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Topological Hall effect in frustrated B2-ordered Mn0.74Co0.57Al0.69 films
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Exploring materials with topological magnetic structures has always been the subject of intense research due to
fundamental and technological interests. Here we report the topological Hall effect in the frustrated B2-ordered
Mn0.74Co0.57Al0.69 thin films. A large topological Hall resistivity of 58.3 n� cm is found at 300 K. It is shown
that a spin reorientation transition occurs around 200 K through the temperature-dependent magnetization and
angular-dependent ferromagnetic resonance measurements. Using the obtained magnetic anisotropy parameters,
we perform the micromagnetic simulations to simulate the formation and evolution of topological magnetic
structures with temperature, demonstrating the influence of the higher-order magnetic anisotropies. This work
enriches the variety of materials exhibiting topological Hall effect and helps to clarify the mechanism of new
emergent topological features in magnetic materials.
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Topological Hall effect, one of the most studied topological
transport phenomena in condensed matter physics, arises from
the accumulated Berry phase when conduction electrons move
through chiral spin textures, such as skyrmions [1–3]. Over
the last decade, the topological Hall effect has been studied in
a number of noncentrosymmetric magnetic materials, such as
B20-ordered MnSi [4], FeGe [5,6], tetragonal Heusler alloys
Mn2RhSn [7], Mn1.5PtSn [8,9], and interfacial symmetry-
breaking heterostructures SrIrO3/SrRuO3 [10], where the
Dzyaloshinsky-Moriya interaction stabilizes skyrmions. In
addition, the topological Hall effect has also been found
in a class of centrosymmetric crystals that do not involve
Dzyaloshinsky-Moriya interaction, such as EuO [11], hexag-
onal MnNiGa [12], and frustrated Mn3Sn [13], Fe3Sn2 [14],
Gd2PdSi3 [15]. It is found that the perpendicular magnetic
anisotropy, magnetic frustration, and spin reorientation tran-
sition in these magnetic materials play a critical role in
the formation of magnetic bubbles and skyrmions [16–19].
Recent theoretic studies have also shown that in frustrated
materials with uniaxial anisotropy, skyrmions with additional
degrees of freedoms of helicity and vorticity can be formed,
which provides an opportunity to investigate their intriguing
dynamics under external stimuli [20–22]. Therefore, explor-
ing the emergent electrodynamics in magnetically frustrated
centrosymmetric materials and clarifying their physical ori-
gins have become one of the challenging tasks in condensed
matter physics.

Mn-Co-Al ternary alloys have been extensively studied
because of its rich magnetic properties [23–30]. In 1962,
Tsuboya et al. reported a new magnetic phase in ternary alloy
systems Mn-Co-Al, named κ phase [23]. However, since then,
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it seems not much effort has been made in new magnetic phase
research. In 2010, Paduani et al. investigated the magnetic
frustration behavior in the κ phase Mn-Co-Al alloys [24]. This
result brought us a challenge to realize topological magnetic
structures and resultant topological Hall effect in the Mn-Co-
Al ternary alloys through an off-stoichiometric modulation. In
this work we present the observation of topological Hall effect
in the frustrated B2-ordered Mn0.74Co0.57Al0.69 (MCA) films
grown on MgO(001) substrate, whose composition is close to
the previously reported κ phase. Our magnetic and transport
measurements provide evidence for the existence of magnetic
frustration and spin reorientation transition behaviors in the
MCA films. After quantitatively characterizing the magnetic
anisotropy of the MCA films, we found the topological Hall
effect could be ascribed to the competition between magne-
tocrystalline anisotropy and demagnetization energy. Based
on the experimentally obtained magnetic anisotropies, our
micromagnetic simulations further confirmed the spin reori-
entation transition process as the temperature decreases [from
out-of-plane (OOP) to in-plane (IP) direction]. In addition,
it is found that the topological magnetic structures, such as
magnetic bubbles and bimerons, could be successfully formed
above the transition temperature, which can cause topological
Hall effect in the MCA films.

The Mn-Co-Al films were epitaxially grown on MgO(001)
substrates by a custom-built molecular-beam epitaxy system.
Prior to growth, the MgO substrate was cleansed accord-
ing to the methods described in Ref. [31]. A 0.3-nm-thick
CoAl buffer layer was first deposited at 200 ◦C, then the
substrate temperature was raised to 500 ◦C and annealed for
10 min. Subsequently, the substrate temperature was reduced
to 350 ◦C and the MCA growth was occurred to a thickness
of 24.4 nm. Finally, a 3-nm-thick Al was capped to prevent
oxidation in air. Nucleation and growth were monitored in
situ by reflection high-energy electron diffraction (RHEED).
The atomic rate of Mn, Co, Al sources were calibrated by
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FIG. 1. (a) Symmetrical θ -2θ pattern of the MCA on MgO(001)
substrate. The inset shows the stationary RHEED patterns of the
MCA films along their [100] azimuths. (b) The asymmetrical ω-
2θ scan of the (101) plane. The inset shows the B2 configuration
containing Mn, Co, and Al atoms schematically. (c) Temperature
dependence of the resistivity of the MCA measured with zero mag-
netic field and 30 kOe, respectively. The inset shows the temperature
dependence of magnetoresistivity under a magnetic field of 30 kOe.
(d) Magnetic-field dependent magnetoresistivity measured at differ-
ent temperatures with the magnetic field applied perpendicular to the
surface of the MCA films.

x-ray reflectivity measurements, respectively. The film com-
position was determined to be Mn0.74Co0.57Al0.69. The crystal
structure and orientation of the samples were assessed by
high-resolution x-ray diffraction (HRXRD). Magnetic char-
acterizations including magnetization-field (M-H) curves and
magnetization-temperature (M-T ) curves were obtained from
the superconducting quantum interference device (SQUID).
The films were patterned into Hall bar by photolithography
(120 μm long × 20 μm wide) and Ar ion milling for transport
measurements. The transport measurements were performed
on a physical property measurement system (PPMS, Quan-
tum Design Inc., San Diego, USA). The raw Hall resistivity
was antisymmetrized to exclude the contribution from lon-
gitudinal magnetoresistance. OOP ferromagnetic resonance
(FMR) measurements were performed in an electron spin
resonance spectrometer (X band at 8.969 GHz, JES-FA
300, JEOL). Micromagnetic simulations were performed us-
ing the GPU-accelerated micromagnetic simulation software
MuMax3 based on the Landau-Lifshitz-Gilbert (LLG) func-
tion. The energy terms include the exchange interaction,
tetragonal magnetocrystalline anisotropy, demagnetization,
and Zeeman energy.

The crystal structure and lattice parameters were obtained
from the HRXRD measurements. XRD symmetric θ -2θ scan
was recorded with an analyzer, while asymmetrical ω-2θ

scan was taken with an open detector. Figure 1(a) shows the
symmetrical HRXRD θ -2θ scans of the films on MgO(001)
substrate. In addition to the (002) reflection of MgO, the
(001) and (002) reflections of MCA are clearly observed,
demonstrating the epitaxial growth of the films along the
(001) orientation. The calculated experimental intensity ratio
I001/I002 is 0.68, which is close to the theoretical value of 0.77.

Thus, the clear (001) peak indicates the well-ordered ar-
rangement of Al, and Mn or Co [23,32] (see details in the
Supplemental Material [33], see, also, Refs. [34–36] therein).
The OOP lattice constant obtained by the MCA(002) reflec-
tion is 2.93 Å. The inset of Fig. 1(a) shows the stationary
RHEED patterns of the MCA films along their [100] az-
imuths. The elongated strips evidence a high-quality epitaxial
growth of MCA films. An asymmetrical ω-2θ was also per-
formed for a (202) plane with χ = 45◦, as shown in Fig. 1(b).
The IP lattice constant is determined to be 2.91 Å, which
is approximately the same as the OOP one. Thus, the MCA
films have the body-centered cubic structure of B2 type (CsCl
type). A thickness of 24.4 nm is deduced from the x-ray
reflectivity (XRR) measurements (Fig. S1, Supplemental Ma-
terial [33]). The inset of Fig. 1(b) shows the B2 configuration
containing Mn, Co, and Al atoms schematically. For the off-
stoichiometric Mn0.74Co0.57Al0.69 films, we believe that the
Mn and Co atoms occupy cube corner site almost equally,
and the excess Mn and Co atoms are considered to enter
into the body center sites together with the Al atoms. It is
well known that the ferromagnetic or antiferromagnetic ex-
change interaction of Co-Mn and Mn-Mn strongly depends
on the distance between atoms [24,32,37,38]. For instance,
when the atomic distance is shorter than about 2.8 Å, the
magnetic interaction between nearest-neighbor Mn atoms is
antiferromagnetic, and if the distance is greater than about 2.9
Å, it is ferromagnetic [24,32]. Therefore, if we consider the
atomic disorder between Mn and Co, there is a coexistence of
ferromagnetic and antiferromagnetic interactions, which may
induce frustration behavior in our MCA films. Figure 1(c)
presents the resistivity ρxx as a function of temperature T ,
where magnetic field H is applied along the OOP direction for
H = 0 Oe and H = 30 kOe, respectively. The temperature-
dependent resistivity demonstrates a metallic behavior but
with a small residual resistivity ratio of about 1.2, revealing
a highly disordered atomic arrangement between Mn and Co.
The inset of Fig. 1(c) shows the temperature dependence of
magnetoresistance (MR) (MR = [ρ(H ) − ρ(0)]/ρ(0)). In ad-
dition to the temperature-dependent minimum value at around
50 K, which can be ascribed to the three-dimensional electron-
electron interaction in disordered metals [31], the maximum
value of MR can be clearly observed around 200 K. This
may indicate the magnetic transition because of the competi-
tion of ferromagnetic-antiferromagnetic interactions in MCA.
Figure 1(d) depicts the magnetic field dependent MR, which
exhibits small hysteresis behaviors.

To study the possible topological magnetic structures in
MCA, we now turn to the Hall effect measurements. Gener-
ally, the Hall resistivity can be expressed as [4]

ρxy − R0H = aρxx0M + SAρ2
xxM + ρT

xy, (1)

where R0, aρxx0M, SAρ2
xxM, and ρT

xy correspond to the or-
dinary Hall coefficients, the anomalous Hall contribution
originating from the skew-scattering mechanism, the anoma-
lous Hall contribution originating from the side-jump and
intrinsic mechanism, and topological Hall resistivity, respec-
tively. Here M is the OOP magnetization. Figure 2(a) shows
the magnetic field dependence of Hall resistivity after subtrac-
tion of ordinary Hall effect for 50–300 K at magnetic fields
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FIG. 2. (a) Hall resistivity of the Mn0.74Co0.57Al0.69 films after
subtraction of ordinary Hall effect at different temperatures. The
inset shows the Hall resistivity in the range of 10–40 n� cm. Def-
initions of ρhump are indicated by the black dashed lines. (b) The
process of extracting anomalous Hall resistivity (ρA

xy) and topological
Hall resistivity (ρT

xy) at 120 K. The black arrows represent the the
direction of the magnetic field scan. (c) Magnetic field dependence
of topological Hall resistivity ρT

xy obtained at different temperatures,
which are plotted with an arbitrary offset for clarity. (d) Magnetic
field dependence of the Hall resistance after subtraction of ordinary
Hall effect at various inclination angles. In the inset it shows the
schematic of the measurement configuration. The inclination angle
θH is defined as the angle between the film normal and the magnetic
field. The IP direction of the applied magnetic field is fixed along the
MCA[110] in our experiments.

up to 50 kOe. It can be seen that an enhanced Hall signal
ρhump (ρpeak-ρA

xy) appears in the low-field region of the Hall
curves below the transition temperatures of around 200 K,
indicating the presence of topological magnetic structures at
low temperatures [7–9]. According to the interpretation of the
superposition model with opposite anomalous Hall resistivity
polarity, ρhump should reach the maximum value when the
sign of the anomalous Hall resistivity ρA

xy reverses [39,40].
However, the temperature-dependent anomalous Hall resistiv-
ity ρA

xy does not have a sign reversal (Fig. S2, Supplemental
Material [33]). As shown in the inset of Fig. 2(a), the Hall
resistivity anomaly ρhump reaches a maximum value at a in-
termediate temperature of 120 K, which is not consistent with
the inhomogeneous magnetization model. Thus, we believe
that the inhomogeneous magnetism model can be ruled out in
our case. To extract topological Hall resistivity arising from
topological magnetic structures, we take the Hall resistivity
data measured at 120 K as a representative example to il-
lustrate the procedures. As the skew-scattering mechanism
basically is dominant in the high-conductivity regime (σxx �
106 �−1 cm−1) [41], it can be safely ruled out for the MCA
films (∼104 �−1 cm−1). In addition, the MCA films show
very small magnetoresistance (< 0.3% at fields up to 50 kOe),
and we anticipate that SA is an H-independent parameter. Thus
SAρ2

xx is approximately magnetic field independent. Consid-
ering that the topological Hall contribution is absent at high
fields, R0 and SAρ2

xx can be obtained from the linear fit to

the plot of ρxy/H vs M/H , and then used to reconstruct the
ordinary Hall effect and anomalous Hall effect throughout the
whole field range (Fig. S3, Supplemental Material [33]). As
shown in Fig. 2(b), the red curve corresponds to (ρxy-R0H)
and the black curve represents the fitted anomalous Hall re-
sistivity ρA

xy. Then, a nonzero ρT
xy is obtained at low fields

shown in blue solid curve. When the field sweeps from +50
to −50 kOe, it can be seen that ρT

xy first exhibits a positive
maxima of 9.4 n� cm for field of about −0.2 kOe. Then it
suddenly falls to a negative value of −6.0 n� cm for a field of
about −1.5 kOe and finally increases to zero. The sign change
of ρT

xy can be regarded as the signatures of topological Hall
resistivity [1,6,42,43]. We have performed similar analysis for
the temperatures between 300 and 50 K and the extracted
topological Hall resistivity is presented in Fig. 2(c). As the
temperature increases, ρT

xy continues to increase, indicating
the enhancement of the topological Hall effect. The magni-
tude of ρT

xy obtained at 300 K is about 58.3 n� cm, which
is much larger than that obtained in the Mn2CoAl/Pd films
(7 n� cm) [25].

Generally, when the magnetic field deviates from the nor-
mal direction of the films, the two-dimensional skyrmions
stabilized by the Dzyaloshinsky-Moriya interaction will be
destroyed [11,44,45]. So, the topological Hall resistivity
would disappear under a tilt of magnetic field. To study the
evolution of possible skyrmion phase with external magnetic
field, we measured the magnetic field dependence of Hall
resistivity with various inclination angles θH. The inset of
Fig. 2(d) depicts the inclination angle θH schematically. Fig-
ure 2(d) presents the magnetic-field dependence of the Hall
resistivity curves obtained at various inclination angles at
120 K up to 90 kOe. As expected, when θH increases from 0◦
to 30◦, the humplike structure in ρxy gradually disappears in
the low field region of the curves. However, when θH continu-
ously increases from 30◦ to 60◦, a cusplike structure emerges
and even gets larger at higher inclination angles, indicating
that the topological magnetic structure can exist in a tilt of
magnetic field. Similar cusplike behaviors were reported in
several magnetic frustrated materials, such as Pr2Ir2O7 [46],
PdCrO2 [47], and Fe3GeTe2 films [48,49], in which the Hall
resistivity anomalies are attributed to the appearance of non-
collinear spin structures when magnetic field is tilted away
from the uniaxial magnetic axis. Therefore, our results suggest
that the topological magnetic structures could be stabilized
even when the magnetic field is tilted in the MCA thin
films. However, compared with the tetragonal Mn1.5PtSn [8,9]
or Mn2CoAl/Pd [25] films, the lack of heavy metal make
the Dzyaloshinsky-Moriya interaction an unlikely source of
these topological spin textures. Our Brillouin light scatter-
ing (BLS) measurements also show that there is indeed no
Dzyaloshinsky-Moriya interaction in the MCA films (Fig. S5,
Supplemental Material [33], see, also, Refs. [50–53], therein).
On the other hand, recent studies show that the magnetic
anisotropy plays a pivotal role for the formations of skyrmions
in the frustrated magnetic systems [21,22,54]. Thus, to under-
stand the origins of the topological spin structures in the MCA
films, we need to investigate its magnetic anisotropy.

We first measured the OOP and IP hysteresis loops from
300–50 K. The diamagnetic signal of the substrate were de-
termined from the high-field linear part of the original data
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FIG. 3. (a) The OOP hysteresis loops measured at 50, 100, 200,
and 300 K, respectively. (b) The IP hysteresis loops measured at 50,
100, 200, and 300 K, respectively. (c) Temperature dependence of
ZFC and FC magnetization measured under H = 100 Oe with H ‖
MCA [110] and H ‖ MCA [001]. Open symbols correspond to the
ZFC and closed symbols to FC branch. (d) Variation of magnetiza-
tion 	M (MFC-MZFC) versus temperature.

and were subtracted. Figure 3(a) shows the OOP magneti-
zation curves measured between 300 and 50 K. Unlike the
magnetic phase diagram reported by Tsuboya et al. [23], the
MCA films exhibit a small magnetization (Ms), reaching up
to 210 emu/cm3 at 50 K, which may be attributed to the good
crystallinity. Moreover, as the temperature decreases from 300
to 50 K, the OOP hysteresis loop becomes more difficult to
saturate, revealing that magnetic anisotropy has changed. As
a comparison, Fig. 3(b) shows the IP magnetization curves
measured between 300 and 50 K. We measured the temper-
ature dependence of magnetization M(T ) from 350 to 50 K
with zero-field-cooled (ZFC) and field-cooling (FC) modes to
further characterize the magnetic properties in MCA films.
Figure 3(c) shows a divergence of the ZFC and FC M(T )
curves measured under an IP and OOP magnetic field of 100
Oe, signifying the presence of competing magnetic interac-
tions in the MCA films. A similar result was also reported
in previous bulk Mn-Co-Al alloys [24]. We plot the FC-ZFC
magnetization difference (	M) in Fig. 3(d). The 	M value re-
mains almost zero down to 200 K, and then increases abruptly
for the IP case. On the other hand, for the OOP case, the
	M value increases rapidly from 350 to 200 K, but increases
slowly below 200 K. These results indicate that the MCA
may undergo a spin reorientation transition from OOP to IP
direction around 200 K [13,43,55]. The Curie temperature (Tc)
determined by the OOP M(T ) curve is 457 K, demonstrating

FIG. 4. Polar angle θH dependence of the resonance field HR for
MCA films at (a) 90 K, (b) 106 K, (c) 140 K, (d) 192 K, (e) 210 K,
and (f) 300 K, respectively.

the potential for applications in future spintronic devices (Fig.
S6, Supplemental Material [33]).

To investigate the magnetic anisotropy quantitatively, we
measured their OOP angular dependence of ferromagnetic
resonance at various temperatures ranging from 300 K to
90 K. Typical FMR spectrum were presented in Fig. S7
(Supplemental Material [33]). Figure 4 shows the resonance
field HR as a function of inclination angle θH from 300 to
90 K, where θH is defined in the inset of Fig. 2(d). One
can see that easy axis is inclined between [110] and [001]
directions at 300 and 210 K, whereas the easy axis has turned
into IP directions from 192 to 90 K. These results reveal
that the MCA films have experienced a spin reorientation
transition at around 200 K, which are consistent with our
temperature-dependent magnetization measurements. A simi-
lar complex magnetic magnetocrystalline anisotropy was also
reported in the SrRuO3 films [56]. It should be noted that the
topological magnetic structures can be formed in magnetic
materials near their spin reorientation transition tempera-
tures, such as Fe3Sn2 [18], Nd2Fe14B [19], Cu-substituted
MnNiGa [57], La2−2xSr1−2xMn2O7 [58], and Fe/Ni/Cu(001)
multilayers [59]. Considering the constraints of ∂2F

∂θ2 > 0 (F is
the total free-energy density), HR as a function of θH were
calculated numerically using Eqs. (2) and (3) (see details
in the Supplemental Material [33], see, also, Refs. [60–63],
therein),

sin(θH − θ ) = − sin 2θ

HR

{(
2πMs − K2

Ms
− K4⊥

Ms

)
+ sin2 θ

(K4⊥
Ms

+ K4‖
2Ms

)}
, (2)

(
ω

γ

)2

=
{

HR cos(θH − θ ) +
(

−4πMs + 2K2

Ms
+ K4⊥

Ms
− K4‖

2Ms

)
cos 2θ +

(K4⊥
Ms

+ K4‖
2Ms

)
cos 4θ

}

×
{

HR cos(θH − θ ) +
(

−4πMs + 2K2

Ms
+ K4‖

Ms

)
cos2 θ +

(
2K4⊥
Ms

+ K4‖
Ms

)
cos4 θ − 2K4‖

Ms

}
, (3)
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FIG. 5. The temperature-dependent K2, K4⊥, and K4‖, respectively.

where ω is the circular frequency, γ is the gyromagnetic ratio,
and θ is the polar angles of the magnetization Ms. K2, K4⊥,
and K4‖ are the perpendicular anisotropy energy, OOP, and IP
fourfold magnetocrystalline anisotropy energy, respectively.
Figure 5 shows the fitted K2, K4⊥, and K4‖ as a function
of temperature. It can be seen that K2 varies slightly from
4.85 × 105 erg/cm3 at 300 K to 1.84 × 105 erg/cm3 at 90 K.
The perpendicular anisotropy energy K2 obtained here is com-
parable to the demagnetization field energy 2πM2

s (2.8 × 105

erg/cm3). According to previous studies, when perpendicular
anisotropy energy exceeds the demagnetization field energy, a
uniaxial ferromagnet of finite thickness spontaneously breaks
into parallel “striped" domains as a result of demagnetizing
forces [64]. When a magnetic field is applied out-of-plane,
domains with an antiparallel magnetization shrink until they
break into roughly circular domains called magnetic bubbles.
The magnetization gradually rotates within the domain wall
region, and the rotating behavior defines the two degrees of
freedom, i.e., helicity and vorticity. Thus, a magnetic bubble
can be regarded as a skyrmion in a broad sense and is called

a “skyrmionic bubble," which can also cause topological
Hall effect [17,65–67]. Noticing that recent micromagnetic
simulations of thin films also show that topological mag-
netic states can be formed by an applied magnetic field even
for Q < 1, where Q is equal to the ratio of perpendicu-
lar magnetic anisotropy to demagnetization energy [54,68].
Therefore, considering the spin reorientation transition and
large perpendicular anisotropy in the frustrated MCA films,
we attribute the observed topological Hall effect at low tem-
peratures to the competition between the magnetocrystalline
anisotropy and demagnetization energy, which may induce
topological magnetic structures, such as magnetic bubbles or
skyrmions.

Micromagnetic simulations were performed to confirm the
mechanism stabilizing topological magnetic structures using
the experimentally obtained parameters. The initial magneti-
zation vector states are randomly distributed. Model size is
900 × 900 × 24 nm3, which is divided into 300 × 300 × 8
meshes. The exchange constant A and the magnetization Ms

are set as 1.5 × 10−11 J/m and 210 emu/cm3, respectively. The
experimentally obtained magnetic anisotropies K2, K4‖, and
K4⊥ are converted to K ′

1, K ′
2, and K ′

3 for micromagnetic sim-
ulations according to K ′

1 = K2 − K4‖, K ′
2 = (K4⊥ + K4‖)/2,

K ′
3 = −K4‖, respectively (see more details in Fig. S8, Sup-

plemental Material [33], see, also, Refs. [69–72], therein).
As shown in Fig. 6, our simulations show that the magnetic
moment undergoes a spin reorientation transition from IP to
OOP when the temperature rises. Importantly, the topological
magnetic structures, such as magnetic bubbles and bimerons,
could be successfully formed above the spin reorientation
transition temperature. We believe that these magnetic struc-
tures can give rise to topological Hall effect [73,74]. There is
no topological magnetic structure below 192 K, which is dif-
ferent from the Hall effect measurement at low temperatures.
We speculate that defects and imperfections in the experi-
ment may cause these deviations, which are not considered
in the micromagnetic simulations. In Fig. S9 the evolution

FIG. 6. The temperature evolution of magnetic structures from 300 to 90 K. The input magnetic anisotropy parameters including K ′
1, K ′

2, and
K ′

3 are derived from the experimentally obtained magnetic anisotropies K2, K4⊥, and K4‖, respectively. The model size is 900 × 900 × 24 nm3,
which is divided into 300 × 300 × 8 meshes. The arrow denotes the IP spin components (mx , my), and the color scale represents the OOP spin
component (mz).
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of the magnetic bubbles was also investigated under the ac-
tion of a magnetic field. It can be seen that the topology of
magnetic bubbles can be changed under an application of
magnetic field, which led to the sign change in the topolog-
ical Hall resistivity [1,44]. In addition, it is shown that the
topological magnetic structures stabilized by magnetocrys-
talline anisotropy can be stabilized in a tilted magnetic field,
which is quite different from the skyrmions stabilized by
the Dzyaloshinky-Moriya interaction (Fig. S10, Supplemental
Material [33]).

In conclusion, epitaxial Mn0.74Co0.57Al0.69 films with
B2-ordered structure were grown on MgO(001) substrate.
Our magnetic and transport measurements provide evidence
for the existence of magnetic frustration and spin reori-
entation transition at low temperatures in the MCA films.
A large perpendicular magnetic anisotropy energy K2 of
4.85 × 105 erg/cm3 is obtained at 300 K through a fitting
of the OOP angle-dependent resonance fields. We attribute

the observed topological Hall effect to the emergence of
topological magnetic structures (such as magnetic bubbles
and bimerons) caused by the competition between magne-
tocrystalline anisotropy and demagnetization energy in the
MCA films. The formation and evolution of topological
magnetic structures are further confirmed by the micromag-
netic simulations. This work enriches the materials exhibiting
topological Hall effect and paves the way to study the in-
triguing skyrmion dynamics in the magnetically frustrated
alloys.
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