterization of electron-doped nickelate
single crystals — oVIGNESH SUNDARAMURTHY, PascaL PuPHAL,
MasaHIKO IsoBE, BERNHARD KEIMER, and MarTHIAS HEPTING —
Max-Planck-Institut fiir Festkorperforschung, Stuttgart, Deutschland

Transition metal oxides with their strong interplay between the lat-
tice, spin and charge degrees of freedom exhibit a plethora of inter-
esting properties. One example are perovskite rare-earth nickelates
that show electronic and magnetic ground states, tunable via change
of structural parameters and charge carrier doping. Substitution of
the rare-earth site by tetravalent Ce ions serves this purpose, poten-
tially leading to novel physical properties. However, the single crystal
growth of these highly distorted and electron-doped nickelates is chal-
lenging [1], which will be elaborated in this talk. Furthermore, we will
present initial results of topotactic reductions of Ce-substituted nicke-
lates, aiming for the realization of single crystals with the infinite-layer
structure that are isostructural and isoelectronic to superconducting
cuprates.

[1] P. Puphal, V. Sundaramurthy et al., APL Mater. 11 2023) 081107

TT 5.9 Mon 11:45 H 3007

Orbital imaging of Ni3d states in the infinite-layer

nickelate LaNiO; — eEpcar ABARcCA MoRALEs!, VIGNEsH
2 1

SUNDARAMURTHY?2, GEORG POELCHEN!, MARTIN SUNDERMANND3,
HLyNUR GRETARSSON:3, PascaL PHuPAL?, MarTHIAS HEPTINGZ,
Hao Tienc!, and BeriT GoopGe! — MPI for Chemical Physics
of Solids, Dresden, DE — 2MPI for Solid State Research, Stuttgart,

DE — 3DESY, Hamburg, DE

The motivation for comparing nickelates and cuprate high-T,. super-
conductors has been strongly justified by the discovery of supercon-
ductivity in doped infinite-layer NdNiOz [1], which is isostructural and
with the same electron count (3d”) as the cuprate analogue. However,
apart from the considerable lower T, in the nickelate, recent stud-
ies have shown that its electronic structure differs significantly from
the cuprate [2-4]. Hence, direct observation of the nickelate electronic
structure has become of central need. Orbital imaging through non-
resonant inelastic x-ray scattering (sNIXS) has been recently used to
directly probe the ground state of Ni in NiO [5]. Here we employ sNIXS
to reveal the charge density around the Ni-site in LaNiOg, proving that
the 3d hole structure is compatible with having an e, symmetry. More-
over, we show that sNIXS is ideal to probe the ground state of other
nickelates if efforts are taken towards the synthesis of single-crystalline
samples.

[1] D. Li et al., Nature 572 (2019) 624

[2] M. Hepting et al., Nat. Mater. 19 (2020) 381

[3] B.H. Goodge et al., PNAS 118 (2021) €2007683118

[4] H. Lu et al., Science 373 (2021) 213

[5] H. Yavas et al., Nat. Phys. 15 (2019) 559

TT 5.10 Mon 12:00 H 3007

Strong orbital- and momentum-dependent correlation effects

in an infinite-layer NdNiO; — eEVGENY STEPANOV!, MATTEO
VANDELLIZ, ALEXANDER LICHTENSTEIN?, and FRANK LECHERMANN3
— !Ecole polytechni Iy — 2Universitdt Hamb G

cole polytechnique, France niversitdt Hamburg, Germany

— 3Ruhr-Universitit Bochum, Germany

Layered nickel-oxide compounds have garnered significant attention
since the discovery of superconductivity in this class of materials. The
physical properties of layered nickelates originate from a complex in-
terplay between strong local Coulomb correlations, spatial collective
electronic fluctuations, orbital degrees of freedom, and a non-trivial
band structure. Until now, even the most advanced numerical calcula-
tions could not account for all these important effects simultaneously.

In this talk we present results of accurate many-body D-TRILEX
calculations for the layered NdNiO2 compound at stoichiometry and
upon hole doping [arXiv:2311.09983 (2023)] performed in the frame-
work of an ab-initio three-orbital model. Our calculations demonstrate
that both spatial collective electronic fluctuations and orbital degrees
of freedom are equally important. Considering both these effects in
a self-consistent manner results in a strong momentum- and orbital-
dependent renormalization of the electronic spectral function. This
renormalization favors the formation of the charge density wave order-

ing, which originates from the intraband correlations within the Ni-d 2
orbital. We also find that the system displays strong antiferromagnetic
fluctuations that stem from the Ni-d,2_, 2 orbital.

TT 5.11 Mon 12:15 H 3007
Charge-density wave in infinite-layer nickelates — THARATHEP
PLIENBUMRUNG!, JEAN-BAPTISTE MOREEZ, ANDRZEJ M. OLEs?, and
eMariA DacHOFER! — 1FMQ, University of Stuttgart, Germany
— 2Waseda University, Tokyo, Japan — 3Jagiellonian University,
Krakow, Poland

‘We use the constrained random-phase approximation to derive a two-
band model for infinite-layer nickelates. We find that a large variety of
orbital wave functions lead to similar bands, but take particular care
to arrive at a converged solution. The effective model then turns out
to feature substantial long-range Coulomb interactions within and be-
tween bands. We next turn to the random-phase approximation and
a variant of the variational cluster approach to investigate the effec-
tive model. In the variational cluster approach, interactions within the
cluster are taken into account exactly, while those connecting clusters
have to be decoupled in a mean-field approach. We find that the in-
clusion of inter-site Coulomb interactions tends to suppress long-range
antiferromagnetism while favoring a charge-density wave. We find a
charge pattern with periodicity of three sites, consistent with recent
experimental results.

TT 5.12 Mon 12:30 H 3007
Feshbach resonances in cuprate and nickelate high-Tc su-
perconductors — eFaBiaN GruspTh2, ANNABELLE BoOHRDT?3,
Luxkas Homeier"?, Hannae Lance!?# HenNING SCHLOEMER!Z,
ULricH ScHoriwoeck>2, and EuGeENE DEMLER® — !Department
of Physics and Arnold Sommerfeld Center for Theoretical Physics
(ASC), Ludwig-Maximilians-Universitdt Miinchen, Theresienstr. 37,
Miinchen D-80333, Germany — 2Munich Center for Quantum Science
and Technology (MCQST), Schellingstr. 4, D-80799 Miinchen, Ger-
many — 3University of Regensburg, Universititsstr. 31, Regensburg
D-93053, Germany — *Max-Planck-Institute for Quantum Optics,
Hans-Kopfermann-Str.1, Garching D-85748, Germany — ®Institute for
Theoretical Physics, ETH Zurich, 8093 Ziirich, Switzerland

Experimental advances in solids, quantum simulators, and numerical
techniques allow unprecedented microscopic studies of the structure
of strongly correlated quantum matter. Taking advantage of these
achievements, we present evidence for the existence of a Feshbach res-
onance in Hubbard and t-J models commonly used to model cuprate
and nickelate compounds. In a 2d square lattice, we show that attrac-
tive d-wave interactions between magnetic-polaron charge carriers are
mediated through coupling to a near-resonant bosonic paired state of
two holes. We present a closely related Feshbach picture for the bi-
layer nickelate superconductors under pressure, described by a mixed-
dimensional t-J model. As an outlook we describe how higher critical
temperatures can be reached, including in ultracold atom experiments
that have previously observed strong pairing mixed dimensions.

TT 5.13 Mon 12:45 H 3007
Probing the pairing symmetry of superconducting nickelates
through electron irradiation induced disorder — eABHISHEK
Rannal, MicnaL Moravic!:2, Romain GrasseT?, Kyuno LEee?,
Bar Yane Wanag?, Marcin Konczykowskr®, HARoLD Y. Hwanc?,
ANDREW P. Mackenzie! 2, and BeriT H. Goopce! — 'Max Planck
Institute for Chemical Physics of Solids, Germany — 2University of St.
Andrews, UK — 3LSI, Ecole Polytechnique, France — 4Stanford Uni-
versity, USA

Superconducting infinite-layer nickelates were experimentally realized
two decades after their theoretical prediction, generating significant
interest for being isoelectronic to the 3dY superconducting cuprates.
Despite similarities between their phase diagrams, key distinctions in
electronic landscapes and hybridizations have been identified. Direct
investigations to probe the fundamental superconducting properties
using photoemission spectroscopy and single-particle tunneling exper-
iments have so far proved challenging due to the thin film geometry and
surface degradation caused during ez situ topotactic reduction. We
employ high-energy electron irradiation to controllably and systemat-
ically induce disorder, thereby examining the impact of pair-breaking
defects on the superconductivity which can help elucidate the nature
of the superconducting gap symmetry. Here, we present our initial
findings on the evolution of electronic properties such as the supercon-
ducting transition temperature and residual resistivity with increasing
disorder to shed light on the pairing symmetry and electronic behaviour
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of the infinite-layer nickelates.

TT 5.14 Mon 13:00 H 3007
Strain engineering of superconducting infinite-layer nicke-
lates — eBeRIT Goopcel2, DAN FERENC SEGEDIN?, GRACE PAN3,
CuARLES Brooks3, Juria Munpy?, and LEna Kourkoutis! —
LCornell University, Ithaca, USA — 2Max Planck Institute CPfS, Dres-
den, Germany — 3Harvard University, Cambridge, USA

The superconducting monovalent layered nickelates demonstrate a key
example of successful materials prediction and design based on prox-

imity to a related system, namely the superconducting cuprates. The
metastable nickel valence corresponding to the requisite electronic con-
figuration, however, results in a complex synthetic route to stabilize
these compounds involving high-quality thin film synthesis of higher-
valent nickelate epitaxial thin films followed by topotactic chemical
reduction to the desired square-planar phase. This two-step processes
introduces competing epitaxial strain states in the precursor and tar-
get phases, which present both immense challenges as well as unique
possibilities to leverage these strain interactions for bespoke tuning of
the resulting film structure. Here we discuss both the limits to and
possibilities for strain engineering in superconducting nickelates.



