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Effective Model Analysis of Intrinsic Spin Hall Effect with Magnetism in the
Stacked Kagome Weyl Semimetal Co3Sn2S2

Akihiro Ozawa ,1,*,§ Koji Kobayashi ,2,†,¶ and Kentaro Nomura2,‡

1
Institute for Materials Research, Tohoku University, Sendai 980-8577, Japan

2
Department of Physics, Kyushu University, Fukuoka 819-0395, Japan

 (Received 25 May 2023; revised 21 November 2023; accepted 22 December 2023; published 22 January 2024)

We theoretically study the spin Hall effect in a simple tight-binding model of the stacked kagome Weyl
semimetal Co3Sn2S2 with ferromagnetic ordering. We focus on the two types of spin Hall current: one
flowing in the in-plane direction with respect to the kagome lattice (in-plane spin Hall current), and the
other flowing in the stacking direction (out-of-plane spin Hall current). We show that the spin Hall con-
ductivities for those spin currents drastically change depending on the direction of the magnetic moment.
In particular, the out-of-plane spin Hall current may induce surface spin accumulations, which are useful
for magnetization switching via spin-orbit torque.
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I. INTRODUCTION

The generation and control of spin current, that is, the
flow of spin angular momentum, are important objectives
in spintronics. The spin Hall effect (SHE) [1–3] is one
of the fundamental phenomena for generating spin cur-
rent; the spin current is driven transversely to an applied
electric field. Spin-orbit coupling (SOC) plays a signifi-
cant role in obtaining the spin-dependent electron motion
and thus the SHE. The highly efficient SHE-based manip-
ulation of magnetization, such as spin-orbit torque (SOT)
[4–9], has recently been studied. Conventionally, nonmag-
netic materials with a strong SOC, such as Pt [10] and Ta
[8], had been examined as a spin Hall current generator.
Meanwhile, in such a system, the direction of the accumu-
lated spin at the interface is constrained to be perpendicular
to both the direction of the flow of spin current and the
applied electric field [1,3].

In addition to nonmagnetic materials, recent studies
explore the possibility of magnetic materials as spin Hall
systems [11–18]. In particular, some magnetic systems
exhibit a peculiar SHE where the direction of the accu-
mulated spin is parallel to that of flow of spin current,
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depending on the magnetic configurations, such as anti-
ferromagnetic ordering [18–20]. Finding spin Hall sys-
tems without restrictions on the direction of induced spin
accumulation may help us design functional spintronic
devices.

Recently, from the viewpoint of spintronic functionali-
ties, magnetic Weyl semimetals have been studied [21–26].
Originating from the Berry curvature generated by the
band crossing points (Weyl points) [27,28], distinctive
electromagnetic responses, such as the intrinsic anomalous
Hall effect (AHE) [28], occur. ABC-stacked kagome lat-
tice ferromagnet Co3Sn2S2 is a promising candidate for a
magnetic Weyl semimetal [29–32]. The giant AHE arises
because the Weyl points are very close to the Fermi level.
Additionally, the giant anomalous Hall angle is realized
due to the small longitudinal conductivity, i.e., the small
Fermi surfaces [29]. Other characteristic responses, such as
the anomalous Nernst effect [33] and the magneto-optical
Kerr effect [34], are also studied. According to the above
features, we expect Co3Sn2S2 might be useful for the effi-
cient and functional manipulations of the spin current for
the following reasons. First, the fully polarized current
is realized because of the half-metallicity [29,35]. Thus
the giant anomalous Hall angle implies a highly efficient
SHE. Second, owing to SOC, the band topology and AHE
depend on the magnetic configurations [36–38]. Similarly,
the characteristic relations between the SHE and the direc-
tion of the magnetic moments are expected. As a matter of
fact, a recent experiment reported an SOT with high spin-
change conversion efficiency in the ferromagnetic phase
of Co3Sn2S2 [39]. However, the theoretical understanding
of the role of magnetic orderings for spin transport in this
system is still limited.
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In this paper, we theoretically investigate the SHE
and AHE in an effective tight-binding model [40] of the
magnetic Weyl semimetal Co3Sn2S2 with ferromagnetic
ordering. First, we recall that this model can describe the
Dirac semimetal state and the SHE in a nonmagnetic state.
Then we show that spin Hall conductivities (SHCs) dras-
tically change depending on the direction of the magnetic
moment. In particular, the out-of-plane SHE is enhanced
by tilting the magnetic moment from the z axis, in the pres-
ence of a certain SOC. Lastly, the potential of this system
as a spin-current generator for magnetization switching is
discussed.

II. TIGHT-BINDING MODEL

First, we explain the minimal tight-binding model of the
magnetic Weyl semimetal Co3Sn2S2 introduced in our pre-
vious study Ref. [40]. This model describes the three pairs
of Weyl points by using the d orbital of Co and the p
orbital of interlayer Sn, as shown in the following section.
Figure 1(a) shows the crystal structure of Co3Sn2S2. The
kagome lattice consists of Co, which is responsible for
magnetism. Sn atoms are located at the center of these
hexagons of the kagome lattice. Triangular lattice lay-
ers formed by one Sn and two S are sandwiched by the
kagome layers. To distinguish two different Sn, we use the
notation Sn1 and Sn2 for interlayer Sn and intralayer Sn,
respectively. In our effective model, one d orbital from Co
forming the kagome layers (red) and one p orbital from
interlayer Sn1 (blue) are extracted. We neglect the rest of
the orbitals from another Sn2 (cyan) and S (green) for sim-
plicity. The effect of those neglected sites is substantially
incorporated into the model as an electric field yielding
an SOC, as discussed in what follows. Therefore the unit
cell consists of the (3 + 1) sublattices. The primitive trans-
lational vectors are defined as a1 = (a/

√
3, 0, c/3), a2 =

(−a/2
√

3, a/2, c/3), a3 = (−a/2
√

3, −a/2, c/3). Here, a
and c are lattice parameters of the conventional unit cell,
given as a = 5.37 Å and c = 13.18 Å [29], respectively.

The total Hamiltonian of this model is given by

H0 = Hhop + Hsoc + Hexc. (1)

Here, Hhop is the spin-independent hopping term, Hsoc is
the SOC term, and Hexc is the exchange coupling term
between electron spins and the magnetic moment. Here
Hhop is given by

Hhop = −
∑

ijs

tij d†
isdjs + tdp

∑

〈ij 〉s
(d†

ispjs + p†
isdjs)

+ εp

∑

is

p†
ispis, (2)

where dis and pis are the annihilation operators of the Co
d and Sn p orbitals, respectively. The index s is for the
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FIG. 1. (a) Crystal structure of Co3Sn2S2. (b) The Weyl points
configuration computed by our model. (c) Electric field generated
by a Co nucleus (red) and Sn nucleus (cyan) at the center of the
hexagon in the kagome layer, giving rise to intralayer-kagome
type SOC. (d) Electric field generated by a Sn nucleus (blue) and
S nucleus (green) in between the kagome layers, giving rise to
the staggered Rashba type SOC.

spin, and i for the site. The term tij includes the first- and
second-nearest-neighbor hopping, t1 and t2, in the kagome
layer, interkagome layer hopping tz. The summation for
〈ij 〉 is taken over the nearest-neighbor hopping between
the Co and Sn sites. tdp represents the dp hybridization
between the Co d and Sn p orbitals. The lattice vectors
for the intralayer nearest-neighboring are calculated by
bAB = (a2 − a1)/2, bBC = (a3 − a2)/2, and bCA = (a1 −
a3)/2. In the same manner, the lattice vectors for intralayer
second-nearest-neighboring are calculated by dAB = (b3 −
b2)/2, dBC = (b3 − b2)/2, and dCA = (b1 − b3)/2. The
lattice vectors for the interlayer nearest-neighboring are
calculated by cAB = (a1 − a2)/2, cBC = (a2 − a3)/2, and
cCA = (a3 − a1)/2. Here, A, B and C are the sublattice
indices [40].

The SOC term is given by Hsoc = HKM + HsR, where

HKM = −itKM

∑

〈〈ij 〉〉ss′
νij · d†

isσ
z
ss′djs′ , (3)

HsR = −itsR

∑

〈ij 〉ss′
λij · d†

isσ ss′djs′ . (4)

Here, HKM describes the intrakagome-layer Kane-Mele
type SOC [41,42] with strength tKM . σ is the vector of
Pauli matrices, corresponding to the electron spin. The
sign is νij = +1(−1) when the electron hops counterclock-
wise (clockwise) to reach the second-nearest-neighbor
site on the kagome plane. The summation 〈〈ij 〉〉 is taken
for intralayer second-nearest-neighbor sites. As shown in
Fig. 1(c), this SOC originates from the potential of Sn at
the center of hexagons of the kagome lattice. Then we
explain the staggered Rashba type SOC HsR as introduced
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in [43]. In Co3Sn2S2, this SOC originates from the local
inversion symmetry breaking of the Sn and S sites, as dis-
cussed in the following. As shown in Fig. 1(d), when we
focus on one of the triangular plaquettes of the kagome
lattice, Sn is located on the top while S is located at
the bottom. Its nearest-neighboring plaquettes have the
reverse configuration. Therefore, a perpendicular electric
field penetrates each triangular plaquette in a staggered
pattern. We use λij to denote the effective magnetic field
vector from the electric field when the electron hops from
site j to site i. λAB = ( 1

2 ,
√

3
2 , 0), λBC = (−1, 0, 0), λCA =

( 1
2 , −

√
3

2 , 0). The summation 〈ij 〉 is taken for intralayer
nearest-neighbor sites. This staggered Rashba type SOC
has a significant role in obtaining the finite out-of-plane
AHE and SHE, as discussed later.

The exchange coupling between the itinerant electron’s
spin and magnetic moments on the kagome lattice is given
by

Hexc = −J
∑

iss′
mi · (d†

isσ ss′dis′ + p†
isσ ss′pis′). (5)

Here, J is the exchange coupling constant and mi is the
vector of magnetic moment. We note that mi should be
calculated self-consistently with the Coulomb interaction
[44]. We set the same value of exchange coupling on Co
and Sn site for simplicity. In the following, we set t1 as a
unit of energy, t2 = 0.6t1, tdp = 1.8t1, tz = −1.0t1, εp =
−7.2t1, tKM = −0.1t1, tsR = 0.1t1, and J = 1.2t1. These
parameters are also chosen to fit the band structure to
the result obtained by first-principles calculations [29,45].
In the following, we study the SHC and anomalous Hall
conductivity (AHC) based on this tight-binding model.

III. FERROMAGNETIC WEYL SEMIMETAL
STATE AND NONMAGNETIC DIRAC STATE

To keep this paper self-contained, here we recall the fer-
romagnetic Weyl state and the paramagnetic Dirac state
in the model as discussed in [46]. In Fig. 2(a), the energy
spectrum of the spin-splitting Weyl state is schematically
shown. The band structure in the ferromagnetic state is
shown in Fig. 2(c). The red and blue lines are the spin-
up band and spin-down band, respectively. We should note
that the spin-up band and spin-down band cannot be iden-
tified when the staggered Rashba type SOC is considered.
However, for visibility of the spin-polarized electronic
structure, here we consider only the Kane-Mele type SOC,
which preserves spin sz. In the following sections, we dis-
cuss the role of staggered Rashba type SOC for the SHE.
We do not show the lowest and second lowest bands,
because they are energetically far from EF . The Weyl pairs
near EF are formed with spin-up (red) bands, indicated by
the red box. The Weyl points configuration seen from the
kz axis, computed by our model, is shown in Fig. 1(b). The

threefold symmetry with respect to the kz axis and the num-
ber of the Weyl points in the Brillouin zone are consistent
with first-principles calculations [40]. Figure 2(d) is the
density of states (DOS) as a function of the energy, com-
puted with m = (0, 0, 1). We use t1 = 0.15 eV as a unit
of energy. E = 0 eV is set as EF obtained by the elec-
tron number per unit cell ne = 3, corresponding to EF of
nondoped Co3Sn2S2 [40,44]. The DOS shows a local min-
imum near EF , corresponding to the energy of the Weyl
points. In the Weyl semimetal state the AHE occurs, as
schematically shown in Fig. 2(b). Figure 2(e) shows σ AHE

yx
as a function of energy. Here, the AHC is calculated by the
Kubo formula [47] as

σ AHE
yx = e2

�

∑

n�=m

Im
∫

BZ

d3k
(2π)3

f (Enk) − f (Emk)

(Enk − Emk)2

× 〈nk|v̂y |mk〉 〈mk|v̂x|nk〉 . (6)

Here, v̂i = (1/�)(∂H(k)/∂ki) (i = x, y) is the velocity
operator. f is the Fermi-Dirac distribution function with
kBT = 0.01t1. The AHC is maximized near EF , originating
from the Berry curvature generated by the Weyl points.
As we discussed in our previous study [40], the value
of approximately 1000 [S/cm] is very close to the result
obtained by first-principles calculations and experiment
[29]. We note that, in addition to the electronic structure,
our model also quantitatively explains the doping effect for
magnetic orderings, as discussed in Ref. [44]. The perpen-
dicular ferromagnetic ordering in the nondoped regime and
suppression of the magnetism in the hole-doped regime
obtained by the self-consistent method also agree with the
first-principles calculations [45]. Therefore, our model is
reasonable for describing the electronic state including the
Weyl points near the Fermi level in Co3Sn2S2.

Next, we explain the paramagnetic Dirac semimetal
state and the SHE [46]. In Fig. 2(f), the energy spectrum of
the paramagnetic Dirac state is schematically shown. Fig-
ures 2(h) and 2(i) show the spin degenerate band structure
and DOS as a function of the energy, using the parameter
m = (0, 0, 0). We emphasize that the energy of the Dirac
points is located at E ∼ 0.1 eV, deviating from EF . In the
Dirac semimetal state the SHE occurs, as schematically
shown in Fig. 2(g). We focus on the spin current driven
by an electric field pointing in the x-direction. The SHCs
can be calculated as

σ
sμ
νx = �

∑

n�=m

Im
∫

BZ

d3k
(2π)3

f (Enk) − f (Emk)

(Enk − Emk)2

× 〈nk|ĵ μ
ν |mk〉 〈mk|(−ev̂x)|nk〉 , (7)

where ĵ μ
ν is a spin-current operator with a spin polarization

μ and spatial direction ν, given by ĵ μ
ν = 1

2 {(�/2)σμ, v̂ν}
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(c) (d) (e)

(f)

(h) (i) (j)

(g)

FIG. 2. For the magnetic Weyl semimetal state in this model, (a) schematic representation of the band structure and (b) the anomalous
Hall effect, (c) the band structure along the high-symmetry line, (d) the density of states, and (e) the anomalous Hall conductivity. For
the Dirac semimetal state, (f) schematic representation of the band structure and (g) the spin Hall effect, (h) the band structure along the
high-symmetry line, (i) the density of states, and (j) the spin Hall conductivity. The Fermi level is calculated with a constant electron
number ne = 3 per unit cell.

[3]. We neglect an extrinsic contribution from impurities
for simplicity. Figure 2(j) shows σ

sμ
yx as a function of the

energy. Near the energy of the Dirac points, corresponding
to the minimum of the DOS, σ

sμ
yx is maximized. To obtain

the maximized SHC originating from the Dirac points, an
appropriate tuning of EF is required [46].

IV. IN-PLANE SPIN/ANOMALOUS HALL EFFECT

In the previous section, we recalled that our model
describes the SHE and AHE originating from the non-
magnetic Dirac state and ferromagnetic Weyl state, respec-
tively. As we mentioned in Sec. I, a recent experi-
ment reported an SOT with high spin-charge conversion
efficiency in a device based on Co3Sn2S2 and CoFeB
film [39]. In the device, an in-plane magnetized CoFeB
is attached to the top surface of Co3Sn2S2. In addi-
tion, it was predicted that the Co3Sn2S2 in this device
possesses an in-plane component of the magnetization
near the interface [39], although the single system has
a strong perpendicular magnetic anisotropy [48]. Moti-
vated by these experimental results, we study the relation
between the SHCs and the direction of the magnetiza-
tion. In this section, we study the in-plane SHE (AHE),
where the spin (anomalous) Hall current j sμ

y (j AHE
y ) is

induced by an electric field Ex, as schematically shown
in Figs. 3(a)–3(d). The in-plane SHCs and AHC are
denoted by σ

sμ
yx and σ AHE

yx , respectively. Then we intro-
duce the magnetic moments in different directions, which

are characterized by the parameter mi in the exchange
coupling term Eq. (5). For simplicity, we focus on the uni-
form tilting of the magnetization in the bulk model and
introduce the tilting angles as tunable parameters. We use
uniform magnetization with three tilting angles in (e) the
x-z plane (α), (h) the y-z plane (β), and (k) the x-y plane
(γ ), as shown in Fig. 3. These magnetic configurations
are given by (e) mA = mB = mC = m(sin α, 0, cos α),
(h) mA = mB = mC = m(0, sin β, cos β), (k) mA = mB =
mC = m(cos γ , sin γ , 0), respectively. In all the follow-
ing calculations, EF is computed at each angle with the
constant electron number (ne = 3), corresponding to the
nondoped Co3Sn2S2 [40,44].

First, we study the SHCs (AHC) for the changes in the
magnetization angle α shown in Fig. 3(e). In Fig. 3(f), σ

sμ
yx

and σ AHE
yx are computed as a function of α by consider-

ing only the Kane-Mele type SOC tKM . When α = 90◦,
the magnetization is parallel to the applied electric field.
Red, blue, green, and black lines indicate σ sx

yx , σ sy
yx , σ sz

yx , and
σ AHE

yx , respectively. The sign of the AHC σ AHE
yx (black line)

changes when the magnetization flips [40]. One finds that
when α = 0◦ and α = 180◦, |σ AHE

yx | ∼ |σ sz
yx | (green line)

holds except for the unit �/2e because the spin Hall current
is equal to the spin-polarized anomalous Hall current. σ sx

yx
(red line) can be finite and has a periodicity of 180◦. On the
other hand, σ

sy
yx (blue line) vanishes. In Fig. 3(g), the stag-

gered Rashba SOC tsR is considered in addition to tKM . We
note that σ AHE

yx can be finite even without the out-of-plane
component of the magnetization at α = 90◦ and 270◦. The
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(a) (b) (c)

(e) (f) (g)

(h) (i) (j)

(k) (l) (m)

(d)

FIG. 3. Schematic figures of in-plane (a) anomalous Hall effect and (b)–(d) spin Hall effect induced by electric field Ex. (a) Anoma-
lous Hall current flows in the y-direction and is characterized by the Hall conductivity σ AHE

yx . Spin Hall currents with spin angular
momentum (b) sx, (c) sy , and (d) sz flow in the y-direction and are characterized by the Hall conductivities σ sx

yx , σ
sy
yx , and σ sz

yx , respec-
tively. σ AHC

yx (black), σ sx
yx (red), σ

sy
yx (blue), and σ sz

yx (green) (f) without and (g) with staggered Rashba SOC tsR, as a function of tilting
angle (e) α (in the x-z plane). (i),(j) The same for tilting angle (h) β (in the y-z plane). (l)(m) The same for tilting angle (k) γ (in the
x-y plane).

periodicities of the Hall conductivities remain unchanged
even with tsR.

Next, we study the SHCs (AHC) for the changes in the
magnetization angle β, as shown in Fig. 3(h). In Fig. 3(i),
σ

sμ
yx and σ AHE

yx are computed as a function of β by consider-
ing only tKM . When β = 90◦, the magnetization is parallel
to the spin Hall current. The behaviors of σ AHE

yx (black line)
and σ sz

yx (green line) are equivalent to those for the angle
α [Fig. 3(f)]. We find that σ

sy
yx (blue line) can be finite,

whereas σ sx
yx (red line) vanishes. In Fig. 3(j), tsR is consid-

ered in addition to tKM . In contrast to the case with α, all
the components of SHCs become finite. σ AHE

yx (black line)
vanishes at β = 90◦ and 270◦, while σ AHE

yx can be finite at
α = 90◦ and 270◦.

Finally, we study the SHCs (AHC) for the changes in the
magnetization angle γ shown in Fig. 3(k). When γ = 0◦,
the magnetization is parallel to the applied electric field. As
shown in Fig. 3(l), all the conductivities are independent
of γ by considering only tKM . We note that only σ sz

yx (green
line) is finite. In Fig. 3(m), tsR is considered in addition
to tKM . All of the conductivities can be finite and show
angular dependences.

V. OUT-OF-PLANE SPIN/ANOMALOUS HALL
EFFECT

In the SOT experiment based on Co3Sn2S2 mentioned
previously [39,46], it is favorable to study the spin current
flowing in the stacking (z) direction. Motivated by such

014041-5



OZAWA, KOBAYASHI, and NOMURA PHYS. REV. APPLIED 21, 014041 (2024)

(a) (b) (c)

(e) (f) (g)

(h) (i) (j)

(k) (l) (m)

(d)

FIG. 4. Schematic figures of out-of plane (a) anomalous Hall effect and (b)–(d) spin Hall effect induced by applied electric field Ex.
(a) Anomalous Hall current flows in the z-direction and is characterized by the Hall conductivity σ AHE

zx . Spin Hall currents with spin
angular momentum (b) sx, (c) sy , and (d) sz flow in the z-direction and are characterized by the spin Hall conductivities σ sx

zx , σ
sy
zx , and

σ sz
zx , respectively. σ AHC

zx (black), σ sx
zx (red), σ

sy
zx (blue), and σ sz

zx (green) (f) without and (g) with staggered Rashba SOC tsR, as a function
of tilting angle (e) α (in the x-z plane). (i),(j) The same for different tilting angle (h) β (in the y-z plane). (l),(m) The same for different
tilting angle (k) γ (in the x-y plane).

experiments, we study the out-of-plane SHE (AHE), where
the spin (anomalous) Hall current j sμ

z (j AHE
z ) is induced

by an electric field Ex, as shown in Figs. 4(a)–4(d). We
find the characteristic angular dependences and enhance-
ments of the Hall conductivities. The out-of-plane SHCs
and AHC are denoted by σ

sμ
zx and σ AHE

zx , respectively. We
again consider the changes in the angles of the magneti-
zation α, β, and γ [see Figs. 4(e), 4(h), and 4(k)]. Here,
red, blue, green, and black lines indicate σ sx

zx , σ
sy
zx , σ sz

zx , and
σ AHE

zx , respectively. Figure 4 shows the out-of-plane Hall
conductivities as a function of the angles as in Fig. 3. We
notice that all the Hall conductivities vanish irrespective of
the angles when only tKM is finite [see Figs. 4(f), 4(i), and
4(l)]. Then we consider tsR in addition to tKM . In Fig. 4(g),
for the angle α, σ

sy
zx (blue line) can be finite, and others

vanish. In Figs. 4(j) and 4(m), for the angles β and γ ,
all of the Hall conductivities can be finite. σ

sy
zx (blue line)

and |σ AHE
zx | (black line) are maximized at β = γ = 90◦ and

270◦. At those angles, we recall that the magnetization is
perpendicular to the applied electric field and induced Hall
currents. This enhancement of the out-of-plane AHC σ AHE

zx
is consistent with that obtained by first-principles calcu-
lations [36]. In Fig. 4(j), for the angle β, σ sx

zx (red line) is
negligible. On the other hand, in Fig. 4(m), for the angle γ ,
σ sx

zx (red line) and σ
sy
zx (blue line) are comparable. In partic-

ular, for both angles β and γ , |σ sz
zx | (green line) is enhanced

around 60◦, 120◦, 240◦, and 300◦ while it vanishes at
0◦, 90◦, 180◦, and 270◦. We emphasize that the distinct
angular dependences of the Hall conductivities originate
from the presence of the staggered Rashba type SOC.
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(a) (b)

FIG. 5. (a) Possible configurations of spin accumulation 〈sy〉
and 〈sz〉 induced by out-of-plane spin Hall effect. (b) Relation
between the in-plane magnetization and spin accumulations.

Before concluding this paper, we discuss the possibility
of this system as a functional spin current generator. Here,
we show that the SHE studied in this work might be useful
for efficient magnetization switching. In the previous para-
graph, we found the enhancement of the SHCs by tilting
the magnetization. In particular, we showed the enhance-
ment of σ

sy
zx (blue line) and σ sz

zx (green line) as exhibited
in Fig. 4(j). This implies that the y- and z-components
of the spin accumulations (〈sy〉 and 〈sz〉, respectively) are
induced at the surface, as shown in Fig. 5(a). As men-
tioned previously, the recent experiment studied SOT in
the devices of Co3Sn2S2 attached to the in-plane mag-
netized CoFeB film [39]. Motivated by this experiment,
we consider the same geometry where a ferromagnet is
attached to the top of Co3Sn2S2. In the attached ferro-
magnet, we assume that the macroscopic magnetization
points in the y-direction, which is represented by a single
purple arrow in Fig. 5(a). Additionally, when the ferromag-
netic coupling exists near the interface, the magnetization
of Co3Sn2S2 (red arrow) may be tilted slightly even with
the perpendicular magnetic anisotropy. This may yield an
enhancement of the SHCs as mentioned previously. In this
situation, let us discuss the SOT from 〈sz〉 and 〈sy〉 exerting
on the magnetization, as shown in Fig. 5(b). First, we dis-
cuss two types of SOTs from σ sz

zx . The damping-like torque
tends to align magnetization parallel to the z axis. The
field-like torque drives the precession motion of the mag-
netization around the z axis. When the easy-plane magnetic
anisotropy is present, the field-like SOT drives the preces-
sion motion of the magnetization in the easy plane, while
the damping-like SOT generates the hard-axis component.
We note that the flip of the electric field changes the direc-
tion of the field-like SOT. Nevertheless, the torque results
in the precession motion of the magnetization. Turning to
the SOTs from σ

sy
zx , the damping-like torque can stabilize

the magnetization pointing in the +y axis. When the direc-
tion of the electric field is flipped, the antidamping-like
torque points in the −y direction, helping the switching
of the magnetization. We note that the field-like torque,
pointing in +z or −z direction, is ineffective when the
easy plane magnetic anisotropy is present. In summary,
a combination of the field-like torque from σ sz

zx and the

(anti)damping-like torque from σ sz
zx may switch the magne-

tization efficiently, only with an electric field but without
an external magnetic field.

VI. CONCLUSION

In this paper we theoretically studied the SHE in an
effective model of magnetic Weyl semimetal Co3Sn2S2.
We showed the drastic changes of the SHCs depending
on the direction of the magnetic moment. In particular, for
the out-of-plane SHE, the enhancements of the SHCs were
found. Our finding may help us design an efficient SOT
generator for the in-plane magnetization switching based
on the magnetic Weyl semimetal.
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