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TT 37: Ruthenates

Time: Wednesday 15:00-18:30

TT 37.1 Wed 15:00 HSZ 201
Elastocaloric determination of the phase diagram of SroRuO4
— eYou-SuenG Li', Marxkus GaRrsT?3, JORG SCHMALIANS4,
Savak GHosH®, Naokl Kikuaawa®, DMITRY Sokorov!, CLIFFORD
Hicks'7, FABIAN JERZEMBECK!, MarTHIAS IKEDAS, ZHENHAT HU?,
Brap Ramsaaw®, ANDREAS RosT?, MicHAEL Nicknas!, and An-
DREW MackeNzIED? — 1Max Planck Institute for Chemical Physics
of Solids — 2Institut fiir Theoretische Festkérperphysik, Karlsruher
Institut fiir Technologie — 3Institut fiir Quantenmaterialien und -
technologien, Karlsruher Institut fiir Technologie — 4Institut fiir The-
orie der Kondensierten Materie, Karlsruher Institut fiir Technologie
— SLaboratory of Atomic and Solid State Physics, Cornell Univer-
sity — SNational Institute for Materials Science — 7School of Physics
and Astronomy, University of Birmingham — 8Department of Applied
Physics, Stanford University — 2School of Physics and Astronomy,
University of St Andrews

Uniaxial pressure has shown the capabilities of tuning the electronic
structures of SraRuQOy4 across a Van Hove singularity (VHS). By per-
forming high precision ac-elastocaloric effect (ECE) measurements un-
der uniaxial strain along <100> direction, we mapped out the phase
diagram of SrogRuOy4 in detail. Similar to many unconventional su-
perconductors, SroRuO4 has a SC dome in proximity to a magnetic
phase. Besides, we observe a strong reversal of the ECE around the
VHS upon entering the SC state. Together with a model calculation,
these results strongly suggest a node-less gap opening at the VHS and,
thus, put a strong constraint on possible SC order parameters.

TT 37.2 Wed 15:15 HSZ 201

High-resolution elastocaloric effect measurement of 110-
SroRuOy — eZuensar Hul2, You-Smenc Li!, Fabian
JErRZEMBECK!, MicHAEL Nickras!, ANDREwW P. MAackeNziE!:2,
and CrLirrorD W. Hicks!3 — 1Max Planck Institute for Chem-
ical Physics of Solids, Dresden, Germany — 2Scottish Universities
Physics Alliance, School of Physics and Astronomy, University of St
Andrews, St Andrews, UK — 3School of Physics and Astronomy,
University of Birmingham, Birmingham, UK

The symmetry of the order parameter of superconducting SroRuO4
remains an undetermined question. Whether the order parameter has
more than one component is still under debate. If the superconducting
order parameter is degenerate and protected by lattice symmetry, the
degeneracy will be lifted when the lattice symmetry is broken. Uniaxial
pressure, which can continuously break the lattice symmetry, is thus a
powerful tool to distinguish whether there is a degeneracy. However,
the second transition was not observed in the previous heat capac-
ity and elastocaloric effect measurements with strain applied along
<100>. Although stringent constraints on the nature of supercon-
ducting states at zero strain were placed by the absence of the second
transition with <100> strain, there remains a possibility that a sec-
ond transition exists under <110> strain. Here we report the latest
progress on elastocaloric measurement of SroRuOy4 crystal with strain
applied along <110>. Within our experimental precision, no signal
indicating a second phase transition below T, is observed.

TT 37.3 Wed 15:30 HSZ 201
Strain dependence of the superconducting state of SroRuOy4
under <110> uniaxial pressure: No evidence for multi-
component order parameter — eFABIAN JERZEMBECK!, You-
SueNc Li', Zuenuar Hul, Naokr Kikucawa?, DMiTRY SokoLov!,
YosHITERU MAENO?, MICHAEL NikLAs!, ANDREW MACKENZIE!, and
CrirrorD Hicks? — Max Planck Institute for Chemical Physics of
Solids, D-01187 Dresden, Germany — 2National Institute for Mate-
rials Science, Tsukuba 305-0003, Japan — 3Department of Physics,
Kyoto University, Kyoto 606-8502, Japan — %School of Physics and
Astronomy, University of Birmingham, Birmingham B15 2TT, United
Kingdom
After more than 25 years of intense research, the order parameter of
the unconventional superconductor SroRuQy is still unknown. Recent
experiments suggest that the order parameter is even-parity and multi-
component [1,2], which would result in distinct features in the strain
dependence of the superconducting state, such as a kink in the strain
dependence of T. around zero strain [3]. Here, we present uniaxial
pressure results along the crystallographic <110>-axis and find no ev-
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idence for a discontinuity in T¢, predicted for a multi-component order
parameter. However, we can place tight constraints on the thermody-
namics of several discussed two-component order parameters.

[1] Pustogow et al., Nature 574, 72 (2019)

[2] Ghosh et al., Nat. Phys. 17, 199 (2021)

[3] Kivelson et al., npj Quantum Materials 5, 43 (2020)

TT 374 Wed 15:45 HSZ 201
Giant lattice softening at a Lifshitz transition in the normal
state of SroRuO4 — eHiLary M. L. Noap!, Kousuke IsHIDAl,
You-SHENG Li', VERONIKA STANGIER?, Naok1 Kikucawa3, DMITRY
A. Soxorov!, BonciaE Kiv?, Icor I. Mazin®, Markus GARST?,
Jora ScHMALIANZ, ANDREW P. Mackenzie'%, and CLIFFORD W.
Hicks!7 — IMax Planck Institute for Chemical Physics of Solids,
Dresden, Germany — 2Karlsruhe Institute of Technology, Karlsruhe,
Germany — 3National Institute for Materials Science, Tsukuba, Japan
— 4Kunsan National University, Gunsan, Korea — 5George Mason
University, Fairfax, USA — SUniversity of St Andrews, St Andrews,
UK — "University of Birmingham, Birmingham, UK
The interplay between lattice and electronic degrees of freedom is a cen-
tral theme in condensed matter physics. In SroRuQOy4, the quasi-two-
dimensional Fermi surface can be tuned through a Lifshitz transition—
a change in its topology—with uniaxial pressure along the (100) direc-
tion. We investigated the influence of this electronic transition on the
lattice by using a piezo-based uniaxial pressure cell to measure the
stress-strain relation of SroRuOy4 across the Lifshitz transition. We
find a large and strongly temperature-dependent softening of the [100]
Young’s modulus at the Lifshitz transition. From thermodynamic ar-
guments and comparison to a tight-binding model, we establish that
the softening is indeed driven by conduction electrons.

TT 37.5 Wed 16:00 HSZ 201
Effect of superconductivity on the stress-strain relationships

of SroRuO4 — eKousuke IsHipal, HiLary Noap!, You-sHENG

Li', VeEroNIKA STANGIER?, Naokl Kikucawa3, DMITRY SokoLov!,
MicHAEL Nickras!, Markus GARST2, JORG SCHMALIAN2, ANDREW
Mackenzie! 4, and CLiFrorD Hicks!® — 'Max Planck Institute for
Chemical Physics of Solids, Dresden, Germany — 2Karlsruhe Institute
of Technology, Karlsruhe, Germany — 3National Institute for Materi-
als Science, Tsukuba, Japan — 4University of St. Andrews, St. An-
drews, United Kingdom — ®University of Birmingham, Birmingham,
United Kingdom

In the unconventional superconductor SroRuOg4, applying uniaxial
stress along a (100) crystalline direction induces a Lifshitz transition.
Here we report on measurement of the stress-strain relationships across
this transition down to temperatures below the superconducting tran-
sition. In the normal state, the Young’s modulus softens by ~ 10 %
in the vicinity of the Lifshitz transition, indicating that this is a lo-
cal maximum in the electronic free energy. We find that the onset
of superconductivity causes a slight hardening of the lattice, though
the electronic free energy remains a local maximum at the Lifshitz
transition.

TT 37.6 Wed 16:15 HSZ 201
Effect of strain and momentum dependent spin-orbit coupling
on the superconducting phase of SroRuO, — eJonas Hauck!2,
Sopuie Beck!, DanTe KennEs?3, AnToiNE GEorGEsh*56 ) and
OLvieEr GiNGRAs! — 1Center for Computational Quantum Physics,
Flatiron Institute, NY 10010, USA — 2Institut fiir Theorie der Statis-
tischen Physik, RWTH Aachen, 52056 Aachen, Germany and JARA -
Fundamentals of Future Information Technology — 3Max Planck In-
stitute for the Structure and Dynamics of Matter, Center for Free Elec-
tron Laser Science, 22761 Hamburg, Germany — “Collége de France,
75005 Paris, France — ?CPHT, CNRS, Ecole Polytechnique, Institut
Polytechnique de Paris, 91128 Palaiseau, France — SDQMP, Univer-
sité de Genéve, CH-1211 Genéve, Switzerland

The nature of SroRuOy4’s superconducting order parameter is a long-
standing puzzle. First proposed to be a triplet superconductor, the
current preferred picture is that of a degenerate singlet order parame-
ter. The main driving force behind this development is the unification
of experimental measurements and theoretical predictions. In this talk,
we will employ a functional renormalization group approach to first-
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principles derived tight binding models to study the behavior of the
leading order parameter under strain. Additionally, we examine the
influence of momentum dependent spin-orbit coupling. Our results
suggest the possible pairing candidates should be restricted to combi-
nations of a d-wave pseudospin singlet with another order parameter
whose critical temperature is not influenced by strain.

15 min. break

TT 37.7 Wed 16:45 HSZ 201
Gate-controlled superconductivity in SroRuOs — ePRIvaNna
PuLivaprrara Babu!, Roman HarRTMANN!, RosaLBAa FITTIPALDIZ,
ANTONIO VECcHIONE?, ELKE ScHEER', and ANGELO D1 BERNARDO!
— 1University of Konstanz, 78457 Konstanz, Germany — 2University

of Salerno, 1-84084 Fisciano, Italy

The electrical field effect was believed to be inapplicable for super-
conductors until 2018 when it was found that the supercurrent I. in
nanowires can be controlled by the application of strong enough volt-
ages to gate electrodes, which has been interpreted as field effect. This
discovery has great potential in the future to build hybrid supercon-
ductor/semiconductor architectures which might serve reducing the
increasing energy demands of modern supercomputers. The majority
of observations of such gate effects have been made for BCS super-
conductors like Ti, Va, Nb, Al etc. Here we report gate control of I.
in transistors made of SroRuOy4 flakes. SroRuOy4 is an unconventional
superconductor found in 1994 which has been intensively studied to
understand the nature of its superconducting order parameter. Sin-
gle crystals of SroRuO4 were mechanically exfoliated to produce flakes
which were then patterned into gated nanodevices using a gallium fo-
cused ion beam. Total suppression of I. was observed for gate voltages
Vi above 8.3 V. The Vi dependence of I. at different temperatures
and different fields were also investigated. We will also discuss the role
of leakage currents between wire and gate and possibilities to further
minimize them.

TT 37.8 Wed 17:00 HSZ 201
Non-local electrodynamics and field angle dependence of
the superfluid density in SroRuO> — eJAvIER LANDAETA!,
KONSTANTIN SEMENIUK!, JoosT ARETz!, IsMARDO BoNALDEZ, and
ELENA HassiNGEr! — 1Max Planck Institute for Chemical Physics
of Solids, 01187 Dresden, Germany — 2Centro de Fisica, Instituto

Venezolano de Investigaciones Cientificas, Caracas 1020-A, Venezuela

Although being extensively studied for more than 25 years, the nature
of the superconducting order parameter (SOP) of the weak type II
superconductor SroRuQOy is still strongly debated. To get insight into
the nodal structure of the SOP, we carried out a comprehensive study
of the temperature dependence of the superfluid density ns at various
field orientations. By measuring the superconducting lower critical
field Hc1(T) in a spherical sample with ac-susceptibility, we obtained
the temperature dependence of ns = H¢1(T)/Hc1(0) down to 0.03 Te.
Our results show that follows a low-temperature power law of T2 up
to 0.77¢ irrespective of the field angle. The observed behavior is in
excellent agreement with what is expected of a type II superconductor
with vertical nodes, with a strong influence of non-local electrodynam-
ics. The discussed mechanisms are highly relevant for all weak type II
superconductors.

TT 37.9 Wed 17:15 HSZ 201
Propagating charge carrier plasmon in SroRuO4 — MARTIN
KNUPFER!, FABIAN JERZEMBECK2, Naoki Kikucawa®, FRIEDRICH
Rotu?, and eJora FiINk! — 1Leibniz Institute of Solid State an Ma-
terials Research, Dresden — 2MPI for Chemical Physics of Solids,
Dresden — 3National Institute for Material Science, Tsukuba, Japan

— 4Institute of Exp. Physics, TU Bergakademie Freiberg

We report on studies of charge carrier plasmon excitations in SroRuOy4
by transmission Electron Energy-Loss Spectroscopy. In particular, we
present results on the plasmon dispersion and its width as a function
of momentum transfer. The dispersion can be qualitatively explained
in the framework of RPA calculations, using an unrenormalized tight-
binding band structure. The constant long-wavelength width of the
plasmon indicates, that it is caused by a decay into inter-band transi-
tion and not by quantum critical fluctuations. The results from these
studies on a prototypical highly correlated metal system show that the
long-wavelength plasmon excitations near 1 eV are caused by resilient
quasiparticles and are not influenced by correlation effects.

TT 37.10 Wed 17:30 HSZ 201
Transport and structural characterisation of the metal
to insulator transition in CasRuO4 nanoflakes — eRomAN
HarTMANN', ANITA GUARINO?, RosaLBa FirTiPALDI?, MARIO
Cuoco?, ELkeE ScHEER!, ANTONIO VEccHIONE?, GERARDINA
CarBoONE®, and ANGELO DI BERNARDO! — !Department of Physics,
Universitit Konstanz, Konstanz, Germany — 2CNR-Spin, Salerno,

Italy — 3Max IV Laboratory, Lund, Sweden

The Mott-insulator CapRuO4 (CRO) has attracted considerable atten-
tion due to its insulator to metal transition (IMT) with a transition
temperature of 357 K (insulating below, metallic above) and the abil-
ity to trigger the IMT using pressure, current or an electric field of just
40 V/cm [1,2]. Unfortunately, stress from a structural transition (or-
thorombic to tetragonal) during the IMT with an increase in unit cell
volume [1] generally breaks bulk crystals. To overcome this limitation
we have developed a method to fabricate CRO nanoflakes (despite it
not being a layered material) that we can contact using standard litho-
graphic methods. In these nanoflakes we can reversibly trigger the IMT
thousands of times by passing current without breaking the sample.
The robustness of the devices also enabled us to perform spatially re-
solved nano-diffraction measurements showing the current-dependent
local formation of the metallic phase, confirming the reversibility and
giving first insights in the timescale of the IMT.

[1] F. Nakamura et al. Sci. Rep. 3, 2536 (2013)

[2] R. Okazaki et al., JPSJ 82, 103702 (2013)
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TT 37.11 Wed 17:45 HSZ 201
Tuning van Hove singularities in strontium ruthenate with
isovalent Barium doping — eCarrLin I O’NrLb2, MAXIMILLIAN
T PeLy'?, BeN Gape!, ALexanDpra S Gies''3% and ANDREAS
W Rost!2 — ISUPA, School of Physics and Astronomy, University of
St Andrews, St Andrews, UK — 2MPI for Chemical Physics of Solids,
Dresden, Germany — 3MPI for Solid State Research, Stuttgart, Ger-
many — 4ISIS Neutron and Muon Source, STFC Rutherford Appleton
Laboratory, Harwell Campus, Didcot, OX11 0QX, UK

Controlling a van Hove singularity (VHS) close the Fermi energy (Ef)
of a compound allows control of the low temperature phases as shown
for example in recent experiments in single layer ruthenates [1,2]. This
study pursues a new direction of structural doping of Sr3RusO7 by
the substitution of barium onto the strontium site. Powder samples of
(Sr1_g¢Bag)3Ru207 were synthesised from x=0.0 - 0.12. The samples
were analysed with X-ray and neutron diffraction, magnetic suscepti-
bility and heat capacity measurements. The unit cell volume changes
linearly with doping with the primary structural change being an ad-
justment of the RuOg octahedral rotation mode magnitude. Using
heat capacity we map the evolution of the VHS towards the Ef, cross-
ing it at x=0.08. Intriguingly, heat capacity shows that the strength
of the singularity is decreased, contrary to standard scenarios. In com-
bination with DFT calculations we trace this back to the primary role
of the rotation mode in controlling the VHS in ruthenates.

[1] Y.-S. Lie et al., Nature 607, 276 (2022)

[2] C. A. Marques et al., Adv. Mater. 33, €21005

TT 37.12 Wed 18:00 HSZ 201

Imaging of compass-like control of the electronic structure
in Sr3sRusO7 — MasaHIRO NARITSUKA!, IziDOR BENEDICIC!, LUKE
RuoDEs!, CAroLINA MARQUEs!, CHRISTOPHER TRAINER!, ZHIWEI
L1%2, ALEXANDER KoMAREKZ, and ePETER WaHL! — 1SUPA, School
of Physics and Astronomy, University of St Andrews, North Haugh, St
Andrews, Fife, KY16 9SS, United Kingdom — 2Max Planck Institute
for Chemical Physics of Solids, Nothnitzer Strafe 40, 01178 Dresden,

Germany

Electronic nematicity results in a surprisingly strong symmetry-
breaking reconstruction of electronic states without a significant lat-
tice distortion. An enigmatic example of a nematic state is found in
SrzRuO7, where a large resistivity anisotropy is stabilized by external
magnetic field. The direction of the anisotropy can be controlled by
the in-plane component of the magnetic field. Recently, STM measure-
ments have revealed symmetry breaking of the electronic structure at
the surface of Sr3RusO7 even in zero magnetic field. Here, we use low-
temperature scanning tunnelling microscopy to study the electronic
structure in SrgRu2O7 in vector magnetic fields. We find that the
electronic structure is strongly affected even by relatively small exter-
nal field when applied in the crystallographic a-b-plane, and is evolving
continuously as a function of in-plane field direction. Our result estab-
lishes compass-like control over the electronic structure in the surface
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layer of Srg3Ru2O7. We can rationalise the continuous evolution of
the electronic structure with field direction through the interplay of
magnetism and spin-orbit coupling.

TT 37.13 Wed 18:15 HSZ 201
Optical study of domains and domain walls in CazRu207; as
a function of temperature and uniaxial pressure tuning —
oSimL1 Misural, Fe1 Sun!, ELENA Gati!, HiLaRy NoaD!, ANDREW
P Mackenzie!2, and VERoNTKA Sunko!® — 1Max Planck Institute,
Chemical Physics of Solids, 01187, Dresden, Germany — 2School of
Physics and Astronomy, University of St. Andrews, St. Andrews,
KY16 9SS, UK — 2Department of Physics, University of California,
Berkeley, California, 94720, USA

Using optical methods to investigate a material is a powerful non-
contact method to explore fundamental physics. In our experiment,
we use optics as a versatile microscope to investigate birefringence
as well as thermal transport with micron-scale spatial resolution. It
can be combined with an in-situ controllable uniaxial pressure device,
which has recently been shown to be a powerful tuning parameter to
control lattice symmetries in quantum materials. In this contribution,
we present the birefringence of an anisotropic material, CazRuzO7,
which has structural domains at room temperature and can be tuned
through a structural phase transition by lowering the temperature at
ambient pressure. We will discuss the spatial evolution of its domains
as a function of temperature and uniaxial pressure.



