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About the Symposium

Correlated Magnetism: From Frustration to Topology (SFB 1143)

The Collaborative Research Center (CRC) 1143 “CorrelatedMagnetism: FromFrustration to Topology”is devoted to the study of a class of magnets where competing (frustrated) interactions preventthe establishment of a simple conventionally ordered state, leading to a plethora of alternativeand highly non-trivial behaviors, the most remarkable of which involve either topological phases ofmatter or proximity to them. The CRC aims to identify, produce, and understandmagnetic materialsexhibiting these.
The PhD Symposium is an annual event within the SFB which aims to bring together Doctoralresearchers from the various theoretical and experimental groups. Students have the opportunityto present their projects with short oral as well as poster presentations. Associated doctoralresearchers of SFB project partners are also invited to participate.
Besides the opportunity to present their research projects, the Symposium offers the opportunityto get to know the research of other groups in the SFB, and to discuss different scientific approaches.Additionally, an invited speaker from outside the SFB is invited to open the symposium with akeynote talk.

Organizing committee

Kerstin BrankatschkDavid MoserChristos Kourris
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Timetable

8:30–9:00 Registration9:00–9:05 Welcome Remarks by Sabine Wurmehl

9:05–10:00 KL Mathias S. Scheurer Quantum many-body physics in moirésuperlattices
10:00–10:20 CT Maria A. Hertz Design of High-Temperature Syntheseson the Example of Sn[PtBi6I12]
10:20–10:40 CT Andy Knoll

Classification of Weyl points and nodallines based on magnetic point groupsfor spin-1
2
quasiparticles10:40–11:00 Coffee Break

11:00–11:20 CT Sukriti Singh
Anisotropic Nodal-Line-Derived LargeAnomalous Hall Conductivity in ZrMnPand HfMnP

11:20–11:40 CT Erik Wagner Series expansion studies of the
J1-J2-Heisenberg bilayer

11:40–12:00 CT Tom Klaproth
Tuning the electronic structure of thetrichloride honeycomb lattice bytransition metal substitution

12:00-12:20 CT Andreas Hauspurg Investigation of the magnetoelasticproperties of α-RuCl312:20–13:30 Lunch Break

13:30–13:50 CT Bastian Rubrecht Power-law and scaling behaviour indouble perovskite system
13:50–14:10 CT Willi Roscher

Microscopic modeling of the Kitaevspin liquid candidates Na3Co2SbO6 andLi3Co2SbO6 under uniaxial strain
14:10–14:30 CT Ellen Häußler

Diluting a triangular-lattice spin liquid:Synthesis and characterization ofNaYb1−xLuxS2 single crystals
14:30–14:50 CT Sreejith Chulliparambil

Spin-orbital liquids: Anyons, fluxcrystals and emergent fractionalizedfermionic excitations
14:50-15:10 CT Sreejith Thamban

Synthesis and magnetism ofunconventional magnets La2CuGe2O8and Mg6MnO815:10–15:30 Coffee Break15:30–15:50 Poster Pitches Session15:50–17:20 Poster session17:20–17:30 Award Ceremony & Closing

*KL: Keynote Lecture, CT: Contributed Talk
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List of Poster Contributions

P1 Sebastian Beckert Magneto-thermal transport in non-collinear anti-ferromagnetic thin filmsP2 Tamara Holub Synthesis and characterisation of Rh(IV) oxideswith double perovskite structureP3 Mahdi Behnami Thermoelectric properties in TaRhTe4 and TaIrTe4Weyl semimetalsP4 Felix Seewald Investigation of the magnetic structure ofRE3Fe3Sb7 (RE=Nd, Pr) by means of 57Fe Möss-bauer spectroscopy and µSRP5 Pedro M. Cônsoli Fluctuation-induced ferrimagnetism in sublattice-imbalanced antiferromagnets with application toSrCu2(BO3)2 under pressureP6 Charlotte Beneke Divergence of the Grüneisen ratio at symmetry-enhanced first-order quantum phase transitionsP7 Georgia Fragkopoulou Impurities in α-RuCl3P8 Ekaterina Vinokurova Dilution of the Kitaev candidate α-RuCl3 by non-magnetic elementsP9 Wilhelm Krüger Modeling the honeycomb magnet Na2Co2TeO6:Significance of ring exchangeP10 Abanoub R. N. Hanna Crystal growth and characterization of unconven-tional magnets PbCuTe2O6 & Ba2CoWO6
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Abstracts of Talks

Keynote Lecture

Quantum many-body physics in moiré superlattices

Mathias S. Scheurer KL

Institute for Theoretical Physics, Leopold-Franzens-Universität Innsbruck, Austria
When two layers of graphene are stacked and twisted, a moiré pattern forms. Most strikingly,at so-called “magic angles”, the largest of which is around 1 degree, the bands around the Fermisurface become very flat; this enhances the density of states and the impact of electron-electroninteractions. Soon after the experimental discovery in 2018 that this enhancement can inducesuperconductivity and insulating phases, it became clear that twisted bilayer graphene is only oneexample of an engineered van der Waals moiré system with a complex phase diagram akin to otherstrongly correlated materials. In this talk, I will provide an introduction to the rich set of possibilitiesprovided by graphene-based moiré superlattices to engineer and study interesting many-bodyphysics at the intersection of strong correlations and topology. I will discuss a few examples fromourrecent research, involving a combination of analytical, numerical, and experimental projects.
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Research Talks

Classification of Weyl points and nodal lines based on magnetic point groups for
spin-12 quasiparticles

Andy Knoll

Institut für Theoretische Physik, Technische Universität Dresden
Over the past decade, Weyl and nodal-line semimetals have evoked tremendous interest due totheir interesting physical properties. In order to predict the existence and locations of protectedband touchings, symmetry-based analyses have proven to be of great use. The majority of existingworks focuses on nonmagnetic materials. Therefore, we investigate twofold-degenerate bandtouchings for all 122 magnetic point groups. In particular, we consider two-band models for whichthe pseudospin degree of freedom transforms like a true spin-1/2. We find that all magnetic pointgroups that do not contain the product of spatial-inversion and time-reversal symmetries can inprinciple give rise to topologically protected band touchings. Furthermore, our work shows that59 out of the 122 magnetic point groups have guaranteed band touchings. By considering thecorresponding little group our analysis is applicable to every momentum in the Brillouin zone. Ourwork provides a useful tool for the identification and design of Weyl and nodal-line semimetals, inparticular magnetic ones.
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Spin-orbital liquids: Anyons, flux crystals and emergent fractionalized fermionic
excitations

Sreejith Chulliparambil

Institut für Theoretische Physik, Technische Universität DresdenMax-Planck-Institut für Physik komplexer Systeme, Dresden
Spin-orbital liquids are quantum disordered states in systems with entangled spin and orbitaldegrees of freedom. Motivated by Kitaev’s sixteenfold way of anyon theories, we constructeda family of microscopic models with exotic topological order characterized by an integer Chernnumber. Two of these models are particularly relevant since they represent simple, physical andexactly solvable spin-orbital liquid models on a square/honeycomb lattice in two dimensions [1].We studied the effect of selected Heisenberg-, Kitaev- and Γ-type interactions as well as externalmagnetic fields on these models and report the presence of a plethora of spin-orbital liquid phasesincluding dispersing Majorana fermions with Fermi surfaces, metamagnetic transitions into non-trivial flux patterns and more [2]. Furthermore, we studied the effect of anti-ferromagnetic Isingand Heisenberg interactions within the spin degrees of freedom resulting in identification of anovel fractionalized Gross Neveu* criticality with emergent fractionalized fermionic excitations[3]. In addition to being excellent starting points for more realistic modelling of experiments, ourmodels are also potentially relevant for Mott insulators with d1 electronic configurations and strongspin-orbit coupling as well as for twisted bilayer structures of Kitaev materials.
References[1] S. Chulliparambil, U. F. P. Seifert, M. Vojta, L. Janssen, and H.-H. Tu, Phys. Rev. B 102, 201111(2020).[2] S. Chulliparambil, L. Janssen, M. Vojta, H.-H. Tu, and U. F. P. Seifert, Phys. Rev. B 103, 075144(2021).[3] U. F. P. Seifert, X.-Y. Dong, S. Chulliparambil, M. Vojta, H.-H. Tu, and L. Janssen, Phys. Rev. Lett.125, 257202 (2020).
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Microscopic modeling of the Kitaev spin liquid candidates Na3Co2SbO6 and
Li3Co2SbO6 under uniaxial strain

Willi Roscher

Institut für Theoretische Festkörperforschung, Leibniz-Institut für Festkörper- und Werkstoff-forschung Dresden
We study the Kitaev-spin-liquid candidatesNa3Co2SbO6 [1] and Li3Co2SbO6 [2] by using amicroscopicDFT-based analysis. Previous theoretical work suggested [3] that Na3Co2SbO6 is proximate to thespin liquid phase and can be driven there by apply pressure. Following this conjecture, we simulatethe effect of uniaxial strain along the c-axis. For this purpose, the lattice constant c was changedaccordingly and the remaining crystal structure was optimized. To get microscopic insights, aWannier function analysis is performed, which yields local and non-local terms of d and d − pHamiltonians. From that we determine the crystal field parameters, the spin-orbit coupling constantand the hoppings. A small reduction of the trigonal splitting is found for tensile strain. However,we find that this strain is insufficient to drive the compounds into the spin liquid phase.
The developed theory in [1] considers Co2+ interactions in a hexagonal edge-sharing geometry.It takes into account the cubic symmetry with trigonal distortion, making it applicable to thereal materials. Using the DFT-estimated parameters, we calculate with this theory the exchangeparameters KitaevK, Heisenberg J and the off-diagonal anisotropy terms Γ, Γ′. In this way, weget into the magnetic behavior of this materials under uniaxial strain.
References[1] L. Viciu et al., J. Solid State Chem. 180, 1060 (2007)[2] M. Stratan et al., New J. Chem. 43, 13545 (2019)[3] H. Liu et al., PRL 125, 047201 (2020)
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Power-law and scaling behaviour in double perovskite system

Bastian Rubrecht

Institut für Festkörperforschung, Leibniz-Institut für Festkörper- und Werkstoffforschung DresdenInstitut für Festkörper- und Materialphysik, Technische Universität Dresden
Quantum spin liquids (QSL), characterized by the absence of long-range magnetic order (LRO) downto zero temperature as well as highly entangled and dynamic spins, are one of the most interestingstates predicted to occur in highly frustrated spin systems. Although being theoretically proposedalmost half a century ago, experimental realizations are still scarce [1]. Due to the nature of the QSLstate, finding solid experimental evidence for its existence is quite challenging. While, in principle,inelastic neutron scattering at dilution fridge temperatures is able to probe the characteristicfractionalized excitations of QSL, this often remains a difficult task due to the required large high-quality single crystals. Thanks to numeric and analytic modelling of different observables, morecommon techniques like magnetisation or specific heat capacity measurements are frequentlyused as indicators for QSLs. Here, scaling and power-law behaviour are, besides the absence ofLRO, key features for QSLs [2,3,4].
Recently, the search for new QSL compounds has been extended to strongly spin-orbit coupled
4d/5d systems, such as Ir-/Rh-based oxides, showing promising results [5], motivating to take a closerlook also at 4d double perovskites. In our magnetometric and thermodynamic investigations, wefound a scaling and power-law behaviour for our Rh-based double perovskite crystals of La2MgRhO6.Specific heat capacity studies revealed no sign of LRO down to 0.36 K. A paramagnetic Curie-Weiss behaviour is observed above 100 K, yielding a Curie-Weiss temperature θCW = 11 Kand an effective magnetic moment of 0.7µB/f.u., which is less than half the expected value for aRh4+ (Jeff = 1/2). Pulsed field measurements up to 55 T showed a linear field dependence for
µ0H > 15 T. At the highest field and a temperature of 1.5 K, the measured magnetic moment is
0.19µB/f.u., which is surprisingly low. Interestingly, we observe a power-law and scaling behaviourof the magnetisation and specific heat capacity in our sample - a typical signature for a QSL state.Here, we discuss the nature of the observed scaling behaviour for our La2MgRhO6 sample in contextof disorder revealed in our single crystals.
References[1] P. W. Anderson, Mat. Res. Bull. 8, 2 (1973).[2] J. S. Helton et al., Phys. Rev. Lett. 98, 107204 (2007).[3] Y. Li et al., Sci. Rep. 5, 16419 (2015).[4] I. Kimchi et al., Nat. Commun. 9, 4367 (2018).[5] K. Kitagawa et al., Nature 554, 341-345 (2018).
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Synthesis andmagnetismof unconventionalmagnets La2CuGe2O8 andMg6MnO8

Sreejith Thamban

Technische Universität BerlinHelmholtz-Zentrum Berlin für Materialien und Energie, Berlin
Geometrically frustrated quantum magnets are attracting widespread research interest amongcondensed-matter physicists because of their possible realization of unconventional magnetismmanifest as exotic ground states and excitations [1]. Large crystals are essential for further detailedinvestigation of frustrated quantum magnetism using advanced measuring techniques includinginelastic neutron scattering (INS). Therefore, a large single crystal (4 mm× 4 mm× 10 mm) of thepotential highly geometrically frustrated candidate compound La2CuGe2O8 have been grown forthe first time using the traveling-solvent floating zone (TSFZ) method, and this crystal has beencharacterized with regard to phase purity and crystallinity using powder X-ray diffraction, energydispersive X-ray analysis, and Laue diffraction. Low temperature heat capacitymeasurement revealsa long-range magnetic order occurs below 0.93 K. The ordering temperature is clearly suppressedcompared to the Curie-Weiss temperatures which is −5.7 K, which implies the presence offrustrated antiferromagnetic interactions [2]. INS and neutron powder diffraction analysis are inprogress.
Geometrical frustration occurs typically in lattices containing triangular or tetrahedral units wherethemagnetic ions interact via antiferromagnetic (AF) couplings. Examples in 3-dimensions there arethe hyperkagome and pyrochlore lattices which consist of corner-sharing triangles and tetrahedrarespectively. The case of edge-sharing tetrahedra has been much less well-studied. This situation isfound in the face-centered cubic (FCC) lattice which can also be viewed a series in interpenetratingtriangular lattices. The AF correlations between the moments in the edge-sharing tetrahedralnetwork, can form systems showing significant effects of frustration. Previously reported FCCcompounds shows a variety ofmagnetic ground states. For example, spin-3/2 compounds La2LiRuO6and Ba2YRuO6 [3] have a long-range antiferromagnetic order and spin 1 compound Ba2YReO6 [4]has a short-range order and spin freezing. Spin-1/2 systems such as Ba2YMoO6 shows no magneticordering [5,6] and Sr2CaReO6 shows only short-range ordering [7].
Here we discuss a new frustrated face-centered cubic lattice Mg6MnO8 in which Mn4+ ions forma network of edge-sharing tetrahedra. Low temperature heat capacity measurements on a poly-crystalline sample reveal a second order transition to long-range magnetic order below the Neeltemperature of TN = 2.05 K in zero applied magnetic field. The transition is also evident in DCmagnetic susceptibility measurements. Curie-Weiss fit yields an effective moment of µeff = 4.63µBwhich is somewhat larger than the spin only value of 3.87µB for S = 3/2 implying the presenceor some orbital moment. The Curie-Weiss temperature is θCW = −27.9 K revealing predom-inantly antiferromagnetic interactions. TN is considerably smaller than θCW (frustration indexof θCW/TN = 13.6) implying the suppression of magnetic order due to considerable frustration.Finally, the phase diagram is mapped out revealing two field-induced transitions at ∼ 8 T and
∼ 12.5 T. Magnetic structure calculations and crystal growth of the compound are in progress.
References[1] Balents, Leon. Nature 464.7286 (2010): 199-208.[2] H. Cho, et al Phys. Rev. B. 95, 144404 (2017)
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[3] T. Aharen et al. Phys. Rev. B 80, 134423 (2009)[4] T. Aharen et al. Phys. Rev. B 81, 064436 (2010)[5] J. P. Carlo et al. Phys. Rev. B 84, 100404(R) (2011)[6] T. Aharen et al. Phys. Rev. B 81, 224409 (2010)[7] C. R. Wiebe et al. Phys. Rev. B 65, 14413 (2002)
Anisotropic Nodal-Line-Derived Large Anomalous Hall Conductivity in ZrMnP and
HfMnP

Sukriti Singh

Max-Planck-Institut für Chemische Physik fester Stoffe, Dresden
The nontrivial band structure of semimetals has attracted substantial research attention in con-densed matter physics and materials science in recent years owing to its intriguing physical proper-ties. Within this class, a group of nontrivial materials known as nodal-line semimetals is particularlyimportant. Nodal-line semimetals exhibit the potential effects of electronic correlation in non-magnetic materials, whereas they enhance the contribution of the Berry curvature in magneticmaterials, resulting in high anomalous Hall conductivity (AHC). In this study, two ferromagneticcompounds, namely ZrMnP and HfMnP, are selected, wherein the abundance of mirror planesin the crystal structure ensures gapped nodal lines at the Fermi energy. These nodal lines resultin one of the largest AHC values of 2840 Ω−1cm−1, with a high anomalous Hall angle of 13.6% inthese compounds. First-principles calculations provide a clear and detailed understanding of nodalline-enhanced AHC. The finding suggests a guideline for searching large AHC compounds.
Diluting a triangular-lattice spin liquid: Synthesis and characterization of
NaYb1−xLuxS2 single crystals

Ellen Häußler

Fakultät Chemie und Lebensmittelchemie, Technische Universität Dresden
Yb-based magnets, with a perfect triangular lattice of pseudospin-1/2 Yb3+ ions, have emerged ascandidates for realizing a quantum spin-liquid state, with NaYbS2 being a prominent example. Toinvestigate the interplay of the electron spins with respect to the magnetic properties in detail, wesubstituted the Yb3+ ions in NaYbS2 with non magnetic Lu3+ to dilute the magnetic sublattice.
As the spin-spin interactions are influenced by the geometric confinements of the structure we hada detailed look on the structural parameters before determining the magnetic susceptibility andthe electron spin resonance (ESR) properties. We characterized the samples of the solid solutionseries NaYb1−xLuxS2 with 0 ≤ x ≤ 1 with respect to their chemical composition, analyzed theirstructural parameters in single crystal and powder X-ray diffraction experiments and evaluated thestructural changes throughout the whole substitution series. In this contribution, we want to showthe synthesis and the crystallographic details of the structure as well as giving an insight into thephysical properties obtained via ESR spectroscopy and magnetization measurements.
References[1] E. Häußler, J. Sichelschmidt, M. Baenitz, E. C. Andrade, M. Vojta, T. Doert, arXiv:2203:02199
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Investigation of the magnetoelastic properties of α-RuCl3

Andreas Hauspurg

Institut Hochfeld-Magnetlabor Dresden, Helmholtz-Zentrum Dresden-RossendorfInstitut für Festkörper- und Materialphysik, Technische Universität Dresden
The honeycomb material α-RuCl3 is of particular interest due to its proximity to a quantum spinliquid (QSL) in the frame of the Kitaev model, where the Kitaev QSL features fractionalized quasi-particle excitations. A promising approach to investigate such excitations is to study the couplingbetween fractionalized quasiparticles and phonons. My recent studies of the elastic properties of
α-RuCl3 show a promising path to unveil the unconventional physics of the debated QSL phase. Inthis talk, I will present low-temperature results of the sound velocity and attenuation in externalmagnetic fields and under hydrostatic pressures. At a pressure of 11.3 kbar the antiferromagneticorder is completely suppressed.
Series expansion studies of the J1-J2-Heisenberg bilayer

Erik Wagner

Institut für Theoretische Physik, Technische Universität Braunschweig
The single layer antiferromagnetic J1-J2 Heisenberg-model on the square lattice is one of the pillarsof frustrated quantum magnetism, with Néel- and collinearly ordered ground states competing forlarge and small J1/J2, and with a quantum disordered phase of still unsettled nature in between.Probing fingerprints of such phases by approaching them out of a well controlled dimer phase isone of the rationals for studying bilayer versions of frustrated spin models. Here, and starting fromthe limit of decoupled dimers we use the perturbative Continuous Unitary Transformation (pCUT),based on the flow equation method, to perform series expansion in order to analyze the spectrumof the square lattice J1-J2-Heisenberg bilayer up to the two-triplon excitations.
Evaluating the ground state energy and the one-particle dispersion up to 7th order in J1,2 as wellas the two-particle interactions and spectrum up to 5th order, we find emerging (anti-)boundtwo-particle states. Based on the wavefunctions of these states, we introduce a classification bytotal spin and real-space symmetry, which we find to be consistent with the J1-only bilayer on thesquare lattice [1]. We analyze the phase boundary of the dimer phase with respect to one- andtwo-particle excitations and find reasonable agreement with recent coupled-cluster calculations[2], while also uncovering prospects for an additional phase introduced by two-particle boundstatecondensation.
References[1] A. Collins and C. J. Hamer, Two-particle bound state and one-particle structure factor in aHeisenberg bilayer system, Phys. Rev. B 78, 054419 (2008).[2] R. F. Bishop, P. H. Y. Li, O. Götze and J. Richter, Frustrated spin-1

2
Heisenberg magnet on asquare-lattice bilayer: High-order study of the quantum critical behavior of the J1-J2-J⊥

1 model,Phys. Rev. B 100, 024401 (2019).
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Design of High-Temperature Syntheses on the Example of Sn[PtBi6I12]

Maria A. Herz

Fakultät Chemie und Lebensmittelchemie, Technische Universität Dresden
Discovered during the search for novel topological insulators [1,2], we discovered new pseudoone-dimensional compounds. The reaction of Bi with Sn, Pt and BiI3 above 300 ◦C yielded shiny,black, air insensitive crystals of the subiodide Sn[PtBi6I12] as well as the partially substituted(Bi2xSn1−3x)[PtBi6I12], with x ≈ 0.1. Through extensive investigations into the synthetic pathwaywith the help of differential scanning calorimetry, the two compounds could be isolated and syn-thesized independently. The rhombohedral crystal structures consist of alternating cuboctahedral[PtBi6I12]2− cluster anions and Sn2+ or Bi3+ cations in octahedral coordination between trigonalfaces of two cuboctahedra. These concatenate them into linear chains, which makes Sn[PtBi6I12]an analogue to the compound Pb[PtBi6I12] [3], while (Bi2xSn1−3x)[PtBi6I12] with its vacant posi-tions consists of finite strands. Additionally, the crystals’ cube-like morphology originates fromsix weaker Bi···I inter-cluster bridges per cluster connecting the chains. The heavy elements showstrong spin-orbit coupling. If this exceeds the width of the chemical band gap of the compound, anon-trivial topology can be expected.
References[1] M. Z. Hasan, C. L. Kane, Rev. Mod. Phy. 2010, 82, 3045.[2] Y. Ando, J. Phys. Soc. Jpn. 2013, 82.[3] M. A. Herz, M. Knies, K. Finzel, M. Ruck, Z. Anorg. Allg. Chem. 2020, 647, 53.
Tuning the electronic structure of the trichloride honeycomb lattice by transition
metal substitution

Tom Klaproth

Institut für Festkörperforschung, Leibniz-Institut für Festkörper- undWerkstoffforschung Dresden
Transition metal trichlorides show peculiar and versatile magnetic properties. Whereas CrCl3 isa layered antiferromagnet with potential applications as an ultrathin two-dimensional magnet,
α-RuCl3 may host a spin-liquid state driven by Kitaev interactions. The interest to control theirmaterial properties by chemical modifications is immense, both from an application related andfrom a fundamental point of view. In my talk I present photoemission and electron energy-lossspectroscopy results on CrCl3, Cr0.5Ru0.5Cl3 and α-RuCl3. Transition metal substitution changes theoptical properties of the host without compromising its underlying electronic structure. It doesso by a Cr–Ru related charge transfer process across the Mott gap effectively opening up a newabsorption channel below the principal gap edge of CrCl3. The Cr and Ru valencies as well as therespective valence band density of states remain stable for the mixed Cr0.5Ru0.5Cl3 compound. Thestudy underlines the potential of transition metal substitution as a means of material engineeringof trichlorides.
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Abstracts of Posters

Magneto-thermal transport in non-collinear antiferromagnetic thin films

Sebastian Beckert

Institut für Festkörper- und Materialphysik, Technische Universität Dresden
Understanding the interplay between topological properties and transport phenomena in non-collinear antiferromagnets is important for exploiting their unconventional characteristics in spin-tronics. In particular, non-collinear antiferromagnets can exhibit phenomena previously known tobe exclusive to ferromagnets, such as the anomalous Hall Effect (AHE) or the anomalous Nernsteffect (ANE).
We experimentally study the magneto-thermal transport in unconventional antiferromagnetic thinmagnetic films with complex band structure, namely Mn3NiN [1]. In previously studied Mn3Snfilms, all spins are arranged in the sample plane. Therefore, AHE and ANE cannot be measured in astandard Hall bar geometry and a comparison of AHE and ANE is also not straightforward [2]. (001)-oriented Mn3NiN thin films have their spins arranged in the (111) plane and, therefore, in principle,a component of the Hall vector in both out-of plane and in-plane directions [3]. This makes Mn3NiNan ideal candidate for a systematic study of magneto-thermal transport phenomena and theiranisotropy. We will present measurements of ANE, AHE, magnetoresistance and Seebeck effectin a single device. Based on careful thermal gradient calibration, we can compare the measuredamplitudes of the magneto-thermal transport coefficients and discuss them in context of the Mottrelation [4].
References[1] D. Boldrin et al. ACS Appl. Mater. Interfaces 2018, 10, 22, 18863–18868 (2018)[2] H. Reichlová et al. Nat. Commun. 10, 5459 (2019)[3] D. Boldrin et al., Phys. Rev. Materials 3, 094409 (2019)[4] Y. Pu et al., Phys. Rev. Lett. 101, 117208 (2008)
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Synthesis and characterisation of Rh(IV) oxides with double perovskite struc-
ture

Tamara Holub

Institut für Festkörperforschung, Leibniz-Institut für Festkörper- undWerkstoffforschung Dresden
Compounds with double perovskite crystal structure currently attract high interest in solid statephysics. Because of their compositional flexibility a wide range of compounds with interestingphysical properties are known to exist. Double perovskite structure A2BB′O6 with transition metalRh4+ (4d5 electronic configuration) on theB′ site demonstrate a strong magnetic frustration in thecrystal lattice. In keeping with related theoretical predictions, these materials should exhibit strongcorrelations between fluctuating spins [1]. This may lead to quantum spin liquid (QSL) ground statewhich is our primary interest.
La2BRhO6 (B = Zn, Mg) compounds were chosen for further research as potential QSL candidates[2]. Powderswere synthesized inmonoclinic crystal systemP21/n space group. For crystal structureinvestigations X-ray and neutron powder diffraction were performed. The magnetic behaviourof La2BRhO6 (B = Zn, Mg) compounds was characterized using SQUID magnetometry and heatcapacity measurements. La2ZnRhO6 compound has no long range magnetic order down to 1.8 K.At the same time, magnetic measurements on La2MgRhO6 show a clear transition at∼ 7 K.
References[1] J. R. Chamorro et al Chem. Rev., 121, 2898-2943 (2021)[2] C. Schinzer, G. Demazeau, Mat. Science, 34 (1999)
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Thermoelectric properties in TaRhTe4 and TaIrTe4 Weyl semimetals

Mahdi Behnami

Institut für Festkörperforschung, Leibniz-Institut für Festkörper- undWerkstoffforschung Dresden
The magneto-thermo transport measurement can be more sensitive probe of the band structurecompared to the magneto resistivity (MR) and Hall measurement [1] and if sufficiently large, it canbe also interesting for heat harvesting.
Here we study systematically the thermoelectric properties (Nernst and Seebeck effects). We studyWeyl semimetals - TaRhTe4 and TaIrTe4 – and we detect the topological features. Because in ourmaterials [2,3] the Weyl points are above the Fermi level we could not see any topological featuresby measuring the MR and Hall. We might, on the other hand, observe an anomaly in the Nernstand Seebeck effects.
We quantify a moderate magnitude of the Nernst coefficient, we compare it with other compoundsfrom the same family of materials and we discuss the role of electron mobility on the magnitudeof Nernst coefficient.
References[1] Noky et al., Phys. Rev. B 98 241106 (2018)[2] E. Haubold et al. Phys. Rev. B 95, 241108 (2017)[3] K. Koepernik et al. Phys. Rev. B 93, 201101 (2016)
Investigation of the magnetic structure of RE3Fe3Sb7 (RE=Nd, Pr) by means of
57Fe Mössbauer spectroscopy and µSR

Felix Seewald

Institut für Festkörper- und Materialphysik, Technische Universität Dresden
RE3Fe3Sb7 is an intermetallic compound that shows interplay of iron and rare earth magnetism.While the Fe order sets in above room temperature, a second transition can be observed at 50 K(Nd) or 40 K (Pr). The Fe atoms form equilateral triangles that are stacked along the c-axis with a
60◦ rotation between layers. Similarly RE atoms form equilateral triangles stacked along the c axiswith Sb layers separating the stacks.
57Fe Mössbauer spectra show two magnetically distinct Fe-sites at room temperature exhibitingmagnetic hyperfine fields of BHyp1 = 14.75(15) T and BHyp2 = 13.89(15) T. The absorptionintensities are split in a 5:4 area ratio in the spectra. The magnetic hyperfine fields of both sitesobtained from the Mössbauer spectra develop with temperature following a BHyp = B0(1 −
(T/TC)

α)β behavior where only B0 differs between both sites. At the second transition bothsites collapse on the larger field. By applying an external field of 0.1 T transversal to the photonbeam a considerably turning of the Fe moments is observed in the Mössbauer spectrum at roomtemperature. We will discuss the implications on the magnetic structure. µSR measurementsshow a strong change of the local magnetic field at the muon site through the second transition. Adynamic fluctuation peak is visible at 175 K.
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Fluctuation-induced ferrimagnetism in sublattice-imbalanced antiferromagnets
with application to SrCu2(BO3)2 under pressure

Pedro M. Cônsoli

Institut für Theoretische Physik, Technische Universität Dresden
In this poster, we show that a collinear Heisenberg antiferromagnet composed of equal-sizedspins develops a uniform magnetization at nonzero temperatures below the Néel temperatureonce sublattice symmetry is broken at the Hamiltonian level. By using a combination of spin-wave and Landau theories, we first demonstrate how this phenomenon of fluctuation-inducedferrimagnetism manifests in a layered variant of a square-lattice J1-J2 model, and then extend ouranalysis to a case of direct experimental relevance, namely that of SrCu2(BO3)2. Known as a nearrealization of a paradigmatic model of frustrated magnetism, the Shastry-Sutherland model, thismaterial has attracted great attention over the past years as experiments revealed that it undergoesmultiple phase transitions driven by hydrostatic pressure. In particular, there are indications thatSrCu2(BO3)2 exhibits antiferromagnetic order with two inequivalent magnetic sublattices at highpressures. By considering a layered version of the Shastry-Sutherland model, we suggest that thisordered phase of SrCu2(BO3)2 is in fact a fluctuation-induced ferrimagnet, and we predict that itsuniform magnetization evolves non-monotonically with temperature.
Divergence of the Grüneisen ratio at symmetry-enhanced first-order quantum
phase transitions

Charlotte Beneke

Institut für Theoretische Physik, Technische Universität Dresden
The so-called Grüneisen ratio, i.e. the ratio between thermal expansion and specific heat, divergesat a quantum critical point in a power-law manner. This divergence is seen as a characteristic ofquantum critical points, i.e. continuous quantum phase transitions. Interestingly, we show thatthe Grüneisen ratio can also generically diverge at discontinuous *symmetry-enhanced* quantumphase transitions. A symmetry-enhanced phase transition is a phase transition where distinctsymmetries in separate phases converge to the same symmetry at the phase boundary. Because ofthis, discontinuous symmetry-enhanced quantum phase transitions share fundamental featureswith continuous quantum phase transitions. In particular, spontaneous symmetry breaking at thetransition leads to a vanishing mode gap because there must be at least one mode turning to aGoldstone mode. This vanishing energy scale leads to a power-law divergence of the Grüneisenratio as at a quantum critical point, but with mean-field exponents. We investigate discontinuousquantum phase transitions with an explicit symmetry enhancement in the XZ and XXZ quantumspin model. The phenomenology outlined in this talk may be applicable to a number of correlated-electron materials where unconventional first-order-like transitions have been detected. Oneexample could be Ce3Pd20Si6.
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Impurities in α-RuCl3

Georgia Fragkopoulou

Institut für Theoretische Physik, Technische Universität Dresden
In recent years, α-RuCl3 has been a prime candidate in realizing Kitaev’s model on the honeycomblattice. Experiments such as nuclear magnetic resonance and thermal transport measurementsprovide strong evidence on the importance of impurities in the material in the presence of amagnetic field. Using a T-matrix calculation we find that when a bond impurity is present, lowenergy magnetic excitations appear inside the gap of the high-field phase. Finally, we investigatethe formation of textures in the case of strong impurities.
Dilution of the Kitaev candidate α-RuCl3 by non-magnetic elements

Ekaterina Vinokurova

Institut für Festkörper- und Materialphysik, Technische Universität DresdenInstitut für Festkörperforschung, Leibniz-Institut für Festkörper- undWerkstoffforschung Dresden
During the last several years, α-RuCl3 has been attracting a lot of interest due to its proximity tothe Kitaev honeycomb model [1]. It is a van der Waals material where each layer has a honeycombarrangement of edge-sharing RuCl6 octahedra. Single crystals of α-RuCl3 order antiferromagnet-ically (with a zigzag arrangement of Ru3+ spins) at 7 K and 14 K [2]. These different orderingtemperatures correspond to various stacking sequences: ABC and AB, respectively. Suppressionof these magnetic transitions may lead to new quantum states, and, therefore, is of great interest.Magnetic order in α-RuCl3 can be suppressed by an external magnetic field of µ0Hc ≈ 6.9 T [3].Another approach is to dilute the magnetic system of α-RuCl3 by non-magnetic elements. Withthis aim, we modified the crystal structure of α-RuCl3 along two different routes.
The first route considers the substitution ofmagnetic Ru3+ (Jeff = 1/2) atoms by non-magnetic Rh3+atoms. Polycrystalline powders and single crystals of Ru1−xRhxCl3 (x = 0.02− 0.45) were grownfrom a gas phase. The doping rate was controlled by calibrated energy dispersive X-ray spectroscopy.For structural characterization, X-ray diffraction studies were performed. Magnetization data wasmeasured using a SQUID magnetometer. It was found out that Ru1−xRhxCl3 is isostructural to
α-RuCl3 and dopants are randomly distributed. The suppression of the long-range magnetic orderis observed at x ∼ 0.2 leading to a possible quantum spin liquid state.
The second route represents the electrochemical intercalation of K+ ions into the van der Waalsgaps of α-RuCl3 in order to reduce some magnetic Ru3+ to non-magnetic Ru2+. New KxRuCl3(x = 0.5 − 0.8) material has formed; its crystal structure was determined using 3D electrondiffraction. The Néel temperatures of KxRuCl3 crystals decrease down to 2.1 K.
References[1] A. Kitaev, Ann. Phys. 321, 2–111 (2006)[2] H. B. Cao et al., Phys. Rev. B 93, 134423 (2016)[3] A. U. B. Wolter et al., Phys. Rev. B 96, 041405(R) (2017)
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Modeling the honeycomb magnet Na2Co2TeO6: Significance of ring exchange

Wilhelm Krüger

Institut für Theoretische Physik, Technische Universität Dresden
The frustrated honeycomb material Na2Co2TeO6 is proposed as an approximate Kitaev magnet.The spin-wave spectrum obtained by inelastic neutron scattering shows characteristic low-energybranches which indicate triple-Q magnetic order in this material. Bilinear pseudo-spin modelsfavor zigzag instead of triple-Q order for realistic model parameters. However, ring exchange maybe relevant in the description of the magnetic structure if Hubbard t/U is not too small. For acontrolled analysis, we start with a dual Heisenberg model where the two phases are degenerate.Adding a ring-exchange term stabilizes the triple-Q order, and the low-energy part of the spin-wavespectrum can be well fitted. The large gap between the low-energy and high-energy parts of thespectrum cannot be reproduced by only nearest-neighbor interactions, so next-nearest-neighborinteractions or broken lattice symmetry have to be taken into account.
Crystal growth and characterization of unconventional magnets PbCuTe2O6 &
Ba2CoWO6

Abanoub Refat Nassief Hanna

Technische Universität BerlinHelmholtz-Zentrum Berlin für Materialien und Energie, Berlin
Geometrically frustrated quantum magnets are attracting widespread research interest amongcondensed-matter physicists because of their possible realization of unconventional magnetismmanifest as exotic ground states and excitations. Large crystals are essential for further detailedinvestigation of frustrated quantum magnetism using advanced measuring techniques includinginelastic neutron scattering (INS_). Among many interesting frustrated magnets, only few of themwere possible to obtain in a single crystalline form due to themelting nature of these compounds. Inthis talk, large and good-quality single crystals of the compounds PbCuTe2O6 and Ba2CoWO6 wereobtained. Single crystals of the three- dimensional quantum spin-liquid candidate PbCuTe2O6 weregrown using both the travelling solvent floating zone (TSFZ) and the top-seeded solution growth(TSSG) techniques. An anomaly around a temperature of 1 K is revealed in thermodynamic probesof both annealed powder and single crystalline samples. Curiously the position and magnitudeof the transition are strongly dependent on the crystallite size and it is almost entirely absent forthe smallest crystallites. Ba2CoWO6 single crystals were grown using the floating zone technique.The magnetic excitations measured using inelastic neutron scattering revealed the presence ofsharp spin waves excitations below 4.5 meV, these excitations have a small gap indicating a weakanisotropy of the Co2+ moment. Our measurements also revealed the presence of weak diffusemagnetic signal extending up to 8 meV. This unexpected signal could be due to multi-magnonscattering which suggests the presence of magnetic fluctuations in the ground state possibly dueto additional frustrated terms in the Hamiltonian beside the second neighbour interaction.
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