INTRODUCTION TO SUPERSYMMETRY

AND SUPERGRAVITY

Contents

Foreword vii

Editor’s Note ix

Preface xi

1. Introduction 1

2. Supersymmetry in Quantum Mechanics 7 2.1 Grassmann variables 7 2.2 Superspace in Quantum Mechanics 7 2.3 Supersymmetry Transformation 8 2.4 Invariant Lagrangian 9 2.5 Action Principle in Superspace 10 2.5.1 Equations of Motion 11 2.5.2 Quantisation 12 2.5.3 Hamiltonian 13 2.5.4 Supersymmetric Charges 14 2.6 Remarks 15

3. SL(2,C) Representations of the Lorentz Group 17 3.1 SL(2,C) and 2-spinors 17 3.2 Dirac Spinors 20

4. Superfields 23 4.1 Introduction 23 4.2 Chiral Superfields 25 4.3 Vector Superfields 26 4.4 Supersymmetric Lagrangian 28 4.4.1 Chiral Superfields 28 4.4.2 Vector Superfields 32 4.5 Outlook 35

5. Local Gauge Symmetry 37 5.1 Introduction 37 5.2 Gauge Invariant Lagrangian 37 5.2.1 Lagrangian for Matter Field 38 5.2.2 Lagrangian for Gauge Field 41 5.3 Electroweak Theory 46

6. Symmetry Breaking 52 6.1 Introduction 52 6.2 O’Raifeartaigh Mechanism 53 6.3 Fayet-Illiopoulos Mechanism 54 6.4 Supersymmetric SU(5) Model 57 6.5 Low Energy Sector 59 6.6 Quantum Phase Transition 61 6.7 Grand Unification Models 64 6.7.1 SU(5) 64 6.7.2 SO(10) 65

6.7.3 E_6 and E_8 65 6.7.4 Proton decay, R-symetry and R-parity 66

7. Functional Methods in Superspace 69 7.1 Integration of Grassman Variables 69 7.2 Superspace Dynamics 70 7.3 Cancellation of Divergences 76

8. Superspace and Supergravity: A Geometric Picture 81 8.1 Introduction 81 8.2 Differential Forms in Superspace 81 8.3 Local Supersymmetry 84 8.4 Gravity Multiplet 88 8.5 Chiral and Vector Multiplets 88 8.6 Chiral Densities and the Lagrangian 90 8.6.1 Chiral Densities 91 8.6.2 Lagrangian Construction 91

9. Supergravity Lagrangian 93 9.1 Introduction 93 9.2 Lagrangian Construction 94 9.3 Identification of the Terms 98

10. Model Building in Supergravity 103 10.1 Introduction 103 10.2 SU(5) 104 10.3 SO(10) Models 107 10.3.1 Single Stage Symmetry Breaking 107 10.3.2 Models with Intermediate Scales 112 10.3.3 Generation of Unification Hierarchies 113 10.4 Superheavy Higgs Particles 118 10.5 Radiative Symmetry Breaking 122 10.6 Remarks 125

11. Supergravity in Ten Dimensions 128 11.1 Introduction 128 11.2 Supergravity Lagrangian in Ten Dimensions 128 11.3 Heterotic Superstring Theory 133 11.4 Discussions 137

12. Compactification of Higher Dimensional Theories 139 12.1 Introduction 139 12.2 Compactification in 10 Dimensions 139 12.2.1 Masses in Four Dimensions 140 12.2.2 Witten’s Prescription 144 12.2.3 Geometry of Extra Dimensions 146 12.3 Superstring Based Supergravity 152 12.3.1 Wilson Loops 153 12.3.2 Spaces with Z_5 × Z_5 Discrete Symmetry 156 12.4 Three Generation Models 157 12.4.1 Symmetry after Compactification 158 12.4.2 Yukawa Couplings and Symmetries 160 12.4.3 Intermediate Scales 165 12.4.4 Compactification with E_6 Going to

SU(6) × U(1) 169 12.5 Discussions 170

13. Supersymmetry in Two Dimensions 175

13.1 Introduction 175 13.1.1 Spinors in 1+1 Dimensions 175 13.1.2 Superspace for 1+1 Dimensions 176 13.2 Supersymmetry in 1+1 Dimensions 177 13.2.1 Superfields in 1+1 Dimensions 177 13.2.2 Lagrangian Construction 178 13.2.3 Supersymmetry 179 13.2.4 Field expansions 182 13.3 Quantum Phase Transition 183 13.3.1 Breaking of Supersymmetry 184 13.3.2 Symmetry Breaking at Zero Temperature 184 13.4 Temperature Dependance of Phase Transition 186 13.5 Discussions 192

14. Conclusions 193 14.1 Experimental Signatures 193 14.2 Preonic Models 195 14.3 Matrix Models 200 14.4 Remarks 204

Appendix A: Construction of Calabi Yau Manifolds 207 A.1 Manifolds 207 A.2 Complex Structures 208 A.3 Hermitian Complex Manifolds 208 A.4 Differential Forms 209 A.5 Connections and Curvature 210 A.6 Kahler Manifold 210 A.7 Calabi-Yau Manifold 211 A.8 Betti Hodge Numbers 213 A.9 Examples of Calabi Yau Space 213 A.10 Examples of CICY spaces 215 A.10.1 CHSW Manifold 215 A.10.2 Tian Yau Manifold 216 A.11 Remarks 217 A.11.1 Harmonic Forms 217 A.11.2 Chern Classes and Euler Characteristic 218 A.11.3 Betti-Hodge Numbers and Complex Deformations 220

Appendix B: Some Results in Group Theory 224 B.1 Dynkin Diagrams 224 B.2 Dynkin Labels 225 B.3 Representations 226 B.4 Symmetry Breaking 229 B.5 E_6 Symmetry Group 230 B.5.1 Embedding of G_{321} in E_6 231

Index 237