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Kagome lattices host rich magnetic, topological, and transport phenomena owing to their geometric frustration
and strong spin correlations. Here we present a systematic neutron scattering study of the kagome metal
Y .sFe;Sn;, which orders into a collinear c-axis antiferromagnetic (AF) state below Ty = 551 K. An additional
anomalous Hall effect (AHE) contribution beyond the conventional magnetization-scaling response is observed
well below Ty under an in-plane magnetic field B || ab. Elastic neutron scattering demonstrates that the Fe
moments preserve their collinear c-axis AF alignment down to 1.5 K at zero field. Inelastic neutron scattering
reveals a distinctive Y-shape spin excitation dispersion exhibiting a two-gap structure below 10 meV, likely
arising from two nondegenerate spin-wave branches. Polarized neutron measurements further show that the
low-temperature spin excitations are strongly anisotropic: the in-plane component M,, dominates while the
c-axis component M, is nearly absent. Upon warming, M, gradually grows markedly but remains much weaker
than M, even at 300 K. We propose that the unconventional AHE originates from a nonzero scalar spin chirality
induced by field-driven spin canting either in the static or dynamic configurations due to gapless excitations.
These findings establish the collinear AF kagome metal Y, sFe;Sn; as a platform for chirality-driven AHE

without spontaneous spin reorientation.

DOLI: 10.1103/mjd4-ylmx

I. INTRODUCTION

Kagome metals are ideal hosts for intriguing electronic
band structures including flat bands, Van Hove singularities,
and Dirac points [1-6]. The spin interactions in the kagome
lattice further drive many emergent quantum phenomena,
such as anomalous Hall effect (AHE), spin chirality, quantum
spin liquid, magnon topology, and unconventional supercon-
ductivity [7-20]. The AHE is usually interpreted in terms of
two distinct mechanisms: an extrinsic contribution induced by
impurity scattering in the presence of spin-orbit coupling, and
an intrinsic contribution arising from the Berry curvature of
Bloch electrons in momentum space. Substantial progress has
been made in disentangling the AHE across diverse kagome
platforms [21-25]. While both intrinsic and extrinsic AHE
have been observed in many ferromagnetic (FM) or ferri-
magnetic kagome compounds such as Co3Sn,S,, Fe3Sn,, and
RMngSng (R = rare-earth elements) [7-10,26-33], intrinsic
AHE has been revealed in noncollinear antiferromagnets such
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as Mn3Sn and Mn3Ge, where time-reversal symmetry is bro-
ken despite nearly compensated sublattice moments [34—40].
Recently, CsCr3Sbs is also proposed to host an AHE in its
altermagnetic state with even-parity spin splitting [41]. The
exploration of AHE in systems with nearly vanishing net
magnetization is of particular interest owing to their potential
advantages for spintronic applications.

Besides the conventional intrinsic AHE with p# oc M
driven by momentum-space Berry curvature—typically in
ferromagnetic systems—a Berry curvature generated in real
space can give rise to another type of Hall response, often
termed as the topological Hall effect [42-55]. Specifically,
when charge carriers traverse noncoplanar or noncollinear
spin textures such as skyrmions or canted magnetic structures,
the local scalar spin chirality (SSC) x = S; - (S; x S¢) (where
Si,S;, and Sy are three neighboring spins) acts as an emer-
gent magnetic field and generates a Hall signal beyond the
conventional magnetization-scaling paradigm [56—61]. More-
over, thermally enhanced or field-tuned spin fluctuations can
contribute to the AHE even in the spin-disordered state, pro-
vided the time-averaged SSC (S; - (S; x S;)) is nonzero—as
demonstrated in Nds;RuyAlj;, GdsRuyAlj;, HoAgGe, etc.
[62-65]. A rare realization of unconventional AHE (UAHE)
in a collinear antiferromagnetic (AF) state has recently been

©2026 American Physical Society
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FIG. 1. (a), (b) Collinear and noncollinear magnetic orders in
a kagome lattice with in-plane and out-of-plane spin orientations.
(c), (d) Crystal structure and possible antiferromagnetic orders of
Yo.5Fe;Sn; with spin orientation either along the ¢ axis or in the ab
plane [70]. Here Y sFe;Sn; shows the YCosGes-type structure com-
posed of two HfFeGeg-type subunits, with one offset by ¢/2 relative
to the other and half occupancy of Y and Sn atoms. (e) Single-crystal
x-ray diffraction pattern showing (H, 0, 0) reflections. Inset: Typical
one-dimensional-like crystals sized about 1 x 4 x 0.5 mm?. (f) X-
ray Laue reflection pattern of a typical crystal at room temperature.
The crystallographic axes of (1, 0, 0) and (0, 0, 1) are marked by red
arrows.

observed in YbFesGeg, where the AHE emerges in the spin-
reoriented phase (from the ¢ axis to the kagome plane) in
conjunction with gapless spin excitations far below the AF
transition at Ty ~ 500 K [66-69].

Here we focus on another collinear kagome antiferro-
magnet Yo sFe;Sn; (Fig. 1) [70-75], a cousin compound of
YbFesGes. Previous reports on the 166-type kagome family
of RT¢Sng (R = rare-earth elements, 7 = transition metal
elements) have revealed rich magnetic states due to the com-
peting interactions between T kagome and R triangular layers,
such as spin-helix order, band-crossing spin waves, and topo-
logical Dirac magnons [70-88]. Both ferrimagnetic (R = Gd,
Tb, Dy, Ho) and AF (R = Sc, Y, Er, Tm, Yb, Lu) ground
states are observed in the RMngSng family [79-88], and some
of these magnetic phases experience a spin-reorientation tran-
sition on cooling away from the critical temperature [82—-88].
Thus the spins can align either within the kagome plane or
perpendicular to it [Figs. 1(a) and 1(b)]. In principle, the
collinear order (whether FM or AF) necessarily yields zero
static SSC, whereas a noncollinear order may produce a
nonzero SSC the broken combined space-inversion and time-
reversal (Z7) symmetry. The Fe-based YFeqSng crystallizes
in a YCosGes-type structure with Fe-kagome layers (space
group P6/mmm) [70-75]. Its structure can be viewed as
two interpenetrating HfFesGeg-type sublattices, one shifted
by c/2 relative to the other, with Y and Sn sites at only
half occupancy [89]. Consequently, the unit cell is halved
compared with the canonical 166-type kagome compounds,
yielding the stoichiometric formula Y, sFe3;Sn; [70]. Mag-
netic susceptibility measurements indicate an AF order with
Tv = 551 K, where the ordered moments likely point ei-
ther along the ¢ axis or within the kagome plane [Figs. 1(c)

and 1(d)]. Previous electronic transport measurements
revealed a single-carrier AHE exclusively under an in-plane
magnetic field (B || ab) [70]. Through a detailed analysis of
the field-dependent anomalous Hall resistivity combined with
magnetization data, we further identify an additional AHE
contribution (A,ofx) that does not follow the net magnetiza-
tion. This unconventional AHE closely resembles the case in
YbFesGeg, albeit with distinct temperature (2150 K) and field
(A2 T) thresholds.

Our elastic neutron scattering experiments on Y sFe;Sns
confirm its collinear AF structure, where the magnetic mo-
ments keep the alignment along the ¢ axisdownto 7 = 1.5 K
without any reorientation, in contrast to other 166-type materi-
als [66—-81]. Inelastic neutron scattering (INS) measurements
reveal unique Y-shape dispersions in the low-energy spin
waves, and the intensity below 10 meV abnormally increases
upon warming up to 300 K. Using polarized analyses of INS,
we demonstrate that the spin excitations are highly anisotropic
in spin space consisting of dominant in-plane component M,
and nearly zero c-axis component M, above 3 meV at 1.5 K,
and M, gradually evolves to E = 14 meV at 7 = 300 K.
These observations point to anisotropic spin interactions as
a viable route to SSC-driven AHE in the collinear kagome
antiferromagnet.

II. EXPERIMENTS

A. Crystal growth and characterization

High-quality single crystals of Y sFesSns were grown by
a Sn self-flux method following the previously reported proce-
dure [70]. High-purity Y ingots (99.9%), Fe pieces (99.99%),
and Sn pellets (99.999%) were mixed in a molar ratioof 1 : 6:
10, placed in an alumina crucible under an argon atmosphere,
and subsequently sealed under vacuum in a quartz tube. The
mixture was heated to 1100 °C, held at this temperature for
24 h to ensure homogenization, slowly cooled to 700 °C, and
then centrifuged to remove the excess Sn flux. The obtained
crystals typically show a hexagonal thin-pillar morphology
with the long axis along the crystallographic ¢ direction.
The crystalline quality was checked by single-crystal x-ray
diffraction (XRD) and Laue diffraction, as shown in Figs. 1(e)
and 1(f). The XRD pattern in Fig. 1(e) displays only sharp
(H, 0, 0) reflections, and the sixfold-symmetric Laue pattern
in Fig. 1(f) confirms the high crystalline quality and well-
defined orientation of our crystals.

B. Transport and magnetization measurements

Electrical transport measurements were carried out using
a physical property measurement system. The longitudinal
resistivity p,, was measured with current applied along the
¢ axis, and Hall resistivity py, was measured with magnetic
field oriented in the kagome plane (B || ab). The anoma-
lous Hall conductivity was extracted from the field-dependent
Hall response together with the zero-field longitudinal re-
sistivity, following the analysis detailed in the Supplemental
Material [90]. Magnetization measurements were performed
using a magnetic property measurement system and a high-
temperature vibrating sample magnetometer up to 800 K, with
afield of B = 0.1 T applied along both the ab and ¢ directions.
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C. Neutron scattering experiments

For neutron scattering measurements, about 4.6 g of crys-
tals was coaligned in the [H, 0, L] scattering plane using
hydrogen-free glue on aluminum plates. The coalignment
quality was verified by rocking scans of nuclear Bragg peaks,
with full width at half maximum below 2° for both in-plane
and out-of-plane directions [90-95]. A YCosGec-type hexag-
onal unit cell was adopted, with lattice parameters a = b =
5373 A, c=4.453 A, 0 = B =90°, and y = 120°, where ¢
is half of that in typical 166-type compounds. The momentum
transfer was denoted as Q = Ha* + Kb* + Lc¢* in reciprocal
lattice units, where a* = b* = 47 /+/3a and ¢* = 27 /c in the
hexagonal lattice.

Unpolarized elastic and inelastic neutron scattering mea-
surements were carried out on the thermal triple-axis spec-
trometer EIGER at the Paul Scherrer Institut, Switzerland
[96]. A fixed final neutron energy of E; = 14.7 meV (k; =
2.662 A1) was used in the energy-loss mode, together with
a pyrolytic graphite filter and a double-focusing monochro-
mator. Constant-energy scans (Q scans) were analyzed after
background subtraction and Bose-factor correction to obtain
the imaginary part of the dynamic susceptibility x”(Q, E).
The extracted peak centers were then used to construct
the spin-wave dispersion at low energy as shown in the
Supplemental Material [90].

Fully polarized neutron scattering measurements were
performed on the IN20 thermal triple-axis spectrometer at
the Institut Laue-Langevin, France, using the CryoPAD sys-
tem together with the Heusler monochromator and analyzer
[97,98]. This spectrometer has a velocity selector to suppress
higher-order wavelengths from the monochromator enabling
increased flexibility and improved signal-to-noise ratio. The
neutron polarization directions x, y, and z were defined with
x || Qandy L Q within the scattering plane, and z perpendic-
ular to the scattering plane. By measuring the xx, yy, and zz
polarization channels in both spin-flip (SF) and non-spin-flip
(NSF) configurations, the magnetic components M, and M,
were separated from the coherent nuclear contribution oy
and the incoherent background of,. [99-104]. Given the scat-
tering geometry, M, = M, sin®@ + M, cos*0 and M, = M,
where 6 is the angle between the y and c directions, M, is
the c-axis component, and M) and M are the two in-plane
spin components alternatively denoted as M,, when they are
equal. All raw polarized INS data and the analysis procedure
are presented in the Supplemental Material [90].

III. RESULTS

A. Electrical transport and magnetization

We begin with the electrical transport and magnetization
results presented in Fig. 2. The zero-field p,,(T") in Fig. 2(a)
exhibits a metallic temperature dependence from 300 K down
to 2 K, decreasing smoothly on cooling without any pro-
nounced anomaly. The magnetic susceptibility is strongly
anisotropic [Figs. 2(b) and 2(c)]: for B || ¢, x.(T) displays
a clear cusp at Ty = 551 K, consistent with AF order with
moments aligned predominantly along the ¢ axis, whereas for
B || ab, x.»(T) evolves smoothly and becomes substantially
larger at low temperatures. This is consistent with the absence
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FIG. 2. (a) Temperature dependence of the zero-field c-axis
resistivity p,.. (b), (c) Temperature dependence of the magnetic sus-
ceptibility for B || cand B || ab (B = 0.1 T), respectively. The arrow
marks the AF transition at 7y = 551 K. (d) Field dependence of the
magnetoresistance with current / || ¢ and magnetic field B || ab. (e),
(f) Field dependence of the magnetization at different temperatures
with magnetic field B || ab and B || ¢, respectively. (g) Field depen-
dence of total Hall resistivity p,, with I || ¢ and B || ab from T =5
to 180 K. (h) Field dependence of conventional anomalous Hall
resistivity due to net magnetization (pj,‘x o M) fromT = 5to 180 K.
(i) Field dependence of additional AHC contributions Aa;; from
T = 5to 180 K. Inset: Integrated intensity AS;X Vs temperature.

of a low-temperature spin-reorientation signature in the bulk
magnetization, since a spin reorientation while preserving the
AF correlations would produce a pronounced drop in x,; and
a steplike increase in ., as observed in YbFesGeg [66—69].
The in-plane magnetoresistance in Fig. 2(d), measured with
I || ¢ and B || ab, is negative over the entire measured field
range and becomes more pronounced on cooling, pointing to
an enhanced coupling between charge transport and the field-
tuned magnetic state at low temperatures. The field-dependent
magnetization for B || ab tends to saturate at high fields in
the low-temperature regime and becomes linear at elevated
temperatures [Fig. 2(e)]. When the magnetic field is applied
along the c axis, the magnetization does not saturate owing to
the antiparallel arrangement of magnetic moments [Fig. 2(f)].

The Hall resistivity p,, for B || ab, shown in Fig. 2(g), is
markedly nonlinear below 140 K and approaches saturation
at high fields. Theoretically, p,, comprises three contribu-
tions: p, = pyox + pfx + A,ofx, where pyOX is the ordinary
Hall resistivity linear in the applied magnetic field B, ,ofx
is the conventional anomalous Hall resistivity arising from
the net magnetization (of, o« M), and Ap{, represents the
additional (unconventional) AHE contribution not captured
by the first two terms [66,105]. The corresponding addi-

tional anomalous Hall conductivity (AHC) AG;} follows from

Aoy = Apl/(pi + p3,)- The conventional anomalous Hall
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FIG. 3. (a) Photograph of the coaligned single crystals used in
our neutron scattering experiments. Blue arrows denote the crystallo-
graphic orientations in reciprocal space. (b), (c) Elastic neutron scat-
tering results measured at EIGER for long Q scans along the [1, 0,
L] and [2, 0, L] directions. The blue curves are the difference of peak
intensity between 1.5 and 300 K. (d) L scans of the nuclear Bragg
peak at Q = (2,0, —1) for T = 1.5, 70, and 300 K measured at
EIGER. (e), (f) Temperature dependence of elastic peak intensity at
0 = (2,0, 0.5) for [H, 0, 0.5] and [2, 0, L] directions measured
at EIGER. (g) Temperature dependence of integrated peak intensity
both for the L scan and H scan at Q = (2, 0, 0.5). (h)-(j) SF and
NSF intensities of elastic rocking curves measured at IN20 in the
xx polarization channel at Q = (0, 0, 0.5), (1, 0, 0.5), and (2, 0, 0.5).
Insets: Ratio of peak intensity between SF and NSF signals. The inset
of panel (h) also shows the definition of spin-polarization directions
(x, v, z) in reciprocal space at the measured momentum transfer Q,
where 0 is the angle between y and L directions.

resistivity p;,‘x and the unconventional AHC Aayﬂc are plotted in
Figs. 2(h) and 2(i). It is of particular interest that Y sFe;Snj
exhibits an unconventional AHE with a nonzero Aoyf,}c ~
20 @ 'em™! at T = 5 K, closely resembling the behavior
reported in YbFesGeg [66]. The principal differences lie in
the temperature (=150 K) and field (=2 T) thresholds.

B. Elastic neutron scattering

To confirm the AF structure of Y sFe3Snj3, elastic neutron
scattering measurements were carried out on the coaligned
crystal assembly [Fig. 3(a)]. As shown in Figs. 3(b)-3(g),

the elastic Q scans along [1,0, L] and [2, 0, L] unambigu-
ously reveal magnetic Bragg peaks at Q = (1,0, £0.5),
(2,0,+0.5), and (2, 0, £1.5), whose intensity decreases pro-
gressively upon warming from 1.5 to 300 K. By contrast, all
measured nuclear Bragg peaks at Q = (1,0,0), (1,0, £1),
(2,0,0), and (2, 0, 1) show no discernible temperature de-
pendence. These observations are fully consistent with a
collinear AF structure characterized by a propagation vector
kn = (0, 0, 0.5). Owing to the temperature limit of the Or-
ange cryostat, we could not reach the Néel temperature Ty =
551 K. Nonetheless, the peak intensity at Q = (2, 0, 0.5) fol-
lows the expected behavior of a magnetic order parameter
[Figs. 3(e)-3(g)].

The c-axis AF order can be rigorously tested by polarized
elastic neutron scattering, which separates the magnetic and
nuclear scattering into the SF and NSF channels, respectively
[90]. Figures 3(h)-3(j) display the cross section oy, in both
the SF and NSF channels at Q; = (0, 0, 0.5), O, = (1, 0,
0.5), and O3 = (2, 0, 0.5) for T = 1.5, 200, and 300 K.
Dominant SF signals are observed at O, and O3, confirm-
ing the magnetic origin of these peaks. At Q; = (0, 0, 0.5),
where 6 = 90, o5F(Qy, 0) mainly probes the in-plane static
moment components M) (Q1, 0) and M (Q1, 0), both of which
are essentially zero within experimental uncertainty. A weak
nuclear scattering signal is also detected in UXI:ICSF(Ql , 0), since
Q) actually corresponds to the (0, 0, 1) nuclear peak in
the 166-type structure. The similar ratios o>F /o N5F observed
from 1.5 to 300 K demonstrate that the Fe moments remain
fully aligned along the ¢ axis without any spin reorientation
throughout this temperature range. By comparing the inte-
grated intensities of the SF and NSF channels to separate
nuclear and magnetic scattering, the static ordered moment
at 1.5 K is estimated to be about 0.34 ug/Fe [90]. It should
be emphasized that the above analysis is strictly valid only at
zero magnetic field. Under an in-plane field B || ab, a weak
ferromagnetic component may be induced by tilting of the
Fe moments toward the kagome plane, if the single-ion spin
anisotropy is sufficiently small. Such a field-induced FM com-
ponent, however, would contribute solely to the conventional
AHE term p2}.

C. Unpolarized inelastic neutron scattering

Having established the collinear c-axis AF order with
static moments and the absence of spin reorientation at
low temperature, we now turn to the spin-wave excitations
probed by unpolarized INS at EIGER [96]. By performing
Q scans along both the H and L directions around the AF
Bragg peak Q = (2, 0, 0.5) at selected energies, we map
out the low-energy spin-wave dispersions [Figs. 4(a)—4(d)].
Remarkably, all dispersions (especially along the L direc-
tion) exhibit a Y-shape profile with a crossing point at about
E = 10 meV, in striking contrast to the V-shape dispersion
expected from conventional linear spin-wave theory. This fea-
ture likely arises from the superposition of two nondegenerate
spin-wave branches with unequal spin gaps at low energy, a
scenario that calls for further clarification by high-resolution
INS experiments. We also note that the low-energy excita-
tion intensity is counterintuitively stronger at 300 K than
at 1.5 K. To investigate this further, we performed energy
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FIG. 4. Unpolarized INS results collected at EIGER. (a)—(d) Dis-
persions along the H and L directions for Q = (2,0,0.5)at 7T = 1.5
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sity distributions. The black dots mark the peak positions obtained
from Gaussian fittings [90]. (e) Energy scans at Q = (2, 0, 0.5) at
T = 1.5, 50, 100, 200, and 300 K. Here the intensity is converted
to the local dynamic susceptibility x”(Q, E) after subtracting the
backgrounds at Q = (2, 0, 0) and (2, 0, 1) and further corrected
by the Bose factor [90]. The solid lines are guides to the eye.
(f) Temperature dependence of x"(Q, E) at E = 3 and 10 meV.

scans at several temperatures and extracted the local dynamic
susceptibility x”(Q, E). As shown in Fig. 4(e), the energy
scans display a A-shape profile that naturally divides the data
into two regimes: upon warming to 300 K, the high-energy
excitations remain nearly temperature independent, whereas
the low-energy excitations below 10 meV grow anomalously
and tend to develop a distinct mode near 4 meV. If the low-
energy spectral weight indeed shifts to around 4 meV, a spin
gap likely opens below 2 meV (beyond the resolution limit
of EIGER) at T = 300 K [Fig. 4(e)], reminiscent of the
behavior reported in YbFecGeg [66]. Indeed, the low-energy
x"(Q,E) at 3 meV increases anomalously with tempera-
ture as the gap opens, whereas the overlapping signals at
10 meV remain nearly temperature independent [Fig. 4(f)].
The neutron scattering cross section S(Q, E) does not ap-
pear to follow the Bose population factor at either energy,
further underscoring the unconventional nature of these spin
excitations [90].
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FIG. 5. Polarized INS results collected at IN20. (a)—(f) Energy
dependence of M, and M, at Q = (0, 0, 1.5), (1, 0, 0.5), and (2, O,
0.5) for T = 1.5 and 300 K. Insets: Schematic crystallographic Q
directions and the spin-polarization directions (x, y, z) in reciprocal
space. All solid lines are guides to the eye. (g)—(1) O dependence of
M, and M, along 2,0, L] at E = 3, 10, and 20 meV for T = 1.5 and
300 K. The solid lines are Gaussian peak fittings. Spurious peaks are
also observed for the case of E = 3 meV.

D. Polarized inelastic neutron scattering analyses

To further elucidate this anomalous temperature depen-
dence, we employed polarized neutron scattering on IN20
to probe the spin anisotropy of the low-energy excitations
[97,98]. The polarized results are presented in Figs. 5 and 6,
and a detailed account of the analysis procedure is pro-
vided in the Supplemental Material [90]. Since all three
scattering cross sections oy, 0yy, and o,, were measured in
both SF and NSF channels, the clean magnetic excitation
components M, and M, can be isolated by subtracting the
nuclear scattering onye and the incoherent background oy
[99-104]. Energy scans were performed at three wave vec-
tors Q; = (0, 0, 1.5), O, = (1, 0, 0.5), and Q3 = (2, 0,
0.5) for T = 1.5 and 300 K with 6; = 90°, 6, = 27.6°, and
03 = 14.6°, respectively [Figs. 5(a)-5(f)]. Here, M, always
corresponds to the in-plane component M for all three ge-
ometries, whereas the composition of M, varies with Q as
My (Q1) =M, My(Q>) = 0.21M) + 0.79M., and M,(Q3) =
0.06M + 0.94M, [90]. From the energy scans at Qj, it is
evident that the spin excitations are isotropic within the ab
plane (i.e., the Fe kagome plane) as M, and M, are essentially
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FIG. 6. Polarized INS results at Q = (2, 0, 0.5) collected at IN20.
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corrections. All solid lines are guides to the eye.

superposed [Figs. 5(a) and 5(d)]. We therefore use M, to
denote the two equivalent in-plane components M| and M.
In the energy scans at Q3, M, almost represents M.. This
component is nearly zero across most energies at 1.5 K, apart
from weak intensity near 3 meV [Figs. 5(c) and 5(g)]. At
300 K, M, becomes nonzero below E = 14 meV, yet remains
far smaller than M; [Fig. 5(f)]. A similarly strong anisotropy
between M,, and M, is observed in the energy scans at
0>, although both components are weaker there [Figs. 5(b)
and 5(e)].

To corroborate this spin anisotropy, we also performed Q
scans around Q3 at E = 3, 10, and 20 meV for T = 1.5 and
300 K [Figs. 5(g)-5(D]. Indeed, M, is consistent with zero
within error bars at £ = 10 and 20 meV for T = 1.5 K,
while M, is well described by Gaussian fits. Notably, the
low-energy portion (E < 10 meV) of M, is strongly enhanced
at 300 K but drops abruptly near 2 meV [Figs. 5(d) and 5(f)],
while its high-energy part disperses into two peaks at 20 meV
[Figs. 5(1) and 5(1)], in agreement with the unpolarized results.
The temperature evolution of M, and M; at Qs for E = 3, 10,
and 20 meV provides further insight into the spin anisotropy
(Fig. 6): while M, at E = 3 and 10 meV rises rapidly upon
warming from 1.5 to 300 K, M, increases only gradually at
these energies [Figs. 6(a)-6(d)]. At E =20 meV, M, is weakly
temperature dependent, and M, remains vanishingly small,
close to zero [Figs. 6(e) and 6(f)].

IV. DISCUSSION

Finally, we discuss the possible origin of the UAHE
in Yo sFe3;Sns. Previous study on YbFesGeg suggested that
the Yb-Fe magnetic coupling induces a spin reorientation

from c-axis alignment to ab-plane arrangement, and that
this reorientation is crucial for the UAHE emerging below
Tsg << Ty. The reorientation renders the spins far more
susceptible to fluctuations within the ab plane, thereby gener-
ating gapless spin excitations that produce a nonzero average
SSC under an in-plane magnetic field. In the present case
of Yo sFe3;Sn;, however, Y atoms are nonmagnetic and no
spin reorientation occurs at zero field (Fig. 1). We there-
fore argue that a spontaneous reorientation is unnecessary for
the UAHE. It is important to recognize that both YbFesGeg
and Y sFes;Snj preserve the Z77 symmetry in their collinear
AF states. This symmetry rules out a static nonzero SSC at
zero field and ensures that any local SSC from spin fluctu-
ations cancels out due to oppositely signed contributions on
symmetry-related sites.

Under an in-plane magnetic field B || ab, however, the Z7T
symmetry is lifted, and a fundamentally different scenario
emerges. In the collinear c-axis AF state of Y, sFe;Sns, the
spin excitations at low temperature are dominated by the
gapless in-plane component M, (Figs. 5 and 6), indicating
that the Fe spins can be tilted into the kagome plane by
the magnetic field at a small energy cost. The system thus
develops a canted noncollinear spin configuration either in
the static order or in dynamic fluctuations, in which the Fe
moments acquire a finite in-plane component while retaining
their dominant c-axis antiparallel arrangement. Crucially, the
three Fe sublattices on the kagome net possess distinct local
environments, such that their canting directions and magni-
tudes are inequivalent. It breaks the local chiral symmetry
and forms a nonzero static SSC or time-averaged SSC, which
in turn acts as an emergent magnetic field in real space and
generates an additional Hall response beyond the conventional
AHE. We note that the gapless in-plane excitations coexist
with a static c-axis easy axis in this system, a situation that
can arise when the intralayer Fe-Fe exchange is nearly XY-like
within the kagome plane while a weak interlayer coupling or
single-ion anisotropy pins the ordered moments along the ¢
axis. The strong spin anisotropy provides a natural explana-
tion for why the UAHE is observed for B || ab and not for
B || c. A c-axis field preserves the collinear AF configuration
and keeps the in-plane spin components quenched. The Z7T
symmetry thus remains effectively unbroken with respect to
the kagome-plane chirality, always yielding zero net SSC and
no UAHE.

The temperature dependence of the UAHE, which dis-
appears above 150 K, can be understood within the same
framework. As shown by our polarized neutron data, the spin
excitations become increasingly isotropic upon warming, but
the in-plane component M,, gradually opens a gap at low
energies (Figs. 5 and 6), which suppresses the in-plane dy-
namical susceptibility and thereby reduces the field-induced
canting angle. The concomitant thermal population of M, does
not compensate for this suppression, as c-axis fluctuations are
orthogonal to the required tilting direction. Consequently, the
net static/dynamic SSC and the associated UAHE are sup-
pressed at elevated temperatures, vanishing near the threshold
identified in our transport measurements.

YosFe;Sns therefore constitutes a distinctive example in
which a collinear c-axis AF order with highly anisotropic
spin excitations supports a chirality-driven AHE under an
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in-plane magnetic field, without requiring either a spon-
taneous spin reorientation or the presence of magnetic
rare-earth ions. This sublattice-canting mechanism broad-
ens the known routes to unconventional Hall responses in
kagome metals, extending beyond the established paradigms
of momentum-space Berry curvature, noncollinear mag-
netism, and skyrmion-driven topological Hall effects.

V. CONCLUSIONS

In conclusion, we have performed neutron scattering
measurements on the collinear c-axis AF kagome metal
YosFe3Sny (Ty = 551 K), where an unconventional AHE
emerges under B || ab. Elastic neutron scattering confirms
that Fe moments retain c-axis alignment down to 1.5 K
without spin reorientation. Inelastic scattering reveals a Y-
shape spin-wave dispersion with a two-gap structure below
10 meV. Polarized measurements show strongly anisotropic
excitations: gapless in-plane M,;, dominates at 1.5 K, while
M. is nearly absent and gradually emerges upon warming. We
propose that the in-plane field induces sublattice-inequivalent
canting of Fe moments either in the static order or dy-
namic fluctuations, producing a net scalar spin chirality that
drives the UAHE. The suppression of UAHE above 150 K
is attributed to the low-energy gap opening in M,;, which

reduces the field-induced canting. YosFe3;Sn; thus exem-
plifies chirality-driven AHE in a collinear AF host without
spontaneous spin reorientation.
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