Contents

[Acknowledgement i
Abstract iii
[List of publications v
I_TIntroduction 1
[.T Chiralityinmagnets . ... ... ... ... ... ... ....... 1

[l.2 Previous studies on chiral magnets . . . . ... ... ... ..... 3
021 Chiralsolitonlaftice . ... ... ... ... ......... 3

M.2.2  Chiral conical magneticstate . . . . .. .. ... .. .... 10

M.2.3 Hedgehoglattice . ... ... ... ... ... ... ..... 13

[.3° Purposeofthisthesis . . . ... .. ... ... .. .......... 19
.4 Organizationof thisthesis . . . . . . .. ... ... ... ...... 20

2 Maodel 21
P.1  Spin-charge coupled model] . ... ... .. ... ... ... .... 21
P27 Extendeds-dmodel . . . . .. ... .. ... oL 23
2.0 Effective spin model in a momentum space . . . . . ... ... .. 24

3 Method 26
B.I Spinstatd . . . .. ... ... ... 26
B1T1 Variationalmethod . . . ... ... ... ... ........ 26

B12 Monte Carlosimulation . . . . .. ... .. ... ... ... 27

B.1.3° Simulated annealing . . .. ... ............... 28

B2 FElectronicstatel. . . . . . . . . .. ... 29
B.2.1 Partition function and freeenergy . .. .. ... ... ... 29

vi



CONTENTS

B22

Superlattice structure . . . . . ... Lo

B3

Iransport and opticalresponsey . . . . . . .. . ... ... ...

B3.1

Linear and nonlinear response theory, . . . . ... ... ..

B32

opin-dependent Landauer method . . . . . ... ... ...

B Spin-charge coupled phenomena in a chiral soliton lattice

g.1  Chiral soliton lattice 1n 1tinerant electron systemg . . . . . . . . ..

19

g.1.1  Variational groundstatg . . . . . ... ... ...
g.1.2  Chiral helimagnetic state at zeronield| . . . ... ... ...
g.1.5 Chiral soliton lattice in a magnetictield . . . ... ... ..
g.1.4  Lock-in of the magneticperiod . ... .. ... ... ....
g.1.0  Comparison with experiments . . . . .. ... .. ... ..
EBlectric transport in a chiral soliton latticeg . . . . . . ... ... ..
421 MonteCarloresults. . . . .. ... ... ... ... ...
g.2.2 Nonlinear negative magnetoresistance . . . . . .. ... ..

A23

lemperature dependence . . . . . . ... ...

b Nonlinear transport phenomena in a chiral conical magnetic state

p.l  Nonlinear electric transport . . . . . . ... ... ... ... ....

5.2

p.l.1  Variational groundstatg . . . . ... ... ... ... ...
p.1.2  Electric magnetochiral effect . . ... ... ... ... ...
p.1.5 Linear and nonlinear optical responses . . .. .. ... ..
Nonreciprocal spin transport . . . . . . . . .. ... ... ...
b.2.1  Dependence on chirality, period, and conical angle

pb.2.2  Dependence on spin-charge coupling . . .. ... ... ..
p.2.5 Application to a spin-currentdiodg . . . ... ... .. ..

b Magnetic hedgehog lattices in noncentrosymmetric metals

p.l Stability at zero magnetictield . . . . . . . ..o

Phase diagram| . . . ... ... ... ... ...

Monopole and antimonopole . . . . . ... ... ... ...

b.T.1
h.12
h.13

Remarkstoexperiments . . . . . ... ... ... ...

b2

Field-induced transitiond

59
59
59
62
65
70
70
75
75

vii



CONTENTS

b.2.1

Phase diagram in the magneticfield . . . .. ... ... ..

622

lopological transitions

623

Iracing monopoles and antimonopoles in a field sweep . .

b2 4

Implication to experiments

|E §ummai i

|A Detection of monopoles and antimonopoles

Details of 4

-and 3

-state

Bibliography

100
104

105

109

113

117

viil



	Acknowledgement
	Abstract
	List of publications
	Introduction
	Chirality in magnets
	Previous studies on chiral magnets
	Chiral soliton lattice
	Chiral conical magnetic state
	Hedgehog lattice

	Purpose of this thesis
	Organization of this thesis

	Model
	Spin-charge coupled model
	Extended s-d model
	Effective spin model in a momentum space

	Method
	Spin state
	Variational method
	Monte Carlo simulation
	Simulated annealing

	Electronic state
	Partition function and free energy
	Superlattice structure

	Transport and optical responses
	Linear and nonlinear response theory
	Spin-dependent Landauer method


	Spin-charge coupled phenomena in a chiral soliton lattice
	Chiral soliton lattice in itinerant electron systems
	Variational ground state
	Chiral helimagnetic state at zero field
	Chiral soliton lattice in a magnetic field
	Lock-in of the magnetic period
	Comparison with experiments

	Electric transport in a chiral soliton lattice
	Monte Carlo results
	Nonlinear negative magnetoresistance
	Temperature dependence


	Nonlinear transport phenomena in a chiral conical magnetic state
	Nonlinear electric transport
	Variational ground state
	Electric magnetochiral effect
	Linear and nonlinear optical responses

	Nonreciprocal spin transport
	Dependence on chirality, period, and conical angle
	Dependence on spin-charge coupling
	Application to a spin-current diode


	Magnetic hedgehog lattices in noncentrosymmetric metals
	Stability at zero magnetic field
	Phase diagram
	Monopole and antimonopole
	Remarks to experiments

	Field-induced transitions
	Phase diagram in the magnetic field
	Topological transitions
	Tracing monopoles and antimonopoles in a field sweep
	Implication to experiments


	Summary
	Detection of monopoles and antimonopoles
	Details of 4Q- and 3Q-states
	Bibliography

