SKM 2021 — TT

Thursday

TT 19: Unconventional Superconductors

Time: Thursday 11:15-12:45

TT 19.1 Thu 11:15 H6
Characterization and spectroscopy of a new non-
centrosymmetric superconductor — e ALFREDO SPURI, ANGELO

D1 BerNARDO, and ELKE ScHEER — Universitat Konstanz

Superconductor with a lack of inversion symmetry in their crystal
structure have recently been proposed as systems hosting an unconven-
tional and other topologically nontrivial superconducting states, which
could pave their application for the fabrication of novel devices for su-
perconducting spintronics and quantum computing. Moved by these
motivations, we have investigated the transport and spectroscopic
properties of the non-centrosymmetric superconductor Nb0.18Re0.82
down to the 2D limit. Hall transport measurements in the normal
state and tunnelling spectroscopic experiments reveal the emergence
of a complex physical behaviour, which suggests the existence of a
superconducting order parameter with unconventional properties.

TT 19.2 Thu 11:30 H6
Spatially intertwined superconductivity and charge or-
der in 1T-TaSSe revealed by scanning tunnelling spec-
troscopy — eYAROsLAV (GGERASIMENKOD2 MARION VAN MIDDEN?,
ERrIk Zupanic?, PETRA SuTAR2, Zvonko JacLicic®, and DRAGAN
MinaiLovic?? — University of Regensubrg, Regensburg, Germany
— 2Jozef Stefan Institute, Ljubljana, Slovenia — 3Univeristy of Ljubl-
jana, Ljubljana, Slovenia
The interplay of different emergent phenomena - superconductivity
(SC) and domain formation - appearing on different spatial and en-
ergy scales are investigated using high-resolution scanning tunnelling
spectroscopy in the prototypical transition metal dichalcogenide su-
perconductor 1T-TaSSe single crystals (Tsc = 3.5K) at temperatures
from 1 to 20 K. Our major observation is that while the SC gap size
smoothly varies on the scale of < 10nm, its spatial distribution is not
correlated to the domain structure. On the other hand, there is statis-
tically significant correlation of the SC gap Agc with spectral weight
of the narrow band at the Fermi level formed from the same Ta 5d
orbitals as the Mott-Hubbard band. We show that the narrow band
follows the evolution of Hubbard bands in space, proving unambigu-
ously its relation to the charge order. The correlations between the
two suggest a non-trivial link between rapidly spatially varying charge
order and superconductivity common in many quantum materials, and
high-temperature superconductors in particular.

TT 19.3 Thu 11:45 HG6
Angular dependence of the superconductivity in CeRh2yAs>
— eJaviER LANDAETA!, Pavio KHANENKO!, JaciNTA BanDAl, Trva
SHEIKINZ, SANU MIsHRA2, SEUNGHYUN KHIM!, MANUEL Branpol,
CuristorH GEIBEL!, and ELENA HassiNger! — !Max Planck In-
stitute for Chemical Physics of Solids, 01187 Dresden, Germany —
2Univ. Grenoble Alpes, CNRS, LNCMI EMFL, F-38042 Grenoble,

France

CeRhgaAssy is an unconventional superconductor with multiple super-
conducting phases. When poH || ¢, this material shows a field-induced
transition from a low-field superconducting state SC1 to a high-field
SC2 with critical field Heo = 14 T and T. = 0.26 K. For poH || ab,
only the SC1 with He.p = 2 T is observed. The phase-diagrams and
their anisotropy might be explained by the influence of Rashba-spin-
orbit coupling at the Ce sites where the inversion symmetry is broken
locally. Above T¢, a possibly quadrupolar phase is present at Ty ~ 0.4
K, whose influence on the superconducting state remains unknown.
Here, we present a comprehensive study of the angular dependence
of the upper critical fields and Ty using low temperature magnetic ac
susceptibility, specific heat and torque in single crystalline CeRhaAss.
The SC2 state is strongly suppressed when rotating the magnetic field
away from the c-axis and disappears for an angle of 35°. We find that
the H.o of SC2 for angles departing from the c axis is attained when
the in-plane component of the field reaches the in-plane Pauli limit.
This result corroborates idea that the field-induced state SC2 is an
odd-parity state with a d-vector in the plane in CeRhaAss.

TT 19.4 Thu 12:00 H6
Twisted Superconductivity in the high magnetic field phase
of CeRhyAsy — eALINE Ramires! and Davib MockLi? — Paul
Scherrer Institut, CH-5232 Villigen PSI, Switzerland — 2Instituto de

Location: H6

Fisica, Universidade Federal do Rio Grande do Sul, 91501-970 Porto
Alegre, Brazil

CeRhgAss, a locally noncentrosymmetric heavy fermion material, was
recently reported to host a remarkable magnetic field versus tempera-
ture phase diagram with two superconducting phases and upper critical
fields much above the Pauli limit [1]. In this material, the two inequiv-
alent Ce sites per unit cell, related by inversion symmetry, introduce a
sublattice structure corresponding to an extra internal degree of free-
dom. In this talk, I briefly review some mechanisms that allow for
Pauli limit violation and discuss what properties of the normal state
are key for the development of a superconducting state robust against
magnetic fields. I discuss intra-sublattice and inter-sublattice pairing
scenarios and how we can construct superconducting states that vio-
late the Pauli limit by twisting the most stable superconducting state
with respect to the internal sublattice degree of freedom [2]. T will
also comment on ongoing work that highlights the role of normal state
electronic structure parameters, as well as effects of impurities, and
subleading instabilities in the phase diagram of this material [3].

[1] S. Khim et al., arXiv:2101.09522 (2021)

[2] D. M6ckli and A. Ramires, Phys. Rev. Research 3, 023204 (2021)
[3] D. M6ckli and A. Ramires, arXiv:2107.09723 (2021)

TT 19.5 Thu 12:15 H6
Nematicity and checkerboard order in the surface layer of
SroRuO4 — eCaroLINA A. Marques!, Luke C. RHopEs!, Ros-
ALBA FrrripaLpi?, VERONICcA GRrANATAS, CHI MING Yim!', RE-
NaTO Buzio?, ANDREA GERBIZ, ANTONIO VECCHIONEZ, ANDREAS
W. Rosth*, and PETER WaHL! — 1SUPA, School of Physics and
Astronomy, University of St Andrews, UK. — 2CNR-SPIN, Italy. —
3Dipartimento di Fisica, Universita di Salerno, Italy. — *Max-Planck-
Institute for Solid State Research, Stuttgart, Germany.

Superconductivity in strongly correlated systems is often found near
exotic electronic phases, such as antiferromagnetism and electronic ne-
maticity. These phases can be highly sensitive to minor changes in the
crystal structure, induced by doping or strain. In the unconventional
superconductor SroRuQy4, a 6° rotation of the RuOg octahedra at the
surface seems to suppress its superconducting state and pushes a van
Hove singularity below the Fermi energy. Using ultra-low temperature
Scanning tunnelling microscopy, we study the low energy electronic
properties of the reconstructed surface of SroRuOu4[1]. Our measure-
ments show clear signatures of C4 symmetry breaking, together with
the appearance of a checkerboard order, associated with a peak in the
tunnelling spectrum, which splits in a magnetic field, revealing a charge
nature. Tight binding calculations show that a nematic order param-
eter coexisting with a charge modulation reproduces the observed low
energy density of states. Understanding the underlying physics at this
surface provides a new platform to study the strongly correlated phases
of Ruthenate materials.

[1] Adv. Mat. 2100593 (2021)

TT 19.6 Thu 12:30 H6
Quasiparticle Interference of the van-Hove singularity in
SroRuO; — eANDrREAs KrriseL!, CaroLiNaA A. MARQUES?,
Luke C. Ruopes?, XiaNcru Kong®, Tom BERLLIN?, ROSALBA
FrrTipaLpi?, VERONICA GRANATA®, ANTONIO VECccHIONE?, PETER
WanL?, and PETER J. HirRscHFELD® — llInstitut fiir Theoretische
Physik, Universitit Leipzig — 2SUPA, University of St Andrews,UK
— 3CNMS, Oak Ridge National Laboratory, USA — 4CNR-SPIN,
UOS Salerno, Italy — ®Dipartimento di Fisica, Universita di Salerno,
Italy — 8Department of Physics, University of Florida, USA

The single-layered ruthenate SroRuO4 is one of the most enigmatic
unconventional superconductors. While for many years it was thought
to be the best candidate for a chiral p-wave superconducting ground
state, desirable for topological quantum computations, recent experi-
ments suggest a singlet state, ruling out the original p-wave scenario.
The superconductivity as well as the properties of the multi-layered
compounds of the ruthenate perovskites are strongly influenced by a
van Hove singularity in proximity of the Fermi energy. Tiny structural
distortions move the van Hove singularity across the Fermi energy with
dramatic consequences for the physical properties. Here, we determine
the electronic structure of the van Hove singularity in the surface layer
of SroRuOy4 by quasiparticle interference imaging. We trace its disper-
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sion and demonstrate from a model calculation accounting for the full through the octahedral rotations in the surface layer.
vacuum overlap of the wave functions that its detection is facilitated



