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S1. Spin-orbit interactions in noncoplannar calculations 1

In this Supplementary note, we derive the energy functions for evaluate magnetic interac- 2

tions via noncollinear and noncoplanar calculations. To demonstrate those interaction, we first 3

consider the magnetic spin configurations as follow: 4
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Si = |S|

cos (ϕi) sin θi
sin (ϕi) sin θi

cos θi

 (1)

For noncollinear interactions, we utilize the spin spiral calculation embedded in FLEUR5

code [1, 2], where the azimuthal angles are descripted as the following: ϕi = q⃗ · R⃗i+αi with6

q⃗ is the spin spiral vector, R⃗i is the position of the ith magnetic atom and αi is the phase-shift7

angle.8

For noncoplanar calculations, the magnetic spin can be described in a similar approach:9

Si = (sinϕi cos θi; sinϕi sin θi; cos θi) (2)

Yet, the change of ϕi and θi depend on the alternation of angle θ as written in the10

following: θi = {π/2− θ; 0; 0} and ϕi = {0; θ − θ}.11

Under the change of spin-orbit coupling (SOC), we consider the following magnetic12

interactions in the scheme of Co magnetic atoms in the Kagome net: Dzyaloshinskii-Moriya13

interaction (anti-exchange interaction), magnetocrystalline anisotropic energy, and spin-chiral14

interaction (one of the topological-chiral interactions that arise from the formation of more15

than two magnetic atoms [3]). To investigate the contribution of these magnetic interactions16

in our shandite system, we consider the following energy functional:17

ESOC = ESCI + EMAE + EDMI

Firstly, we take into account the spin-chiral interaction which originate from the relativis-18

tic spin-orbit interaction coupling between magnetic spin of Co atoms) and topological orbital19

moment generated from the finite chirality products χijk = Si · (Sj × Sk) arise from the20

Kagome net [3]. Hence, the energy function can be written as:21

ESCI = −
∑
i(jk)

χSOκTO[S⃗i(S⃗j × S⃗k)](τ⃗ijk · S⃗i)

In addition, the direction of this magnetic interaction reply on the surface normal of the22

Kagome net τijk ∼ −const · (0, 0, 1) which lie along the z-axis in our shandite system.23

Therefore, with our spin configuration as discussed in the Method section, the scalar chirality24

product χijk can be descripted as follow:25

χijk =
(
0, 0, cos

(π
2
− θ

))
·
[(

cos
θ

2
, sin

θ

2
, 0

)
×
(
cos

(
−θ

2

)
, sin

(
−θ

2

)
, 0

)]

= (0, 0, sin θ) ·
(
0, 0,−2 cos

θ

2
sin

θ

2

)
= − sin2(θ)

Hence, the spin-chiral interaction can be written as follow:26

∑
i(jk)

[S⃗i(S⃗j × S⃗k)](τ⃗ijk · S⃗i) =
(
0, 0, cos

(π
2
− θ

))
·
(
− sin2 θ

)
= − sin3 θ
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Because surface normal of the Kagome net is pointing along the z-direction in Cartesian
coordinate, the only spin that spun out-of-plane Co1 with S⃗1 =

(
0, 0, cos

(
π
2 − θ

))
. This lead

to the energy function of spin-chiral interaction can be expressed as

ESCI = χSOκTO sin3 θ

The magneticrystalline anisotropic energy along z-direction can be written as following: 27

EMAE = −K1

[
1− cos2(θ)

]

where K1 is the dominant term in MAE as indicated in the main text. In addition, since 28

only Co1 has out-of-plane components S⃗1 =
(
0, 0, cos

(
π
2 − θ

))
, we simplify the contribu- 29

tion of K1 of EMAE is only one-third compared to the strength of MAE indicated in the main 30

text. 31

Thirdly, DM energy variation can be described as the following: 32

EDMI =
∑
ij

D⃗ijS⃗i × S⃗j

With the spin orientation as indicate in the Method section, we obtain the contribution of 33

DMI along z direction as: 34

EDMI = −D sin(θ)

From here, we obtain the fitting energy function for our shandite system as following: 35

E = χSOκTO sin3 θ −K1 sin
2 θ −D sin θ

3



S2. Band structures and DOS of magnetic Weyl nodes36

We observe the Weyl nodes in the ferromagnetic states of Co3Sn2SeS compound. Up to ϕ =37

72◦, the magnetic Weyl nodes still remain a Type-I crossing. Until ϕ = 108◦, the double-38

crossing feature in its electronic band structure emerged.39

Under homogenous spin spiral, magnetic Weyl cones in Co3Sn2Se2 demonstrate a similar40

trend compared to that in Co3Sn2S2. Topological phase transitions occur from Type-I (ϕ =41

0◦) to Type-II (ϕ = 72◦) and ultimately reach gapped state (ϕ = 108◦).42

In the case of q=[1,1,0] direction, we observe that the magnetic Weyl crossings reached43

gapped state in smaller angle ϕ as ϕ ≥ 60◦ for all shandite compounds. However, under the44

spin-spiral propagation q=[1,1,1], the behavior of Weyl crossing in all shandite compounds45

are similar to the q=[1,0,0] case as indicated in the main text.46

We demonstrate the change in energy in red and blue color. Black lines indicate the energy47

bands without the effect of SOC. Red/blue dots indicate energy bands are shifted up/down,48

respectively. The size of dots display how much the energy bands changed compared to the49

electronic bands without SOC.50

For a small angle of rotation, the energy bands describing the Weyl nodes remain51

unchanged. In the case of finite rotation, the bands below the Weyl nodes appear to shift52

downward in energy below −0.5 eV and significantly flatten, where the bands above also53

shift downward forming extra crossings in the region of Weyl cones. The effect of SOC54

perturbation does not gap the bands.55
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Supplementary Figure S1 Electronic band structures and density of states (DOS) of Co3Sn2SeS with different
homogeneous spin spiral angle ϕ as indicated in previous section. Band structure and DOS are illustrated for ϕ = 0◦

in (a-b), ϕ = 72◦ in (c-d) and ϕ = 108◦ in (e-f), respectively. The left and right panel in DOS are spin projection
along the x-direction.
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Supplementary Figure S2 Electronic band structures and density of states (DOS) of Co3Sn2Se2 with different
homogeneous spin spiral angle ϕ as indicated in previous section. Band structure and DOS are illustrated for ϕ = 0◦

in (a-b), ϕ = 72◦ in (c-d) and ϕ = 108◦ in (e-f), respectively. The left and right panel in DOS are spin projection
along the x-direction.
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Supplementary Figure S3 Topological phase transitions of Co3Sn2S2−xSex are revealed, where Co3Sn2S2,
Co3Sn2SeS, and Co3Sn2Se2 are in red, blue and green lines, respectively. (a,b) Distance between two Weyl cross-
ings is plotted as a function of the spin spiral angle ϕ (along the direction q = [1, 1, 0] and q = [1, 1, 1], respectively.
(c,d) Position of the Weyl pairs with respect to the Fermi energy as a function of both the mentioned directions.

Supplementary Figure S4 Electronic band structure of Co3Sn2SeS under the influence of SOC. Band structure
showing Weyl nodes are illustrated for (a) ϕ = 0◦, (b) ϕ = 18◦, (c) ϕ = 36◦, (d) ϕ = 72◦, (e) ϕ = 90◦ and (f)
ϕ = 136◦.
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