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Kagome magnets are of growing interest due to their topological electronic structures and unconventional magnetic
behavior. Here, we report on the anomalous Hall effect (AHE) in the kagome ferromagnet MgMngSng, which has a Curie
temperature of ~ 290 K and an in-plane easy magnetization axis. Magnetotransport measurements show a positive magne-
toresistance (MR) below 50 K, which becomes negative at higher temperatures. An intrinsic anomalous Hall conductivity
of 114 S-cm™! is observed in MgMngSng single crystals, consistent with ab initio calculations. Moreover, theoretical pre-
dictions indicate that shifting the Fermi level (Eg) upward by ~ 70 meV could enhance the AHE to ~ 528 S-cm™!. These
results position MgMngSng as a promising and tunable platform for exploring topological magnetism and related electronic

phenomena.
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1. Introduction

The kagome lattice has attracted significant interest in
the field of topological materials due to its unique corner-
sharing triangular atomic arrangement. This geometry gives
rise to non-trivial electronic and spin structures, such as flat
band, ! Dirac/Weyl points,>3! and magnetic skyrmions. !+
Theoretical studies suggest that these features are key sources
of Berry curvature,!®’! which acts as a fictitious magnetic
field, leading to prominent magneto-electric responses such
as the anomalous Hall effect (AHE),8! anomalous Nernst ef-
fect (ANE),~'! and topological Hall effect (THE).!'?! Over
the past decade, a wide range of magnetic kagome systems
based on transition metal atoms have demonstrated diverse
topological properties. These include ferromagnets such as
Fe3Sny, >3 and Co3Sn, S5, 141 antiferromagnets like Mn3 X
(X = Ga/Ge/Sn),">-181 and FeGe,!"”! and no-resolvable mag-
netic order AV3Sbs (A = alkali metal).!?** These findings
establish the kagome lattice as a compelling platform for ex-
ploring the topological properties in magnet materials.

Recently, Mn-based kagome compounds with the formula
RMngXs (R = rareearth elements, X = main-group elements)
have garnered increasing attention due to their rich magnetic
structures and intriguing transport properties.[>! For instance,
room-temperature topological magnetic skyrmions have been
observed in TbMngSng, > while pronounced anomalous Hall
effect (AHE) and anomalous Nernst effect (ANE) have been
reported in several compounds, including the ferrimagnet
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GdMngSng, %) the ferromagnet LiMngSng,!*%! and the heli-
cal antiferromagnet YMngSng.[?! Furthermore, recent angle-
resolved photoemission spectroscopy (ARPES) and scanning
tunneling microscopy (STM) studies have revealed key elec-
tronic features, such as Dirac cones, flat bands, and saddle
points, in YMngSng [27] and identified intrinsic Chern quan-
tum phases in the out-of-plane ferrimagnet TbMngSng. *%! The
presence of a pure Mn-based kagome lattice, along with the
tunability offered by substituting rare-earth and main-group

(29-311 makes RMngXs compounds an exceptional

elements,
platform for exploring and engineering topological phenom-
ena in kagome systems.

In this study, we focus on the Mn-based kagome com-
pound MgMngSng, in which the alkaline-earth element Mg
forms a honeycomb framework, while the Mn atoms con-
struct a kagome lattice that contributes to the system’s mag-
netic moment. Recent investigations have systematically ex-
plored the magnetocaloric effect (MCE)!*?! and electronic
band structure*3! of MgMngSng through experimental and ab
initio calculations, respectively. These studies revealed that
the easy axis of magnetization lies within the ab-plane and
that various topological band features, such as Dirac fermions,
van Hove singularities, and flat band, emerge near the Fermi
level (Ep). Here, we systematically investigate the electrical
transport properties of MgMngSng single crystal. Our mea-
surements show that the magnetoresistance (MR) is positive
below 50 K but gradually turns negative as the temperature in-
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creases. The intrinsic anomalous Hall conductivity (AHC) is
measured to be approximately 114 S-cm™!. Notably, ab initio
calculations predict an energy-dependent AHC that exhibits a
broad peak approximately 70 meV above Ef, suggesting that
the AHC can be enhanced to around 528 S-cm~! by tuning
the Ep through methods such as pressure application**3>! or
doping.*®! These results indicate that MgMngSng is a poten-
tial tunable ferromagnetic topological material candidate.

2. Experimental methods

MgMngSng single crystals were synthesized using the Sn
self-flux method.*?! High-purity magnesium (99.99%), man-
ganese (99.95%), and tin (99.999%) spheres were weighed in
a molar ratio of 4:1:8 and loaded into an alumina crucible.
The crucible was sealed in an evacuated quartz tube, which
was then heated to 1073 K and held for 12 hours after an ini-
tial 6 hour ramp to ensure complete melting and homogeneous
mixing of the elements. Following homogenization, the fur-
nace was cooled at a controlled rate of 4 K/h down to 693 K.
At this point, the excess tin flux was removed by centrifuge,
yielding hexagonal plate-like single crystals, as shown in the
inset of Fig. 1(c). Residual Sn adhered to the crystal surfaces
was removed by mechanical polishing.
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Fig. 1. (a) Schematic crystal structure of MgMneSng. (b) Top view
of the structure, highlighting the Mn atoms forming kagome lattices
within the ab-plane. (c) The XRD pattern of the hexagonal plane of
an MgMngSng single crystal measured at room temperature. The inset
shows a photograph of a representative hexagonal plate-like MgMngSng
single crystal obtained from Sn flux growth.

The elemental composition and crystallographic structure
of the synthesized single crystals were characterized using
energy-dispersive x-ray spectroscopy (EDS) and x-ray diffrac-
tion (XRD), respectively. Electrical transport and magnetic
measurements were carried out using a physical property mea-
surement system (PPMS, Quantum Design Dynacool). Ab
initio calculations were performed using the Vienna ab ini-
tio Simulation Package (VASP),!?’-2") employing the Perdew—
Burke—Ernzerhof (PBE) generalized gradient approximation

(GGA) for the exchange—correlation functional.*”) The plane-
wave energy cutoff was set to 550 eV, and convergence crite-
ria were defined as 10~ eV for total energy and 0.01 eV-A~!
for forces on ions. A 10 x 10 x 6 Monkhorst—Pack k-point
mesh was used for Brillouin zone sampling. The intrinsic
anomalous Hall conductivity (AHC) was calculated using the
Wannier9013!! and WannierTools*?! packages, based on max-
imally localized Wannier functions constructed from the DFT-
calculated electronic structure.

3. Results and discussion

As shown in Fig. 1(a), MgMngSng crystallizes in a hexag-
onal HfFesGeg-type structure with the space group P6/mmm
(No. 191). Within a single unit cell, two Mn atomic layers
(yellow spheres in Fig. 1(a)) are separated by three Sn lay-
ers (dark blue spheres in Fig. 1(a)). The crystal structure of
MgMngSng is characterized by the lattice parameters a = b =
5.517 A and ¢ = 9.032 A. In the top view in Fig. 1(b), the Mn
atoms clearly form a kagome lattice within the ab-plane. The
grown single crystals exhibit a well-defined hexagonal platelet
morphology, typical of other “166” kagome compounds, as
shown in the inset of Fig. 1(c).3”! EDS analysis confirms the
elemental ratio as Mg:Mn:Sn = 7.82:45.79:46.39, which is in
close agreement with the ideal 1:6:6 stoichiometry. The XRD
pattern of the hexagonal plane, displayed in Fig. 1(c), shows
only (00]) diffraction peaks, confirming that the broad surface
of the single crystal corresponds to the (001) plane.

The upper panel of Fig. 2(a) shows the temperature-
dependent magnetization M(T) curves of MgMngSng mea-
sured from 5 K to 380 K under an applied magnetic field of
UoH = 0.01 T along the a-axis (H || @) and c-axis (H || ¢). The
lower panel of Fig. 2(a) displays the first derivative dM/dT
as a function of temperature, from which the Curie tempera-
tures (T¢) are determined to be approximately 290 K for H || a
and 293 K for H || ¢. These values are consistent with previ-
ous polycrystalline datal®! and are slightly lower than those
reported for earlier single-crystal studies.*?! Figures 2(b) and
2(c) present the isothermal magnetization M(H) curves mea-
sured between 5 K and 340 K along the a-axes and c-axes,
respectively. No magnetic hysteresis is observed along either
direction, indicating soft ferromagnetic behavior. The M (H)
curves confirm that the easy magnetization direction lies in the
ab-plane.

Figure 3(a) shows the temperature dependence of longitu-
dinal resistivity curves p,(T'), exhibiting typical metallic be-
havior. The residual resistivity ratio [RRR = p, (300 K)/pyx
(2 K)] of 38.64 indicates the high crystalline quality of the
grown MgMngSng. Figure 3(b) presents the magnetoresis-
tance curves, MR = [py(UoH ) — pxx(0)]/pxx(0). At temper-
ature 7 < 50 K, the MR is positive and gradually decreases
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with increasing temperature. The maximum MR reaches ap-
proximately 13% at T =5 K and upH =5 T. At T =50 K,
MR above the saturation field (Hs) begins to transition from
positive to negative. For T > 50 K, the MR above Hs becomes
increasingly negative, while remaining positive at lower mag-
netic fields. When T exceeds 100 K, MR is negative across
the entire field range. At low temperatures, MR curves ex-
hibit a kink around 2 T and show an almost linear increase at
higher fields, similar to behavior observed in LiMngSng.*!
The MR in magnetic materials is influenced by various fac-
tors. Generally, positive MR can be attributed to the Lorentz

force, weak anti-localization effect,[*) n—p compensation
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band structure,*!1 and non-trivial band structure.[#?! nega-

tive MR, on the other hand, may arise from spin-dependent

43] or the chi-

electron scattering in all magnetic materials
ral anomaly in Weyl semimetals,**! Considering the charac-
teristics of these factors and the MR curves of MgMngSng,
we think that the sign change in MR in MgMngSng results
from the competition between the positive MR induced by
the Lorentz force and the non-trivial band structure near the
Fermi level'*3! and the negative MR due to spin-dependent
electron scattering with temperature. The turning points ob-

served at low magnetic fields are likely caused by magnetic

domain transformations. [+
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Fig. 2. Magnetic characterization of MgMneSng single crystals measured with magnetic field applied parallel to the a-axis (H || ) and c-axis (H || ¢),
respectively. (a) Temperature dependence of magnetization M(7) measured under a magnetic field of poH = 0.01 T, along with the corresponding
dM/dT curves. The blue dashed line marks the Curie temperature Tc. (b) and (c) Isothermal magnetization M(H) curves recorded at various
temperatures ranging from 5 K and 340 K, showing the magnetic anisotropy between the in-plane and out-of-plane directions.
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Fig. 3. Electrical transport properties of MgMneSng single crystals with current applied along [100] (Z || [100]) and magnetic field along [001] (H || [001]).
(a) Temperature dependence of longitudinal resistivity py, (7). The inset illustrates the measurement configuration of current and magnetic field directions.
(b) Field dependence of magnetoresistance (MR) at various temperatures. (c) Field dependence of Hall resistivity py, at different temperatures.
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Fig. 4. Characterization of anomalous Hall effect in MgMngSng single crystals. (a) Plot of log pﬁ“ versus log py,. The black points represent experimental
data, and the red line indicates the linear fit. (b) Analysis of the anomalous Hall effect mechanism through p)’;H versus pPy,. Black points represent the

experimental data, the red line is the fitting curve based on Jin’s model.[*”) (c) Temperature dependence of anomalous Hall conductivity contributions from
different mechanisms. (d) Energy dependence of the intrinsic anomalous Hall conductivity oAH =" of MgMngSng single crystals with moment along [001].

Figure 3(c) shows the field dependence of the Hall resis-
tivity py, over a temperature range from 5 K to 340 K. The py,
curves also exhibit distinct characteristics around 50 K. At low
temperatures (7 = 5 K and 10 K), p,, curves exhibit a small
slope in the low-field region, followed by a weak increase for
H > Hs. For 10 K< T <50 K, the py, curves vary almost lin-
early with the applied magnetic field. For T > 50 K, a typical
anomalous Hall effect is observed. The maximum value of py,
is observed at 260 K. The Hall resistivity p, is given by

Pyx = RoB+4TRsM, (1)

where Ry and Rs denote the normal and anomalous Hall co-
efficients, respectively. The term RyB represents the normal
Hall effect p)H, while the second term of Eq. (1) corresponds

yx o
to the anomalous Hall contribution p;}H.[%] Once the mag-
netization saturates under an applied field, the p;;CH remains
constant. Therefore, it can be extracted by performing a linear
fit to the py, curves in the high-field region beyond saturation,
as indicated by the red dotted line in Fig. 3(c). The slope and
intercept of this linear fit yield Ry and p;}H, respectively.

To elucidate the origin of the AHE in MgMngSng, we
analyzed the relationship between logpjy" and logp,., as il-
lustrated in Fig. 4(a). The linear fit yields a slope of @ = 1.74,
suggesting a dominant contribution from intrinsic mecha-
nisms. To further clarify the AHE mechanism, we fitted the ex-

perimental data above 50 K using the following expression: 7]

p)/?CH = apxx,O + ﬁp)gx’ (2)

where the two terms represent extrinsic and intrinsic contri-
butions, respectively. As shown in Fig. 4(b), the fitting curve

Y

obtained from Eq. (2) exhibits excellent agreement with the
experimental data. According to the curve fitting results of
Fig. 4(b), the different contributions of the anomalous Hall
conductivity G;;H can be separated, which can be calculated
using the following equation:

AH
P}
GAH _ yx

= . 3)
yx 2
(Po) +p2

The results, presented in Fig. 4(c), reveal that the intrinsic con-
tribution (Gy‘}H’im) is ~ 114 S-cm™!, which is comparable to
that reported for HoMngSng (~ 120 S-cm~").[8] Additionally,
our ab initio calculations, as shown in Fig. 4(d), predict an in-
trinsic anomalous Hall conductivity of 98 S-cm™! at Eg with
moment along [001], in good agreement with experimental ob-
servations. Notably, a pronounced peak appears at ~ 70 meV
above Ep, suggesting that electron doping could enhance the
intrinsic AHC to 528 S-cm ™.

In summary, we have systematically investigated the
magnetic and transport properties of MgMngSng, a ferromag-
net with a Curie temperature of 290 K and easy magnetization
direction within the ab plane. A sign reversal in the MR near
50 K is observed, arising from the competition between nega-
tive MR (due to suppressed spin-disorder scattering) and pos-
itive MR (attributed to the Lorentz force). Our measurements
confirm that the intrinsic AHE mechanism dominates, yielding
a robust anomalous Hall conductivity of ~ 114 S-cm™! that
remains stable across a wide temperature range, a signature of
persistent Berry curvature in the occupied states. Furthermore,
ab initio calculations corroborate these findings, predicting a
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substantial intrinsic AHC (~ 98 S-cm™') near Ef and a dra-
matic enhancement to ~ 528 S-cm~! at ~ 70 meV above Ep.
These results highlight MgMngSng as a promising platform for
engineering topological states in magnetic kagome systems.
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