Contents

Acknowledgement i
Abstract ii
1 Introduction 1
1.1 Spincurrent . . . . . . . .. 2
1.1.1  Spin current and conservation law of spin angular momentum 2

1.1.2  Magnetization switching via spin-transfer torque . . . . . . . 2

1.1.3 Known approaches to spin current generation . . .. .. .. )

1.2 Topological spin textures . . . . . . . . . .. .. ... 8
1.2.1 Emergent electromagnetic fields . . . . . .. ... ... ... 10

1.2.2  Phase transitions . . . . . .. ... 12

1.2.3 Topological spin Hall effect . . . . . . .. .. ... ... ... 14

1.3 Motivation of thisstudy . . . . . ... ... ... ... . ... 19

1.4 Organization of this thesis . . . . . . ... .. ... .. ... .... 20

2 Model 21
2.1 Hamiltonian . . . . . . . ... 21
2.2 Topological spin textures . . . . . . . . . ... ... ... 22
2.2.1 Skyrmion crystal . . .. ..o 22

2.2.2 Bimeron crystal . . ... ... oo o 24

223 Meron crystal . . . ... oo 24

3 Method 26
3.1 Electronic property . . . . . . ... Lo 26
3.2 Transport property . . . . . . . . ... 27
3.2.1 Charge conductivity . . . . ... ... 27

3.2.2  Spin conductivity . . . ... 28

3.3 Magnetic symmetry . . . . ... Lo 29
3.3.1 Magnetic space group . . . . . . ... 29

3.3.2  Spin Space roup . . . . . . ovoe e e e e e 29

iv



Q ® »

Results 31
4.1 Skyrmion and bimeron crystals . . .. ... ... 31
4.1.1 Band structure and spin splitting . . . . . . ... ... ... 31
4.1.2 Charge and spin transport . . . . . . .. .. ... ... ... 34
4.1.3 Symmetry analysis . . . . ... ..o 37
4.1.4 Helicity dependence . . . . . . . . .. ... L. 40
4.1.5 Discussion . . . . . . ..o 43
4.2 Meroncrystal . . . ... Lo 44
4.2.1 Band structure and spin splitting . . . . . . ... ... ... 44
4.2.2 Charge and spin transport . . . . . . .. ... ... ... .. 47
4.2.3 Symmetry analysis . . .. . ... oo 49
4.2.4 Helicity dependence . . . . . . . . ... ... 20
4.2.5 Discussion . . . . .. Lo D2
Summary 54
Comparison between the meron—antimeron crystal and the SkX 57
Helicity dependence of the electronic energy for each spin texture 60
Details of helicity dependence of transport properties for each

spin texture 62



	Acknowledgement
	Abstract
	Introduction
	Spin current
	Spin current and conservation law of spin angular momentum
	Magnetization switching via spin-transfer torque
	Known approaches to spin current generation

	Topological spin textures
	Emergent electromagnetic fields
	Phase transitions
	Topological spin Hall effect

	Motivation of this study
	Organization of this thesis

	Model
	Hamiltonian
	Topological spin textures
	Skyrmion crystal
	Bimeron crystal
	Meron crystal


	Method
	Electronic property
	Transport property
	Charge conductivity
	Spin conductivity

	Magnetic symmetry
	Magnetic space group
	Spin space group


	Results
	Skyrmion and bimeron crystals
	Band structure and spin splitting
	Charge and spin transport
	Symmetry analysis
	Helicity dependence
	Discussion

	Meron crystal
	Band structure and spin splitting
	Charge and spin transport
	Symmetry analysis
	Helicity dependence
	Discussion


	Summary
	Comparison between the meron–antimeron crystal and the SkX
	Helicity dependence of the electronic energy for each spin texture
	Details of helicity dependence of transport properties for each spin texture

