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Anisotropy Study of 

Microwave 

Electrodynamics in Tl-

2201

The microwave surface resistance, and the magnetic penetration depth of a Tl-2201 single crystal (Tc=43 K) have 

been precisely measured using a broadband bolometric technique, and a loop-gap resonator respectively. 

Disentangling the in- and out-of-plane components of the two quantities was accomplished by comparing the 

measurement results obtained for two different orientations of the sample with respect to the applied magnetic 

field. The results, and their reliability, current limitations, as well as further potential progress are presented...
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Spin-orbit coupled 

double perovskite 

bilayers: Tuning 

magnetism, C=2 

Chern bands, and 

quantum anomalous 

Hall insulators on the 

honeycomb lattice

Spectacular developments in oxide growth have enabled controlled layer-by-layer growth of perovskite and double 

perovskite heterostructures. This leads to the exciting prospect of tuning magnetism and topological states of 

correlated electrons in low dimensions. Here, we model {111}-grown bilayers of spin-orbit coupled double 

perovskites such as Sr2FeMoO6, showing that these buckled honeycomb materials act as half-metallic 

ferrimagnetic films. The combination of inter-orbital hybridization and symmetry-allowed trigonal distortion tunes 

the magnetization direction, leading to topological C=2/C=-2 Chern bands, with a regime which supports a 

quantum anomalous Hall insulator. An effective two-band model of Zeeman-split j=3/2 states is shown to capture 

this emergence of Chern bands. Finally, we discuss possible effects of electron correlations and Rashba 

interactions.
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Spin-orbital liquids in 

non-Kramers magnet 

on Kagome lattice

Localized magnetic moments with crystal-field doublet or pseudo-spin 1/2 may arise in correlated insulators with 

even number of electrons and strong spin-orbit coupling. Such a non-Kramers pseudo-spin 1/2 is the 

consequence of crystalline symmetries as opposed to the Kramers doublet arising from time-reversal invariance, 

and is necessarily a composite of spin and orbital degrees of freedom. We investigate possible spin-orbital liquids 

with fermionic spinons for such non-Kramers pseudo-spin 1/2 systems on the Kagome lattice. Using the 

projective symmetry group analysis, we find ten new phases that are not allowed in the corresponding Kramers 

systems. We compute the spin-spin dynamic structure factor that shows characteristic features of these non-

Kramers spin-orbital liquids arising from their unusual coupling to neutrons, which is therefore relevant for neutron 

scattering experiments. We also point out possible anomalous broadening of Raman scattering intensity that 

may serve as a signature experimental feature for gapless non-Kramers spin-orbital liquids.
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Phase Transition in 

Strain Relaxed (100)-

Oriented 

Nd0.5Sr0.5MnO3 Thin 

Films

Half-doped manganites exhibit intriguing charge ordering (CO) properties.  (110)-oriented thin films can preserve 

bulk properties and show a charge ordering-ferromagnetic (CO-FM) transition [1]. However, for (100) oriented films 

grown on traditional perovskite substrates, no CO-FM transition has been reported so far [1, 2].

We successfully realized CO-FM transition in (100)-oriented Nd0.5Sr0.5MnO3 (NSMO) thin films grown on 

SrTiO3 substrates by inserting a perovskite-like flexible buffer layer Sr3Al2O6. From temperature-dependent X-ray 

elastic scattering, we observed changes in lattice constants at the CO-FM transition temperature, determined 

from transport and magnetization. Moreover, we observed CO peaks suggesting a different ordering pattern from 

bulk [3] or (110)-oriented thin films [4]. 

These results provide opportunities to create and study novel electronic ground states unexplored in films grown 

on rigid substrates used up to now.

References:

[1] M. Nakamura et al., Appl. Phys. Lett. 86, 182504 (2005).

[2] W. Prellier et al., Appl. Phys. Lett. 75, 397 (1999).

[3] C. H. Chen et al., Phys. Rev. Lett. 76, 4042 (1996).

[4] Y. Wakabayashi et al., Phys. Rev. Lett. 96, 017202 (2006).
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RG Analysis on a 

Neck-Narrowing 

Lifshitz Transition in 

the Presence of Weak 

Short-Range 

Interactions in Two 

Dimensions
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Stripes of enhanced 

transition temperature 

in superconducting 

strontium titanate
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Phase competition in 

the Hubbard-Holstein 

model

Results from a variety of experiments have revealed the importance of the electron-phonon interaction in strongly 

correlated electron materials.  In order to study the role of electron-phonon coupling in these systems, we 

simulate the single-band Hubbard-Holstein model using determinant quantum Monte Carlo, an approach that 

allows the non-perturbative study of strongly interacting systems, and treats the electron-electron and electron-

phonon interactions on an equal footing. In particular, we focus on phase competition between antiferromagnetic 

and charge density wave orders in this model at half filling. We also study the transition from an ordered 

insulating phase to a metallic state that occurs with doping away from half filling.
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Point-Contact Andreev 

Reflection 

Spectroscopy of 

Bismuth-

Chalcogenide 

Topological Insulators

Topological insulators have received great research interest in recent years. One salient feature of these 

materials is the helical spin polarization of their electronic surface states. Andreev reflection, a fundamental 

process that occurs between a superconductor and conducting material, has often been used to probe the spin 

polarization of various magnetic materials [1,2]. In this work, we use superconducting Nb tips to make 

cryomagnetic Andreev reflection spectroscopy measurements on bismuth-chalcogenide single crystals. We 

analyze our spectral data, which show Andreev-like features, in the context of both calculated and measured spin-

dependent band structures of these topological insulators.

[1] B. Nadgorny, Handbook of Spin Transport and Magnetism (Taylor and

Francis, New York, 2011), p. 531.

[2] C. S. Turel et al., Appl. Phys. Lett. 99, 192508 (2011)
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Hall Effect 

Measurements on 

Ferromagnetic 

Superconductor UGe2

The coexistence of ferromagnetism and superconductivity requires an unconventional electron-pairing 

mechanism, since the conventional theory of opposite-spin Cooper pairs is ruled out by the spin-alignment due to 

the ferromagnetic order. In ferromagnetic superconductor UGe2 the microscopic mechanism for superconductivity 

is as yet unknown, however the emergence of the superconducting state seems to be connected to the critical 

point where a metamagnetic transition between two different phases of ferromagnetism is supressed, by high 

pressure, to zero Kelvin. 

Hall effect and magnetoresistance measurements crossing this transition in temperature, pressure and magnetic 

field adds to our understanding of the nature of the different phases of ferromagnetism either side of the critical 

point and ultimately the nature of superconductivity in UGe2. Here we report the significant changes in the 

ordinary and anomalous Hall coefficients crossing the metamagnetic transition.
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Point-Contact Andreev 

Reflection 

Spectroscopy of 

Bismuth-

Chalcogenide 

Topological Insulators

Topological insulators have received great research interest in recent years. One salient feature of these 

materials is the helical spin polarization of their electronic surface states. Andreev reflection, a fundamental 

process that occurs between a superconductor and conducting material, has often been used to probe the spin 

polarization of various magnetic materials [1,2]. In this work, we use superconducting Nb tips to make 

cryomagnetic Andreev reflection spectroscopy measurements on bismuth-chalcogenide single crystals. We 

analyze our spectral data, which show Andreev-like features, in the context of both calculated and measured spin-

dependent band structures of these topological insulators. [1] B. Nadgorny, Handbook of Spin Transport and 

Magnetism (Taylor and Francis, New York, 2011), p. 531. [2] C. S. Turel et al., Appl. Phys. Lett. 99, 192508 

(2011)
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Non-topological nature 

of the edge current of 

chiral p-wave 

superfluids

I will tell you why the edge current of a topological chiral superconductor is not topological, and present our 

recent results on the edge current of the putative chiral p-wave superconductor Sr2RuO4.
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Spin Frustration in 

Lu2Mo2O7 and 

Lu2Mo2O5N2 

Pyrochlores

The phenomenon of magnetic frustration can lead to a rich variety of interesting behaviour. Often this frustration 

has a geometric origin, which means that materials built up of geometrically frustrated networks of magnetic ions, 

such as the kagome and pyrochlore lattices, can evade conventional long range magnetic order at low 

temperature as a result of competing exchange interactions. Of particular interest are materials that combine 

strong magnetic frustration with low spin magnetic ions since they are believed to support exotic quantum spin 

liquid ground states. Here I will present a new S = ½ pyrochlore antiferromagnet, Lu2Mo2O5N2, which is 

obtained from a nitridation reaction of it precursor oxide, Lu2Mo2O7 [2]. I will show from diffuse and inelastic 

neutron scattering measurements that Lu2Mo2O5N2 remains dynamic down to the lowest temperatures of our 

experiments (~θ/100), whereas Lu2Mo2O7 enters an unconventional spin glass state at Tf ~ 16 K.
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Bose-Hubbard 

Haldane Model

We study the tight-binding model on the honeycomb lattice introduced by Haldane for bosons. We analyze the 

ground state topology and quasi- particle properties in the Mott phase by applying bosonic dynamical mean field 

theory, strong-coupling perturbation theory, exact diagonalization and numerical evaluations of sample Hall 

conductivity. The phase diagram also contains two different superfluid phases, distinguished by chiral symmetry 

breaking. The quasiparticle dynamics, number fluctuations, and local currents are measurable in cold atom 

experiments.
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Quantum spin-liquid 

phases of quantum 

spin-ice

Quantum spin-ice offers an exciting playground for supporting exotic phases of matter characterized by 

fractionalized excitations such as emergent magnetic monopoles. The quantum spin-ice model has been recently 

successfully applied to describe some of the insulating rare-earth pyrochlore oxides. I will discuss the possible 

spin-liquid phases that may be stabilized in quantum spin-ice systems and their possible experimental 

signatures. Amongst many different implications, quantum spin-ice physics is believed to be relevant for the 

description of rare-earth iridates, that exhibit anomalous Hall effect, and for the well experimentally-characterized 

materials $Yb_2Ti_2O_7$ and $Pr_2Sn_2O_7$, for which the low-temperature state is still a matter of debate.
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Depletion-Mode 

Epitaxial Anatase 

TiO2 Metal-

Semiconductor Field-

Effect Transistor

Here we present a depletion-mode epitaxial anatase TiO2 MESFET using Pt as the Schottky gate electrode. A 

series of devices were fabricated using pulsed laser deposition to epitaxially deposit one monolayer of LaO on 

LaAlO3 (001) substrates with atomic-layer precision, followed by anatase TiO2 thin films. The LaO monolayer 

was deposited following a recent study reporting that epitaxial TiO2 thin films grown on LaO-terminated LaAlO3 

(001) substrates show a high mobility metallic state with outstanding crystalline quality. Excellent rectifying 

behavior was achieved at the Pt/anatase TiO2 Schottky junction with a gate leakage as low as 10 -̂3 A/cm2. As 

a result, the on/off current ratio of epitaxial anatase TiO2 MESFET exceeded a million in a voltage range of 3 V at 

room temperature. These results demonstrate that carriers can be easily tuned in a wide range, and imply that 

exotic transport properties can be further studied in the same device structure.
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\alpha RuCl3 - Spin 

orbit assisted Mott 

Insulator on the 

honeycomb lattice

We examine the role of spin-orbit coupling in the electronic structure of α-RuCl3, in which Ru ions in 4d5 

configuration form a honeycomb lattice. The measured optical spectra exhibit a clear optical gap and excitations 

within the t2g orbitals. The spectra can be described very well with first-principles electronic structure 

calculations obtained by taking into account both spin orbit coupling and electron correlations. Furthermore, our X-

ray absorption spectroscopy measurements at the Ru L-edges exhibit distinct spectral features associated with 

the presence of substantial spin- orbit coupling, as well as an anomalously large branching ratio. We propose 

that α-RuCl3 is a spin-orbit assisted Mott insulator, and the bond-dependent Kitaev interaction may be relevant 

for this compound.
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Thermal Treatment 

and the Collapse 

Transition in Sn-flux 

grown CaFe2As2

The superconducting parent compound CaFe2As2 displays an AFM transition at 168 K that is closely linked to 

an orthorhombic structural distortion. Studies on self-flux (FeAs) grown crystals have revealed the ability to tune 

the structural and magnetic properties of this system by annealing, resulting in a phase diagram that spans from 

tetragonal/orthorhombic antiferromagnetism to the non-magnetic collapsed tetragonal phase. In this study, we 

investigate the effects of annealing on CaFe2As2 crystals grown in Sn flux in order to understand the role of 

growth conditions on the resultant phase diagram. We present investigations of x-ray, EDS, electrical transport 

and magnetization measurements and compare the resultant phase diagram with that of the self-flux case.
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Majorana fermion 

exchange in strictly 

one dimensional 

structures

It is generally thought that adiabatic exchange of two identical particles is impossible in one spatial dimension. 

Here we describe a simple protocol that permits adiabatic exchange of two Majorana fermions in a one-

dimensional topological superconductor wire. The exchange relies on the concept of "Majorana shuttle" whereby 

a π domain wall in the superconducting order parameter which hosts a pair of ancillary Majoranas delivers one 

zero mode across the wire while the other one tunnels in the opposite direction. The method requires some 

tuning of parameters and does not, therefore, enjoy the full topological protection. The resulting exchange 

statistics, however, remains non-Abelian for a wide range of parameters that characterize the exchange.
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Thermal Hall effect in 

underdoped cuprates
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Numerical braiding of 

Majorana Fermions on 

finite size nanowires

Superconductors hosting long-sought excitations called Majorana fermions may be ultimately used as qubits of 

fault-tolerant topological quantum computers. A crucial challenge toward the topological quantum computer is to 

equip quantum operation of nearly degenerate quantum states as a dynamical process of Majorana fermions. We 

investigate the braiding dynamics of Majorana fermions on superconducting nanowires. Surprisingly, a non-

adiabatic dynamical process dominates the non-Abelian braiding that operates qubits of Majorana fermions. Our 

simulations clarify how qubits behave in the real-time braiding process, and elucidate the optimum condition of 

superconducting nanowires for efficient topological quantum operation.
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Electrodynamics in 

Skyrmions Merging

In a recent study the coalescence of magnetic skyrmions was observed in a metallic chiral magnet Fe0.5Co0.5Si 

when the skyrmion phase is destroyed, and numerical simulations demonstrated the existence of a monopole at 

the merging point of two skyrmion lines. The exchange interaction between such magnetic textures and the 

conduction electrons can be described by emergent electromagnetism. In this paper, we investigate the effect of 

a skyrmions-merging process on conduction electrons by calculating induced electric currents. Here, in addition 

to the exchange interactions, we consider the antisymmetric spin-orbit couplings (SOC) due to broken inversion 

symmetry, which is an essential ingredient for the realization of skyrmion texture. We obtain an adiabatic current 

which is dissipationless, and dissipative currents driven by the effective electromagnetic fields including the effect 

of SOC. In terms of the effective fields, a moving monopole turns out to be a dyon-like object; i.e. it has both 

electric charge and magnetic charge.
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Search for Half-

Quantum-Fluxoid 

States in a Micro-Ring 

of Sr2RuO4

Sr2RuO4 is a leading candidate for spin-triplet superconductor. It is thought its state of cooper pairs is equal spin 

pairing (ESP), which is expressed by the superposition of ↑↑ond ↓↓.

In general, fluxoids which penetrate superconductor rings are quantized because of the single-valuedness of the 

order parameter.

However for Sr2RUO4, its two degrees of freedom in phase, orbital and spin, allow fluxoid to penetrate half-

amount of flux quantum.

We call this Half-Quantum Fluxoid (HQF).

Observation of HQF is important since HQF is an evidence of spin-triplet ESP state.

Oscillations in critical temperature and magnetresistance which is caused by fluxoid quantization are known for 

Little-Parks oscillation.

We want to measure this oscillation.

We made small Sr2RuO4 ring with focused ion beam maschine, and measured resistance of the Sr2RuO4 ring 

under magnetic field.

We observed periodic oscillations whose period and amplitude are same as those which are predicted by theory.

We are going to measure magnetresistance with in-lpane field to detect HQF.
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AC susceptibility of 

Sr2RuO4 under 

various field-thermal 

treatments

Sr2RuO4 is a leading candidate of a chiral p-wave spin-triplet superconductor. Spin-triplet, with the cooper pairs 

with the total spin S=1, has spin and orbital degrees of freedom. Reflecting the multiple degrees of freedom, 

multiple superconducting phases appear under magnetic field. We investigated the ac susceptibility of Sr2RuO4 

in oriented magnetic field. In this work, we compare results with different thermal treatments. We found that ac 

susceptibility substantially changes when we thermally destroy superconductivity each time after changing the 

field and before correcting the data. I will talk about the result and discuss the interpretation on the observed 

substantial thermal treatment effect.
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Quantum critical point 

in singe channel 

normal and 

topological 

superconductor 

junctions

Majorana fermions emerge in condensed matter as boundary modes in some novel topological systems like p-w ave superconductors 

[Kitaev, Phys. Usp. 44, 131 (2001)] and their study is important from both fundamental and application points of view  [J. Alicea, Rep. 

Prog. Phys. 75, 076501 (2012)]. One of the best candidates for such topological systems are semiconductor nanow ires w ith strong 

spin-orbit interaction, subject to a uniform magnetic f ield and in proximity to a s-w ave superconductor [Oreg et al., PRL 105, 177002 

(2010), Lutchyn et al., PRL 105, 077001 (2010)]. The f irst tw o ingredients lif t the spin degeneracy at the Fermi energy and induce an 

effectively p-w ave superconductivity in the nanow ire. The signature of Majorana bound state at a NS interface is a perfect Andreev 

reflection at low  energies and perfect normal reflection at high energies, creating a zero bias peak in the differential conductance. 

Recent observations of this peak [Mourik et al., Science 336, 1003 (2012) and Das et al., Nature Phys. 8, 887 (2012)] could be regarded 

as the discovery of Majroana fermions. How ever, this interpretation is overshadow ed by uncertainties about the role of disorder and 

interactions in the bulk and interface and also by other possible origins of the zero bias peak in these systems.

We study the case of N normal channels coupled to a superconductor and follow ing previous w orks [Pikulin et al., JETP Lett. 94, 693 

(2011), Fulga et al., PRB 83, 155429 (2011)] relate the topology of such NS junctions to the determinant of their scattering matrix. We 

show  that this correspondence leads to a quantized low -temperature conductance at N=1,2 w henever the Majorana bound state is 

present, independent of the presence of disorder in the normal w ire or marginal boundary couplings at the NS interface. Moreover, it 

has been show n recently [Aff leck et la. , J. Stat. Mech., P06011 (2013)] that a Majorana fermion coupled to tw o interacting channels 

acts as a sw itch at low  energies, having perfect Andreev reflection in the more-strongly-coupled channel and perfect normal reflection 

in the other. It is also show n that the symmetric coupling of tw o channels is a quantum critical point (QCP) at w hich this system flow s 

to a non-trivial low -temperature f ixed point and exhibits a non-quantized universal conductance. We explore the possibility of realizing 

this QCP in a single-subband nanow ire by coupling both spins to the Majorana fermion. This is achieved by the application of a magnetic 

f ield gradient w hich lif ts the spin degeneracy in the superconductor part and keeps it in the normal side. 

We use numerical results to show  that it is indeed possible to tune through a symmetric coupling point in this system. The observation 

of such QCP may provide stronger evidence for the existence of Majorana fermions at the topological NS interface.
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A New Type of 

Quantum Criticality in 

the Pyrochlore 

Iridates

Magnetic fluctuations and electrons couple in intriguing ways in the vicinity of zero temperature phase transitions -

- quantum critical points -- in conducting materials. Quantum criticality is implicated in non-Fermi liquid behavior 

of diverse materials, and in the formation of unconventional superconductors. Here we uncover an entirely new 

type of quantum critical point describing the onset of antiferromagnetism in a nodal semimetal engendered by the 

combination of strong spin-orbit coupling and electron correlations, and which is predicted to occur in the iridium 

oxide pyrochlores. We formulate and solve a field theory for this quantum critical point by renormalization group 

techniques, show that electrons and antiferromagnetic fluctuations are strongly coupled, and that both these 

excitations are modified in an essential way. This quantum critical point has many novel features, including 

strong emergent spatial anisotropy, a vital role for Coulomb interactions, and highly unconventional critical 

exponents. Our theory motivates and informs experiments on pyrochlore iridates, and constitutes a singular 

realistic example of a non-trivial quantum critical point with gapless fermions in three dimensions.
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Imaging Quantum 

Phase Transitions in 

an Optical Lattice

The Femi-Hubbard model is thought to be a useful model for understanding high-temperature superconductivity, 

but numerical solutions to such a model are prohibitively difficult to compute due to the existence of the so-called 

‘sign problem.’ An alternative to numerical analysis of the Fermi-Hubbard model is to map the phase diagram 

explicitly via its direct experimental simulation in an optical lattice. Our experiment populates sites in an optical 

lattice with atoms of a fermionic isotope of potassium cooled to sub-microkelvin temperatures. In a manner 

similar to scanning-tunneling microscopy, we are working towards using optical microscopy to resolve the 

occupation numbers of sites in this lattice, which will reveal such phenomena as the superfluid to Mott-insulator 

quantum phase transition. The ability to tailor optical potentials and interaction strengths in the experiment will 

allow for scalability to more complex phase transitions in future work.
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Neutron 

Spectroscopic Study 

of Crystal-Field 

Excitations of Yb2(Ti2-

xYbx)O7-x/2

It is known that there are significant sample dependences in the low temperature heat capacity of the spin-ice 

candidate, rare-earth titanate Yb2Ti2O7. These differences are primarily expressed between single crystals grown 

by floating zone image furnace techniques and the powder starting materials from which the single crystals were 

grown. It is understood that in some rare-earth titanates R2B2O7 extra (magnetic) R3+ ions can occupy the (non-

magnetic) B=Ti4+ sites, leading to what is known as a “stuffed” pyrochlore structure. The composition of our 

“stuffed” crushed single crystal sample is best described as Yb2(Ti2-xYbx)O7-x/2 with x =0.046(4), while that of 

the powder sample refines to a perfect pyrochlore structure, x=0. I shall present results collected from a recently 

conducted experiment, using the time of flight neutron chopper spectrometer SEQUOIA to measure the crystal-

electric field levels in Yb2(Ti2-xYbx)O7-x/2, putting them into context with theoretical estimates.
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Spin Transport 

Analogues in 

Quantum Gases

Ultracold fermionic atomic gasses with strong interactions obey the same kind

of physics as strongly correlated electrons. The study of atomic gas analogs

allows easier access to tunable parameters that are difficult to study in

solids. The dynamic time scales are slower in atomic gases which make

non-equilibrium measurements easier and the interaction strength between atoms

can be tuned. To study an atomic gas with very strong interactions we use a

Feshbach resonance. By starting with an initially magnetized gas, a

non-equilibrium state, we can probe the dynamics as a function of time by

measuring the aggregate spin of the cloud. Recently we have found that the

demagnetization of a transversely magnetized ultracold fermionic gas with

strong interactions is caused by diffusive spin transport with a diffusion

constant that plateaus at ~hbar/m for low temperatures. We are working on

studying this behaviour for a variety of parameters.
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Dependence of 

interfacial conduction 

on oxygen annealing 

in MBE-grown 

LaAlO3/SrTiO3 

heterostructures

The observation of interfacial metallicity in thin-film heterostructures of LaAlO3 (LAO) and SrTiO3 (STO) has 

sparked great interest in recent years. This metallicity has been attributed to electronic reconstruction induced 

by interfacial polar discontinuity [1]. However, the intrinsic oxygen variability of STO is also believed to influence 

the conduction of LAO/STO films [2], especially in films grown by pulsed laser deposition which can induce 

defects in STO [3]. To better understand the role of such defects, we study LAO films of varying thickness grown 

on STO by molecular beam epitaxy and post-annealed in oxygen. X-ray photoelectron spectroscopy is used to 

correlate the atomic valences with the conduction properties, in an effort to relate the interfacial electronic 

structure with the presence of oxygen vacancies. [1] J. Mannhart et al., MRS Bull. 33, 1027 (2008) [2] A. 

Kalabukhov et al., Phys. Rev. B 75, 121404 (2007) [3] Y. Chen et al., Nano Letters 11, 4 3774 (2011)
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${ {̂17}O}$ Single 

Crystal NMR Study 

on ${S=1/2}$ Kagome 

Lattice 

${ZnCu_{3}(OH)_{6}Cl

_{2}}$

Herbersmithite ${ZnCu_{3}(OH)_{6}Cl_{2}}$ is known to be a promising candidate material hosting a quantum spin 

liquid ground state. The recent success in single crystal growth of ${ZnCu_{3}(OH)_{6}Cl_{2}}$ as well as the 

discovery of a continuum of spinon excitations using inelastic neutron scattering have opened a new chapter in 

the study of highly frustrated magnetism. 

However, the mechanism behind the realization of the non-magnetic ground state in ${ZnCu_{3}(OH)_{6}Cl_{2}}$ 

remains controversial, mainly due to the difficulty in understanding the role of defects in its physical properties. 

Through single-crystal ${ {̂17}O}$ NMR study, we identified multiple O sites with distinct local magnetic 

environments. The behavior of local spin susceptibility and spin dynamics observed at these O sites provide 

invaluable insights into the nature of defects and their potential influence on the kagome spin lattice.
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