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GENERAL INFORMATION 
The international workshop "Magnetic Resonance of Correlated Electron Materials" will 

take place on 17-22 September 2023, in Dresden, Germany. The workshop is inspired by two 
very successful conferences held in Trogir, Croatia, in 2010 and 2011, and a similar workshop 

organized by Jürgen Haase in Dresden in 2005. These workshops brought together experts and 

young scientists interested in the local properties of correlated electron materials, investigated by 

NMR and other magnetic resonance techniques. 

The workshop in Dresden is part of the Alexander von Humboldt research group linkage 

program between Germany and Croatia, and it is kindly supported by the host institute, the IFW 

Dresden, where the workshop will take place. 

The focus of the workshop is on the abilities of magnetic resonance techniques to provide 

insight into outstanding physical problems of correlated electron materials. It will cover topical 

results on: superconductors and nematic materials, topological insulators and Weyl semimetals, 

quantum magnets, molecular magnets and spin liquids, as well as advances in magnetic resonance 

techniques, such as NV sensing, uniaxial strain, -NMR, SR, ESR, and of course NMR. 

The target audience is both experimental and theoretical researchers, as well as PhD students 

specializing in the field. The workshop is open to exploring relations between NMR and other 

methods, as well as to introduce physical problems to which NMR investigations may contribute. 

We encourage all interested colleagues to register early, also to benefit from the early 

registration fee of only 200 EUR (100 EUR for PhD students), valid until May 1st. 

This website will be continuously updated and will provide you with all necessary information. 

If you have questions, send an email to magres2023@ifw-dresden.de  

We have 25 invited talks (30+10 min), and about 30 slots for contributed talks (15+5 min). 

There will be two poster sessions on Tuesday and Thursday, both of which are planned as “Dinner 

and Science” events with warm and cold buffet and drinks. The program committee will decide 

who will be accepted for a contributed talk and who can show their results as a poster. The posters 

will stay in the atrium in front of the lecture hall in the IFW Dresden during the whole conference. 

There will be a welcome event and registration in the Intercity hotel (see map below) on 

17th of September 2023, starting at 18:00. 

 

VENUE 

Dresden is the capital city of the German state of Saxony. It lies on the basin of the Elbe 

river and is located only 19 km from the Czech Republic and 145 km from Berlin. With Baroque 

architecture and many world-renowned museums and art collections, Dresden has also been 

referred to as Florence on the Elbe. It is home to several world-class universities and research 

institutions, including the Technische Universität Dresden (TU Dresden), one of the oldest and 

most prestigious technical universities in Germany. The conference will be held at Leibniz 

Institute for Solid State and Materials Research Dresden (IFW Dresden). The IFW Dresden is a 

non-profit research association whose purpose is fundamental and applied research in the fields 

of solid state and materials research as well as the training of young scientists and staff. It was 

founded in 1992, emerging from the largest materials science center of the former academy of 

science of the German Democratic Republic (GDR). 

 

mailto:magres2023@ifw-dresden.de
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PROGRAMME 

 
 17.9. 18.9. 19.9. 20.9. 21.9. 22.9. 

 Sunday Monday Tuesday Wednesday Thursday Friday 

08:00 

  

Registration      

08:45 Opening     

09:00 
V. Mitrović  S. Blundell S. Brown G.-Q. Zheng  G. Allodi 

09:40 
M. Takigawa  H. Luetkens  D. Pelc T. Wu S. Asaad  

10:20 A. Mirhajivarzaneh  M. Gomilšek I. Heinmaa  H.-H. Klauss  D. Žilić  

10:40 Coffee Coffee Coffee Coffee Coffee 

11:10 
J. F. Roch M. Klanjšek H. Yasuoka  Y. Tokunaga Y. Furukawa 

11:50 
A. MacFarlane  K. Povarov A. Alfonsov K. Ishida 

I. Eremin 

V. Kataev  

12:30 H. Kühne T. Arh T. Shiroka S. Yamamoto 

Closing 
12:50 R. Zhou S. Bachhar S. Fujiyama I. Gaba 

13:10 Lunch break Lunch break Lunch break Lunch break   

14:30 
M.-H. Julien  E. Kermarrec 

 

I. Vinograd  

15:10 Y. Ihara F. Bert K. M. Ranjith 

15:30 G. Prando A. Najev T. Kotte 

15:50 M. Spaić N. Büttgen I. Jakovac  

16:10 Ž. Gosar  M. Sahoo M. Pregelj 

16:30 Coffee Coffee Coffee 

17:00 
A. Zorko  T. Imai A. Suter 

17:40 F. Bärtl 

Posters Posters 

18:00 

Welcome  
&  

registration 

M. Baenitz 

18:20 A. Mahajan  

18:40   

 

 

 
 Invited talks 

 Contributing talks 
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ORAL SESSIONS 
 
Presentation time:  
Invited lectures: 40 min. (30 min talk + 10 min Q/A)  
Contributed lectures: 20 min. (15 min talk + 5 min Q/A)  
 
 Speakers should bring their presentation as a single stand-alone file on USB 
flash drive. The session room is provided with one laptop with LCD projector, and 
standard presentation software.  
 
 Speakers can use their own laptops, but we strongly recommend using the one 
in the session room, unless a stand-alone presentation file is for some reason 
impractical. Speakers are welcome to check their presentations well ahead of time.  
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MONDAY 
 

V. Mitrović, Brown University, Providence, RI 02912, USA 

 

New methods for probing electronic correlations and spin-susceptibility 

anisotropy in nuclear magnetic resonance 

 
 I will discuss the details of the novel methodology that ultimately could lead to the 

ability to reverse engineer the full electronic susceptibility from simple NMR spectral 

measurements [PRB 106, L041119 (2022) & arXiv:2212.01946]. Most NMR techniques in 

correlated systems measure how short-range electronic spin susceptibility changes the spin 

dynamics through dephasing, energy dissipation, or spectral (Knight) shifts. This standard 

approach provides relationships between electronic spin susceptibility only at high-

symmetry points and the dissipation rates. However, in the presence of strong electronic spin 

correlations, the hyperfine interaction imparts long-range coupling between nuclear spins, 

and so produces direct (though intricate) effect on nuclear spin ensemble dynamics, i.e. 

simple spin echo spectral shape. Using large-scale simulations of dynamics of nuclear spins 

ensemble with long-range interactions, we demonstrate how to extract the range and 

anisotropy of electronic spin correlations through a series of simple NMR experiments in 

correlated phases of matter. 
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MONDAY 8 

Masashi Takigawa 

Toyota Physical & Chemical Research Institute, Nagakute Aichi 480-1192, Japan, 

Institute of Materials Structure Science, KEK, Tsukuba, Ibaraki 305-0801, Japan 

 

The use of symmetry groups in NMR and application to Cd2Re2O7 

 
Exploring unconventional order is a central issue in the study of strongly correlated 

electron materials. NMR is a powerful tool to detect a subtle change in the local symmetry 

caused by an electronic order. In this talk, we discuss a systematic method to determine the 

symmetry of order parameters from the splitting of NMR spectra by employing 

representations analysis of the symmetry groups. To be specific, we focus on a non-magnetic 

order preserving the time reversal symmetry. Then the NMR spectra are determined by the 

shift and EFG tensors. The components of these tensors can be combined to form basis of 

the irreducible representations of the point group of the nuclear site. In the high temperature 

symmetric phase, the hyperfine Hamiltonian must be compatible with the point group 

symmetry, i.e. only the totally symmetric components of the tensors are non-zero. Below the 

symmetry breaking transition temperature, other components may become non-zero. The 

symmetry of the order parameter can be identified from the type of representation of these 

components. The point group of a nuclear site is a subgroup of the point group of the crystal. 

We also discuss how to determine the symmetry of the order parameter (crystal) from the 

transformation properties among multiple sites in a unit cell. The method of representation 

analysis has been actually applied to the 111Cd-NMR spectra, and more recently to the 17O-

NMR spectra, in the 5d pyrochlore metallic oxide Cd2Re2O7, which undergoes double phase 

transitions that spontaneously break the inversion symmetry. 

 
This work has been done in collaboration with T.Hasegawa, N. Mera, H. Takeda, D. Hirai, 

and Z. Hiroi. 
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Alaleh Mirhajivarzaneh, IFW Dresden, Germany 

 

Microscale resonators for microfluidic based Nuclear Magnetic 

Resonance spectroscopy 

 
The primary component of a Nuclear Magnetic Resonance system has been 

downscaled to microscale detector in recent decades as part of an effort to miniaturize NMR 

systems. Because of this breakthrough, NMR spectroscopy can now be used on samples as 

small as micro- or nanoliters (nL), which is typical for investigations involving 

microorganisms and cell cultures. One of the smallest detection volumes thus far reported in 

this field is 1.5nL, which we achieve with our innovative microcoil, a 3D microscale 

resonator with an integrated microfluidic system, providing exceptional sensitivity and 

resolution (8ppb). The integrated microfluidic system also maximizes the filling factor to 

almost 100%. The microcoil has the potential to be used in high-resolution micro-NMR 

investigation of biological material. 
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MONDAY 10 

Jean-François Roch, ENS Paris-Saclay, Paris/France 

 

Quantum diamond magnetometry at extreme pressures 

 
Diamond anvil cell (DAC) is commonly used to study materials under high pressure. 

The megabar regime above 100 GPa is an exciting frontier where matter exhibits quantum 

phases such as superconductivity with record critical temperatures.  

I will describe the implementation of high-pressure magnetometry based on the 

optical detected magnetic resonance (ODMR) of nitrogen-vacancy (NV) centers [1]. Using 

a customized optical microscope, we use the NV spin dependent luminescence to map the 

magnetic field distribution at the diamond anvil tip. The Meissner effect results in a clear 

drop of the magnetic field in the vicinity of the sample where the NV sensors are located, 

leading to the unbiased detection of superconductivity. This measurement is compatible with 

synchrotron X-ray diffraction for dual structural characterization [2]. Moreover, imaging the 

Meissner effect with micrometer resolution reveals the existence of inhomogeneities in the 

sample whereas conventional probes give an averaged signal that discards any local 

information.   

I will discuss how this method can be implemented in the megabar regime by 

fabricating pillars on the anvil tip to create a quasi-hydrostatic stress environment for the NV 

centers [3]. This result enables the detection the Meissner effect of super-hydrides that is 

under stifling debate.    

 

[1] M. Lesik et al, Science 366, 1359–1362 (2019). 

[2] L. Toraille et al., New J. Phys. 22, 103063 (2020). 

[3] A. Hilberer et al., arXiv:2301.05094 (2023). 

  



Magnetic Resonance of Correlated Electron Materials, 17-22 September 2023, Dresden 

MONDAY 11 

W. Andrew MacFarlane, 

Department of Chemistry, University of British Columbia, Vancouver/Canada 

Stewart Blusson Quantum Matter Institute, University of British Columbia, 

Vancouver/Canada  

TRIUMF, 4004 Wesbrook Mall, Vancouver/Canada 

 
𝛽NMR of Implanted 8Li+ as a Probe of Correlated Electrons 

 
Beta-detected NMR uses the anisotropic emission of high energy 𝛽 particles from 

radioactive beta decay to detect the state of the nuclear spin, the same phenomenon that 

underlies 𝜇SR. To be useful, the radioactive halflife 𝜏1/2 must be  𝑇1, the spin-lattice 

relaxation time, so the NMR radioisotope must be short-lived with a 𝜏1/2 on the scale of 

seconds or less. Using the on-line isotope separation scheme, like CERN’s ISOLDE, the 

ISAC facility at TRIUMF provides intense keV energy beams of such rare isotopes for 

research, including to a facility dedicated to 𝛽NMR studies of materials. Primarily this uses 

the simplest, lightest 𝛽NMR nucleus 8Li. One of the most important capabilities of “ion-

implanted” 𝛽NMR is the ability to study thin films, and to make depth-resolved NMR 

measurements in solids on the nanometre scale. In this talk, I will review this implementation 

of 𝛽NMR and its capabilities [1, 2] and present examples of its use in the study of correlated 

electron materials such as cuprates, nickelates [3,4].  

 

[1] W. MacFarlane, Zeitschrift für Physikalische Chemie 236, 757 (2022). 

[2] W. MacFarlane, Solid State Nuclear Magnetic Resonance 68–69, 1 (2015). 

[3] V. L. Karner et al., Phys. Rev. B 100, 165109 (2019). 

[4] V. L. Karner et al., Phys. Rev. B 104, 205114 (2021). 
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MONDAY 12 

Hannes Kühne, HZDR, Germany 

 

NMR in pulsed magnetic fields 

 
 NMR measurements in the highest pulsed magnetic fields have been developed at 

dedicated large-scale research facilities for some time and are becoming increasingly 

available for user experiments. In my presentation, I will give an overview of the current 

developments, possibilities and peculiarities of NMR experiments in pulsed magnetic fields. 

Furthermore, through some examples, I will discuss opportunities to work on scientific 

questions that can be uniquely addressed using this technique. 
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MONDAY 13 

Rui Zhou, Institute of Physics, Chinese Academy of the Sciences, China 

 

26 T nuclear magnetic resonance station in SECUF 

 
In this talk, I will introduce the high magnetic field NMR system in Beijing's 

Synergetic Extreme Condition User Facility (SECUF). The magnetic field is generated by a 

hybrid superconducting magnet, which contains a high-Tc superconducting magnet inside a 

low-Tc superconducting magnet. The highest magnetic field can reach 26 T. And the field 

homogeneity is 11ppm@1cm3. Most importantly, the duration of working time is unlimited 

with the help of a helium recovery system. In the end, we will also introduce our recent works 

based on this system. 
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MONDAY 14 

Marc-Henri Julien, Laboratoire National des Champs Magnétiques Intenses, Grenoble, 

France 

 

Revisiting the spin susceptibility of YBa2Cu3Oy with a high field twist 

 
One of the main challenges in understanding high-Tc cuprates is that the presence of 

superconductivity makes it impossible to observe "normal" (i.e. non-superconducting) 

electronic properties at low temperatures. I will present measurements of the spin 

susceptibility of YBa2Cu3Oy, which were obtained using strong magnetic fields to suppress 

Tc down to a few Kelvin. The results provide a fresh perspective on the pseudogap problem 

and on the magnetism of high Tc cuprates. 
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MONDAY 15 

Yoshihiko Ihara, Faculty of Science, Hokkaido University, Sapporo/Japan 

 

Microscopic coexistence between superconductivity and 

antiferromagnetism in excess oxygen La2CuO4+ 

 
Motivated by recently grown high quality single crystal of La2CuO4+ with tiny 

amount of excess oxygen d, we have performed 139La-NQR experiment and investigated 

superconductivity that emerges in the antiferromagnetically ordered electronic state. The 
139La-NQR spectrum splits below Neel temperature TN = 263 K by the spontaneous local 

field at La site. The considerably narrow spectral width suggests that the antiferromagnetic 

order appears uniformly for all over the sample. Interestingly, the nuclear spin-lattice 

relaxation rate measured using the 139La-NQR spectrum affected by the internal field shows 

an anomaly at the superconducting transition temperature Tc = 31 K, and T3 temperature 

dependence below Tc. This result is a smoking-gun evidence for microscopic coexistence 

between antiferromagnetic and superconducting states. We suggest that at small d, excess 

oxygen implanted between the LaO layers does not create any structural defects or 

imperfection at the CuO2 plane, leading to an electronic state free from disorders. Since the 

disorders on the CuO2 layers are eliminated in La2CuO4+, as in the case of inner plane of 

multi-layered cuprates, superconducting state extends to relatively small doping. 
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MONDAY 16 

Giacomo Prando, Università degli Studi di Pavia, Pavia, Italy 

 

Spatially-textured charge-density wave phase in hydrogen-intercalated 

1T-TiSe2 

 
TiSe2 has been investigated extensively since the 1970's after the first reports of a 

commensurate charge-density wave (CDW) state developing from a high-temperature 

semimetallic phase. In this material, superconductivity is induced by pressure, electric-field-

induced charge doping, and by intercalation using different atomic ions. The CDW phase is 

suppressed by electric-field-induced charge doping and copper intercalation - however, the 

electric-field-controlled intercalation using lithium and hydrogen does not alter the TCDW 

value. Remarkably, a structure of nanoscopic domains with alternating commensurate-

incommensurate CDW phases emerges in TiSe2 when perturbed by electric fields, the 

superconducting state being confined to the incommensurate-CDW domains. However, a 

microscopic investigation of the high-temperature CDW state in the intercalated systems is 

still missing. Here, we use the nuclear magnetic moments of the intercalants in electric-field-

intercalated TiSe2Hx as local probes for NMR experiments. Based on our modelling of the 

temperature dependence of the spin-lattice relaxation rate, we argue that the spatial texturing 

of the CDW state is preserved up to the high-temperature limit. Our evidences suggest that 

fluctuating nanoscopic-sized domains nucleate at temperatures higher than TCDW, slowing 

down towards a percolating CDW state throughout the sample and resulting in a peculiar 

dynamics in the MHz range. 
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MONDAY 17 

Marin Spaić, University of Zagreb, Zagreb, Croatia 

 

NMR study of the local structure of a high-Tc bismuthate superconductor 

 
The doped perovskite BaBiO3 was the first high-Tc oxide to be discovered, 

exhibiting a superconducting transition temperature (Tc) as high as 34 K when doped with 

potassium. However, important questions regarding the the local structure remain 

unresolved, with possible implications for the nature of both the superconducting and 

metallic state. Recently, a combined diffuse x-ray scattering and Monte Carlo modeling 

study [1] of the local structure of Ba1-xKxBiO3 across its metal-insulator boundary uncovered 

the evidence of nanoscale structural correlations which locally break inversion symmetry, 

thereby opening new possibilities for the still widely debated pairing mechanism. In order to 

obtain further insight, we use nuclear magnetic resonance of Ba as a complementary probe 

which is sensitive to local slow dynamics of the structural environment. We find that the 

observed spectral lines are significantly modified by the presence of the local electric fields 

through quadrupolar coupling. Through modeling the effect of the local structure on local 

electric fields, we show that the observed spectrum is consistent with the spatial field 

fluctuations caused by likely the same structural correlations observed in [1], while 

relaxation measurements suggest that the correlations are quasi-static.  

 

[1] Griffitt S., Spaić M. et al., Nat. Comm. 14, 845 (2023) 

  



Magnetic Resonance of Correlated Electron Materials, 17-22 September 2023, Dresden 

MONDAY 18 

Žiga Gosar, Institut "Jožef Stefan", Ljubljana, Slovenia 

 

NMR, NQR and μSR of quasi-one-dimensional superconductors 

 
A2Mo3As3, where A stands for K, Rb or Cs, is a family of quasi one-dimensional 

conductors, where MoAs form quasi one-dimensional double-walled subnanotubes, with A 

ions in between them.  They are superconducting with Tc = 10.4 K, 10.5 K and 11.5 K for A 

= K, Rb and Cs respectively. 

I will present 87Rb nuclear magnetic resonance (NMR), 75As nuclear quadrupole 

resonance (NQR) and muon spectroscopy (μSR) study of Rb2Mo3As3, as well as 75As NQR 

study of K2Mo3As3. 

Intriguingly NMR and NQR of Rb2Mo3As3 show different behavior, where 87Rb 

NMR shows a power-law temperature dependence of spin-lattice relaxation rate in the 

normal phase, which is a fingerprint of the Tommonaga-Luttinger liquid, while 75As NQR 

shows a linear relationship, suggesting Korringa relation. The mismatch is also present in 

the superconducting phase, where the extracted values for the superconducting gap differ.  

The transverse field μSR of Rb2Mo3As3 signal shows enhanced damping below Tc, which is 

due to the formation of a vortex lattice. Comparison against single gap s-, p- and d-wave 

models is inconclusive, but suggests either an s-wave with anomalously small 

superconducting gap or p-wave superconductor. 
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MONDAY 19 

Andrej Zorko  

Jožef Stefan Institute, Jamova cesta 39, SI-1000 Ljubljana, Slovenia, 

Faculty of Mathematics and Physics, University of Ljubljana, Jadranska ulica 19, SI-

1000 Ljubljana, Slovenia 

 

Quantum spin liquids in triangular-lattice rare-earth heptatantalates 

 
 A quantum spin liquid (QSL), a state that is highly entangled, yet it preserves lattice 

symmetries, has in recent years become a key concept in the realm of quantum materials. It 

has been experimentally observed in a variety of geometrically frustrated materials, 

including the two-dimensional triangular spin lattice. For this lattice, however, perturbations 

away from the isotropic Heisenberg exchange couplings are required to yield a QSL ground 

state.  

We have recently encountered such a case in a novel triangular antiferromagnet 

neodymium heptatantalate, NdTa7O19, in which magnetic anisotropy is extremely large [1]. 

Our in-depth experimental study detected no magnetic ordering even at temperatures of only 

a few tens of millikelvins, much below the exchange-interaction scale of this compound. 

Furthermore, sizable Ising-like spin correlations between the nearest neighbors on the 

triangular lattice and persistent spin dynamics were detected in the ground state.  

As the magnetic anisotropy in rare earths is strongly ion specific, rare-earth 

heptatantalates provide a new generic framework for quantum disordered phases. Parallels 

will be drawn to some other promising members of the family.  

 

[1] T. Arh et al., The Ising triangular-lattice antiferromagnet neodymium heptatantalate as a 

quantum spin liquid candidate, Nat. Mater. 21, 416 (2022). 
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MONDAY 20 

Florian Bärtl, HZDR, Germany 

 

Tunable Berezinskii-Kosterlitz-Thouless correlations in a quasi-2d 

Heisenberg magnet 

 
I will discuss the manifestation of field- and pressure-tuned Berezinskii-Kosterlitz-

Thouless (BKT) correlations in the weakly-coupled spin-1/2 Heisenberg layers of the 

material [Cu(pz)2(2-HOpy)2](PF6)2 (CuPOF) [1]. Due to the moderate intralayer exchange 

coupling of J/kB = 6.8 K, laboratory magnetic fields induce a substantial XY anisotropy of 

the spin correlations. This provides a significant BKT regime, as the tiny interlayer exchange 

J′/kB ≈ 1 mK only induces 3D correlations upon close approach to the BKT transition. We 

employed NMR and μ+SR measurements to probe the spin correlations that determine the 

critical temperatures of the long-range order and the BKT transition for various applied 

magnetic fields and hydrostatic pressures. Further, we performed stochastic series expansion 

QMC simulations based on the experimentally determined model parameters. Finite-size 

scaling of the spin stiffness yields an excellent agreement of the critical temperatures 

between theory and experiment. 

 

[1] D. Opherden et al., PRL 130, 086704 (2023) 
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MONDAY 21 

Michael Baenitz, MPI Chemical Physics of solids Dresden, Germany 

 

From spin liquids to criticality and field induced order in Yb delafossites 

NaYbCh2 (Ch:O,S,Se): an NMR study 

 
Spin orbit coupling (SOC) brought significant progress to the field of quantum spin 

liquids (QSLs). Yb-based magnets are prime candidates for the QSL-state and as such the 

NaYbCh2 series is regarded as a unique platform to study anisotropic planar spin 1/2 

triangular lattice magnetism (TLM) with bond frustration. In contrast to YbMgGaO4, which 

shares the same space group (R-3m), NaYbCh2 lacks inherent lattice distortions and Yb 

resides on a centrosymmetric position in the YbCh6 octahedron. Our comprehensive study 

combines bulk- and local- probes and identifies NaYbCh2 as a new class of spin orbit 

entangled TLMs were thebaent QSL state is realized on a perfect triangular lattice [1,2]. The 

application of fields in (a,b)-plane transforms the system into a critical regime followed by 

long range order. We present magnetization, specific heat and Na NMR data down to 300 

mK.  

 

[1] M. Baenitz et al. Phys. Rev. B 98 (2018)  

[2] B. Schmidt et al. Phys. Rev. B 103, 214445 (2021) 
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MONDAY 22 

Avinash Mahajan, Indian Institute of Technology Bombay, India 

 

Possible QSL realisation in the honeycomb system Cu3LiRu2O6 with 

Ru4+(4d4) 

 
 Honeycomb systems containing ions with a large spin orbit coupling and a 

nominally non-magnetic single-ion state have been proposed to host novel magnetic ground 

states [Phys. Rev. Lett. 111, 197201 (2013)]. Our susceptibility data on Cu3LiRu2O6 

(containing Ru4+ (4d4)) exhibit a broad maximum around 300 K and a Curie-Weiss fit of the 

data above 300 K yields an effective moment of 2.42 B and a Curie-Weiss temperature CW 

= -222 K. There is no evidence of magnetic order down to 300 mK in heat capacity which 

varies as T2 at low-T.  The finite T-independent 7Li NMR shift down to 2 K indicates a finite 

spin susceptibility and hence a magnetic state. The 7Li NMR spin lattice relaxation rate 

shows no evidence of magnetic order and varies linearly with temperature at low-T which is 

reminiscent of a Fermi liquid. Our results point towards the observation of excitonic 

magnetism in a d4 system together with the stabilisation of a spin liquid state at low-T. 
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Stephen J. Blundell, Department of Physics, Clarendon Laboratory, University of 

Oxford, Oxford/UK  

 

Muons as a probe of frustrated magnetism 

 
 The technique of muon-spin rotation (μSR) has emerged as one of the most 

important spectroscopic techniques in condensed matter physics, used to study everything 

from superconductors to skyrmions. In particular, many magnetically frustrated systems 

exhibit what is known as persistent spin dynamics (PSD) in μSR experiments, the origin of 

which has remained mysterious since their discovery in the 1990s. As the temperature is 

lowered, the muon-spin relaxation rate rises (as would be expected for the slowing-down of 

spin fluctuations) but this rate then saturates at low temperature. To explain this 

phenomenon, I will describe how muons can couple to singlet states and how this can be 

extended to understand the way muons couple to a variety of frustrated systems.  μSR 

experiments are usually carried out without resonance, but I will describe a new project 

which aims to use insights from magnetic resonance and include them into μSR, thereby 

extending the reach of the technique. 
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Hubertus Luetkens, Laboratory for Muon Spin Spectroscopy, Paul Scherrer Institute, 

CH-5232 Villigen PSI, Switzerland 

 

Unconventional charge order and superconductivity in kagome lattice 

compounds AV3Sb5 (A = K, Rb, Cs) 

 
 Kagome lattice materials exhibit exiting properties due to the intertwining of 

topology, correlation, and magnetism. The electronic structure of these compounds features 

a van Hove singularity, a flat band and Dirac cones. Therefore, these materials have recently 

been subject to tremendous experimental and theoretical studies. Here, we will review our 

recent experimental progress on superconductivity and magnetic fingerprints of time-

reversal symmetry-breaking charge order in the kagome compounds AV3Sb5 (A = K, Rb, 

Cs) from a local magnetic probe point of view [1-5]. We employed muon spin rotation and 

relaxation under extreme conditions like hydrostatic pressure, ultra low temperatures and 

high magnetic fields to reveal a cascade of symmetry-broken electronic orders, including 

time-reversal symmetry-breaking charge order and tunable unconventional time-reversal 

symmetry-breaking superconductivity. 

 We explicitly show that time-reversal symmetry breaking charge order is the high 

temperature state of these superconducting compounds at ambient pressure. The magnetic 

response can be enhanced by external magnetic fields in accordance with recent theoretical 

calculations. We observe superconductivity with a nodal energy gap in (K,Rb)3Sb5 and a 

nodeless energy gap in CsV3Sb5 at ambient pressure as well as a reduced superfluid density 

which can be attributed to the competition with the charge order. Upon applying pressure, 

the charge-order transition is suppressed, the superfluid density increases, and the 

superconducting state progressively evolves from nodal to nodeless in KV3Sb5 and RbV3Sb5. 

Once the charge order is eliminated, we find a superconducting pairing state that is not only 

fully gapped and also spontaneously breaks time-reversal symmetry in all three systems. 

These results demonstrate the tunability of unconventional kagome superconductivity that is 

competing with time-reversal symmetry-breaking charge order and provide unique insights 

into the nature of the pairing state. 

 

[1] C. Mielke III et al., Time-reversal symmetry-breaking charge order in a kagome 

superconductor, Nature 602, 245-250 (2022). 

[2] Z. Guguchia et al., Tunable unconventional kagome superconductivity in charge ordered 

RbV3Sb5 and KV3Sb, Nature Communications 14, 153 (2023). 

[3] R. Khasanov et al., Time-reversal symmetry broken by charge order in CsV3Sb5, Phys. 

Rev. Research 4, 023244 (2022). 

[4] R. Gupta et al., Microscopic evidence for anisotropic multigap superconductivity in the 

CsV3Sb5 kagome superconductor, NPJ Quantum Materials 7, 49 (2022). 

[5] R. Gupta et al., Two types of charge order with distinct interplay with superconductivity 

in the kagome material CsV3Sb5, Communications Physics 5, 232 (2022). 
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Matjaž Gomilšek, Jožef Stefan Institute & Faculty of Mathematics and Physics, 

University of Ljubljana, Ljubljana 

 

Spin Liquid in a 3D Frustrated Antiferromagnet with Strong Disorder 

 
How quenched disorder impacts the ground state of frustrated magnets is a pressing 

open question, as such disorder is unavoidable in some of the most widely-studied quantum 

magnets, including kagome antiferromagnets like herbertsmithite [1]. Particularly interesting 

are cases where strong disorder stabilizes a quantum spin-liquid state (a disordered, 

dynamical, yet highly quantum-entangled spin ground state); for example, the random-

singlet state, where random antiferromagnetic exchange interactions lead to characteristic, 

unconventional scaling of observables [2]. 

In the recently-synthesized frustrated antiferromagnet Li4CuTeO6 (LCTO) [3] spin-

1/2 Cu2+ ions form short random spin-chain fragments with 3D random inter-chain exchange 

couplings [4]. Using muon spin relaxation, electron spin resonance, thermodynamic, and 

scattering measurements, complemented by ab initio (DFT) and exact-diagonalization 

calculations, we find that strong disorder in LCTO stabilizes a novel, dynamical random-

singlet state with peculiar scaling behaviour and no freezing to 45 mK. LCTO thus represents 

a rare, and particularly clear, realization of a 3D randomness-induced quantum spin liquid. 

 

[1] M. R. Norman, Rev. Mod. Phys. 88, 041002 (2016). 

[2] I. Kimchi et al., Phys. Rev. X 8, 031028 (2018). 

[3] V. Kumar et al., Inorg. Chem. 51, 10471 (2012). 

[4] J. Khatua, M. Gomilšek et al., Commun. Phys. 5, 1 (2022). 
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Martin Klanjšek, Jožef Stefan Institute, Jamova cesta 39, SI-1000 Ljubljana, Slovenia 

 

Quantum spin liquids in honeycomb magnets 

 
In the last decade, honeycomb magnets based on transition metals have come to the 

spotlight of the physics community, for two reasons. First, Alexei Kitaev showed in 2006 

that a honeycomb lattice of spins 1/2 interacting with bond-dependent Ising interactions 

exhibits an exact quantum spin liquid ground state with two types of fractional elementary 

excitations: Majorana fermions and gauge fluxes [1]. And second, it was later theoretically 

predicted that such a model can be realized in compounds comprising edge-shared structural 

octahedra, such as IrO6, RuCl6 or CoO6 forming honeycomb lattice [2,3]. Right away, the 

experimentalists started to study the corresponding materials, so far all with dominant 

ferromagnetic exchange interactions: iridates, ruthenate -RuCl3, and cobaltates, such as 

BaCo2(AsO4)2. Several features of the Kitaev model and its extensions with additional 

exchange interactions were confirmed in these compounds, particularly in -RuCl3 [4]. I will 

describe our nucelar magnetic resonance experiments in two of them, -RuCl3 and 

BaCo2(AsO4)2. They allowed us to demonstrate a theoretically predicted cubic magnetic field 

dependence of the spin-excitation gap in -RuCl3, directly indicating the presence of 

Majorana fermions [5]. In BaCo2(AsO4)2, we instead found the spin-excitation gap to be 

linear in the magnetic field, which together with other observables points to the realization 

of a more common quantum spin liquid state, most likely with Dirac fermion excitations. 

 

[1] A. Kitaev, Ann. Phys. 321, 2 (2006). 

[2] G. Jackeli and G. Khaliullin, Phys. Rev. Lett. 102, 017205 (2009). 

[3] R. Sano, Y. Kato, and Y. Motome, Phys. Rev. B 97, 014408 (2018). 

[4] Y. Motome and J. Nasu, J. Phys. Soc. Jpn. 89, 012002 (2020). 

[5] N. Janša et al., Nature Phys. 14, 786 (2018). 
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Kirill Povarov, Laboratory for Solid State Physics, ETH Zürich, 8093 Zürich, 

Switzerland,  

current address: Dresden High Magnetic Field Laboratory (HLD-EMFL) and 

Würzburg-Dresden Cluster of Excellence ct.qmat, Helmholtz-Zentrum Dresden-

Rossendorf, 01328 Dresden, Germany 

 

Electron Spin Resonance of the Interacting Spinon Liquid 

 
The quantum spin chains are known to be fundamentally different from conventional 

antiferromagnets. For instance, in Heisenberg S=1/2 chains the usual spin waves are replaced 

by pairs of fractionalized spinon excitations. These exotic fermionic quasiparticles are 

inevitably experiencing strong backscattering interaction in 1D geometry. Yet, normally this 

interaction is not directly manisfesting itself in the observables. The dramatic backscattering 

consequences for the dynamics of magnetized chains (similar to Silin mode formation in 

conventional Fermi liquids) were realized only recently. However, the effect is challenging 

for observation, as it occurs only in the magnetized state and at nonzero momenta. 

 In my talk I will demonstrate a direct measurement of the predicted spinon 

continuum fine structure and associated backscattering interaction constant by means of 

Electron Spin Resonance. This technique becomes an efficient spin dynamics probe at small 

non-zero momentum in the presence of Dzyaloshinskii-Moriya interaction, uniform between 

the sites of the chain. Such rare interaction pattern exists in our target material K2CuSO4Br2. 

The resulting ESR spectra are drastically different from the normal Larmor resonance, and 

exact solution-based quantitative analysis allows us to estimate the backscattering constant 

as 2.4J (intrachain exchange units). The results are also compared with the predictions of 

Renormalization Group approach, and some outlook is given. 
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Tina Arh, Jožef Stefan Institute, Ljubljana, Slovenia 

 

The nature of magnetic defects in a quantum spin liquid Zn-barlowite 

 
Zn-doped barlowite is a well-studied quantum spin liquid candidate, in which layers 

of Cu2+ ions form a perfect kagome lattice. The additional interlayer Cu sites are in an ideal 

case occupied with Zn2+ ions. Several groups reported the structure with Zn2+ ions on 80 – 

99 % of interlayer sites based on a chemical analysis, while the rest are occupied by Cu2+ 

magnetic impurities. The spectrum measured with 19F NMR clearly consists of two lines, 

suggesting two different local environments, one with no nearby impurities and one with 

impurities close to the F site. A large relative intensity of the defect line has recently led to a 

new interpretation of the NMR results proposing that the impurities strongly affect the 

behavior of spins in the kagome layers. We offer new insight on the problem by comparing 

the low-temperature tails in the magnetic susceptibility of samples from several studies, as 

well as performing new 19F NMR measurements. The results suggest that defect spins are 

much more abundant than what is expected from a chemical analysis, amounting to Cu2+ on 

at least 20 % of the interlayer sites even in the best samples, which is very similar to what is 

observed in herbertsmithite. 
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Sanjay Bachhar, IIT Bombay, India 

 

H5.9Li0.1Ru2O6 (Ru3+, Jeff=1/2): a Kitaev Quantum Spin Liquid alternative 

to α−RuCl3 

 
Kitaev Quantum Spin Liquids (KQSL) host novel ground state and excited state 

properties. A prominent example is α−RuCl3 having Ru3+ 
(Jeff = 1/2) on a honeycomb lattice. 

In zero applied field this compound is magnetically ordered and a field of 80 kOe is required 

to suppress the order and reveal the KQSL state. Herein we report the synthesis of 

H5.9Li0.1Ru2O6, with Ru3+ 
(Jeff = 1⁄2) on a honeycomb lattice. Our heat capacity 

measurements suggest no ordering down to 400 mK in spite of a large Curie- Weiss 

temperature of − 44 K as extracted from our susceptibility data. Our 7Li NMR measurements 

find a power law variation of the
 7Li spin-lattice relaxation rate below 40 K. From zero-field 

muon spin relaxation, we find neither oscillations in the muon asymmetry nor any 1/3 tail in 

the muon asymmetry suggestive of the absence of long-range order and of the presence of 

dynamic moments. These results are similar to those of H3LiIr2O6 (suggested to be a KQSL) 

except that the saturation of the muon depolarisation rate λ in H5.9Li0.1Ru2O6 sets in at 10 

times the temperature in H3LiIr2O6. Based on our data, we propose that H5.9Li0.1Ru2O6 is a 

KQSL even in zero field. 
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Edwin Kermarrec, Université Paris-Saclay, France 

 

Classical Nematic Spin Liquid State in the S = 5/2 Heisenberg Kagome 

Antiferromagnet Li9Fe3(P2O7)3(PO4)2 

 
The Heisenberg Kagome Antiferromagnet (HKAF) model occupies a central place 

in the field of magnetic frustration. Very early on, pioneering theoretical studies highlighted 

its specificity even at a classical level [1]. However, advances in this field on the 

experimental side have often been prevented by the lack of suitable candidates, with either 

deviations to the model and/or large exchange coupling. 

In this talk, I will report our recent work on a classical KHAF, the S=5/2 layered 

monodiphosphate Li9Fe3(P2O7)3(PO4)2 using 31P Nuclear Magnetic Resonance [2]. Thanks 

to the moderate exchange interaction (J ~ 1 K) between spins, we could experimentally 

investigate the phase diagram of the classical model under applied fields and evidence the 

highly sought-after 1/3rd magnetization plateau in a classical kagome compound.  31P NMR 

line broadening reveals the development of anisotropic short-range correlations 

concomitantly with a gapless spin-lattice relaxation time T1 ∼ kBT=ℏS, which may point to 

the presence of a semiclassical nematic spin-liquid state predicted for the Heisenberg kagome 

antiferromagnetic model [3] or to the persistence of the zero-energy modes of the kagome 

energy spectrum under large magnetic fields. 

 

 

[1] J. T. Chalker, P. C. W. Holdsworth, & E. F. Shender, Phys. Rev. Lett. 68, 855 (1992).  

[2] E. Kermarrec, R. Kumar, G. Bernard, R. Hénaff et al., Phys. Rev. Lett. 127, 157202 

(2021). 

[3] R. Moessner and J. T. Chalker, Phys. Rev. B 58, 12049 (1998). 
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Fabrice Bert, Université Paris-Saclay, Orsay, France 

 

From spin liquid to magnetic ordering in the anisotropic kagome Y-

kapellasite Y3Cu9(OH)19Cl8 

 
 Y3Cu9(OH)19Cl8 realizes an original anisotropic kagome model hosting a rich 

magnetic phase diagram. We present a detailed investigation of single crystals of this 

compound by neutron scattering, and local μSR and NMR techniques. At variance with 

polycrystalline samples, the study of single crystals gives evidence for subtle structural 

instabilities at 33 and 13 K which preserve the global symmetry of the system. At 2.1 K the 

compound shows a magnetic transition to a coplanar (1/3,1/3) long-range order as predicted 

theoretically. However, our analysis of the spin-wave excitations yields magnetic 

interactions which locate the compound closer to the phase boundary to a classical jammed 

spin-liquid phase. Enhanced quantum fluctuations at this boundary may be responsible for 

the strongly reduced ordered moment of the Cu2+. 
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Ana Najev, University of Zagreb, Zagreb, Croatia 

 

NMR investigation of plastically deformed PbTe 

 
Tellurides are a class of materials well known for their high-temperature 

thermoelectric properties important for technological applications. Recently, new insights 

into their complex local structure and electron-phonon coupling has renewed interest in these 

compounds. Most of the unusual properties can be connected to strongly anharmonic, polar 

soft phonon modes which may also play an important role in understanding the low-carrier-

density superconductivity found in the doped systems. We aim to manipulate these phonon 

modes through plastic deformation of single crystal PbTe. Plastic deformation has been 

shown to drastically influence the lattice and electronic properties of materials with similar 

soft modes, e.g., SrTiO3 [1]. In our experiments we utilize 207Pb nuclear magnetic resonance 

(NMR) to investigate the influence of plastic deformation on single-crystal PbTe. We find 

dramatic changes in the electronic subsystem after sample deformation, with the appearance 

of additional distinct NMR lines. Possible origins of these signals and relations to structural 

changes will be discussed. 

 

[1] S. Hameed et al., Nat. Mater. 21, 54–61 (2022) 
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Norbert Büttgen, Institut für Physik, Universität Augsburg, Germany 

 

Evolution of the helimagnetic structure of FeP with arsenic substitution for 

phosphorus 

 
The scientific interest into FeP, FeAs, CrAs and MnP steems from intrinsic 

complexity of their helical magnetic structure, details and generation mechanisms of which 

are still a matter of discussions. Mössbauer spectroscopy revealed that the helimagnetic 

structure of FeP0.5As0.5 is similar with that in the parent FeP compound. However, because 

of the high quadrupole splitting of the Mössbauer spectra, it is not possible to determine 

unambiguously the details of magnetic structure of this compound. 

Here, we study the homovalent substitution of arsenic for phosphorus at non-

magnetic sites of the binary helimagnet FeP and determine the spin structures by means of 

NMR spectroscopy. We measured 31P field-sweep NMR spectra at several fixed frequencies 

for temperatures 2 < T < 150 K on polycrystalline samples FeP1-xAsx (x = 0.33, 0.50). In 

contrast to Mössbauer results, we observe a dramatic symmetry reduction of the magnetic 

structure in substituted FeP1-xAsx , resulting in an essential narrowing of 31P NMR spectra. 

Instead of a sharp phase transition from a paramagnetic to a helical spin state at 120 K, a 

smooth transition to a spin glass like state is observed in the temperature range 20-30 K. 
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Manaswini Sahoo, Leibniz IFW Dresden, 01069 Dresden, Germany 

 

Helical to conical order in M1/3 NbS2 (M=Cr, Mn), detected by Cr, Mn, and 

Nb NMR 

 
Recently, the materials Cr1/3NS2, where N = Nb or Ta (based on the same structure 

as superconducting NbS2, but with Cr atoms intercalated between N layers), have piqued the 

interest of researchers as rare examples of two-dimensional (2D) materials with helical 

magnetic ordering, thought to occur due to competition between an exchange, the 

Dzyaloshinskii-Moriya interaction (DMI), and spin-orbit coupling. (SOC). When a magnetic 

field perpendicular to the c axis is applied, the helical ground state transforms into the chiral 

soliton lattice (CSL). A Chiral conical phase (CCP) emerges when the magnetic field is 

applied along the c-axis. Magnetic solitons, which are reduced-dimensional analogs of 

skyrmions, are topological spin structures with numerous uses. The CSL is well established 

in Cr1/3 NbS2. However, the other member in the family Mn intercalated NbS2 (Mn1/3NbS2) 

has a similar crystal structure but complex magnetic behavior. Despite several attempts to 

understand the magnetic structure of both systems using bulk magnetic measurements, there 

has been very little effort to understand the local magnetic picture. Our NMR measurements 

on single crystals of both samples allow us to assign the nuclear hyperfine and quadrupolar 

couplings of the three nuclei 53Cr 55Mn and 93Nb. With this knowledge, we determine 

experimentally the first-order nature of the helical-to-paramagnetic phase transition in the Cr 

crystal. The application of an external field along the c-axis and the precise knowledge of 

the hyperfine and quadrupolar nuclear spin interactions allows us to map the field 

dependence of the cone angle from the helical to the forced ferromagnetic phase, by fitting 

the quadrupolar splitting. The CCP of the Mn crystal, until now hypothetical, is demonstrated 

by the detection of similar features in our NMR results. We could thus map the CCP in both 

samples. 
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Takashi Imai, McMaster University, Hamilton, Canada 

 

New Dimension in NMR Measurements of Correlated Electrons 

 
When the NMR relaxation rates exhibit distributions, resonators often resorted to 

the stretched exponential fit (which throws away precious information about the distribution) 

or made an educated guess on the relaxation function (which may not be correct). We 

recently began to utilize inverse Laplace transform (ILT) technique to deduce the distribution 

function of 1/T1 [1-3].  More recently, we have developed a novel two-dimensional NMR 

technique to relate the distributions of the local spin susceptibility and 1/T1 by deducing T1-

resolved NMR lineshapes [4].  In this talk, we will provide an overview of these new 

developments. 

 

[1] P.M. Singer, A. Arsenault et al., PRB 101 (2020) 174508, ibid 184505. 

[2] S.K. Takahashi et al., PRX 9 (2019) 031047. 

[3] J. Wang et al., Nat. Phys. 17 (2021) 1109. 

[4] W. Yuan et al., npj Quantum Mat. 7 (2022) 120. 
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Stuart Brown, UCLA Physics and Astronomy, Los Angeles, USA 

 
17O NMR studies of uniaxially stressed Sr2RuO4 

 
 The superconducting state of Sr2RuO4 emerges from a strongly correlated and very 

clean Fermi liquid normal state, for which the properties are extraordinarily well 

characterized. For these reasons, the system is often considered a model unconventional 

superconductor, resulting in a general expectation for full understanding of the mechanism 

and ground state symmetry. While our recent 17O NMR studies are incompatible with the 

long-held understanding that Sr2RuO4 is an odd-parity (p-wave) superconductor, several 

questions about the superconducting state remain unresolved. For example, indications for a 

two-component order parameter remains uncertain, as are the nature of the interactions 

associated with pairing. In this context, we examined the normal and superconducting states 

of Sr2RuO4 while subjected to variable (B1g) stress. The stress results in a Lifshitz transition, 

which coincides with a maximum in the critical temperature for superconductivity. Tuning 

to the Lifshitz transition manifests in a magnetic response that is strongly nonlinear in field 

and a logarithmic temperature dependence persisting over 100s K. At higher stresses, a 

magnetically ordered ground state is inferred from  SR+ measurements. We employ NMR 

spectroscopy and relaxation measurements to explore the nature of the magnetic phase, and 

its possible connection to the nearby superconducting state. 
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Damjan Pelc, Department of Physics, Faculty of Science, University of Zagreb, Croatia 

 

NMR and ESR in titanates 

 
 Titanates are a prominent family of materials with diverse electronic and structural 

properties, that strongly depend on the effective valence of titanium. In rare-earth titanates, 

the titanium d-orbitals contain one unpaired electron, which leads to an intricate interplay 

between spin, orbital and structural degrees of freedom that is still not completely 

understood. In contrast, materials such as strontium titanate do not contain unpaired 

electrons, but show strong ferroelectric correlations and superconductivity at record-low 

charge carrier densities. In this talk, I will present the results of our recent NMR and ESR 

experiments on titanates, which provide new microscopic insights into the physics of these 

interesting materials. In rare-earth titanates, we uncover a low-energy orbital gap that is 

intimately related to ferromagnetism and unusual magnetic fluctuations, clarifying how 

orbital order determines the magnetic ground state. Moreover, we show from detailed Knight 

shift measurements that the electron fluid in metallic strontium titanate is consistent with a 

non-degenerate Fermi liquid, providing crucial input to understand the puzzling properties 

of this unconventional metal. 
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Ivo Heinmaa, National Institute of Chemical Physics and Biophysics, Tallinn 12618, 

Estonia 

 

Orbital ordering in NaTiSi2O6 

 
Transition metal compounds with orbital degeneracy often show up many 

interesting phase transitions. NaTiSi2O6 is an exemplary compound, showing an orbital 

assisted spin-Peierls phase transition at Tc = 210 K. We present the results of 29Si and 23Na 

nuclear magnetic resonance (NMR) measurements of this compound. The use of magic angle 

spinning (MAS) techniques unambiguously show that only one dynamically averaged silicon 

site can be seen at T > Tc. At cooling, the 29Si and 23Na MAS NMR spectra and relaxation 

parameters show interesting changes related to static and dynamic properties of the 

compound [*].  

 

[*] I. Heinmaa, R. Rästa, H. J. Silverstein, C. R. Wiebe, R. Stern, Orbital disorder 

and ordering in NaTiSi2O6: 29Si and 23Na NMR study. Phys. Rev. B 106, 075429 (2022). 
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Hiroshi Yasuoka, MPI Chemical Physics of solids Dresden, Germany 

 

An overview of our NMR/NQR studied on topological Weyl semi-metals 

 
It is well-known by now that the topology of matter opens up a new world in 

condensed matter physics. In particular, topological semimetals (TSMs), such as Dirac, 

Weyl, or line-node semimetals, are gapless states of matter characterized by their nodal band 

structures and surface states. In TSMs, we have encountered new types of quasiparticles, 

namely Dirac and Weyl fermions, which exhibit fascinating properties and have become the 

subject of many theoretical and experimental investigations. Our first target materials in this 

field were the monopnictides (Ta,Nb)Pn (Pn=P,As), and we have succeeded for the first time 

in exploring the Weyl fermion excitations in TaP through the temperature dependence of 

nuclear relaxation rate, 1/T1T [H.Yasuoka et al. PRL 118, 236403 (2017)]. In that study, we 

demonstrated that in addition to the T4 power law of 1/T1T associated with the linear 

dispersion of Weyl fermion excitations near the Fermi level, we also pointed out the 

importance of fluctuations in Dirac/Weyl-type orbital currents to the relaxation channel 

through the unique temperature dependence of the orbital hyperfine interaction. This 

scenario is supported by the theory explicitly, and the overall temperature dependence of 

1/T1T ∝T2 has been properly interpreted. In this talk, we will provide an overview of our 

extended study of Weyl semimetals (TaP, TaAs, NbP, TaSb2, and even the superconductor 

MoTe2). 
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Alexey Alfonsov, Leibniz Institute for Solid State and Materials Research, Dresden, 

Germany 

 

Static and dynamic magnetism of magnetic topological insulators 

(MnBi2Te4)(Bi2Te3)n (n = 0, 1) probed by electron spin resonance technique 

 
(MnBi2Te4)(Bi2Te3)n are van der Waals materials which exhibit a coexistence of 

topologically nontrivial surface states with intrinsic magnetism. In this work we address 

static and dynamic magnetic properties of the title materials in the ordered and disordered 

states using multifrequency and high field electron spin resonance technique. We show that 

the spin dynamics of the magnetic building blocks of these compounds, the Mn-based 

septuple layers (SLs), is inherently ferromagnetic (FM) featuring persisting short-range FM 

correlations far above the magnetic ordering temperature as soon as the SLs get decoupled 

either by introducing a nonmagnetic quintuple interlayer, as in MnBi4Te7, or by applying a 

moderate magnetic field, as in MnBi2Te4. Interestingly, that in the uncorrelated paramagnetic 

state at high temperatures our electron spin resonance experiments reveal a contrasting Mn 

spin dynamics in different compounds. It manifests in a strongly anisotropic Mn spin 

relaxation in MnBi2Te4 while being almost isotropic in MnBi4Te7. Our density-functional 

calculations explain these striking observations in terms of the sensitivity of the local 

electronic structure to the Mn spin orientation, and indicate that the anisotropy of the 

magnetic fluctuations can be controlled by the carrier density, which may directly affect the 

electronic topological surface states. 
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Toni Shiroka, ETH Zurich and PSI Villigen, Switzerland 

 

Signatures of Weyl fermion excitations in the CuTlSe2 semimetal 

 
The realization and experimental identification of ideal Weyl semi-metals remains 

rare. Here, we study the magnetic properties of CuTlSe2, a Weyl-semimetal candidate 

compound, by utilizing both bulk-probe techniques (SQUID magnetometry and Hall-effect 

measurements) and local-probe methods (μSR and NMR). The small and temperature-

independent muon-spin relaxation rate up to 140 K suggests that CuTlSe2 shows no intrinsic 

magnetism of electronic origin and that it preserves time-reversal symmetry. On the other 

hand, the temperature-dependent local magnetic susceptibility, as obtained from copper-

NMR measurements, is clearly distinct from that of conventional semimetals. In pristine 

CuTlSe2, the Cu Knight shift increases as the temperature is lowered towards 100 K. At the 

same time, 1/(T1T) follows a characteristic T2 scaling in the range between 20 K and 100 K. 

A generic microscopic model, which takes into account the linear- and quadratic electronic-

band contributions, successfully corroborates the experimental results, including here the Tl- 

and Se-NMR data. We interpret the T2 dependence as the hallmark of low-energy Weyl 

fermion excitations. In general, the CuTlSe2 case demonstrates that, in combination with 

other techniques, NMR can provide valuable insight into the properties of complex correlated 

electron materials. 
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Shigeki Fujiyama, RIKEN, Wako/Japan 

 

Orbital diamagnetism in two-dimensional organic Dirac electron system 

 
We discovered that the organic conductor α-(BETS)2I3 is a two-dimensional (2D) 

Dirac electron system with a tiny mass gap of approximately 2 meV at the ambient pressure. 

The electrical resistivity remains almost constant for T > 50 K, with a value of h/e2 Ω per 

layer above 50 K. We also observed a substantial orbital diamagnetism arising from the 

interband effect of the magnetic field for this 2D system. The measured spin and orbital 

diamagnetic susceptibilities follow χspin ∝ T and χorb ∝ -1/T, respectively, in the temperature 

range above the mass gap, which agrees with the theory [1]. 

The 1/T1 exhibits a power relation to temperature 1/T1 ∝ T3.5 for 20 K < T < 100 K, 

in accordance with the Dirac dispersion, but it shows an unconventional enhancement as it 

cools below 20 K, which can be fitted by 1/T1T ∝ T2.5 + log (T*/T). A similar moderate 

enhancement of 1/T1T toward the lowest temperature is also detected in other inorganic Dirac 

or Weyl compounds [2], indicating a universal phenomenon that is independent of the 

magnitude of spin-orbit coupling and electron correlation. 

 

[1] S. Fujiyama et al. Phys. Rev. Lett. 128, 027201 (2022). 

[2] H. Yasuoka et al. Phys. Rev. Lett. 118, 236403 (2017). 
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Guo-qing Zheng, Dept. of Physics, Okayama University, Okayama 700-8530, Japan 

 

Manipulating the nematic director in topological spin-triplet 

superconductors CuxBi2Se3 and K2Cr3As3 

 
A spin-triplet superconducting state is described by the vector order parameter d that 

can be pinned to a certain direction which results in spin-rotation symmetry breaking as first 

found in Cu0.3Bi2Se3 [1]. The pinning of the d vector is the origin of various nematic 

responses, so that the d vector is the nematic director [1,2]. In this talk, we present the NMR 

results that revealed the A spin-triplet superconducting states in CuxBi2Se3 and K2Cr3As3 and 

report the manipulation of the nematic director by magnetic fields in these superconductors.  

The carrier-doped topological insulator CuxBi2Se3 becomes superconducting with 

Tc~3.5 K.  At low magnetic fields, the ac susceptibility related to the upper critical field 

shows a twofold symmetry in the basal plane. At H = 1.5 T, however, the susceptibility shows 

a sixfold symmetry, which has never been reported before in any superconductor. These 

results indicate that the d vector initially pinned to a certain direction is unlocked by a 

threshold field to respect the trigonal crystal symmetry [3]. We further discover that the 

superconducting gap in different crystals converges to px symmetry at high fields, although 

it differs at low fields. 

A2Cr3As3 (A = Na, K, Rb, Cs) is a new family of superconductors with 

ferromagnetic spin correlations [4, 5]. We show in K2Cr3As3 single crystal (Tc=6.5 K) that, 

the spin susceptibility measured by 75As Knight shift remains unchanged across Tc with the 

magnetic field applied in the ab plane, but is reduced in the superconducting state when the 

field is along the c axis, vanishing toward zero temperature [6]. Such spontaneous emergence 

of spin nematicity unambiguously indicates that K2Cr3As3 is a spin-triplet superconductor 

described by a d vector parallel to the c axis. We further find that the d vector can be rotated 

by a magnetic field beyond 13 T and discuss the accompanied multiple phases. We show that 

K2Cr3As3 is a new platform for the study of topological superconductivity at the highest 

temperature ever. 

 

Work done in collaboration with K. Matano, T. Kawai, M. Yokoyama, H. Nishigaki, 

S. Ogawa, S. Nita, H. Shiokawa, Y. Kandori, Y. Honoki, T.Kambe (Okayama University), 

M. Kriener, K. Segawa, Y. Ando (Osaka University), J. Yang, J. Luo, C. G. Wang, C. Yi, Y. 

Shi, Z.A. Ren, Y. Zhou (IOP, CAS), and G.H. Cao (Zheng Jiang University). 

 

References: 

[1] K. Matano et al., Nature Physics 12, 852 (2016).  

[2] T. Kawai et al., Nat. Commun. 11, 235 (2020). 

[3] M. Yokoyama et al., Phys. Rev. B 107, L100505 (2023). 

[4] J. Yang et al., Phys. Rev. Lett. 114, 147002 (2015). 

[5] J. Luo et al., Phys. Rev. Lett. 123, 047001 (2019). 

[6] J. Yang et al., Sci. Adv. 7, eabl4432 (2021). 
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Tao Wu, Hefei National Research Center for Physical Sciences at the Microscale, 

Hefei, China 

 

NMR investigations of electronic nematicity in unconventional 

superconductors 

 
 Electronic nematicity, in which rotational symmetry is spontaneously broken by 

electronic degrees of freedom, has been demonstrated as a ubiquitous phenomenon in 

correlated quantum fluids including high-temperature superconductors and quantum Hall 

systems. Notably, the electronic nematicity in high-temperature superconductors exhibits an 

intriguing entanglement with superconductivity, generating complicated superconducting 

pairing and intertwined electronic orders. NMR as a powerful local probe offers an excellent 

opportunity to investigate electronic nematicity, which is helpful to understand the 

underlying physics of electronic nematicity and its role on superconductivity. In this talk, I 

will introduce our recent NMR investigations of electronic nematicity in both Fe-based 

superconductors and kagome superconductors (including CsFe2As2, FeSe and CsV3Sb5). 

These fresh NMR investigations show the ability of NMR technique to explore electronic 

nematicity. 
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Hans-Henning Klauss, TU Dresden, Dresden/Germany 

 

Metal State with Spontaneously Broken Time-Reversal Symmetry above 

the Superconducting Phase Transition in Ba1-xKxFe2As2 

 
From the very beginning of quantum mechanics the concept of degeneracy of states 

has been an important topic throughout the quantum world. For example, the Landau-Zener 

dynamics of avoided level crossing describes quantum tunneling in single-molecule magnets 

as well as the deficiency in the flux of solar electron neutrinos at the earth.  

In multi-band superconductors the degeneracy of superconducting order parameters 

with the same or different symmetry can lead to a coherent superposition. Unlike in magnets 

these states are experimentally difficult to detect. One indication is the appearance of time-

reversal symmetry breaking (TRSB) superconductivity. 

 In Ba1-xKxFe2As2 we found TRSB superconductivity in µSR experiments at high 

doping x0.8 due to the competition of single-component order parameters with different 

symmetry [1]. This competition appears close to a Lifshitz transition of the multi-band fermi 

surface. Supported by detailed thermodynamic and transport experiments we found a new 

TRSB phase also above TC. This state can be understood as a fluctuation-induced Z2 

symmetry breaking with four fermion correlations [2].  

 

*This work was supported by DFG (GR 4667, GRK 1621, and SFB 1143). 

[1] V. Grinenko, et al.,  Nat. Phys. (2020).  

[2] V. Grinenko, et al., Nat. Phys. (2021). 
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Yo Tokunaga, Advanced Science Research Center, Japan Atomic Energy Agency, 

Naka, Japan 

 

NMR study of spin fluctuations driving spin-triplet superconductivity in 

uranium-based heavy fermion materials 

 
 Uranium-based heavy fermion materials UGe2, URhGe, and UCoGe are the only 

fully established examples of ferromagnetic (FM) superconductors, in which uniform 

superconductivity (SC) exists deep inside the FM state. A characteristic feature of these FM 

superconductors is that they exhibit very large upper critical fields, Hc2, by far exceeding the 

ordinary Pauli paramagnetic limit, providing a strong indication of equal-spin (triplet) SC 

pairing. Spin fluctuations identified by high-field NMR studies near a FM quantum critical 

point are suggested to create the binding force between equal-spin pairs. In this talk, the 

results of our recent NMR studies on a novel spin-triplet superconductor UTe2, which 

exhibits a very large and anisotropic Hc2 similar to the above-mentioned FM 

superconductors, will also be presented and discussed. 
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Kenji Ishida, Department of Physics, Graduate School of Science, Kyoto University, 
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NMR Studies on Ferromagnetic Superconductor UCoGe 

 
 The mechanism of unconventional superconductivity, such as high-temperature-

cuprate, Fe-based, and heavy-fermion superconductors, has been studied as a central issue in 

condensed-matter physics. Spin fluctuations, instead of phonons, are considered to be 

responsible for the formation of Cooper pairs, and many efforts have been made to confirm 

this mechanism experimentally. Although a qualitative consensus seems to have been 

obtained, experimental confirmation has not yet been achieved. This is owing to a lack of 

the quantitative comparison between theory and experiments. Here, we show a 

semiquantitative comparison between the superconducting-transition temperature (TSC) and 

spin fluctuations derived from the NMR experiment on the ferromagnetic (FM) 

superconductor UCoGe in which the FM fluctuations and superconductivity are tunable by 

external fields. The enhancement and abrupt suppression of TSC by applied fields, as well as 

the pressure variation of TSC around the FM criticality are well understood by the change in 

the FM fluctuations on the basis of the single-band spin-triplet theoretical formalism. The 

present comparisons strongly support the theoretical formalism of spin-fluctuation-mediated 

superconductivity, particularly in UCoGe. 

  



Magnetic Resonance of Correlated Electron Materials, 17-22 September 2023, Dresden 

THURSDAY 48 

Shingo Yamamoto, Helmholtz-Zentrum Dresden-Rossendorf, Germany 

 

Structural 130 K phase transition and emergence of a coherent Kondo 

state in Ce2Rh2Ga explored by 69,71Ga NQR 

 
We present a detailed 69,71Ga NQR study of the recently synthesized compound 

Ce2Rh2Ga. A structural phase transition at Tt ∼ 130 K is revealed by a splitting of the high-

temperature single NQR line into two well-resolved NQR lines, providing evidence for two 

crystallographically inequivalent Ga sites. The NQR frequencies are in good agreement with 

fully relativistic calculations of the band structure. Our NQR results indicate the absence of 

magnetic or charge order down to 0.3 K. The temperature dependence of the spin-lattice 

relaxation rate 1/T1 shows three distinct regimes, with onset temperatures at Tt and 2 K. The 

temperature-independent 1/T1, observed between Tt and 2 K, crosses over to a Korringa 

process, 1/T1 ∝ T, below ∼ 2 K, which evidences a dense Kondo coherent state. For the two 

different Ga sites, the Korringa process sets in at different temperatures, 2.0 and 0.8 K [1]. 

  

[1] Sh. Yamamoto et al., Phys. Rev. B 106, 115125 (2022). 
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Ishant Gaba, Shiv Nadar Institute of Eminance (SNIoE), India 

 

Study of quantum criticality in Frustrated Ni-doped CePdAl revealed by 

μSR technique 

 
CePdAl is a frustrated Kondo lattice with long-range order (LRO) at TN =  2.7K. We 

employed extensive muon spin relaxation and rotation (μSR) experiments under chemical Ni 

doped (CePd1-xNixAl). μSR is a local microscopic technique based on the implantation of 

spin-polarized muons in matter and exploring the magnetic properties of materials in a very 

similar way to other magnetic resonance techniques likely nuclear magnetic resonance 

(NMR). The tunning of non-thermal parameters induces a quantum critical point (QCP), 

where magnetic order is continuously suppressed to zero temperature. Quantum critical point 

(QCP) emerges due to the presence of competing interaction in a strongly correlated electron 

system where there is a continuous crossover from a magnetically ordered state to a non-

magnetic state through the QCP by the change of a non-thermal tuning parameter. The 

presence of QC fluctuations around the QCP is then responsible for the non-Fermi liquid 

behaviors in the physical properties. The competition between RKKY and Kondo interaction 

gives rise to the QCP. We have performed μSR experiments with different concentrations of 

Ni: x = 0.05, 0.1, 0.14, 0.16, and 0.18 No spontaneous muon spin precession is observed 

down to 0.27K such behaviour might suggest the quasi-static system. μSR data indicates 

QCP achieves at x=0.15%. 
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Igor Vinograd, Department of Physics and Astronomy, University of California Davis, 

Davis, CA, USA 

 

Second order Zeeman interaction and ferroquadrupolar order in TmVO4 

 
Many high temperature superconductors display anisotropic properties that are 

associated with electronic nematicity, a form of broken rotational symmetry. In some iron-

based compounds superconductivity emerges with the concomitant suppression of 

antiferromagnetism and nematicity, making it hard to disentangle their relative importance 

for superconductivity. This makes it desirable to study nematic compounds with no 

competing magnetic phases. 

TmVO4 is an insulating, non-magnetic model system for a 2nd order phase transition. 

The f-electrons of the Tm-ion possess coupled electronic quadrupolar charge distributions, 

leading to long-ranged ferroquadrupolar order below the Jahn-Teller distortion at 2.1 K, 

where the crystal structure changes from tetragonal to orthorhombic. Using 51V-NMR 

relaxation rate measurements, we observe the freezing of the nematic fluctuations and 

separate the magnetic and quadrupolar relaxation channels by measuring the relaxation of all 

nuclear transitions of the 51V-NMR spectrum. 

For this purpose, the TmVO4 sample is cut to ellipsoidal shape using a Xe-plasma 

focused ion beam (FIB) to suppress the otherwise large broadening due to inhomogeneous 

demagnetising fields.  

The crystal field ground state doublet is very sensitive to magnetic field and we 

discovered that, to second order, in-plane field can act both as a longitudinal or transverse 

field, either boosting or suppressing ferroquadrupolar order. 
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Ranjith Kumar Kizhake Malayil, IFW Dresden, Germany 

 

NMR evidence against spin-nematic nature of the presaturation phase in 

frustrated magnet SrZnVO(PO4)2 
 

The spin-nematic state in frustrated magnets is an exotic state that could arise from 

the Bose–Einstein condensation of the two-magnon bound state. Such spin nematic states 

have been predicted in frustrated ferro-antiferromagnetic one- and two-dimensional spin 

systems close to their saturated phase [1,2]. Here, we investigate a frustrated two-

dimensional ferro-antiferromagnet SrZnVO(PO4)2, in which a pre-saturation phase was 

identified recently above 13.75 T while the full saturation is observed above 14.06 T [3]. 

Motivated by the possibility that the pre-saturation phase in SrZnVO(PO4)2 could be a spin-

nematic one, and the fact that the corresponding magnetic field values (~14 T) are easily 

accessible, we have performed a detailed 31P-nuclear magnetic resonance (NMR) study of 

the related static (NMR spectra) and dynamic (spin-lattice relaxation rate, 1/T1) properties. 

Both provide evidence against the spin-nematic nature of the phase, and we thereby define 

the two corresponding clear-cut NMR criteria [4].  

More importantly, we have provided the first extensive set of 1/T1 (measuring low-

energy spin dynamics) data at and above the critical field, and fully explained its low-

temperature behavior as a sum of the critical and the one-magnon excitation contribution. 

The corresponding analysis can be taken as an archetypal description for the one-magnon 

condensation.  

 

[1] N. Shannon et al., Phys. Rev. Lett. 96, 027213 (2006). 

[2] H. T. Ueda and T. Momoi, Phys. Rev. B 87, 144417 (2017). 

[3] F. Landolt et al., Phys. Rev. B 104, 224435 (2021). 

[4] K. M. Ranjith et al., Phys. Rev. B 105, 134429 (2022). 
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Tommy Kotte, Helmholtz-Zentrum Dresden-Rossendorf, Dresden, Germany 

 
1H-NMR of the spin-1/2 sawtooth chain material atacamite 

 
The magnetically frustrated mineral atacamite Cu2Cl(OH)3 hosts an unusual 

magnetic coupling scheme, leading to an array of weakly-coupled spin-1/2 sawtooth chains 

[1]. Below TN = 8.4 K, an antiferromagnetic (AFM) ground state forms that is suppressed for 

magnetic fields parallel to the c axis exceeding µ0H2 = 20 T. Above this threshold, the 

magnetization exhibits a plateau-like behavior, with a uniform magnetization of about Msat/2. 

Based on a mean-field approach, this phenomenon was attributed to the polarization of one 

of two perpendicular AFM sublattices in the ordered state. So far, this scenario lacks 

experimental verification. 

Here, we present a comprehensive 1H-NMR study of the magnetic phase diagram of 

atacamite for fields parallel to the c-axis up to 22 T. Modelling the low-field 1H-NMR spectra 

assuming a predominant dipolar hyperfine coupling gives a fair agreement with neutron 

diffraction data, thus allowing us to probe the suppression of the AFM state with increasing 

field. Surprisingly, above 20 T, we find no indications of a nonzero staggered magnetization, 

contradicting the simple mean-field picture. Combining these results with our high-field 

specific-heat data, this could suggest more complex spin-chain physics than previously 

thought. 

  

[1] L. Heinze et al., PRL 126, 207201 (2021) 
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Ivan Jakovac, Department of Physics, Faculty of Science, University of Zagreb, Zagreb, 

Croatia 

 

High-field NMR study of an isotropic Haldane system BoNO 

 
Quasi-onedimensional quantum spin systems present an attractive research topic due 

to their rich phase diagrams with magnetic-field-driven quantum phase transitions (QPTs). 

We present our work on the organic biradical m-NO2PhBNO (BoNO), whose two 

unpaired electrons couple ferromagnetically to form an S=1 state. The X-ray diffraction 

pattern indicates that the dominant spin coupling is along the crystallographic b-axis. Bulk 

magnetization, heat capacity, and ESR measurements corroborate that BoNO is the first 

known system with an isotropic g-tensor (2.00±0.01) and readily achievable critical fields 

(Bc1 = 1 T, Bc2 = 34 T). The high-field 1H NMR spin-lattice (T1) relaxation measurements 

reveal the Tomonaga-Luttinger (TL) regime, AFM order below Tc<3 K, and determine 

Tc(B) critical exponent (ν = 0.66±0.07) at Bc2. Our results validate theoretical models of the 

nuclear relaxation in the TL regime, quantum-critical region, ordered phase, and the recent 

model of the crossover (1D-3D) regime [1]. We also demonstrate the nature of quasiparticle 

interaction in the TL regime [2] from T1(B) dependence. The majority of system-specific 

parameters are determined using state-of-the-art computational methods, such as Bayesian 

inference and quantum Monte Carlo. 

 

[1] M. Dupont et al., Phys. Rev. B 98, 094403 (2018). 

[2] R.M. Konik, P. Fendley, Phys. Rev. B 66, 144416 (2002). 
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Matej Pregelj, Jozef Stefan Institute, Ljubljana, Slovenia 

 

Competing magnetic phases in the frustrated spin-1/2 chain compound -

TeVO4 probed by NMR 

 
The competition between the nearest- and next-nearest-neighbor exchange 

interactions in frustrated spin-1/2 chains leads to a rich phase diagram [1] that becomes even 

more diverse in material realizations. Here we present a 17O nuclear magnetic resonance 

study of -TeVO4, where the magnetic anisotropy and additional interchain interactions 

complement the theoretical phase diagram [2]. Our results [3] confirm the dynamical nature 

of the intriguing spin-stripe phase and reveal that the magnetic order in the high-field phase 

just below the magnetization saturation is similar to the ordering in the spin-density-wave 

phase. Finally, we observe a reduction of the local magnetization in the polarized state, which 

was previously proposed to be a fingerprint of the spin-nematic behavior. However, we show 

that the missing fraction of the magnetization is thermally activated, thus undermining the 

presence of the spin-nematic phase and hereby highlighting the importance of careful 

considerations of temperature-dependent NMR shift overlooked in previous studies of spin 

nematicity. 

 

[1] T. Hikihara et al., Phys. Rev. B 78, 144404 (2008). 

[2] M. Pregelj et al., Nat. Commun. 6, 7255 (2015) and npj Quantum Mater. 4, 22 (2019). 

[3] M. Pregelj et al., Phys. Rev. B 102, 081104(R) (2020) and Phys. Rev. B 105, 035145 

(2022) 
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Andreas Suter, Paul Scherrer Institute, Switzerland  

 
Low energy muons: Intrinsic magnetism in superconducting infinite-layer 

nickelates 

 
The discovery of superconductivity in Nd0.8Sr0.2NiO2 introduced a new family of 

layered nickelate superconductors that has now been extended to include a range of strontium 

doping, praseodymium or lanthanum in place of neodymium. A number of studies have 

indicated that electron correlations are strong in these materials, a feature that often leads to 

the emergence of magnetism. Here we report muon spin rotation/relaxation studies of a series 

of superconducting infinite-layer nickelates. Regardless of the rare earth ion or doping, we 

observe an intrinsic magnetic ground state arising from local moments on the nickel 

sublattice. The coexistence of magnetism, which is likely to be antiferromagnetic and short-

range ordered, with superconductivity is reminiscent of some iron pnictides and heavy 

fermion compounds, and qualitatively distinct from the doped cuprates. 
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Giuseppe Allodi, Dipartimento di Scienze Matematiche, Fisiche e Informatiche, 

Università di Parma, I-43124 Parma, Italy 

 

Coherent manipulation of nuclear spin qudits coupled to electronic qubits 

in single-ion nanomagnets 

 
The effective S =1/2 electronic spin of dilute Kramers single ion magnets constitute 

a natural instance of non-interacting qubits, suitable in principle for quantum computation. 

A larger spin I > 1/2 at the nucleus of the magnetic ion, if present, provides an additional 

many-level quantum system, referred to as qudit, coupled to the electronic spin by the 

hyperfine interaction. While electronic and nuclear spins are progressively decoupled by 

increasing magnetic fields, the electron-nucleus mixing is still non negligible in applied 

fields of a few kG. In this regime, nuclear Zeeman transitions (𝛥𝑚𝑆 =  0, 𝛥𝑚𝐼 ±  1) are non 

degenerate and can be driven by relatively weak radiofrequency fields, so that nuclear spin 

levels can be manipulated quickly and selectively by pulsed NMR. On the other hand, 

nuclear spins exhibit longer spin decoherence times than electronic ones, due to their weaker 

interaction with the environment. These characteristics make nuclear qudits applicable to 

robust quantum error correction schemes in conjunction with their ancillary electronic spins, 

realizing altogether error-protected qubits. 

We present an overview of NMR results from two nuclei which may play the role 

of qudits in single-ion magnets: 173Yb in Yb(trensal) [1] and 51V in vanadyle (VO) [2-3]. In 

these systems the nuclear hyperfine transitions have been fully characterized experimentally 

and modelled by spin Hamiltonians, thus refining a parallel characterization by electron 

paramagnetic resonance. The decoherence times of such transitions are typically found in the 

order of 10 μs, long enough to allow complex spin manipulations by rf pulses, as 

demonstrated experimentally by several Rabi oscillations and multiple spin refocusing in 

Carr–Purcell–Meiboom–Gill (CPMG) sequences. Recent double resonance experiments are 

also presented as examples of quantum simulation. 

 

 

 

 

 

 

 

 

 

 

Fig. 

1: 

Nuclear hyperfine transitions (left) and Rabi oscillations (right) in VO(Vcp2Cl2) [2]. 

 

[1] Riaz Hussain et al., J. Am. Chem. Soc. 2018, 140, 9814−9818 

[2] Matteo Atzori et al., Inorg. Chem. 2021, 60, 11273−11286.  

[3] Simone Chicco et al., Chem. Sci., 2021, 12, 12046 
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Serwan Asaad, University of Copenhagen Center for Quantum Devices, Niels Bohr 

Institute, Denmark 

New affiliation: Quantum Machines, Copenhagen, Denmark 

 

Coherent electric control of a high-spin nucleus in silicon 

 
 Nuclear spins are among the most coherent quantum systems in the solid state. 

However, scalably controlling individual nuclei via magnetic resonance faces the challenge 

of confining magnetic fields at the nanometer scale. Here we demonstrate the coherent 

quantum control of a single antimony (spin-7/2) nucleus, using localized electric fields 

produced within a silicon nanoelectronic device. The method exploits a microscopic 

modulation of the nuclear electric quadrupole interaction and the presence of lattice strain, 

as revealed by a quantitative theoretical model. The spin coherence time surpasses by orders 

of magnitude those obtained via methods that require a coupled electron spin for electrical 

drive. These results show that high-spin quadrupolar nuclei could be deployed as quantum 

registers, chaotic models, strain sensors and hybrid quantum systems using all-electrical 

controls. 
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Dijana Žilić, Rudjer Boskovic Institute, Zagreb, Croatia 

 

Low-dimensional magnetism in MOF-74 compounds 

 
Metal-organic frameworks (MOFs) are a class of porous coordination polymers 

consisting of metal centers connected by organic ligands. Due to their structural and 

functional tunability, they found huge applicability in different fields as well as in 

magnetism. M(II)-MOF-74 compounds are characterized by a honeycomb structure and 

metal cations M(II) organized in infinite and separated 1D oxo-chains, presenting probably 

the simplest realization of the 1D Ising model in nature. This class of materials shows a 

variety of interesting phenomena such as magnetic ordering, metamagnetic behavior, spin-

crossover, switching of antiferromagnetic to ferromagnetic state with a solvent exchange, 

etc.  

 Here the focus will be on monometallic Cu(II)- and Ni(II)-MOF-74 as well as on 

bimetallic Cu(II)/Zn(II)-MOF-74 compounds obtained through different synthetic pathways. 

Magnetic properties are investigated using SQUID magnetization measurements and X-band 

and high-field/high-frequency ESR spectroscopy performed in a broad temperature- and 

magnetic-field range. The influence of amorphization and desolvation on the magnetic 

properties of these magnetic sponges will be also investigated. 
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Yuji Furukawa,  

Ames National Laboratory, US Department of Energy, Iowa State University, Ames, 

Iowa 50011, USA,  

Department of Physics and Astronomy, Iowa State University, Ames, IA 50011, USA 

 

High-Pressure NMR studies of Fe-based superconductor FeSe1-xSx 

 
The understanding of the interplay between magnetic fluctuations, electronic 

nematicity and superconductivity in unconventional superconductors is one of the central 

issues in modern condensed matter physics. The sulfur-substituted FeSe system, FeSe1-xSx, 

is one of the best systems to study the impact of nematicity or antiferromagnetism on 

superconductivity (SC) independently because it shows nematic and AFM orders separately. 

To understand the effects of antiferromagnetic (AFM) spin fluctuations on SC, we have 

carried out 77Se nuclear magnetic resonance (NMR) measurements at ambient pressure and 

under high pressures up to 2.0 GPa [1-3]. From the systematic measurements of temperature 

(T) and pressure (p) dependences of nuclear spin-relaxation rate (1/T1) in FeSe1-xSx, we 

determined the x- and p-dependence of the strength of AFM sin fluctuations and found that 

the strength exhibits a strong correlation with SC transition temperature Tc. In addition, we 

found that this relationship changes with the presence/absence of nematicity, and that four-

fold rotational symmetric AFM spin fluctuations are better in enhancing Tc than two-fold 

symmetric AFM spin fluctuations. 

 

[1] P. Wiecki, et al., Phys. Rev. B 98, 020507(R) (2018).  

[2] K. Rana, et al., Phys. Rev. B 101, 180503(R) (2020)  

[3] K. Rana and Y. Furukawa, Front. Phys. 10:849284 (2022). 

 

This work was performed in collaboration with K. Rana, P. Wiecki, P. C. Canfield, S. L. 

Bud’ko, A. E. Böhmer, R. A. Ribeiro, and L. Xiang. This work is supported by the US DOE, 

Basic Energy Sciences under Contract No. DE-AC02-07CH11358. 
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Ilya Eremin, Theoretische Physik III, Ruhr University Bochum, Germany 

 

Signatures of the non-local dxy nematicity in FeSe1-xSx 

 
 Details of the nematic state in iron-based superconductors and especially in FeSe1-

xSx and its connection to superconductivity are still a matter of debate. We analyze 

theoretically the non-local nematicity of the 𝑥𝑦 orbital as a possible mechanism to resolve 

various experimental puzzles in this system. We compute superconducting instabilities and 

various thermodynamic characteristics of this materials using a microscopic multiorbital 

model. In particular, we consider both the 𝑥𝑧/𝑦𝑧 and the non-local 𝑥𝑦 nematic ordering. We 

show that the latter has a significant impact on the band structure, yielding a Lifshitz 

transition. Its inclusion could play a crucial role in reproducing the experimentally observed 

anisotropy of the superconducting gaps as well as the measured temperature dependence of 

the magnetic anisotropy. This provides a direct fingerprint of the different nematic scenarios 

on the magnetic and superconducting properties of FeSe1-xSx. 
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Low-energy spin excitations and tunable anisotropy of the quasi-2D van 

der Waals magnet Cr2Ge2Te6 

 
Layered van der Waals magnetic compounds attract currently large attention as they 

may display an intrinsically low-dimensional magnetic behavior and as such offer an 

extensive materials base for exploring fundamental magnetic properties of strongly 

correlated two-dimensional (2D) electron systems and also for assessing their potential for 

application in next-generation spintronic devices. 

 One prominent representative of this family is Cr2Ge2Te6 − a quasi-2D magnet 

showing intriguing intrinsic ferromagnetism down to atomically thin films. In a detailed ESR 

study of high-quality single-crystalline samples of this material we could obtain new 

important insights into the magnetocrystalline anisotropy of this compound which should be 

responsible for the stabilization of magnetic order in the 2D limit and find evidence for an 

intrinsically 2D character of the dynamics of Cr spins even in bulk single crystals. These 

results are supported by calculations of the electronic structure revealing that the low-lying 

conduction band carries almost completely spin-polarized, quasi-homogeneous, two-

dimensional states. Furthermore, we investigated the possibility to control the magnetic 

anisotropy of Cr2Ge2Te6 and showed that application of a moderate hydrostatic pressure 

turns this material to the isotropic limit. 
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Magnetic anisotropy and low-energy spin dynamics in magnetic van der 

Waals compounds Mn2P2S6 and MnNiP2S6 

 
We report a comprehensive high-field electron spin resonance (ESR) study 

performed on single crystals of Mn2P2S6 and MnNiP2S6 in the broad ranges of temperatures, 

frequencies and magnetic fields. Analysing the antiferromagnetic modes well below the 

ordering temperature T𝑁, we have found that the ground state, the order type and magnetic 

anisotropy (MA) change with increasing x in (Mn1−𝑥Ni𝑥)2P2S6. In the case of Mn2P2S6, an 

application of the linear spin wave theory enabled us to determine the anisotropy and 

exchange constants, important for a quantitative description of the ground state. A systematic 

increase of the g-factor and its anisotropy, measured at T»T𝑁, is observed with increasing Ni 

content, which, in turn, sheds light on the nature of MA in the ordered state. The investigation 

of the T-dependence of line shifts from the paramagnetic resonance position reveals already 

well above T𝑁 the presence of the short-range spin-spin correlations static on ESR time scale, 

which are more pronounced in MnNiP2S6. The analysis of the temperature-dependent critical 

behavior of the magnon gaps below the ordering temperature in Mn2P2S6 suggests that the 

character of the spin wave excitations in this compound undergoes a field-induced crossover 

from a 3D-like toward a 2D XY regime. 
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Superconductivity emerging upon Se doping of a quantum spin liquid 

1T-TaS2 

 
Layered 1T-TaS2 has recently emerged as a surprising candidate for a quantum spin 

liquid on a simple triagonal lattice. Here we report on a detailed 77Se nuclear magnetic 

resonance and 181Ta nuclear quadrupole resonance study of Se-doped 1T-TaS2. The data 

shows a remarkable robustness of a quantum spin liquid at low Se doping levels despite the 

growing importance of disorder effects. A dramatic change in the low-energy electronic 

excitations are observed in samples with Se content higher than 15% where Mott insulating 

state gives way to correlated metal and low-temperature superconductivity. The effects of 

antiferromagnetic correlations can be clearly seen in the normal state above the 

superconducting critical temperature Tc = 3.5 K and together with the underlying disorder 

may account for a large superconducting gap-to-Tc ratio 2D/kBTc  7 deduced from scanning 

tunnelling microscopy. 
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Spin dynamics in a high temperature ferromagnetic metal-organic 

framework 

 
The crystalline structure of metal-organic framework (MOF) is composed of metal 

centres connected by organic polytopic ligands. In turn, MOFs are characterized by ultrahigh 

internal surface areas and degrees of porosity that can be tuned flexibly depending on the 

practically unlimited choice of the structural elements. The high degree of chemical 

tunability of MOFs is reflected in a controlled wide variability of their electronic properties. 

In particular, MOFs have recently attracted attention as a possible platform to implement 

magnetic ground states. However, the main drawback against the realization of stable, long-

range ordered magnetic phases with high critical temperatures is the weak magnetic coupling 

between the metal centres typically provided by the organic ligands. The recent report of 

itinerant ferromagnetism with record critical temperature TC = 225 K in the Cr-based MOF 

Cr(tri)2(CF3SO3)0.33 (Htri, 1H-1,2,3-triazole) is an exciting development of this field of 

research in this sense. Here, we report on our extensive investigation of this material by 

means of 1H-NMR and muon-spin rotation. In particular, we will focus on the observation 

of unusual slow-dynamics in the paramagnetic regime as reflected in a well-defined BPP 

dependence for the spin-lattice relaxation rate for different values of magnetic field. 
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NMR Study of Kondo Lattice Physics and Magnetic Structure in CeVGe3 
 

 We present 51V NMR measurements in single crystal CeVGe3 in an applied field 

H0 = 11.7T oriented both parallel and perpendicular to the [001] direction. Knight shift 

measurements complement earlier transport and heat capacity studies and elucidate the onset 

of heavy fermion behavior at low temperature. A fit to this behavior gives a coherence 

temperature T* ~ 15K and shows a decrease in this hybridization as the Néel temperature, 

TN ~ 5.8K, is approached. In addition, measurements of spin-lattice relaxation rate are 

compared with magnetization data and reveal strong antiferromagnetic fluctuations as the 

temperature is lowered through the paramagnetic state. These behaviors, mirroring those in 

the tetragonal CeRhIn5 family of materials, are thus preserved in our hexagonal CeVGe3 

system. Further, neutron scattering measurements are analyzed in addition to transport and 

magnetization to predict a metamagnetic transition for in-plane fields greater than Hm ~ 2.5T. 

The suggested ++-- AFM structure is sufficient to explain the form of our NMR spectrums 

for the measured field directions. 
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Investigation of the magnetic properties of pyrochlore Y2Ru2O7 by local 

probe 89Y NMR spectroscopy 
 

 We report structural, magnetic, and 89Y NMR studies on polycrystalline pyrochlore 

Y2Ru2O7 (YRO) samples. The room temperature powder XRD studies of YRO confirm the 

cubic structure with a space group of Fd-3m. Our dc magnetization studies on YRO show an 

antiferromagnetic-like ordering around TN = 76 K as also a strong bifurcation between the 

ZFC and FC curves at high temperature, i.e.  250 K. The 89Y (I = 1/2) NMR studies on YRO 

show an asymmetric single spectral line and the peak position is shifted to the high-

frequency side with decreasing temperature. The 89Y NMR linewidth increases on 

approaching TN. As temperature approaches TN, the 89Y spin–lattice relaxation rate 1/T1 

shows a near divergence, due to the onset of critical fluctuations. Further, we also noticed 

significant changes in the 89Y spectra linewidth and in 1/T1 around 250 K, which are 

currently under investigation. 
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NMR Measurements of Quantum Critical Fluctuations in TmVO4 

 
TmVO4 is a model system for the transverse field Ising model and presents an 

exceptional case where V-51 NMR directly probes the quantum fidelity of the correlated 

electronic wavefunction.  We find that the decoherence rate of the V nuclei is dramatically 

enhanced due to the suppression of the electronic gap near the quantum critical point.  Our 

results indicate that quantum critical fluctuations persist to high temperatures and provide 

clear evidence for the quantum critical fan. More broadly, these results demonstrate that if a 

qubit is coupled a quantum critical environment it will rapidly decohere, and conversely that 

a spin-based quantum computer may be especially sensitive to noise induced by the presence 

of nuclear spins. 
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Application of Quantum Diamond Magnetometry to High-Tc Cuprate 

Superconductivity 
  

 Quantum diamond magnetometry based on the spin properties of nitrogen-vacancy 

(NV) centers is a well-established technique to measure magnetic fields with a unique 

combination of resolution and sensitivity [1]. This sensing method can be applied to 

quantitatively measure the magnetic properties of a sample of micrometer size pressurized 

in a diamond anvil cell (DAC) [2]. By mapping the magnetic field distribution around a 

sample, this method provides a direct detection of the Meissner effect and can be used to 

determine the pressure dependence of the superconducting critical temperature. 

 Here we report the application of this method to detect the superconducting 

properties of a doped mercury based cuprate Hg2Ba2Ca2Cu3O10 (Hg-1223) under pressures 

up to 30 GPa. We observe a good agreement with the dome-shape pressure dependence of 

the superconducting critical temperature [3]. By tailoring the anvil tip to ensure controlled 

quasi-hydrostatic environment for the NV sensors [4], this technique can be extended to an 

unexplored pressure range where a predicted pressure-induced change of the band structure 

could induce a strong increase of the critical temperature, as observed in Bi2Sr2Ca2Cu3O10 

(Bi-2223) [5].  

 We will also report the implementation of wide-field quantum diamond 

magnetometry to spatially resolve the Meissner effect. This technique reveals the existence 

at micrometer length scale of sample inhomogeneities that induce local modification of the 

critical temperature. This spatial information is inaccessible to most other techniques that 

probe the properties of the sample as a whole. 

 

[1] Rondin, L. et al. Magnetometry with nitrogen-vacancy defects in diamond. Reports on 

Progress in Physics 77, 056503 (2014). 

[2] Lesik, M. et al. Magnetic measurements on micrometer-sized samples under high 

pressure using designed nv centers. Science 366, 1359–1362 (2019). 

[3] Gao, L. et al. (1994). Superconductivity up to 164 K in HgBa2Cam-1CumO2m+2+δ (m =1, 

2, and 3) under quasihydrostatic pressures. Physical Review B, 50(6):4260–4263 (1994). 

[4] Hilberer, A. et al. NV center magnetometry up to 130 GPa as if at ambient pressure, 

arXiv:2301.05094 (2023). 

[5] Chen, X.-J. et al. Enhancement of superconductivity by pressure-driven competition in 

electronic order. Nature, 466(7309):950–953 (2010). 
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19F and 11B NMR in one dimensional Ag compounds with huge exchange 

couplings 

 We present ligand atom NMR results on a number of Ag(II) fluorides, AgF2, KAgF3, 

AgFNF4, displaying the following common properties: low dimensional Ag spin networks 

with exchange in excess of 1000 K and large Dzyaloshinskii-Moriya term. The aim is to 

explore the path towards a silver-fluorine version of the CuO2 layer physics of cuprates. 

  



Magnetic Resonance of Correlated Electron Materials, 17-22 September 2023, Dresden 

POSTERS 71 

Mihael S. Grbić, Department of Physics, Faculty of Science, University of Zagreb, 

Zagreb, Croatia 

 

Effects of the in-plane stress on stripe order in La1.875Ba0.125CuO4 
 
Although static charge stripes are ubiquitous in cuprate superconductors, the coupling 

of stripes to the low-temperature tetragonal structure varies. While the charge order (CO) 

is isolated from it in Eu-doped LSCO, in 1/8-doped LBCO CO decouples only with 

hydrostatic pressure [1]. Remarkably, there is little insight into the spin order (SO) coupling 

mechanism, even though the transition is easily accessible by NMR [2]. Thus, NMR under 

uniaxial strain is a unique method for studying stripe formation. 

We report [3] an extensive 139La NMR study of the spin dynamics under uniaxial 

strain. With the external magnetic field H along [001], stress along [110] direction (110) 

suppresses the SO transition temperature TSO. In contrast, no discernible change in TSO is 

found with strain in [100] direction. For 𝐻 ∥ [11̅0] the effect of 110 is weakened, indicating 

that 𝐻 ∥ [11̅0] acts as a stabilizing factor for SO. 

Our results are understood as an interplay of symmetry-breaking terms through a self-

developed Landau free energy model that simultaneously shows a good agreement with 

existing data on hydrostatic TSO(p) dependence. 

 

[1] M. Hücker et al., Phys. Rev. Lett. 104, 057004 (2010). 

[2] S.-H. Baek et al., Phys. Rev. B 92, 155144 (2015). 

[3] I. Jakovac et al., arXiv:2303.03145 
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Unusual Bi quadrupole NMR in Bi2Se3 and Bi2Te3 topological insulators 

 
More than a decade after recognizing them as three-dimensional topological 

insulators, the narrow band Bi2Se3-type semiconductors still present serious difficulties when 

investigated with nuclear magnetic resonance. Especially the effect of a strong spin-orbit 

coupling (SOC) on NMR is scarcely understood. Quite remarkable is a non-trivial orientation 

dependence of the Bi quadrupole interaction observed in Bi2Se3 and Bi2Te3 single crystals, 

questioning fundamental believes of the NMR of single crystals. This phenomenon is 

assigned to conduction electrons subject to a very strong SOC, which allow the external 

magnetic field to have influence on local charges surrounding Bi. The external field induces 

a charge symmetry measurable through the Bi quadrupole coupling that cannot be described 

by a fixed electric field gradient reflecting solely the local chemical structure. In my 

presentation I will give a detailed account of the experimental evidence of this effect as 

observed for a wide range of single crystalline samples of Bi2Se3 and Bi2Te3 with various 

carrier concentrations, as well as for different external magnetic fields. 
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Critical Low-Energy Spin Dynamics in the BEC-Type Antiferromagnets 
 
Gapless quasi-1D systems are addressed by the Tomonaga-Luttinger Liquid (TLL) 

theory, providing purely 1D-critical, power-law prediction for the 1/T1(T) dependence. We 

showed that in real compounds an RPA-based correction has to be applied, in order to 

account for the 1/T1 enhancement induced by the 3D-critical fluctuations related to the low-

T BEC ordering. Using this TLL+RPA description, we successfully fitted the 1/T1(T) 

data in two quasi-1D spin systems, providing thereby the first direct determinations of the 

TLL interaction parameter K that confirms the theoretical predictions [PRB 101, 220406(R) 

(2020)].  

Regarding spin fluctuations in quasi-2D systems, we find that the experimental 1/T1 

data could provide a clear signature for the system’s effective dimensionality. 

However, the agreement with the Quantum Monte Carlo (QMC) simulations is only 

partial, leaving the subject open to further investigation. 

Finally, from the 1/T1 data recorded precisely at the saturation field we learn that the 

theoretically predicted quantum critical T3/4 dependence cannot be experimentally accessed 

in any compound, because the convergence into this low-T limit is too slow and the 

theoretical prediction is no longer valid when the BEC transition is too close. 

Nevertheless, the complete description provides correct semi-quantitative account of the 

data [PRB 105, 134429 (2022)]. 
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NMR investigation of staggered field in spin-1/2 chain compound 

AgCuVO4 

 
 The phenomenon of staggered fields, which arise in various physical systems, 

have their origins in the crystal structure that may impose staggered Dzyaloshinskii-

Moriya interaction or g-factor tensor. In this study, we conducted nuclear-magnetic-

resonance (NMR) measurements on spin-1/2 chain compound AgCuVO4 (Möller et al., 

2009) to investigate spin dynamics and potential magnetic ordering. 
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Pulsed high field NMR experiments in f-electron systems 

 
 Nuclear magnetic resonance (NMR) is a powerful tool to investigate exotic magnetic 

structures and low-energy excitations. However, NMR experiments over 35 T, which cannot 

be generated by superconducting magnets, are hard to perform.  Although the pulsed 

magnetic field can easily generate such a high magnetic field strength, NMR under the pulsed 

field is considered to be very challenging due to the insufficient field stability. We have 

developed the pulsed high field NMR (PF-NMR) system with dynamically controlled field 

pulse and succeeded in the measurement up to 53.6 T [Y. Ihara, T. Kanda et al., Rev. Sci. 

Instrum. 92, 114709 (2021)]. Recently, we have performed PF-NMR experiments to uncover 

novel phenomena in f-electron system. In this talk, we will introduce our PF-NMR 

measurement system and recent scientific results obtained by this technique. 
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Spin-dimer ground state in the mixed-valence compound Rb4O6 as 

revealed by electron spin resonance 
 

 Rb4O6 is a member of the alkali sesquioxides family and, similarly as its sister 

compound Cs4O6, it exhibits charge ordering phenomena by undergoing a Verwey-type 

transition at 250 K from the high-temperature cubic phase to the charge-ordered low-

temperature tetragonal phase. This transition to the well defined mixed-valence state of 

molecular peroxide O2
2- and superoxide O2

- anions is strongly linked to O2
- orbital and spin 

dynamics. Contrary to Cs4O6, the rubidium compound also shows low-dimensional 

magnetism, as the temperature dependence of spin susceptibility exhibits a maximum at 

around 15 K, after which it is rapidly suppressed, indicating the opening of the spin gap. By 

the means of the high-field electron spin resonance, we were able to study this gapped state 

further and determined the ground state to be that of spin dimers, by directly observing the 

transition from the singlet ground state to the excited triplet state. Rb4O6 is an example of a 

compound of p-electrons where, similarly as in 3d transition-metal compounds, the interplay 

between Jahn-Teller-like electron-lattice coupling and Kugel-Khomskii-type superexchange 

determines the nature of orbital ordering and the magnetic ground state. 
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A possible charge density wave transition in Bi2Se3 
 

 Hexagonally deformed Fermi surfaces and strong nesting, found in topological 

insulators such as Bi2Se3 and Bi2Te3, have led to several predictions of density wave order. 

Here, we report the first observation of a 140 K anomaly in Bi2Se3, which may be associated 

with a charge density wave transition. A periodic lattice distortion observed near room 

temperature with electron diffraction was characterized as diffuse charge order. The opening 

of an energy gap, observed as a 140 K metal-to-insulator like transition, was identified with 

resistivity vs temperature measurements. This is further corroborated by NMR studies of the 

spin-lattice relaxation (1/T1) rate of the 209Bi nucleus, which also displays a transition at 

140 K associated with an opening of an energy gap of ~8meV. 
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7Li NMR and magnetization studies of helical correlations in the stretched 

diamond lattice of LiYbO2 
 

 The Yb-based delafossite LiYbO2 hosts a stretched diamond lattice, yielding helical 

spin correlations that are in strong contrast to those in the delafossites with a triangular Yb 

lattice. Furthermore, the presence of strong spin-orbit coupling and crystal electric field 

splitting leads to a pseudospin-1/2 ground state of the Yb3+ ions. A recent study of LiYbO2 

by means of specific heat and neutron powder diffraction established the formation of helical 

order with non-trivial phasing between the two interpenetrating Yb sublattices below 1.1 K 

[1]. In order to further explore the helical spin configurations in the different parts of the 

magnetic phase diagram, we performed 7Li NMR measurements as well as low-temperature 

magnetometry of polycrystalline LiYbO2. Our results are fully consistent with the reported 

specific-heat data. The 7Li NMR spectra yield a pronounced asymmetric broadening at low 

temperatures, in agreement with the broken symmetry and formation of magnetic anisotropy 

in the helically ordered state. 

 

[1] Bordelon et al., Phys. Rev. B 103, 014420 (2021) 
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Large magnetocaloric effect in the kagome ferromagnet 

Li9Cr3(P2O7)3(PO4)2 

 
We report single-crystal growth, magnetic properties, and magnetocaloric effect of 

the S = 3/2 kagome ferromagnet Li9Cr3(P2O7)3(PO4)2 (trigonal, space group: P3̅c1). 

Magnetization data suggest dominant ferromagnetic intra-plane coupling with a weak 

anisotropy and the onset of ferromagnetic ordering at TC ≃ 2.6 K. Microscopic analysis 

reveals a very small ratio of interlayer to intra-layer ferromagnetic couplings (𝐽⊥ 𝐽⁄ ≃ 0.02). 

Electron spin resonance data suggest the presence of short-range correlations above TC and 

confirms quasi-two-dimensional character of the spin system. The magnetocrystalline 

anisotropy constant 𝐾 ≃ −7.42 × 104erg/cm3 implies that the compound is easy plane type 

ferromagnet with the hard axis normal to ab-plane, consistent with the magnetization data. 

A large magnetocaloric effect characterized by isothermal entropy change of −Δ 𝑆𝑚 ≃ 31 

J/kg-K and adiabatic temperature change of - ∆ Tad ≃ 9 K upon a field sweep of 7 T is 

observed around TC. This leads to a large relative cooling power (RCP) ≃ 284 J/kg at 7 T 

field change. The large magnetocaloric effect, together with negligible hysteresis render 

Li9Cr3(P2O7)3(PO4)2 a promising material for magnetic refrigeration to achieve temperatures 

in sub-Kelvin range. 
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17O NMR site-selective study of the quantum kagome antiferromagnet 

ZnCu3(OH)6Cl2 

 
Herbertsmithite ZnCu3(OH)6Cl2 is known as one of the most emblematic and deeply 

studied quantum spin liquid representative of the Quantum Kagome Heisenberg 

Antiferromagnet (KHAF) Hamiltonian physics. On the theory side, the ground state has been 

heavily debated for more than 30 years with no definitive solution to-date. As all of its 

variants, herbertsmithite suffers from the presence of magnetic Cu’s on the interlayer site.  

We’ll present site-resolved 17O NMR experiments on herbertsmithite single crystals 

using contrast methods, revealing slow and fast relaxing sites [1]. The dominant fast relaxing 

and gapless spectral contribution represents a ~60-65% fraction attributed to O probing the 

least impurity-disturbed Cu sites. This, in our opinion, strongly argues in favor of a gapless 

model for the KHAF. 

Our results will be put into perspective of recent Cu NQR, specific heat and thermal 

conductivity experiments on herbertsmithite and NMR on Zn-barlowite. The major outcome 

is that the favourite Dirac scenario for a spin liquid phase in the KHAF is not at work in 

herbertsmithite. The need of including defects which are ubiquitous in all compounds 

represents a difficult task but one of the most promising avenues to conclude on the ground 

state of the pure KHAF. 

 

Related papers 

[1] P. Khuntia et al., Nat. Phys. B 16, 469 (2020). 

[2] Q. Barthélemy et al., Phys. Rev. X. 12, 011014 (2022), Phys Rev B (2023) 

  



Magnetic Resonance of Correlated Electron Materials, 17-22 September 2023, Dresden 

POSTERS 81 

Surya Mohanty, Indian Institute of Science Education and Research, 

Thiruvananthapuram, India 

 

Disordered ground state in the spin-orbit coupled Jeff = ½ distorted 

honeycomb magnet BiYbGeO5 

 
The spin dimer is a simplest example of quantum magnet which is characterized by 

a singlet (S = 0) ground state with a spin gap in the excitation spectrum. The quantum 

magnets with entangled spin dimers often exhibit field-induced quantum phases like Bose-

Einstein condensation (BEC) of triplons, magnetization plateaus and etc. Yb2Si2O7 is a 

classic example that shows gapped excitation in zero-field and BEC physics in high fields. 

We report a new spin-orbit coupled quantum magnet BiYbGeO5 featuring distorted 

honeycomb lattice. Our assessment based on the magnetization and heat capacity 

experiments reveal that the magnetic properties at low temperatures can be described by an 

effective Jeff = 1 / 2 Kramers doublet and the ground state is non-magnetic with a tiny spin-

gap. Temperature dependent magnetic susceptibility, magnetization isotherm, and heat 

capacity could be modeled well assuming isolated dimers with anisotropic exchange 

interactions Jz ≃2:6 K and Jxy ≃ 1:3 K. The average intra-dimer coupling that represents the 

spin-gap between singlet ground state and triplet excited states sets a critical field of gap 

closing HC ≃ 0.7 T. The thermally activated behaviour of zero-field µSR depolarization rate 

suggests the absence of magnetic long-range order and further corroborates the gaped ground 

state. Interestingly, no field induced quantum phase is detected down to 80 mK around HC, 

suggesting that the inter-dimer coupling that determines the maximum temperature 

corresponding to the Bose-Einstein condensation (BEC) dome is negligibly small. All these 

features concede BiYbGeO5 close to the zero temperature quantum critical point of BEC of 

triplons. 
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NMR study of charge density wave state in monoclinic phase of NbS3 

 
Transition metal trichalcogenides NbSe3 and NbS3 are quasi-1D charge-density-

wave (CDW) conductors: their crystal structures are formed of metallic chains along b-axis 

surrounded by trigonal prismatic cages of chalcogen atoms. Though these compounds are 

apparently isoelectronic, their properties are rather diverse. NbSe3 exhibits two CDW 

incommensurate transitions at 142 K and 58 K. Niobium trisulfide NbS3 exists in two 

polytype forms. The more stable form NbS3-I is crystallized in triclinic crystal system and 

is a semiconductor. The monoclinic polymorph NbS3-II exhibits three CDW transitions at 

TP0=620–650 K, TP1=360 K, and TP2=150 K. 

We represent here some results of 93Nb NMR study of oriented NbS3-II samples at 

T<400 K. The dependence of the NMR spectrum shape on the pulse repetition time clearly 

shows the presence of conducting and non-conducting chains in this phase. The changes in 

the NMR spectra upon the appearance of CDW-1 (ТP1=360 К) demonstrate that this 

transition leads to a redistribution of the charge on the chains with the highest conductivity. 

The T2
-1(T) dependence with the well-defined maximum at 130 K corresponds to a “freezing” 

of one of the fluctuation sources causing relaxation and can be an indication of the 3D 

ordering of the CDW fluctuations. 
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Saikat Nandi, IIT Bombay, India 

 

Randomness driven possible quantum spin liquid phase in the S=1/2 1D 

HAF Chain Cu(Ampy)ClBr 

 
Copper catalysts-based coordination polymer complexes are fascinating one-

dimensional (1D) magnetic systems and exhibit many interesting properties for their novel 

quantum states, strong quantum fluctuations, and spin excitations. The properties of these 

Metal–organic frameworks (MOFs) are directly affected by the coordination environment 

and superexchange pathway of magnetic interactions. We have prepared polycrystalline 

Cu(Ampy)ClBr  and introduce randomness in the exchange couplings by Cl-Br mixing. Our 

magnetic susceptibility measurements suggest a lack of magnetic order down to 2 K in 

Cu(Ampy)ClBr despite the presence of antiferromagnetic interaction between Cu2+ 

moments, having Curie-Weiss temperature of −2 K. We are doing NMR and Muon spin 

relaxation experiments to identify any presence of long-range magnetic ordering or spin 

freezing down to mK range. The temperature and magnetic field scaling of magnetization 

shows a data collapse feature suggesting the presence of random-singlets (or possibly QSL 

physics) within a disorder-driven correlated and dynamic ground-state in the frustrated 

antiferromagnet Cu(Ampy)ClBr. 
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Jonas Philippe, Universität Zürich & PSI, Switzerland 

 

NMR study of supposedly unconventional superconductor Zr5Pt3 

 
The superconductor Zr5Pt3 and its interstitially C-doped counterparts Zr5Pt3Cx, 0.05 

< x < 0.7, were recently studied by means of specific heat, resistivity and magnetization 

measurements [Renosto et. Al.]. These measurements suggested that the electronic pairing 

was deviating from the standard, s-wave type BCS. 

An ideal, additional technique to probe this theory is nuclear magnetic resonance 

(NMR). Indeed, this local, microscopic method is a perfect complement to the macroscopic, 

bulk measurements reported by Renosto et al. Especially, the spin-lattice relaxation rate 1/T1 

delivers precious information about the type of electronic correlations. In an s-wave 

superconductor, the opening of an electronic energy gap below Tc implies an exponential 

decay of the spin-lattice relaxation rate (Philippe et al.).  

In this contribution, we will present our 195Pt NMR measurements on both Zr5Pt3 

and Zr5Pt3C0.3. The NMR results show a good agreement between the behavior of the spin-

lattice relaxation rate 1/T1 below Tc and the s-wave type BCS. Moreover, the NMR 

experiment showed that the interstitially C-doping does not significantly affect the electronic 

correlation of 195Pt atoms. 
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Manaswini Sahoo, Leibniz IFW Dresden, 01069 Dresden, Germany 

 

Investigation of intrinsic magnetic topological candidates by NMR and 

𝜇SR 

 
(MnBi2Te4) (Bi2Te3)n is one of the first examples, where the increasing number n of 

TI layers controls the magnetic dimensionality of the material. These compounds do display 

the quantum anomalous Hall effect. Soon after the exploration of antiferromagnetic 

MnBi2Te4 its isostructural sister compound MnSb2Te4 gained popularity because of its high 

transition temperature and possible ferromagnetic interlayer interaction. However, the local 

magnetic behavior of the system is not fully explored. In our joint bulk magnetic and local 

spectroscopic (NMR and μSR) experimental study, we investigate the effect of intermixing 

on the magnetic properties of Mn1±x(Bi/Sb)2Te4 powders. NMR on powder samples clearly 

indicates the intermixing of Mn/Sb on their respective sites and the Mn at 3a and 6c positions 

are aligned in the opposite direction which gives rise to an overall ferrimagnetic and canted 

AFM behavior. In the case of (MnBi2Te4) (Bi2Te3) n, Zero Field 𝜇SR shows more than one 

internal field at the muon site with the majority one decreasing in value when n is increased. 

Whereas in the sister compound MnSb2Te4, Zero Field 𝜇SR shows a broader distribution of 

magnetic field at the muon due to larger intermixing between Mn/Sb in the sample, which 

however does not affect the sharpness of transition. In light of our results, the role of anti-

sites in the magnetic structures is discussed, as well as new perspectives for this family of 

materials. 
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Rajib Sarkar, TU Dresden, Dresden, Germany 

 

Magnetism in Kitaev Quantum Spin Liquid Candidate RuBr3 

 
RuBr3 is a candidate material to realize Kitaev spin liquid physics. To understand 

microscopic properties of RuBr3 detailed µSR experiments have been carried out. µSR 

studies confirm the long range magnetic order in the RuBr3 at 35 K. The observations of 

clear oscillations in the muon time spectra demonstrate the presence of well-defined internal 

fields at the muon site. The magnetic ordering appears to be very robust and static in nature, 

suggesting the presence of conventional magnetic ordering in the RuBr3. Present 

investigations prove that in RuBr3 the Kitaev interactions are likely to be weakened at zero 

fields in comparison to the α-RuCl3 system. This proves that it is possible to tune the Kitaev 

interactions by replacing Cl into heavier halogen elements such as Br. 
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Sebin Joseph Sebastian, Indian Institute of Science Education and Research (IISER), 

Thiruvananthapuram, Kerala, India 

 

Double magnetic transitions and exotic field-induced quantum phase in the 

triangular lattice antiferromagnets Sr3Co(Nb,Ta)2O9 
 

 Two triangular lattice antiferromagnets Sr3Co(Nb,Ta)2O9 with an effective 𝑗eff =
 1/2 of Co2+are synthesized and their magnetic properties are investigated via magnetization 

and heat capacity measurements. The leading in-plane antiferromagnetic exchange coupling 

is estimated to be 𝐽/𝑘B ≃  4.7 K and 5.8 K, respectively. Both the compounds feature two-

step magnetic transitions at low temperatures [(𝑇N1 ≃ 1: 47 K and 𝑇N2 ≃ 1: 22 K) and 

(𝑇N1 ≃ 0.88 K and 𝑇N2 ≃ 0.67 K), respectively], driven by weak easy-axis anisotropy. 

Under magnetic field Sr3CoNb2O9 evinces a plateau at 1/3 magnetization. Interestingly, the 

high field magnetization of Sr3CoTa2O9 reveals an exotic regime (between 𝐻S1 and 𝐻S2), 

below the fully polarized state in which the heat capacity at low temperatures is governed by 

a power law (𝐶𝑝 ∝ 𝑇𝛼) with a reduced exponent  𝛼 ≃ 2. 

 These results demonstrate an unusual field induced quantum state with gapless 

excitations in the strongly frustrated magnet Sr3CoTa2O9. The complete 𝑇 − 𝐻 phase 

diagram is discussed for both the compounds. 
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Phurba Sherpa, Los Alamos National Labs/UC Davis, Los Alamos/United States 
 

NMR and NQR studies in LaNiGa2 

 

 LaNiGa2 is a layered centrosymmetric superconductor with an orthorhombic crystal 

structure. 𝜇SR experiments have observed spontaneous magnetic fields at the onset of 

superconducting state, implying time-reversal symmetry breaking and suggesting the 

possibility of triplet pairing. We report on NQR measurements performed on 139La down to 

200mK. We also report on continued normal state NMR measurements on 69Ga determining 

the anisotropy of the electric field gradient at the two 69Ga sites. These measurements are 

shown to be consistent with band structure calculations. 

  



Magnetic Resonance of Correlated Electron Materials, 17-22 September 2023, Dresden 

POSTERS 89 

Gediminas Simutis, Paul Scherrer Institute, Villigen, Switzerland 

 

Towards doping a quantum spin liquid: Magnetic correlations in the 

semimetallic hyper-kagome iridate Na3Ir3O8 

 
Carrier-doping a spin liquid has been a goal ever since Anderson proposed that 

introducing carriers into a RVB state is a potential pathway for superconductivity, but until 

recently all attempts have led to localized electrons. Recent surge of magnetic insulators in 

materials with strong spin-orbit coupling has reinvigorated the field since different frustrated 

arrangements can be realized with a varied range of anisotropies. 

In this contribution we study the transformation from an insulating spin-frustrated 

hyperkagome system Na4Ir3O8 into a semimetallic Na3Ir3O8 compound. We present a 

microscopic study of the Na3Ir3O8 by using 23Na NMR. We determine the intrinsic behavior 

of the uniform q = 0 susceptibility via shift measurements and the dynamical response by 

probing the spin-lattice relaxation rate. Throughout the studied temperature range, the 

susceptibility is consistent with a semimetal behavior, though with electronic bands 

substantially modified by correlations. Remarkably, the antiferromagnetic fluctuations 

present in the insulating parent compound Na4Ir3O8 survive in the studied compound. The 

spin dynamics are consistent with 120o excitations modes displaying short-range 

correlations. 

 

Based on GS et al., PRB 103, L100404 (2021) 
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Saramgi Chencheriparambil Sivan, IFW Dresden, Dresden, Germany 

 
31P NMR studies of quasi-two-dimensional magnetic correlations in 

MM'P2S6 (M,M'= Mn, Ni, Cu, Cr) 

 
The MM'P2S6 (M, M' = transition metal) family of quasi-two-dimensional van der 

Waals materials has emerged as a model system for low-dimensional magnetism and is a 

promising candidate for technological applications. These materials provide an ideal 

platform to study the Hamiltonians of the fundamental magnetism models, including the 

Ising, XY, and Heisenberg models. Detailed 31P-NMR measurements were performed on the 

well-characterized single crystals. For Ni2P2S6 and Mn2P2S6, an anomalous breakdown is 

observed in the NMR shift K versus the bulk susceptibility in the vicinity of broad 

maxima in (T), implying a connection to quasi-two-dimensional magnetic correlations.  In 

the ordered state, the NMR spectra provide good evidence for a 60-degree rotation of the 

magnetic domains induced by stacking faults, as well as for the spin-flop transition. The spin- 

lattice relaxation rate divided by temperature (T1T)-1 shows a broad maximum for both 

compounds and no critical enhancement towards Néel temperature. On the other hand, NMR 

measurements on CuCrP2S6 show an antiferro-electric transition at about 160 K by splitting 

the NMR spectra. (T1T)-1 shows a broad maximum and a critical enhancement at TN. We 

observed further line splitting below 30 K due to antiferromagnetic ordering. In addition, TN 

is anisotropic near the critical regime. 
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Loïc Soriano, LNCMI, Grenoble, France 

 

NMR study of the pnictide superconductor BaNi2As2 
 
 BaNi2As2 is a structural analog of the iron pnictide superconductors where nickel 

substitutes the iron atoms. Unlike its iron-based counterpart with a superconducting 

temperature of Tc = 24 K, superconductivity in this system is significantly suppressed with 

a Tc of 2.3 K. Additionally, thorough investigations have revealed the presence of a 

unidirectional charge density wave (CDW) and a triclinic phase transition. In this poster, we 

examine the NMR signature of the charge density wave in BaNi2As2. 

 
1 Y. Yao & al, Nat Commun 13, 4535 (2022) 
2 S. Lee & al. Phys. Rev. Lett. 122, 147601 (2019) 
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Yuri Tanuma, Jožef Stefan Institute, Ljubljana, Slovenia 

 

EPR study on stable C59N-C60 radicals protected by carbon nanorings 

 
Azafullerene C59N, an organic spin-active molecule, has an unpaired electron localised 

on the carbon atom next to the nitrogen. This radical immediately forms a stable non-

magnetic dimer (C59N)2. In order to prolong its radical lifetime, we have investigated 

complexation of C59N and carbon nanoring ([10]-cycloparaphenylene, [10]CPP). Previously, 

we discovered that the C59N radical is stabilised in a powdery form by being entrapped in 

[10]CPP (C59N•⊂[10]CPP) and showed a strikingly long spin-lattice relaxation time (T1) of 

210 µs.  

In order to further investigate its stability and T1, we focused on C60⊂[10]CPP doping 

to the C59N•⊂[10]CPP system expecting that presence of C60 suppresses the re-dimerisation 

process. The doping leads to the formation of the heterodimer radical [10]CPP⊃C59N-

C60
•⊂[10]CPP, which possesses an excellent stability at room temperature and exceptionally 

long T1 value about 440 µs. This T1 value is longer than any other fullerene-based radicals 

reported so far, and this is attributed to the unpaired electron shift to the C60 cage. In this 

poster we will present our recent EPR and DFT results, which show great potential to be 

used as a long-life room temperature qubit which bridges C59N•⊂[10]CPPs nearby. 
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