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TT 3: Complex Oxides: Bulk Properties (joint session TT/MA/HL)

Time: Monday 9:30-13:00

TT 3.1 Mon 9:30 HSZ 201
Single-crystal growth and magnetic phase diagram of
TbFeO3; — eALEXANDER ENGELHARDT!, GEORG BENKA!, CHRIS-
TIAN OBERLEITNER!, ANDREAS BAUER!, ANDREAS ERrB2, and CHRIS-
TIAN PFLEIDERER! — !Physik Department E51, Technische Uni-
versitat Miinchen, 85748 Garching, Germany — 2Walther-Meifner-
Institut, Walther-Meifner-Str. 8, 85748 Garching, Germany

Single crystals of the multiferroic rare earth orthoferrite ThFeOs were
synthesized by means of optical float-zoning. The magnetization, the
longitudinal and the transverse ac susceptibility, as well as the specific
heat were measured at low temperatures under large applied magnetic
fields to determine the complex, anisotropic magnetic phase diagram of
TbFeOs along the three major crystallographic axes. Taken together,
our data are consistent with previous studies reported in the litera-
ture. As a new result we identify clear evidence in the bulk properties
of the formation of a soliton lattice in a small temperature range, so
far observed by means of neutron scattering only.

TT 3.2 Mon 9:45 HSZ 201
Melting of excitonic dispersion in LaCoO3: theory and exper-
iment — Arsusar Hariki!, Ru-PaN Wang?2, ANDRII SoTNIKov!:3
Keisuke Tomrvasu?, Davipe Berro®, Nicuoras B. BROOKES®,
Youer UEMURAZ, MaHNAzZ Griasi?, Frank M. F. pe Groort?,
and eJaN Kungesh® — llnstitute of Solid State Physics, TU Wien
— 2Debye Institute for Nanomaterials Science, Utrecht University —
3 Akhiezer Institute for Theoretical Physic, Kharkiv — *Department
of Physics, Tohoku University — ®European Synchrotron Radiation
Facility, Grenoble — SInstitute of Physics, Czech Academy of Sciences

)

We present Co Lz-edge resonant inelastic x-ray scattering (RIXS) on
bulk LaCoO3 across the thermally-induced spin-state crossover around
100 K. Owing to a high energy resolution of 20 meV, we observe un-
ambiguously the dispersion of the intermediate-spin (IS) excitations
in the low temperature regime. Approaching the intermediate tem-
perature regime, the IS excitations are damped and the bandwidth
reduced. The observed behavior can be well described by a model of
mobile IS excitons with strong attractive interaction, which we solve
using dynamical mean-field theory for hard-core bosons. Our results
provide a detailed mechanism of how HS and IS excitations interact to
establish the physical properties of cobaltite perovskites.

TT 3.3 Mon 10:00 HSZ 201
Spin Selective Quasi-Particle Interference in PdCoO; —
eDIiBYASHREE CHAKRABORTIMZ, Cur Ming Yim!, Luke Ruobgs!,
SeuNcHYUN KuiM2, ANDREW MackeNziED2) and PETER WanL! —
1School of Physics and Astronomy, St. Andrews, Scotland, United
Kingdom, KY169SS — ?Max Planck Institute of Chemical Physics of

Solids, Noethnitzer Strasse, Dresden -01187

The metallic delafossite PACoO2, which is among the most conduc-
tive oxides currently known (at 295 K) [1], has risen to prominence
due to interesting physical effects, such as unusually long mean free
paths, leading to hydrodynamic effects being observed in electron
flow [2]. Further, recent Angle Resolved Photoemission Spectroscopy
(ARPES) studies have reported exciting surface-physics on the CoOa2-
terminated surface. The CoOg surface shows evidence of large Rashba
spin-splitting, arising from the interplay of energy scales due to strong
spin orbit coupling and inversion symmetry breaking at the surface. [3].
In this study, we have identified and investigated the CoO2 termina-
tion of PdCoO2 with low temperature Scanning Tunneling Microscopy
(STM). We present and discuss the quasi-particle interference imaging
of the Rashba spin-split surface state, and the implications for possible
spintronics applications.

[1] C.W. Hicks et al., Phys. Rev. Lett. 109, 116401 (2012)

[2] P.J.W. Moll et al., Science 351, 1061 (2016)

[3] V. Sunko et al., Nature 549, 492 (2017)

TT 3.4 Mon 10:15 HSZ 201
Interplay of Electronic and Spin Degrees in Ferromag-
netic SrRuO3: Anomalous Softening of the Magnon Gap
and Stiffness — eKEvIN JENNI!, STEFAN KUNKEMOLLER!, DANIEL
Broning!, THoMAs LoreNz!, YVaN Sipis?, ASTRID SCHNEIDEWIND?,

AvcusTiNus AcuNcg NuaroHo?, AcHiM RoscH®, DANIL ILJITSCH
Kunowmskir!, and Markus Brapen! — !I. Physikalisches Institut,

Location: HSZ 201

Universitit zu Koln, Deutschland — 2Laboratoire Leon Brillouin,
Grenoble, Frankreich — 3JCNS, Forschungszentrum Jiilich, Garching,
Deutschland — 4Institut Teknologi Bandung, Indonesien — ®Institut
fiir Theoretische Physik, Universitat zu Koln, Deutschland

We succeeded to grow large single crystals of SrRuOs using the
floating-zone technique [1,2]. The first inelastic neutron scattering
study of the spin dynamics on single crystals yields the expected
quadratic spin wave dispersion of a ferromagnet. However the magnon
gap and stiffness considerably deviate from an earlier inelastic neutron
scattering study on powders [3]. In addition we find a non-monotonous
temperature dependence of the anisotropy gap and a softening of the
magnon stiffness upon cooling. We discuss how Weyl points caused by
SOC in SrRuO3 couple electronic and spin degrees of freedom and how
this interplay leads to the characteristic behavior in the spin dynamics
[4].

[1] S. Kunkemdller et al., Chrys. Res Tec. 51, 299 (2016)

[2] S. Kunkemdller et al., PRB 96, 220406(R) (2017)

[3] S. Itoh et al., Nat. Commun. 7, 11788 (2016)

[4] K. Jenni et al., Phys. Rev. Lett. 123, 017202 (2019)

TT 3.5 Mon 10:30 HSZ 201
CasRuOy4: DFT + DMFT study of the magnetic order and
dynamical susceptibility — eDoMINIQUE GEFFROY!2, Kyo-HooN
Ann', Hosuin Gong?, and JaN Kungs!:3 — 1TU Wien, Vienna, Aus-
tria — 2Masaryk University, Brno, Czech Republic — 3Czech Academy
of Science, Prague, Czech Republic — *Max Planck POSTECH /Korea
Research Initiative, Pohang, Korea

Relativistic Mott insulators are complex compounds in which spin and
orbital degrees of freedom become entangled due to a large spin-orbit
coupling. Previous studies, both experimental and theoretical[l, 2],
have shown that they are good candidates for novel forms of order,
including excitonic magnetism[3]. We report results on the theoret-
ical study of the prototypical relativistic Mott insulator CagRuOg.
We use a realistic ab initio DFT + DMFT approach including SU(2)
Coulomb interaction and spin-orbit coupling. The emergence of anti-
ferromagnetic order at low temperature is correctly described. We
present and discuss the spectra of the the collective modes in the or-
dered phase within the DMFT approximation.

[1] Jain et al., Nat. Physics 13, 633 (2017)

[2] G. Zhang and E. Pavarini, Phys. Rev. B 95, 075145 (2017)

[3] A. Akbari and G. Khaliullin, Phys. Rev. B 90, 035137 (2014)

TT 3.6 Mon 10:45 HSZ 201
LDA+DMFT Approach to Resonant Inelastic X-Ray Scat-
tering in Rare-Earth Nickelates — eMarnias WINDER!, ATSUSHI
Harixi!, and Jan Kungs!2 — lInstitute of Solid State Physics, TU
Wien, 1040 Vienna, Austria — 2Institute of Physics, Czech Academy
of Sciences, Na Slovance 2, 182 21 Praha 8, Czechia

We present a computational study of L-edge resonant inelastic x-
ray scattering (RIXS) across the metal-insulator transition (MIT) of
LuNiO3s. We apply exact diagonalization to a material specific An-
derson impurity model with a by DMFT obtained hybridization func-
tion. In contrast to other available methods, this approach enables us
to describe simultaneously localized (d-d) and delocalized (unbound
electron-hole pair) excitations in the RIXS spectra. We reproduce the
experimentally observed behaviour of fluorescence-like and Raman-like
features across the MIT and provide its material specific interpretation.

TT 3.7 Mon 11:00 HSZ 201
Interplay of electronic correlations, charge disproportiona-
tion and lattice in RNiO3 nickelates with R = Lu, Y, and Bi
— olvan LeoNov — M. N. Mikheev Inst. of Metal Physics, Yekater-
inburg, Russia — NUST ’MISiS’, Moscow, Russia

In recent years, increasing attention has been drawn to the under-
standing of the rare-earth-element nickelate perovskites RNiO3, which
exhibit a sharp metal-insulator transition (MIT). The MIT is accom-
panied by a structural phase transformation, complicated by the ap-
pearance of unusual charge order and non-collinear magnetic phases
in the Mott insulating regime. Here, I will focus on this particular
problem and will discuss an application of the DFT+DMFT method
to explore the electronic structure, magnetic and lattice properties of
a series of RNiOg3 nickelates with R = Lu, Y, and Bi. I will discuss our
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results for the pressure-induced Mott MIT in RNiOgs, which is found to
be accompanied by a structural transformation. While the rare-earth
and Bi RNiOgs are closely related in their electronic state and crystal
structure, these materials exhibit sufficiently different electronic prop-
erties. Our results for BiNiO3 suggest the important role of the Bi 4s
charge ordering (charge difference of ~0.52 electrons), with a charge
transfer between the Bi 4s and O 2p states and a stable Ni%*t config-
uration, for understanding of the MIT in BiNiOgz [1]. We find that
electronic correlations are important to explain the electronic struc-
ture, magnetic state, and lattice stability of RNiO3 (R = Lu, Y, and
Bi).

[1] I. Leonov et al., Phys. Rev. B 100, 161112(R) (2019).

15 min. break.

TT 3.8 Mon 11:30 HSZ 201
Origin of orbital ordering in LaTiO3 and YTiO3 — eXUEJING
7ZuaNG and Eva Pavarint — Institute for Advanced Simulation,
Forschungszentrum Jiilich, D-52425 Jiilich, Germany

The origin of orbital ordering (OO) in correlated oxides is strongly
debated. Two main mechanisms have been proposed as possible expla-
nation for OO phenomena. The first is the classical Jahn-Teller effect
and the second is the electronic super-exchange, introduced by Kugel-
Khomskii. In the case of the paradigmatic ey systems KCuF3 and
LaMnOj it has been shown that the electronic Kugel-Khomskii mech-
anism is not sufficient to drive the OO transition alone, at the temper-
atures at which orbitally order is typically observed by the co-operative
Jahn-Teller distortion.[1,2] In the case of t24 compounds, however, the
problem remains open. In these systems both the electron-lattice cou-
pling and the hopping integrals are typically smaller than those for
eg compounds; on the other hand, orbital degeneracy is larger, which
enhances the effects of super-exchange. Here we investigate representa-
tive t%g systems in which OO is observed, the Mott insulators LaTiO3
and YTiO3. We show that the Kugel-Khomskii transition tempera-
ture is about 390 K, comparable to the one of KCuF3. This shows
that static distortions are needed to explain the presence of OO at
high temperature.

[1] E. Pavarini, E. Koch and A. I. Lichtenstein, Phys. Rev. Lett. 101,
266405 (2008).

[2] E. Pavarini and E. Koch, Phys. Rev. Lett. 104, 086402 (2010).

TT 3.9 Mon 11:45 HSZ 201
Charge transport in oxygen-deficient EuTiOs: The emerg-
ing picture of dilute metallicity in quantum-paraelectric
perovskite oxides — eJonanNeEs ENGELMAYER!, Xiao Lin',
CurisTorH Grawms!, RaPHAEL GERMAN', Tobias FRrouLicu!,
Joacuim HeMmBERGER!, KaAMRAN BruNIAZ, and Thnomas Lorenz!
— 1. Physikalisches Institut, Universitit zu Koln, Germany —
2Laboratoire Physique et Etude de Matériaux, PSL Research Univer-
sity, 75005 Paris, France

Quantum paraelectric SrTiO3 is a large-gap band insulator that be-
comes metallic upon electron doping already at extremely small charge-
carrier concentrations ~ 5 x 1017cm™3. The observed T2 resistivity
in this material challenges conventional theories for electron—electron
scattering. We report on a study of charge transport in the related
compound EuTiO3 where the carrier density is tuned via reduction.
Because of a lower electric permittivity, the metal-insulator transition
(MIT) in EuTiO3z_s occurs at higher carrier densities compared to
doped SrTiO3. The critical carrier concentration nc for the MIT is
discussed in the context of the so-called Mott criterion and compared
with other doped perovskite compounds with a quantum-paraelectric
parent. Similar to doped SrTiOs, EuTiO3_s shows a distinct AT?
resistivity, where the prefactor A scales with n. Using a simple three-
band model, the A(n) behavior in doped perovskite titanates can be
described over a large range of n.

Funded by DFG via CRC1238 and via ANR-DFG LO 818/6-1 and
HE 3219/6-1.

TT 3.10 Mon 12:00 HSZ 201

Magnetic Phase diagram and thermal expansion studies
of NiTiO3 — eKaustav DEv!, SVEN SAUERLAND!, JOHANNES
WERNER!, RABINDRANATH Bac2, SurJEET SINGHZ, and RUDIGER
KLINGELER! — 1Kirchhoff Institute of Physics , Heidelberg Univer-

sity, Germany — 2IISER Pune, Maharashtra, India

We report the magnetic phase diagram of S = 1 magnetodielectric
NiTiOs3 single crystals grown by the optical floating zone technique.

The high-quality single crystals have been studied by specific heat,
by magnetometry up to 60 T, and by thermal expansion and mag-
netostriction measurements up to 15 T, respectively. The compound
evolves long-range antiferromagnetic order at Ty = 22.5 K with spins
lying in the ab—plane. Pronounced anomalies in the thermal expan-
sion coefficients (a;, (i = a,b)) at Tx indicate strong magnetoelastic
coupling in NiTiO3. Magnetic length and entropy changes as detected
by a and c¢p obey Griineisen scaling which evidences one dominant
(spin) degree of freedom driving the transitions. In addition, the mag-
netic phase diagram features a spin-reoriented phase below B, = 1.2 T
which suggests the presence of a small in-plane anisotropy. Notably,
spin-reorientation is associated with a first-order-like anomaly in the
magnetostriction. The high-field behavior of magnetization is linear
and isotropic with saturation at 36 T thereby facilitating constructing
the entire magnetic phase diagram.

TT 3.11 Mon 12:15 HSZ 201
Low-Energy Excitations in NiTiO3 and Nig.25Mng 75TiO3
Probed by Antiferromagnetic Resonance — eMARTIN JONAK,
KausTav DEY, JoHANNES WERNER, CHANGHYUN Koo, and RUDIGER
KLINGELER — Kirchhoff Institute of Physics, Heidelberg University,
Heidelberg, Germany

We study magnetic excitations in NiTiO3 and Nig.25 Mng 75 TiO3 by
means of X-band and high-frequency electron spin resonance spec-
troscopy. Our data for NiTiO3 show that in the antiferromagneti-
cally ordered and spin-reoriented phase, i.e. below T and in external
magnetic fields above the spin-reorientation field B¢ = 1.13(8) T,
antiferromagnetic resonance (AFMR) modes are well described by
a two-sublattice model with an easy ab-plane. Correspondingly,
two zero-field excitation gaps are deduced at A; ~ 15 GHz and
Ao = 185(2) GHz, respectively. At B < Bg, an additional magnon
mode is observed, which rules out a simple two-sublattice model,
thereby contradicting the presently established picture of the low-field
ground state. The strongly Mn-doped Nig.25Mng.75TiO3 exhibits at
least two antiferromagnetically ordered phases. The low-temperature
phase shows AFMR modes of a two-sublattice antiferromagnet with
anisotropy gaps A1 = 29(1) GHz and Ay = 139(3) GHz.

TT 3.12 Mon 12:30 HSZ 201
Electronic transformations in the semi-metallic transi-
tional oxide MogOg23 — eVENERA NASRETDINOVA!, YAROSLAV
GERASIMENKO!2, JERNEJ MRAVLIEZ, GIANMARCO GATTI®, PE-
TRA Sutar?, Damian Sverinb2, ANTOoN MEDEN?, VIKTOR
KaBanov?, ALEXANDER KunTsevicn® % Marco Griont?, and Dra-
GAN MinaiLovich?2 — T'CENN Nanocenter, Ljubljana, Slovenia —
2J8SI, Ljubljana, Slovenia — 3Institute of Physics, EPFL, Lausanne,
Switzerland — 4University of Ljubljana, Slovenia — SLPI of RAS,

Moscow, Russia — SHSE, Moscow, Russia

MogO23 is a low-dimensional stoichiometric transitional metal oxide
from MoOs_, family. Its room-temperature phase associated with
charge density wave (CDW) is accompanied by non-monotonic resis-
tivity at low temperatures well below structural transitions. Using
tunneling and angle-resolved spectroscopy, transport measurements
and density functional calculations we reveal electronic transforma-
tions leading to a multi-band correlated ground state [1, 2]. We observe
the metal-to-insulator transition at 343 K in resistivity, consistent with
CDW onset. At low temperatures, the picture with the only CDW or-
der parameter is broken by the onset of the correlated ground state
visible both in transport and spectroscopic probes. Spatially-resolved
tunneling spectroscopy studies reveal the emergent electronic texture.
We discuss the possible origins of the electronic order that emerge in
the absence of any structural or magnetic transitions.

[1] V. Nasretdinova et al., Phys.Rev. B 99, 085101 (2019)

[2] V. Nasretdinova et al., Sci. Rep. 9, 15959 (2019)

TT 3.13 Mon 12:45 HSZ 201
Cr and Ce magnetic ordering in CeCrO3:revisited — e NEETIKA
SuarMAl, REINHARD K. KrREMER!, CLEMENS RITTER?, and FEREI-
pooN S. Razavi® — 'Max Planck Institute for Solid State Research,
D-70569 Stuttgart, Germany — 2Institute Laue Langevin, Greno-
ble 38000, France — 3Department of Physics, Brock University, St.
Catharines, ON, L2S 3A1, Canada

We have investigated the magnetic structure of CeCrOs3 using neu-
tron powder diffraction (NPD). CeCrOs crystallizes with the GdFeOs3
structure-type (Pbnm). Earlier neutron diffraction measurements on
CeCrO3 have proposed a G-type afm structure for the Cr and a C-
type for the Ce sublattice. The analysis of the magnetic structure for
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the Ce sublattice had been based on one magnetic peak (102) at d ~
3.152 A. However, the proposed C-type coupling for Ce will generate
primarily two magnetic Bragg peaks (100) at d ~ 5.47 A and (102) at
d ~ 3.152 A. We have collected NPD patterns on a sample of CeCrO3
using ILL’s D20 high-intensity medium resolution diffractometer and
did observe the previously reported magnetic Bragg peak at d ~ 3.152
A, however significantly less intense than reported before. Simulations

indicate that only the presence of magnetic coupling of C-type on the
Cr- and the Ce- sublattices can lead to a situation where the magnetic
peak (102) at d ~ 3.152 A is a lot stronger than the (100) Bragg peak
at d ~ 5.47A. Following this proposal we have analyzed our neutron
diffraction data very carefully at low temperature (1.5K), and conclude
a CyGz type magnetic ordering for the Cr sub-lattice with a very small
Cy-component and Cy type coupling for Ce - sublattice.



