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Weyl semimetals are three-dimensional gapless semiconductors with non-degenerate gapless nodes
called Weyl points, suggested in 2011. In particular, magnetic Weyl semimetals, in which time-
reversal symmetry is broken by magnetism, exhibit novel spin-dependent transport represented by
anomalous Hall effect. Stacked-kagome lattice system CosSnzSzis one of the candidates of
magnetic Weyl semimetal reported in 2018. This system shows a giant anomalous Hall effect and
ferromagnetic ordering. In addition to such features, recent studies suggested characteristic
response, such as the anomalous Nernst effect and magneto-optical effect,

originating from the topologically non-trivial band structure. To obtain functional transport
phenomena in magnetic Weyl semimetal CosSn2Se, a theoretical study based on a simple model

using only small degrees of freedom is needed.

In this doctoral thesis, we theoretically study the electronic structure, magnetism, and spin/charge
transport properties in an effective tight-binding model of magnetic Weyl semimetal Co3Sn2Ss.
First, we construct the effective tight-binding model of CosSn2S2, that simply describes the Weyl
points configuration in momentum space. Next in the same model, we show that the paramagnetic,
ferromagnetic, and antiferromagnetic orderings appear, depending on the electron number. Lastly,

we study the relation between the magnetic orderings and anomalous/spin Hall conductivities.

First, we aim to construct an effective two-orbital tight-binding model for magnetic Weyl
semimetal CosSnaSz. We extract one d orbital from Co and one p orbital from interlayer Sn and
build an 8x8 matrix Hamiltonian. The band structure and configurations of the Weyl points of this
model are similar to those calculated by first-principles calculations. It is also shown that the nodal

ring states can be present even with spin-orbit coupling.

Next, based on the same effective model of magnetic Weyl semimetal, we analyze the magnetic
properties. By using the Hartree-Fock approximation, we aim to obtain the phase diagrams of the
magnetic order parameters as a function of electron filling and temperature. It is shown that the
perpendicular ferromagnetic ordering is suppressed by hole doping. On the other hand, by
electron-doping, a noncollinear antiferromagnetic state is realized. Additionally, in the noncollinear
anti-ferromagnetic state, we find that this system shows a finite anomalous Hall conductivity and

spontaneous orbital magnetization, by considering a certain realistic spin-orbit coupling.

Finally, we clarify the relation between the magnetic orderings and spin/anomalous Hall effect.
We found enhancements of some Hall conductivities, depending on the direction of the magnetic

moment. We find that these Hall effects originate from a certain type of spin-orbit coupling.

In this thesis, we theoretically studied electronic structure, magnetism, and the anomalous/spin
Hall effect in Weyl semimetal, based on the effective tight-binding model of CosSn2S2. Our finding

may expand the possibility of the magnetic Weyl semimetals as functional spintronics devices.
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