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Unconventional spin excitations in the S = 3
2 triangular antiferromagnet RbAg2Cr[VO4]2
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We present muon spin relaxation (μSR) measurements of the S = 3/2 undistorted triangular lattice established
in RbAg2Cr[VO4]2. The zero- (ZF) and longitudinal-field μSR spectra evidence the absence of spin freezing
and long-range magnetic ordering down to T = 25 mK, supporting the formation of a dynamic ground state.
Noticeably, we observe an anomalous temperature dependence of the ZF muon spin relaxation rate λZF(T ),
featuring a decrease below T = 20 K. This suggests the alteration of the dominant relaxation mechanism by the
development of short-range magnetic correlations. A subsequent leveling off of λZF(T ) below T = 2 K indicates
persistent spin dynamics and reveals the presence of exotic magnetic excitations. The field dependence of the
muon spin relaxation rate at T = 25 mK is well described by a diffusive spin transport model with algebraic
spin-spin correlations. The suppressed long-range order and the peculiar temperature-dependent behavior of
λZF(T ) will be discussed in terms of the exchange interaction between Cr3+ moments via nonmagnetic [VO4]3−

entities. In the title compound, the degeneracy of the t2g-orbital set is not lifted by a space group symmetry
reduction or subject to significant anisotropy resulting from spin-orbit coupling.
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I. INTRODUCTION

Following Wannier’s pioneering work [1] on the trian-
gular lattice (TL), this spin coordination has provided a
fertile playground for novel states of matter. More signifi-
cantly, it inspired the work on quantum spin liquids (QSLs)
[2]. It is theoretically well established that antiferromag-
netic Heisenberg spin systems on the undistorted triangular
lattice exhibit a chiral 120◦ long-range magnetic order re-
gardless of the spin magnitude [3–6]. The TL compounds
AAg2Fe[VO4]2 (A = K or Rb) [7] and RbFe[MoO4]2 [8]
with S = 5/2 show this ground state, as predicted. In con-
trast, κ-(BEDT-TTF)2Cu2(CN)3, EtMe3Sb[Pd(dmit)2]2, and
YbMgGaO4 with S = 1/2 have been classified as QSL mate-
rials [9–11]. The suppression of long-range ordering (LRO) in
TL has been discussed within different scenarios based on a
proximity to a Mott transition or in the framework of a mod-
ified exchange Hamiltonian [1,12–16]. Therefore, the search
for new QSL candidate materials is of fundamental interest
in the context of tunable alterations induced through chemical
composition.

Recently, a series of TL compounds AAg2Cr[VO4]2 (A =
Ag+, K+, and Rb+) were reported. For A = Ag+ collinear
long-range magnetic order (TN = 10 K) is observed. In
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contrast, the absence of LRO down to 30 mK is reported
for A = Rb+ [17]. The latter intriguing observation places
RbAg2Cr[VO4]2 as a candidate for a QSL ground state. In
AAg2Cr[VO4]2, Cr3+ ions (S = 3/2) constitute a triangular
layer and interact with each other via nonmagnetic [VO4]3−
rigid units. The orientation of the [VO4]3− entities varies with
the size of the A site ion, which is found to tune the symmetry
of the CrO6 polyhedra and distort the TL.

For the smallest A cation (Ag+) collinear LRO around
TN ≈ 10 K is established. It is noteworthy that the symme-
try (space group C2/c) also dictates the localization of the
ordered magnetic moment in a single rectangular plaquette
[see Fig. 1(a)]. The orientation of these moments within this
plaquette was derived from neutron diffraction experiments
[17]. The plaquette’s corners mark the oxygen positions of
the Cr coordination. The orbitally degenerate set (t2g) in
an octahedral ligand field of Cr3+ is represented by three
orbitals. These orbitals intersect the edges of the depicted
plaquettes.

The larger A site cations retain the threefold symmetry
(space group P3̄) of an undistorted TL [see Fig. 1(b)], and the
degeneracy of the threefold orbital set is preserved [Fig. 1(c)].
It follows that for each Cr site the three plaquette orientations
are geometrically equivalent. As an example, one of the
manifolds of the distinct geometrically degenerate scenarios
is illustrated in Fig. 1(c). This implies a highly degenerate
ground state based on the superpositions of exchange path-
ways via dCr-pO-dV-pO-dCr on the undistorted TL.
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FIG. 1. (a) Orientation of the ordered magnetic moment within a
uniquely defined rectangular plaquette at the Cr site (denoted CrAg)
for the distorted TL (AgAg2Cr[VO4]2). (b) Crystal structure of the
undistorted TL of RbAg2Cr[VO4]2. For clarity, Ag and O atoms
are not shown. The exchange paths between the Cr3+ (S = 3/2)
ions are mediated by the nonmagnetic [VO4]3− entities. Cr-O bonds
are represented by blue sticks. The threefold degenerate orientation
of the t2g-orbital set is represented by the plaquettes (orange, red,
and blue) per Cr site (CrRb). (c) One of the possible electronic
configurations is symbolized by the colored plaquettes.

Neutron diffraction and ac magnetic susceptibility show
neither short- nor long-range magnetic order of the undis-
torted antiferromagnetic TL compound (A = Rb) down to
30 mK. The magnetic specific heat of RbAg2Cr[VO4]2 indi-
cates the preservation of 80% of the total magnetic entropy
below T = 2 K in zero field despite a Curie-Weiss constant of
�CW = −10 K. This implies the presence of an abundant low-
energy density of states. As such, it is imperative to clarify
whether the undistorted TL in RbAg2Cr[VO4]2 eventually
hosts a QSL ground state and to elucidate its origin and
character by muon spin relaxation studies (μSR).

II. EXPERIMENTAL DETAILS

Polycrystalline samples of RbAg2Cr[VO4]2 were synthe-
sized by solid-state reactions as described in Ref. [17]. The
sample quality was characterized by Rietveld refinements
of x-ray diffraction data [Stoe STADIP diffractometer, Mo
Kα1, T = 295 K, space group P3̄, Z = 1, a = 5.4557(2) Å,
c = 7.3791(3) Å]. Zero-field (ZF) and longitudinal-field (LF)
μSR experiments were performed on the GPS beamline at
the Paul Scherrer Institute (PSI; Villigen, Switzerland) and
on the M20 beamline (TRIUMF Vancouver, Canada) in the
temperature range of T = 2–300 K. For μSR measurements
below 2 K, the M15 beamline at TRIUMF equipped with a
dilution refrigerator was used. The samples were packed in
silver foil and attached to the sample holder.

The recorded μSR spectra deliver information about the
evolution of the muon spin polarization Pz(t ), defined as

Pz(t ) = NB(t ) − αNF(t )

NB(t ) + αNF(t )
, (1)

where NF(t ) and NB(t ) are the number of positrons counted
at the forward and backward detectors, respectively. α is the
detector efficiency determined by the forward and backward
detectors. The value of α was determined from μSR spectra

FIG. 2. (a) ZF- and (b) LF-μSR spectra of RbAg2Cr[VO4]2 at
selected temperatures. LF-μSR measurements were performed in a
longitudinal field of H = 1 kG to decouple the static contribution.
The black solid lines represent fits to the data as described in the
text.

in applied weak transverse magnetic field (H ∼ 50 G) at high
temperatures in the paramagnetic state of the compound. We
analyzed all of the obtained μSR data with the software
package MUSRFIT, the free platform-independent framework
for μSR data analysis [18].

The total asymmetry values for the PSI and TRIUMF data
are 0.252(2) and 0.237(3), respectively. The time-independent
background signal amounts to 2% and 3.7% of the total
asymmetry for the experiments at the PSI and TRIUMF and
are subtracted from the raw data.

III. RESULTS AND DISCUSSION

To elucidate the nature of the spin dynamics and ground
state of RbAg2Cr[VO4]2, we performed both ZF- and LF-
μSR experiments as a function of temperature and external
field. Figure 2 displays representative ZF- and LF-μSR spec-
tra of RbAg2Cr[VO4]2 at selected temperatures. In Fig. 2(a),
the ZF-μSR spectra reveal a dynamically relaxing muon spin
depolarization Pz(t ), which shows a small change over a wide
temperature range from 270 K to 25 mK. We observe no muon
precession or missing initial polarization down to 25 mK,
defying the occurrence of long-range magnetic ordering. This
observation is fully consistent with the neutron diffraction
data and thermodynamic results [17].

Given the small value of the Curie-Weiss temperature and
exchange coupling constant (�CW ≈ −10 K and J ≈ 0.5 K
obtained from ab initio calculations), the ZF muon spin
depolarization at elevated temperatures must be dominated by
other contributions. Further below we discuss two scenarios.
One is based on fluctuations arising from the degeneracy of
the symmetry-equivalent t2g orbitals as a source of decoher-
ence. The other involves local vibrations or phonons on the
[VO4]3− entities in relation to local magnetoelastic effects
arising from the slight differences in exchange pathways.

To differentiate the Cr spin from the nuclear contribution
to the muon spin depolarization, we carried out LF-μSR
experiments under an applied LF of H = 1 kG. The applied
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FIG. 3. (a) Temperature dependence of the muon spin relaxation
rate λ extracted from ZF- (squares) and LF-μSR (circles) spectra.
(b) Temperature dependence of the exponent β for ZF- (squares) and
LF-μSR (circles) data.

LF decouples the muon spins from the static nuclear fields
inherent in the material. Contrary to the ZF-μSR results
above, the LF-μSR spectra [Fig. 2(b)] show the systematic
recovery of the muon spin polarization in the long times as the
temperature is lowered. This opposes the notion that the muon
spin relaxation is governed by the development of spin-spin
correlations upon cooling below the Curie-Weiss temperature.
In general, the muon spin depolarization becomes faster with
decreasing temperature due to the buildup of the magnetic
correlations below �CW.

For a quantitative analysis, all of the ZF- and LF-μSR
spectra are fitted with the stretched exponential function
Pz(t ) = Pz(0)exp[−(λt )β]. Here, λ is the muon spin relaxation
rate, and β is the stretching exponent. Pz(0) denotes the initial
polarization.

In Fig. 3, we summarize the temperature dependence of
the extracted fit parameters for the ZF- and LF-μSR results.
As the temperature is lowered from room temperature, λZF(T )
slightly increases and then flattens out around T = 100 K.
Upon further cooling below 20 K, λZF(T ) decreases gradually
and levels off below 2 K. The application of longitudinal
fields suppresses the broad maximum at T ≈ 100 K and
reduces the value of the muon spin relaxation rate. The overall
temperature dependence of λLF(T ) is quite similar to that of
λZF(T ).

This suggests that the muon spin depolarization is gov-
erned by an additional mechanism associated with the spin-
spin correlations between the Cr moments since the applied
LF suppresses other contributions to the muon spin relaxation,
such as nuclear dipolar fields and muon spin diffusion. In

order to support the conjecture of an additional mechanism
in the high-T paramagnetic state, we estimate the local mag-
netic field Hloc. In the paramagnetic limit, λ is given by
λ = 2γ 2

μH2
loc/ν, and the exchange fluctuation rate is given by

ν = √
zJS/h̄. Here, γμ is the muon gyromagnetic ratio, and z

is the nearest-neighbor coordination number of the magnetic
ion on the triangular lattice. Since the LF-μSR spectra exhibit
a nearly full polarization above 1 kG, we obtain Hloc ∼ 100
G. From this, we calculate the exchange fluctuation rate,
ν ≈ 2.41 × 1011 s−1 and the paramagnetic relaxation rate,
λ ∼ 0.0006 μs−1. Since the value of the observed relaxation
rate (0.26 μs−1 at T = 100 K) exceeds the calculated one,
the assumption of an additional relaxation mechanism is
reasonable.

The origin of additional high-T contributions is far from
being clear for RbAg2Cr[VO4]2. One thinkable scenario is
related to the symmetry-equivalent orbitals carrying the mag-
netic moment [see plaquette representation in Figs. 1(b) and
1(c)]. At elevated temperatures fluctuations of the occupation
number of individual t2g Cr3+ orbitals might lead to nonzero
local orbital moments seen by the implanted muons. On
further cooling below �CW, the development of the antifer-
romagnetic correlations suppresses such orbital fluctuations,
giving rise to the threefold-degenerate and energetically min-
imized orbital configurations discussed above [see Fig. 1(c)].
On the other hand, we recall that the residual magnetic spin
entropy at this temperature is still rather large with ≈80%
[17]. The local fields detected by the muons are averaged
out, yielding the effectively reduced orbital contributions. The
decrease in the muon spin relaxation rates in Fig. 3(a) for
temperatures below �CW would therefore reflect the gradual
slowing down of orbital fluctuations.

A second proposal is related to lattice degrees of freedom,
more specifically to the thermal occupation of vibrational
modes of [VO4]3− entities at elevated temperatures. Since the
exchange interaction between the Cr spins is mediated by this
nonmagnetic complex involving several orbitals, vibrational
fluctuations of the latter can contribute to the muon spin relax-
ation. It is interesting to note that there exist both vibrations
that differentiate energetically degenerate exchange paths and
vibrations that preserve degeneracies, e.g., rotational modes
of the [VO4]3−. In this scenario, the suppression of the broad
maximum by a LF of H = 1 kG is interpreted as a constraint
of the vibrational modes by the applied LF, leading to weak-
ened muon spin diffusion.

At this point we compare our data with other spin
systems. In particular, several frustrated magnets show a
muon spin relaxation rate that increases and flattens out
with lowering temperature [11,19,20], clearly different from
RbAg2Cr[VO4]2. Compounds with 4 f ions on frustrated lat-
tices which have been designated as spin-ice and spin-glass
materials show nonmonotonic spin relaxations. In the spin-ice
material Dy2Ti2O7 a broad maximum in the muon spin relax-
ation rate is observed at 50 K [21]. This has been attributed
to a combination of crystal electric field and a slowing down
of the Dy3+ fluctuation rate. In the unconventional spin-glass
material Y2Mo2O7 the muon spin relaxation rate shows a
power-law decrease λ ∝ T 2.1 below the spin-freezing temper-
ature Tf = 22 K [22]. A similar power-law like dependence
is also observed in RbAg2Cr[VO4]2 for temperatures below
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�CW, with λZF(T ) and λLF(T ) following a power-law T n

with exponents of n = 0.9(1) and 1.3(1), respectively. Such
a weak power-law dependence implies that the density of
states of low-energy magnetic excitations has only a small
energy dependence. This is due to the dominant relation of the
temperature and energy dependence of magnetic excitations
in the muon spin relaxation. In addition, the small residual
relaxation rate of the LF data (∼0.02 μs−1) below 1 K indi-
cates the nonzero density of states for magnetic excitations in
the vicinity of zero energy. Here, however, also the resolution
limit of the μSR techniques at such small LF relaxation rates
should be mentioned.

The leveling off of λ(T ) indicates the entrance into a
regime of persistent spin dynamics. Such behavior is widely
observed for a range of QSL candidates [11,19,20] but is also
reported for other ground states, such as spin freezing, spin
glass, and weak magnetic order. Therefore, the persistent spin
dynamics should not be regarded as a defining signature of
a spin liquid. Rather, it is largely due to unconventional low-
energy excitations whose origin is still controversial [20,22].
In this sense the observed temperature-dependent behavior
of the muon spin relaxation rate supports the presence of
unconventional low-T spin excitations pertaining to the S =
3/2 TL.

Next, we turn to the stretching exponent obtained from
the ZF- and LF-μSR results. The stretching exponent βZF(T )
of the ZF-μSR data initially increases slightly, drops around
5 K, and finally levels off below 2 K. The steplike decrease in
βZF(T ) suggests the alteration of the predominant relaxation
mechanism as T → 0 K. The higher-temperature relaxation
may be dominated by vibrational modes of the [VO4]3− units
or fluctuations associated with the t2g-orbital set, while the
lower-temperature relaxation is mainly due to the magnetic
correlations. The value of βZF(T ) at low temperatures remains
close to 1, ruling out the possibility of diluted magnetism
[23–25] in RbAg2Cr[VO4]2. However, the slightly lower
value of βZF(T ) ∼ 0.75–0.9 below 2 K implies the presence
of residual contributions to the relaxation rate. The application
of a longitudinal field leads to the systematic decrease of
the stretching exponent. The onset temperature at which the
exponent begins to decrease (T ≈ 5 K) is compatible with
the Curie-Weiss temperature. This suggests that the drop
in the stretching exponents may reflect the development of
short-range magnetic correlations. Remarkably, the reduced
value of the exponent by the applied LF contrasts with a
typical LF dependence of the exponent reported for spin liquid
candidates, in which β tends to increase with increasing field
due to the quenched inhomogeneous local fields by an external
field. The distinct field dependence of β for RbAg2Cr[VO4]2

is due to the very small energy scale of the magnetic exchange
interaction (J ∼ 0.5 K). Thus, even a tiny magnetic field can
bring about substantial modulations of the magnetism, as seen
by the field-induced gap in the specific heat [17]. In this light,
the additional gapped excitation may be responsible for the
decrease of β with LF.

Figure 4 presents the LF dependence of the μSR spectra
and the relaxation rate λLF(H ), measured at T = 25 mK. The
LF-μSR spectra at various external fields are well described
by the stretched exponential function Pz(t ) given above. With
increasing longitudinal fields, the muon spin polarization

FIG. 4. (a) LF-μSR spectra of RbAg2Cr[VO4]2 measured at
T = 25 mK in an applied longitudinal field of H = 0–1000 G. The
solid lines denote fits to the data as described in the text. (b) LF
dependence of the muon spin relaxation rate λLF(H ) plotted in a
log-log scale. The dashed green, solid red, and blue dot-dashed
lines denote fits to 1D spin diffusion, anisotropic spin diffusion,
and ballistic spin transport models, respectively. The shaded region
represents two distinct muon spin relaxation regimes above and
below H = 120 G.

tends to recover and almost levels out above 1000 G. The
LF dependence of λLF(H ) provides information about the
nature of spin excitations since the spin correlation functions
are determined by their transport behavior. Three different
models are employed to analyze λLF(H ). First, a ballistic spin
transport of a two-dimensional system that is characterized
by a logarithmic relation λLF(H ) ∝ ln(J/H ) is used. Such a
model describes the two-dimensional (2D) spinon diffusion
within a QSL state [dot-dashed line in Fig. 4(b)] [26]. We
obtain an exchange coupling constant J = 0.124 T (∼0.08 K)
in the field range of 0 < H � 120 G. This value is one order
of magnitude smaller than J ≈ 0.5 K, inferred from the ab
initio calculations [17]. Thus, such a ballistic model is not
applicable for RbAg2Cr[VO4]2.

Second, we use a diffusive model with the dependence
λLF ∝ H−n, yielding the exponent n = 0.32(4) for 0 < H �
120 G. The obtained exponent is somewhat smaller than
the theoretically predicted value of n = 0.5 for the one-
dimensional diffusive model [26]. Finally, we use the cutoff of
a power-law behavior at small external magnetic fields arising
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from three-dimensional diffusion, coupling, anisotropy, or,
possibly, randomness. Then, λLF(H ) can be expressed [27] as

λLF(H ) = λLF(0)

(
1 +

√
1 + (H/2Hc)2

2[1 + (H/2Hc)2]

)n

, (2)

where λLF(0) = 1/
√

2D‖D⊥ is the constant value for H <

Hc, with Hc taken as the cutoff magnetic field. For one-
dimensional spin chain systems, D‖ and D⊥ represent the fast
intrachain and slow interchain diffusion rates. Such a power-
law approach can be extended to a two-dimensional QSL. In
such cases, the power-law exponent n conveys information
on the spin-spin correlations (see below for further discus-
sion). From Eq. (2), we obtain the fit parameters λLF(0) =
0.160(5) μs−1, Hc = 0.14(7) G, and n = 0.30(3). In order
to examine the relevance of 51V nuclear contributions at low
fields, we compare 51V NMR data of BaAg2Cu[VO4]2 [28]
with ac susceptibility data of RbAg2Cr[VO4]2. The reported
hyperfine coupling constants are ≈−33 and −25 kOe/μB for
the two V sites [28], respectively. Taking the low-T value
of the ac magnetic susceptibility for RbAg2Cr[VO4]2 (0.25
emu/mol at T = 30 mK in zero field), we find that the nuclear
dipolar field corresponds to ≈1.3 Oe in this case. Such a small
value indicates a negligible nuclear dipole contribution from
the vanadate to the ZF relaxation in RbAg2Cr[VO4]2 even at
low temperatures.

The three employed models show very distinct field de-
pendencies below 3 G, as seen in Fig. 4(b). Considering
their functional form and the value of λLF(0), the anisotropic
diffusive model provides a reasonable result because the bal-
listic and diffusive models diverge infinitely as H → 0. Any
anisotropy of the magnetic exchange in RbAg2Cr[VO4]2 may
contribute to the anisotropic spin diffusion. In passing, we
note that a crossover of λLF(H ) to the nearly H independent
behavior above 120 G may be related to a field-induced
change in spin excitations.

As mentioned above, λLF(H ) exhibits a sublinear power-
law behavior with the exponent n ∼ 0.3 for H < 120 G.
Based on this observation, we will further discuss applica-
ble spin-spin correlation functions at low temperatures. For
the exponential spin-spin correlation function S (t ) = 〈S(t ) ·
S(0)〉 ∝ e−νt , the spin excitation spectrum has a Lorentzian
spectral density S (ω), featuring a quadratic field dependence
of 1/λLF ∝ S (ω)−1 ∝ (γμH )2 [29–31]. The experimentally
observed power-law exponent n is significantly smaller than
2, suggesting a nonexponentially decaying spin correlation
function.

Rather, the spin correlation function has a power-law decay
as a function of time. In the case of a power-law correla-
tion function, S (t ) ∝ t−(1−n), the spectral density is given
by S (ω) ∝ ω−n. This approach was used initially for the
spin-liquid phase of an S = 1/2 Heisenberg antiferromag-
netic chain system [27] and was later applied to QSLs of
kagome- and pyrochlore-type antiferromagnets [32–35]. For
RbAg2Cr[VO4]2, the extracted exponent n ∼ 0.3 implies an
algebraic decay of the correlation function S (t ) ∝ t−0.7 and
a spectral density S (ω) ∝ ω−0.3. We recall that such anoma-
lous spin-spin correlations have also been reported for other
QSLs [11,27,35]. In particular, the spin correlation function
of RbAg2Cr[VO4]2 is quite close to that of the triangular U(1)

QSL material YbMgGaO4 [S (t ) ∝ t−0.66(5)] [11]. Therefore,
it is tempting to conclude that the Cr spins are likewise
correlated without signs of LRO down to 25 mK.

Our ZF- and LF-μSR results for RbAg2Cr[VO4]2 reveal
features that could be described by a weak dynamic ground
state with additional relaxation processes. This behavior is
similar to other TL Heisenberg antiferromagnets, such as
NaCrO2 (S = 3/2) and NiGa2S4 (S = 1) [36–38]. The lat-
ter exhibit a weak but clear transitionlike anomaly at a fi-
nite temperature, however, displaying a QSL-like behavior
without conventional LRO. The weak magnetic anomaly has
been considered the Z2 vortex-driven topological transition
[39,40]. The magnetic ground state is assigned to a “‘spin-gel”
state, in which the spin correlation has a finite length but
the ergodicity is topologically broken. Due to the strongly
correlated spins, a spontaneous internal magnetic field devel-
ops below TC, as revealed by μSR experiments [36–38]. In
contrast to the spin-gel materials, RbAg2Cr[VO4]2 manifests
the absence of spontaneous internal magnetic fields down to
25 mK (�CW = −10 K). The steplike feature in the exponent
can be considered a partial spin freezing. However, since
β remains close to 1, the temperature dependence of the
exponent should be attributed to a crossover of the dominant
relaxation mechanism. The similar but apparently different
behavior of RbAg2Cr[VO4]2 from a spin-gel state suggests
that the dynamic magnetism in RbAg2Cr[VO4]2 is closer to a
QSL than a spin gel.

In the following, we will discuss more general arguments
towards the suppression of LRO in RbAg2Cr[VO4]2 as well as
its relation to the distortion of the threefold symmetry (P3̄ to
C2/c) introduced by smaller A site cations. Previous theoreti-
cal studies considered different scenarios that destabilize mag-
netic order of the TL based on fundamental approaches [1,12–
16]. The arguments were found to be rather independent of the
spin magnitude. Spin fluctuations may be enhanced, and LRO
may be suppressed by a proximity to a Mott transition, i.e.,
a small charge gap, and by alterations of the spin exchange
Hamiltonian, namely, single-ion anisotropies and longer-
range exchange (ring exchange). As there is no evidence for
metallicity and the given compound has a yellow-brownish
color, we consider only spin degrees of freedom. Single-ion
anisotropies for S > 1/2 are related to spin-orbit (SO) interac-
tions. From thermodynamic and spectroscopic investigations
it is known that Cr3+ has a rather small SO coupling [41].
On the other hand, single-ion anisotropies with strength rele-
vant to suppress LRO should lead to Berezinskii-Kosterlitz-
Thouless (BKT) transitions [42] with TBKT ∼ 0.1J3S/D2 ∼
1.62 K, with the SO coupling constant D [43]. As there is no
experimental evidence for such instabilities, we do not further
consider anisotropies here.

The role of longer-range exchange processes in the sup-
pression of LRO is well known but is difficult to quantify as
it overlaps or is superimposed on conventional superexchange
processes. Arguments in favor of such higher-order processes
could be based on the exchange paths via [VO4]3− entities [see
Fig. 1(b)]. These groups contain unoccupied d electron states
known to amplify higher-order processes. In a previous study
these arguments were considered a side line and based on band
structure calculations. No strong evidence for longer-range
exchange has been found [17].
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Within this chain of arguments the remarkable dependence
of the ordering temperature on the size of the A cation, the
orientation of the [VO4]3− entities, and the global distortion
of the TL should be highlighted again. In Fig. 1(c) it is shown
that the three occupied t2g orbitals represented by the three
plaquettes of the CrO6 octahedra cover the undistorted TL in
a threefold manner. With A = Ag+ this degeneracy is lifted,
and LRO is induced [Fig. 1(a)]. Therefore, we conclude that
the combination of the complex exchange path via [VO4]3−
entities and the large degeneracy of the symmetry-equivalent
t2g orbitals is the essential key to the suppression of LRO.
Although a microscopic description of this mechanism in TL
materials remains elusive, future theoretical and experimental
studies could further elaborate on this interplay.

IV. CONCLUSION

The S = 3/2 TL compound RbAg2Cr[VO4]2 was investi-
gated by ZF- and LF-μSR. We corroborated the absence of
static magnetism down to 25 mK. Additionally, our results
revealed both the development of anomalous spin dynamics
and alterations of the predominant relaxation mechanism with
decreasing temperature. The field dependence of the LF muon

relaxation rate λLF(H ) shows a power-law behavior, implying
the presence of algebraic spin-spin correlations. Therefore,
our findings suggest a way to suppress LRO in 2D TL
antiferromagnets. The temperature-independent muon spin
relaxation rates λZF(T ) and λLF(T ) below T � 2 K indicate
the existence of unconventional spin excitations, providing
additional supportive evidence for a dynamic ground state.
The discovery of such exotic spin excitations on the TL
with a large spin (S = 3/2) deserves further investigation to
examine the exact magnetic ground state and the underlying
mechanism therein.
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