Universiteit

4 Leiden
The Netherlands

Integer and fractional quantum hall effects in lattice magnets
Venderbos, J.W.F.

Citation
Venderbos, J. W. F. (2014, March 25). Integer and fractional quantum hall effects in lattice
magnets. Casimir PhD Series. Retrieved from https://hdl.handle.net/1887/24911

Version: Corrected Publisher’s Version

Licence agreement concerning inclusion of doctoral thesis in the
Institutional Repository of the University of Leiden

Downloaded from: https://hdl.handle.net/1887/24911

License:

Note: To cite this publication please use the final published version (if applicable).


https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/24911

Cover Page

The handle http://hdl.handle.net/1887/24911 holds various files of this Leiden University
dissertation.

Author: Venderbos, Jorn Willem Friedrich
Title: Integer and fractional quantum hall effects in lattice magnets
Issue Date: 2014-03-25


https://openaccess.leidenuniv.nl/handle/1887/1
http://hdl.handle.net/1887/24911
https://openaccess.leidenuniv.nl/handle/1887/1�

Integer and Fractional Quantum Hall effects in
Lattice Magnets

J.W.F. Venderbos



il



Integer and Fractional Quantum Hall effects in
Lattice Magnets

PROEFSCHRIFT

ter verkrijging van
de graad van Doctor aan de universiteit Leiden,
op gezag van Rector Magnificus prof. mr. C. J. J. M. Stolker,
volgens het besluit van het College voor Promoties

te verdedigen op dinsdag 25 maart 2014
te klokke 15:00 uur

door

Jorn Willem Friedrich Venderbos
geboren te Kleve, Duitsland, in 1984



Promotiecommissie

Promotoren: Prof.dr.ir. JJW.M. Hilgenkamp (Universiteiten Twente en Leiden)
Prof.dr. J. van den Brink (TU Dresden en IFW Dresden)
Overige leden: Prof.dr. E.R. Eliel (Universiteit Leiden)
Prof.dr. C.W.J. Beenakker (Universiteit Leiden)
Prof.dr. C. Chamon (Boston University)
Dr. C.D. Batista (Los Alamos National Laboratory)

The research presented in this thesis was supported by the Netherlands Organization
for Scientific Research (NWO, Nederlandse Organisatie voor Wetenschappelijk
Onderzoek) through the FOM Interphase program.

Casimir PhD Series, Leiden-Delft, 2014-5
ISBN 978-90-8593-180-5

v



CONTENTS

1 Introduction

1.1
1.2
1.3

Strong correlations and topological states of matter . . . . . . .. ..
Strongly correlated electrons and electronic degrees of freedom . . . .
Thisthesis . . . . . . . . . . ...

I Magnetism and the Double-Exchange Model

2 Introduction

2.1
2.2

Interacting electrons and spins . . . . . . .. .. ...
Kondo Lattice and Double Exchangemodels . . . . . . ... ... ..

3 The honeycomb lattice magnet

3.1
32
33
34
35

Introduction . . . . . .. ...
Modeland method . . . . . ... ... . ... ... ... ...
Results. . . . . . . . . . o
Discussion . . . . . . . . ...
Conclusions . . . . . . . . . ... e

4 The checkerboard lattice magnet

4.1
4.2
43
4.4

Introduction . . . . . . ...
The itinerant checkerboard lattice magnet . . . . . . . ... ... ..
Results for half-filling . . . . .. ... .. ... .. ... .. .....
Results for general filling . . . . ... ... ... ... ... .....

II Lattice Fractional Quantum Hall Effects

5 Topological bands and orbital degrees of freedom

5.1

Introduction . . . . . . . ...

21

23
23
24

29
29
30
31
35
36

37
37
38
41
52

65

67



5.2 Chiral spinordering . . . . . . . .. ... L
5.3 Orbital degrees of freedom . . . . . .. .. ... .. ... .....
5.4 FQH state induced by residual interactions . . . . . . . ... ... ..
55 Discussion. . . .. ...

tag4 triangular lattice systems

6.1 Introduction . . . . . . . . ... ...
6.2 94 orbitals on the triangular lattice . . . . . . . ... ... ... ...
6.3 Multi-orbital interactingmodel . . . . . ... .. ...,
6.4 Mean field phase diagram . . . . . ... ... .. ... .. L.
6.5 Conclusions . . . . . .. ...

Triangular lattice Fractional Chern Insulator model

7.1 Introduction . . . . . .. ... ...
7.2 Multi-orbital nearly flat bandmodel . . . . . .. ... ... ... ..
7.3 Triangular lattice Chern Insulator . . . . . . . .. ... ... .....
7.4 Discussionandoutlook . . . . ... ... L Lo

III Symmetry and density-wave orders

8

10

11

Introduction
8.1 OVErview . . . . . . . e e e

Density-wave states from a symmetry perspective in two dimensions

9.1 Electronic lattice symmetries . . . . . . ... .. ... ... .....
9.2 Interactions and mean-fieldtheory . . . . .. ... ... ... ....
9.3 Condensates of the square lattice . . . . ... ... ..........
9.4 Condensates of hexagonal lattices . . . . ... ... .........

Introduction to triplet states: spin-density waves

10.1 General considerations . . . . . . . ... ... ... ...
10.2 Triangular lattice triplet states . . . . . . . . . ... ... ... ...
10.3 Honeycomblattice . . . . . .. ... ... ... ... . .......
10.4 Common features of condensates with M -pointorder . . . . . . . . .

Summary and conclusions

Appendices

Vi

81
81
83
84
87
90

93
93
97
103
108

113

115
119

127
127
139
151
171

227
227
231
239
242

249

257



A Details of lattices 257

A.l Squarelattice . . . ... ... ... .. 258
A.2 Triangularlattice . . ... ... ... ... . ... ... ... 259
A3 Honeycomblattice . . ... ... ... ... ... . . ..... 260
A4 Kagomelattice . . . ... ... ... ... o 269
B Lattice fermions in magnetic fields 273
B.1 Magnetic translation algebra on the lattice . . . . .. ... ... ... 273
B.2 Diagonalization of the Hamiltonian. . . . . . . . ... ... ... .. 275
C Basic elements of group theory 279
C.1 Translational symmetry breaking and “extended” point groups . . . . 280
C.2 Thepoint groups Cypy and Copy -« o v v v v v v v oo e e e e 281
C.3 Symmetry properties withspin . . . . . ... ... ... ... 284
Bibliography 291
Samenvatting 303
Curriculum vitae 307
List of publications 309
Acknowledgements 311

vii



viii



