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We present the ground state properties of a new quantum antiferromagnet, YbBOj3, in which the isotropic
Yb** triangular layers are separated by a nonmagnetic layer of partially occupied B and O(2) sites. The
magnetization and heat capacity data establish a spin-orbit entangled effective spin Jei = % state of Yb>"
at low temperatures, interacting antiferromagnetically with an intralayer coupling J/kg =~ 0.53 K. The absence
of oscillations and a 1/3 tail in the zero-field muon asymmetries rules out the onset of magnetic long-range
order as well as spin freezing down to 20 mK. An anomalous broad maximum in the temperature-dependent
heat capacity with an unusually reduced value and a broad anomaly in the zero-field muon depolarization rate
centered at T* =~ 0.7J/kg provide compelling evidence for a wide fluctuating regime (0.2 < T/J < 1.5) with
slow relaxation. We infer that the fluctuating regime is a universal feature of highly frustrated triangular-lattice
antiferromagnets while the absence of magnetic long-range order is due to perfect two-dimensionality of the spin

ions

lattice protected by nonmagnetic site disorder.
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I. INTRODUCTION

Frustrated magnets are a special class of systems where the
ground state degeneracy leads to captivating low-temperature
properties. One such emergent phenomenon is the quantum
spin liquid (QSL), a disordered state characterized by fraction-
alized excitations, quantum entanglement, and the absence of
magnetic long-range order (LRO) [1]. The quest for this exotic
phase has escalated remarkably since Anderson’s proposal
of the resonating valence bond model, a prototype of the
QSL in spin—% triangular-lattice antiferromagnets (TLAFMs)
[2]. However, subsequent theoretical studies revealed three-
sublattice Néel order as the real ground state for Heisenberg
TLAFMs [3]. From a pragmatic point of view, the real mate-
rials are often plagued with a certain degree of perturbations
such as exchange anisotropy, couplings beyond nearest neigh-
bor (NN), structural disorder, etc., that may alter the actual
ground state and pave the way for even richer physics [4-7].
A prominent manifestation of such effects is the broad fluc-
tuating regime with slow dynamics observed in TLAFMs
(Na, K, H)CrO, in low temperatures [8,9]. Indeed, spin-%
TLAFMs with the above perturbations have recently been
perceived as an ideal host for a gapped or gapless QSL and
other exotic phases [10,11].
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Rare-earth-(4f)-based TLAFMs, mainly with ytterbium
(Yb**), set a new platform to explore nontrivial phases of
matter. Here, the interplay of strong spin-orbit coupling (SOC)
and a noncubic crystal electric field (CEF) leads to a Kramers
doublet with an effective Joir = % ground state. Moreover, the
strong SOC is expected to induce anisotropic exchange inter-
actions, which is proposed to be an ingredient in stabilizing
the QSL state [12]. Furthermore, disorder in the frustrated
magnets is believed to destroy the states that are stabilized
in disorder-free compounds and concedes various fascinating
ground states [13]. For instance, recently, it was found that
structural disorder can trigger bond randomness and promote
QSL-like states [4,5]. The most celebrated compounds in
this category are Yb(Mg, Zn)GaO,, where disorder due to
site mixing of Ga** and Mg?>* or Zn?* leads to randomized
interactions, which apparently forbids LRO and results in
highly fluctuating moments [14-20]. This opens up a new
paradigm for realizing randomness-induced nontrivial states
that mimic QSLs [21-24]. The disorder-free chalcogenides
(Na, Cs, Li))YbX, (X = O, S, and Se) featuring a triangular
lattice also show the signature of a QSL in zero field and
field-induced transition in higher fields [25-32]. Though no
LRO is detected down to 50 mK in another disorder-free
TLAFM, Ba3;Yb(BO3);, the dominant interaction is found
to be long-range dipole-dipole coupling rather than exchange
interactions [33-35].

Herein, we report a comprehensive study of a new
TLAFM, YbBOj;, with partial nonmagnetic site disorder. It
belongs to the vaterite family having the general formula

©2023 American Physical Society
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FIG. 1. (a) Crystal structure of YbBO; showing triangular Yb>*
sheets separated by a layer of B and O atoms. The O(1) site is fully
occupied while O(2) and B sites are each only 33% occupied. (b) A
section of the Yb>" layer with equilateral triangles.

RBO; (R = rare earth) with the hexagonal crystal structure of
space group P63/m (No. 176) [36,37]. The magnetic Yb**
ions fully occupy the regular triangular sites and are free
from any sort of magnetic site disorder (see Fig. 1) [36].
One of the two oxygen sites [O(2)] and the boron site are
each 33% occupied. The triangular layers are separated by a
layer of these partially occupied B and O(2) sites. Figure 1(b)
presents the in-plane structure of the Yb** forming triangu-
lar units with nearest-neighbor (NN) distance 3.751 A. The
ratio of interplane distance to intraplane distance (dinter /dintra)
between Yb>T ions is ~1.17. We choose YbBOj; in order to
investigate how the nonmagnetic site disorder affects the local
environment of Yb** and hence the ground state. We illustrate
that the Yb** ions form a Kramers doublet with effective
spin Jegr = % at low temperatures. Despite a relatively large
Curie-Weiss temperature Ocw ~ —0.8 K, magnetic LRO is
forbidden down to 20 mK. Intriguingly, the muon spin re-
laxation (£SR) measurements reveal a broad low-temperature
fluctuating regime with slow dynamics. These features are
attributed to the combined effects of magnetic frustration and
nonmagnetic site disorder.

II. EXPERIMENTAL DETAILS

A polycrystalline sample of YbBO3; was synthesized via
the conventional solid-state reaction technique. A stoichio-
metric mixture of the high-purity reactants Yb,O3 (99.99%)
and H3;BO3; (99.99%) (15% excess H3BOj is taken to com-
pensate for the loss of B during the heating process due
to the volatile nature of H;BO3;) was ground and preheated
at 500 °C to decompose H3;BO;3 into B,0Oj3, followed by a
firing at 900 °C with an intermediate grinding. The phase
purity and crystal structure (hexagonal, P63/m) of the com-
pound were confirmed by powder x-ray diffraction (XRD)
measurements using a PANalytical x-ray diffractometer
(Cu K, radiation, A, =~ 1.54182 A). The temperature-

dependent powder XRD measurements were performed
over the temperature range 15 K < 7 <300 K using a
low-temperature attachment (Oxford PheniX) to the diffrac-
tometer. Magnetization M was measured as a function of
temperature 7 and applied field H using a superconduct-
ing quantum interference device (SQUID) magnetometer
(MPMS-3; Quantum Design). Measurements down to 0.4 K
were carried out using a *He (iHelium3; Quantum Design
Japan) attachment to the MPMS. Heat capacity [C,(T)]
measurement was performed on a small piece of sintered
pellet using the relaxation technique in the physical property
measurement system (PPMS; Quantum Design). For measure-
ments down to 0.4 K, a 3He attachment was used in the PPMS.

We measured electron spin resonance (ESR) on the poly-
crystalline YbBO3 sample using a standard continuous-wave
ESR setup at X-band frequency (9.4 GHz). The temperature
was varied between 3 and 295 K with a He-flow cryostat.
ESR can be detected by the absorbed power P of a transversal
magnetic microwave field as a function of a static external
magnetic field uoH. To improve the signal-to-noise ratio, we
used a lock-in technique by modulating the static field, which
yields the derivative of the resonance signal dP/dH. The
measured ESR spectra were fitted with a Lorentzian function
including the influence of the counter-rotating component of
the linearly polarized microwave field [38]. From the fit, we
obtained the linewidth AH and the resonance field H,.,, which
determines the ESR g factor g = hv/upH,s. The ESR inten-
sity Igsgr is a measure of the local static susceptibility of the
probed ESR spins, i.e., in our case the local susceptibility of
the Yb3* spins [39]. We calculated Igsg ~ Amp - AH 2 which
approximates the integrated ESR absorption [26].

The muon spin relaxation (4SR) measurements were per-
formed at the Swiss Muon Source (SuS) at Paul Scherrer
Institute using a combination of two spectrometers [General
Purpose Surface-Muon Instrument (GPS) and High-Field and
Low Temperature Instrument (HAL)] down to 20 mK in
zero field. The high-temperature measurements (1.5-50 K)
were performed using the low-background high-throughput
instrument, GPS [40]. The low-temperature data points were
acquired using the zero-field option of the HAL spectrome-
ter which allowed achieving temperatures as low as 20 mK.
An overlapping temperature region was studied using both
spectrometers to account for different sample holders and the
fact that for the HAL measurement a pellet was made out of
powder and mixed with GE varnish for structural stability and
to ensure thermal contact.

III. RESULTS AND DISCUSSION
A. X-ray diffraction

Powder XRD data were collected at various temperatures.
Rietveld refinement of the XRD data was carried out using
the FULLPROF software package [41] that confirms the forma-
tion of a good-quality and pure-phase sample. Figures 2(a)
and 2(b) depict the data at the two end temperatures. All
the peaks could be appropriately indexed using the space
group P63/m, and the obtained lattice parameters at room
temperature [a = b = 3.7344(1) A, ¢ =8.7433(1) A, and
Veel = 105.59(1)] are fairly comparable with previous reports
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FIG. 2. Powder XRD data measured at (a) 7 =300 K and
(b) T =15 K. The red solid line represents the Rietveld fit of the
data. The Bragg positions are indicated by pink vertical bars, and
the solid blue line at the bottom denotes the difference between
the experimental and calculated intensities. (c) The variation of the
lattice parameters (a, ¢, and V) as a function of temperature. The
solid line denotes the fit of V¢ (T) by Eq. (1).

[36,37]. The atomic coordinates of different elements after
refinement are given in Table I. Figure 2(c) presents the
variation of lattice parameters over the temperature range
15-300 K. Upon cooling to 15 K, the parameters decrease

TABLE I. The Wyckoff positions and the refined atomic coordi-
nates (x, y, and z) for each atom at room temperature.

Atom  Site X y z Occupancy
01 4f  0.667 0.333 0.107(7) 1

02 6h 0.776(5)  —0.197(6)  0.25 0.333
B1 6h 0.575(7) 0417(8) 025 0.333
Ybl 2b 0 0 0 1

monotonically. The temperature variation of unit cell volume
Veen Was fitted by the equation [42]

V(T) =yU(T)/Ko + Vo, ey

where V; is the cell volume at 7 =0 K, Ky is the bulk
modulus, and y is the Griineisen parameter. U(T) is the
internal energy, which can be derived in terms of the Debye
approximation as

TN\3 /T |3
U(T) =9nkgT | — / dx.
6p 0 e —1

Here, n is the number of atoms in the unit cell, and kg
is the Boltzmann constant. Using this approximation [see
Fig. 2(c)], the Debye temperature 6p and other parameters
were estimated to be fp ~ 208 K, y/K ~ 1.83 x 107> Pa™!,
and V, ~ 105.384 A%,

@)

B. Magnetization

The magnetic susceptibility x (= M/H) as a function of
temperature in different applied fields is depicted in Fig. 3(a).
x (T) increases monotonically as the temperature is lowered
without showing any signature of magnetic long-range order
(LRO) down to 0.4 K, a possible fingerprint of a disor-
dered ground state. Measurements in zero-field-cooled (ZFC)
and field-cooled (FC) conditions show no bifurcation (not
shown), suggesting the absence of a spin-glass (SG) transi-
tion or spin freezing. Above 150 K, the inverse susceptibility
(1/x) for H =0.01 T could be fitted well by x(T) = xo +
T iow” where yxq is the T-independent susceptibility and the
second term is the Curie-Weiss (CW) law. The fit yields
Xo =~ 6.3 x 107* cm®/mol, a high-T effective moment pfF
(=+/3kgC/Na, where C, kg, and N, are the Curie constant,
Boltzmann constant, and Avogadro’s number, respectively)
~ 4.53 up, and a high-T CW temperature 68, >~ —62.6 K.
This value of pfil is in good agreement with the expected
value of 4.54 ug for Yb** (J =7/2, g=8/7) in the 4f13
configuration.

1/ is found to change the slope below 80 K and displays
a perfect linear behavior [inset of Fig. 3(a)] after substraction
of the Van Vleck susceptibility xyy ~ 3.32 x 1073 cm?/mol,
obtained from the M vs H analysis, discussed later. A CW
fit below 50 K yields pegr >~ 3.2 up and Ocw ~ —0.8 K. This
experimental . value is reminiscent of an effective spin
Joit = % with an average g~ 3.6. Furthermore, this value
of g is significantly larger than the free electron g value of
2.0 due to the spin-orbit coupling and is consistent with the
one extracted from the ESR experiment (g ~ 3.4). Typically,
at low temperatures, the magnetic behavior of Yb>*-based
compounds is governed by the Kramers doublets (m; = :I:%)
triggered by the CEF. In this case, the low-lying ground state
is described by an effective pseudo-spin Jeg = % Hamilto-
nian, and the higher-lying levels produce a sizable Van Vleck
contribution (xyv), which is different from the high-7" x,
[12,14,43]. Indeed, several Yb>*-based compounds have wit-
nessed a Jor = % ground state [26,27,44]. The negative sign
of Ocw indicates dominant antiferromagnetic (AFM) intra-
plane coupling. Taking the number of NN spins z = 6 for a
TLAFM and the experimental value of Ocw, the NN AFM
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FIG. 3. (a) M/H vs T measured in various applied magnetic fields. Inset: The low-temperature x (7) data (after subtracting xyv) along
with the CW fit for H = 0.01 T. (b) wesr vs T. (c) M vs H measured at different temperatures along with the Brillouin fits. The horizontal
dashed line marks the Van Vleck (VV) contribution. (d) M vs H/T to visualize the scaling of magnetization curves in the correlated regime.

exchange coupling [Ocw = —zJS(S + 1)/3kg] is estimated to
be J/kg ~ 0.53 K.
In order to establish the correlated behavior at

low temperatures, the effective magnetic ~moment
teti  [= {(Bkn/Napg)xT}'/* = 2.8284/xT] vs T in

different applied fields is plotted in Fig. 3(b). At high-Tss, (et
for all the fields approaches the free-ion value of ~4.53 ug
and then falls to a plateau of ~3.3 pup in the T-range 4-20 K
corresponding to Jeg = % At low temperatures (T < 4 K),
the curves deviate significantly from the plateau value,
suggesting the growth of magnetic correlations. In a low field
(H =0.01 T), pest(T) tends to show an upward curvature at
low temperatures. This upward trend is a testimony of the
presence of a weak ferromagnetic (FM) interaction along
with the dominant AFM interactions [45,46].

Figure 3(c) presents the M vs H curves measured at various
temperatures in the low-7 regime. At T = 0.4 K, M saturates
at around Hg ~ 0.7 T and then increases weakly for higher
fields due to the Van Vleck contribution. The value of Hg
exactly reproduces the intraplane exchange coupling J/kg =
gupHs/4.5kg ~ 0.53 K, taking g ~ 3.4. This indicates that
the interlayer and/or second-nearest-neighbor interactions are
negligible and do not contribute to Hs [26]. The slope of the
linear fit for H > 3 T results in xyv =~ 3.32 x 1073 cm?/mol,
and the y-intercept corresponds to the saturation magnetiza-
tion Mgy =~ 1.6 pug. This value of Mg, provides g >~ 3.2 for
Jett = % (Mo = gJlegr uB), Which is close to the ESR value

[26]. In the absence of exchange interaction, i.e., in the para-
magnetic (PM) state, a magnetic isotherm can be modeled
by M(H) = vaH + gJeffNAMBBJeﬁ. (H), where B‘]eﬂ. (H) is the
Brillouin function for Jeg = % [47]. Figure 3(c) presents the
isotherm fits at different temperatures with fixed xyy that
yield an average g = 3.4(3), consistent with the ESR value.
For T > 1.8 K, the isotherms are well fitted by the Brillouin
function, which comprehends the uncorrelated spins. How-
ever, for T < 1.8 K, the fit deviates significantly from the
experimental data reflecting the growth of magnetic correla-
tions. It is also observed that in the low-field regime, there
is a small enhancement of magnetization compared to the
Brillouin fit, which further substantiates a weak FM corre-
lation, stemming possibly from minute next-nearest-neighbor
interactions. In order to visualize this striking feature, we
scaled the x-axis dividing H by T and plotted the result in
Fig. 3(d). Above 1.8 K, all the curves collapse on to a single
curve, implying the PM nature of the spins, while below 1.8 K,
the curves progressively deviate from the scaling, ascertaining
the emergence of strong magnetic correlations.

C. Electron spin resonance

The electron spin resonance (ESR) signal for three temper-
ature regimes is shown in Fig. 4(a). The most well-defined
spectral shapes were detected in a temperature regime be-
tween 20 and 80 K with a corresponding g value of g = 3.4(2)
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FIG. 4. (a) ESR spectra of YbBO; at three temperatures. The
red solid line depicts a symmetric Lorentzian line shape with a g
value of g = 3.4(0). (b) ESR linewidth AH; the solid line refers at
higher temperatures to a relaxation mechanism via the first excited
crystalline electric field level of Yb*F at Apgr /ks = (500 %+ 100) K.
(c) Temperature dependence of the reciprocal ESR intensity (IE‘S'R)
and the solid line represents the linear behavior.

of a symmetric Lorentzian line, as indicated by the red solid
line. The low-temperature CW fit of IE_S]R [see Fig. 4(c)] yields

100
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a small CW temperature (Ocw ~ —1 K) that is consistent with
the uncertainties in the determination of /gsg. The temperature
dependence of the ESR linewidth AH is shown in Fig. 4(b).
For temperatures above ~70 K, AH broadens according
to AH o« 1/exp(Agsr/ksT) — 1 (red solid line). This be-
havior indicates a spin-lattice relaxation dominated by an
Orbach process. Via spin-orbit coupling, this process involves
a phonon absorption to and an emission from a crystalline
electric field split electronic energy level Agsg above the
ground state [39,48]. We obtained Agsg /kg = (500 £ 100) K.
Towards low temperatures, the spectra display a moderate
broadening, indicating the increasing influence of Yb** spin
correlations.

D. Heat capacity

Heat capacity C, measured as a function of temperature
down to 0.4 K in different magnetic fields is shown in
Fig. 5(a). At high temperatures, C,(T') is completely domi-
nated by the phononic contribution (Cpy). Below about 4 K, C,
in zero field increases towards low temperatures as the mag-
netic correlation sets in and then levels off below ~0.55 K,
similar to NaYb(O, S), [25,26]. The absence of any sharp
peak rules out the onset of magnetic LRO down to 0.4 K in
zero field. An external magnetic field suppresses the magnetic
correlation and gives rise to a broad anomaly which moves
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FIG. 5. (a) C, vs T measured in different applied magnetic fields. The solid line represents Cy, vs T of the nonmagnetic analog YBOj.
The horizontal dashed line guides the Dulong-Petit value. (b) C,(H) — G, (0) vs T in different fields. Inset: [C,(H) — Con(0)]/R vs T/J in
zero field. (c) Entropy change AS vs T for different magnetic fields, obtained by integrating [C,(H) — Cy,(0)]/T. (d) Schottky contribution
[Co,(H) — C,(0)] vs T along with the fit using Eq. (3). Inset: A /kg and f vs H in the left and right y-axes, respectively. The solid line represents

the straight line fit to A /kg(H ).
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towards higher temperatures with field. This broad feature
portrays the Schottky anomaly due to the Zeeman splitting of
the ground state Kramers doublet. The magnetic heat capacity
Chnag 1s obtained by subtracting the heat capacity (Cyp) of the
nonmagnetic analog YBO; from the total C, of YbBOs [see
Fig. 5(b)]. The change in magnetic entropy (AS) calculated by
integrating [C,(H) — Cpn(0)]/T with respect to T is plotted in
Fig. 5(c) for different magnetic fields. In zero field, AS attains
a saturation value of ~2.76 J/mol-K, which is almost 50% of
RIn2, expected for Joip = % This suggests that the remaining
50% entropy is released below 0.4 K due to the persistence
of strong magnetic correlation. The saturation value of AS
increases with H and is almost recovered to R1n 2 above 2 T
(>Hys), expected for a two-level system.

To probe the Schottky contribution, the zero-field data
C,(0) are subtracted from the high-field data C,(H)
[i.e., Csen(T, H) = Cy(H) — C,(0)]. Figure 5(d) presents the
fit of C,(H)— C,(0) data using the two-level Schottky
function [47]

A 2 eA/ksT)
Csen(T) = fR(kB_T> m. (3)

Here, f is the molar fraction of free spins, A /kg is the crystal
field gap between the ground state and the first excited state
doublets, and R is the gas constant. The estimated f and
A/kg values are plotted as a function of H in the inset of
Fig. 5(d). f increases with H and then saturates to a value
of ~1 for H > 2 T. This confirms that the magnetic field
splits the energy levels and excites the free Yb*" spins to the
higher energy levels. For H < Hg, a fraction of the spins are
correlated, which is reduced with increasing field and above
Hg, all the free spins are excited. This explains why AS sat-
urates to RIn 2 and the peak maximum of the C,(H) — C,(0)
curves remains unchanged for H > 2 T [see Fig. 5(d)] [34].
In the inset of Fig. 5(d), A/kg increases linearly with H as
expected, and a straight line fit results the zero-field energy
gap A/kg(0) ~ 1.5 K, which possibly indicates an intrinsic
field in the system [49]. From the value of A/kg >~ 20.6 K at
9 T, one can estimate the g value as A/kg = gupH/kg, which
yields g >~ 3.3, consistent with the ESR value.

Furthermore, Cpae (= C, — CGpn) in zero field [inset of
Fig. 5(b)] shows a plateau below 0.55 K with a maximum
value Ci0 /R =~ 0.137. For a frustrated spin-3 TLAFM, one
expects such a broad maximum at 7/J >~ 0.84 but with
a reduced value Cy,g/R >~ 0.223 [50] compared to a non-
frustrated two-dimensional (2D) antiferromagnet (0.44) [51].
Though our maximum appears nearly at the anticipated posi-
tion (T /J =~ 0.9), the absolute value is significantly lower than
that expected for a TLAFM. A similar peak-type feature in
YbMgGaO, and NaYbS; is ascribed to disorder-induced and
disorder-free QSLs, respectively [15,25]. In order to examine
this peculiar feature, £SR experiments are carried out in zero
field (ZF).

E. uSR

Muon spin is susceptible to extremely small magnetic
field (~107> T), and because of its much shorter time win-
dow (10 ns to 15 us), uSR is an excellent probe for tracing
the dynamics of slowly fluctuating magnets. In general, the
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FIG. 6. (a)—(d) Normalized muon decay asymmetry as a function
of time, with solid lines representing the fit using a stretched expo-
nential function. Temperature dependence of (e) depolarization rate
X, () stretching parameter 8, and (g) magnetic heat capacity. The
shaded portion highlights the fluctuating regime.

ZF pt spin depolarization rate A is related to the spin-
spin correlation function Azg = y2 [i (Bjs. (1) - Bis (0)) di o
St .. where St = [7"(siH(t) - s{-(0)) dt is the static spin
structure factor [23,52]. Hence, by measuring muon asym-
metry as a function of temperature, one can comprehend the
correlated behavior of a spin system. Figures 6(a)-6(d) depict
the muon asymmetry curves at different temperatures down
to 20 mK, which are fitted well by a stretched exponential
function, P(t) = A(1)/A(0) = e~ ™", Here, A(¢) is the mea-
sured asymmetry and A(0) is the instrument dependent initial
asymmetry (approximately 0.118 and 0.213 for HAL and
GPS, respectively). The introduction of stretching parameter
B suggests that there is a distribution of the relaxation rates.
The obtained A and B along with Crye (= G, — Gp) in zero
field as a function of T are summarized in Fig. 6.

At high temperatures, the magnetic moments fluctuate very
fast and only mildly depolarize the implanted muon before
it decays, and the dominant depolarization channel is due to
nuclear spins. This gives rise to a temperature-independent A,
as we observed in Fig. 6(e). Similarly, 8 remains temperature
independent at high temperatures, and its value is slightly
below 1 [see Fig. 6(f)], indicating a distribution likely due to
weak disorder at the O site (muon stopping site) or a few muon
sites. As the temperature is lowered below ~0.8 K, which is
close to Ocw, B drops and A increases rapidly exhibiting a
broad minimum and maximum, respectively, centered at 7* ~
0.4 K, which corresponds to the plateau position in Cyag. The
rapid increase in A suggests the slowing down of fluctuating
moments as the correlation sets in and replicates the behav-
ior of Ciae(T). Upon further lowering the temperature, the
values of B and A recover back to their initial values below
~0.1 K, clearly suggesting an exotic dynamical regime (0.1 K
< T < 0.8 K) with slow fluctuations, marked by shading in
Figs. 6(e)-6(g) [53]. In the PM regime (T > 1 K), where Az
is temperature independent, the spin fluctuation rate v can be
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calculated as v = /zJS/h ~ 8.542 x 10'° Hz taking z = 6,
S=1, and J/kg ~0.53 K [54,55]. In the fast-fluctuation
limit, using the relation Azg = 2A7 /v, the distribution width
of the local magnetic fields is estimated to be A, >~ 254 MHz

<« v considering Azg (T > 1K) >~ 1.5 us™".

IV. DISCUSSION

In the case of a conventional magnetic LRO, the muon
decay asymmetry should exhibit an oscillating signal, while
for a disordered, yet static case, such as a SG, if a powder
sample is used, it should feature a nonoscillating and un-
damped 1/3 tail [23]. Furthermore, for a SG transition, f is
expected to drop to ~0.33 as T tends to T, and A is expected
to show a peak or divergence [56-58]. The absence of any
such signatures in Fig. 6 rules out both a static magnetic LRO
and a SG transition. We also do not observe any saturation
of the increased A at low temperatures, in contrast to that
reported for many QSL candidates due to persistent spin fluc-
tuations [23,55,59]. Additionally, though the § value drops to
~0.4 at T*, it recovers at low temperatures without settling
to a particular value as empirically observed in QSL systems.
These observations exclude the QSL scenario and imply that
the slowly fluctuating regime is restricted to 0.2 < T /J < 1.5,
which could be due to short-range correlations.

The observed peculiar behavior prompted us to compare
the structural aspects of the Yb’"-based TLAFMs. The ra-
tio of interlayer spacing to intralayer spacing diner/dintra ==
1.17 in YbBO; is smaller compared to NaYb(O, S, Se),
(~1.64-1.71) and YbGaMgO, (~2.4) but almost equal to
NaBaYb(BO3), (~1.1) [60]. In NaYb(O, S, Se),, the Yb**
layers follow ABC stacking. This staggered arrangement gen-
erates interlayer frustration which possibly forbids magnetic
LRO in zero field and fosters a QSL state [25,26,28,30]. Sim-
ilarly, for YbGaMgO,, a large diner leads to pronounced two-
dimensionality, ABC stacking produces interlayer frustration,
and nonmagnetic Mg-Ga site mixing results in bond random-
ness [5]. Consequently, the dominant effect of randomness
along with magnetic frustration is responsible for curbing
the magnetic LRO and establishing QSL-like behavior in
YbGaMgO, [5,14,16]. On the other hand, NaBaYb(BO3),,
which has ABC stacking, does not possess any structural disor-
der and undergoes a magnetic LRO at Ty ~ 0.4 K [44,44,61].
Despite having the same diper t0 dinera ratio as NaBaYb(BO3),
and with AAA stacking, YbBO3; manifests no magnetic LRO
and exhibits an unconventional fluctuating regime.

Interestingly, the behavior of A(T) resembles that of the
S = % TLAFMs «a-HCrO, and NaCrO, [8,9]. In these com-
pounds, there exists a broad fluctuating regime with slow
dynamics at low temperatures followed by the formation of
a static order at very low temperatures. The A vs T/J plot
divulges the broad maximum centered at the same position
(T/J ~ 0.6-0.7) for both compounds, establishing that the
broad dynamical regime is universal to TLAFMs. These chro-
mates belong to the delafossite family, where the interlayer

frustration due to ABC stacking of the magnetic layers was be-
lieved to be the main reason for this unconventional dynamics.
For YbBO3, Cpae(T) and A feature broad maxima centered
around 7 /J ~ 0.7 (J/kg ~ 0.53 K), quite similar to the chro-
mates. However, unlike the delafossites, the Yb>* layers in
YbBOj are arranged in a AAA stacking sequence, which is
expected to produce a nonfrustrated interlayer geometry and
should favor magnetic LRO at a finite temperature depending
on the strength of the interlayer coupling [30].

A closer inspection of the crystal structure revealed that
the Yb** ions are eightfold coordinated with oxygen [six
O(1) and six O(2)] atoms forming YbOg polyhedra [36]. The
polyhedra of two adjacent layers are connected only via par-
tially occupied O(2) and B sites which provide the interlayer
interaction path. This positional disorder of O(2) and B atoms
adversely affects the local environment of Yb*™ and may
induce bond randomness, similar to YbMgGaO,. Secondly,
it also weakens the interlayer interaction which is responsible
for the onset of three-dimensional (3D) magnetic LRO. As a
consequence, the 3D magnetic LRO is prevented, rendering
the spin lattice an ideal 2D system. Thus, the absence of mag-
netic LRO can be credited to the nonmagnetic site disorder,
and the intermediate fluctuating regime with slow dynamics
could be a universal feature of isotropic TLAFMs arising due
to strong intralayer frustration.

V. CONCLUSION

In summary, we performed a comprehensive study of the
static and dynamic properties of a new quantum magnet,
YbBO3, possessing an isotropic Yb>* triangular lattice. The
low-temperature properties are described well by Jogp = %
Kramers doublets of the Yb*>* ions. Neither magnetic LRO
nor spin freezing is witnessed down to 20 mK, setting the
lower limit of the frustration parameter f (=|6cw|/Tn) == 40,
a factual hallmark of a highly frustrated magnet. The analysis
of x(T) and magnetic isotherms suggests the emergence of
strong magnetic correlations below ~0.8 K. The SR depo-
larization rate together with heat capacity data demonstrate an
extended fluctuating regime with slow dynamics at low tem-
peratures. This unusual dynamics and the absence of magnetic
LRO are ascribed to the effects of intralayer frustration of a
perfect 2D TLAFM and positional disorder, respectively. With
these features, YbBOj3 stands out as an exception among the
Yb**-based TLAFM.
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