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Préface xvii

Preface xxi

Contents xxiii

Course 1. Electrons in a Flatland
by M. Shayegan 1

1 Introduction 3

2 Samples and measurements 6

2.1 2D electrons at the GaAs/AlGaAs interface . . . . . . . . . . . . . . 6

2.2 Magnetotransport measurement techniques . . . . . . . . . . . . . . 10

3 Ground states of the 2D System in a strong magnetic field 10

3.1 Shubnikov-de Haas oscillations and the IQHE . . . . . . . . . . . . . 10

3.2 FQHE and Wigner crystal . . . . . . . . . . . . . . . . . . . . . . . . 12

4 Composite fermions 16

5 Ferromagnetic state at ν = 1 and Skyrmions 19

6 Correlated bilayer electron states 21

6.1 Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

6.2 Electron System in a wide, single, quantum well . . . . . . . . . . . . 26

6.3 Evolution of the QHE states in a wide quantum well . . . . . . . . . 29

6.4 Evolution of insulating phases . . . . . . . . . . . . . . . . . . . . . . 34

6.5 Many-body, bilayer QHE at ν = 1 . . . . . . . . . . . . . . . . . . . . 41

6.6 Spontaneous interlayer Charge transfer . . . . . . . . . . . . . . . . . 44

6.7 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48



xxiv

Course 2. The Quantum Hall Effect: Novel Excitations
and Broken Symmetries
by S.M.Girvin 53

1 The quantum Hall effect 55

1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55

1.2 Why 2D is important . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

1.3 Constructing the 2DEG . . . . . . . . . . . . . . . . . . . . . . . . . . 57

1.4 Why is disorder and localization important? . . . . . . . . . . . . . . 58

1.5 Classical dynamics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

1.6 Semi-classical approximation . . . . . . . . . . . . . . . . . . . . . . . 64

1.7 Quantum dynamics in strong B Fields . . . . . . . . . . . . . . . . . 65

1.8 IQHE edge states . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72

1.9 Semiclassical percolation picture . . . . . . . . . . . . . . . . . . . . . 76

1.10 Fractional QHE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

1.11 The ν = 1 many-body state . . . . . . . . . . . . . . . . . . . . . . . . 85

1.12 Neutral collective excitations . . . . . . . . . . . . . . . . . . . . . . . 94

1.13 Charged excitations . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104

1.14 FQHE edge states . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113

1.15 Quantum hall ferromagnets . . . . . . . . . . . . . . . . . . . . . . . . 116

1.16 Coulomb exchange . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118

1.17 Spin wave excitations . . . . . . . . . . . . . . . . . . . . . . . . . . . 119

1.18 Effective action . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124

1.19 Topological excitations . . . . . . . . . . . . . . . . . . . . . . . . . . 129

1.20 Skyrmion dynamics . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141

1.21 Skyrme lattices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147

1.22 Double-layer quantum Hall ferromagnets . . . . . . . . . . . . . . . . 152

1.23 Pseudospin analogy . . . . . . . . . . . . . . . . . . . . . . . . . . . . 154

1.24 Experimental background . . . . . . . . . . . . . . . . . . . . . . . . . 156

1.25 Interlayer phase coherence . . . . . . . . . . . . . . . . . . . . . . . . 160

1.26 Interlayer tunneling and tilted field effects . . . . . . . . . . . . . . . 162

Appendix A Lowest Landau level projection 165

Appendix B Berry’s phase and adiabatic transport 168

Course 3. Aspects of Chern-Simons Theory
by G.V. Dunne 177

1 Introduction 179

2 Basics of planar field theory 182

2.1 Chern-Simons coupled to matter fields - “anyons” . . . . . . . . . . . 182

2.2 Maxwell-Chern-Simons: Topologically massive gauge theory . . . . 186

2.3 Fermions in 2 + 1-dimensions . . . . . . . . . . . . . . . . . . . . . . . 189

2.4 Discrete symmetries: P, C and T . . . . . . . . . . . . . . . . . . . . 190



xxv
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