Contents

Introduction 1

1 Models and Methods 5 1.1 Hubbard Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 1.1.1 Solid State Theory for Crystals . . . . . . . . . . . . . . . . . 6 1.1.2 Electronic Lattice Models . . . . . . . . . . . . . . . . . . . . 7 1.1.3 Wannier Representation . . . . . . . . . . . . . . . . . . . . . 8 1.1.4 One-band Hubbard Model . . . . . . . . . . . . . . . . . . . . 9 1.2 Dynamical Mean-Field Theory . . . . . . . . . . . . . . . . . . . . . . 11 1.2.1 Limit Z → ∞ for Spin Models . . . . . . . . . . . . . . . . . . 12 1.2.2 Limit Z → ∞ for Fermions . . . . . . . . . . . . . . . . . . . 13 1.2.3 Simplifications for the Hubbard Model in Z → ∞ . . . . . . . 15 1.3 Quantum Monte Carlo Algorithm . . . . . . . . . . . . . . . . . . . . 19 1.3.1 Wick’s Theorem for the Discretized Impurity Problem . . . . 19 1.3.2 Monte Carlo Importance Sampling . . . . . . . . . . . . . . . 21 1.4 Maximum Entropy Method . . . . . . . . . . . . . . . . . . . . . . . 23

2 Lattice and Density of States 27 2.1 Hypercubic Lattice and Extensions . . . . . . . . . . . . . . . . . . . 29 2.1.1 Definitions and Analytical Considerations . . . . . . . . . . . 29 2.1.2 Numerical Results . . . . . . . . . . . . . . . . . . . . . . . . 32 2.1.3 Magnetic Frustration and Asymmetry of the DOS . . . . . . . 38 2.2 Bethe Lattice, RPE, and Disorder . . . . . . . . . . . . . . . . . . . . 39 2.2.1 Bethe Tree, Cayley Tree, and Husimi Cactus . . . . . . . . . . 40 2.2.2 Renormalized Perturbation Expansion . . . . . . . . . . . . . 43 2.3 General Density of States in d = ∞ . . . . . . . . . . . . . . . . . . . 47 2.4 Redefinition of the Bethe Lattice . . . . . . . . . . . . . . . . . . . . 53 2.4.1 Model in d = ∞ . . . . . . . . . . . . . . . . . . . . . . . . . . 54 2.4.2 Truncating the Hopping Range . . . . . . . . . . . . . . . . . 57 2.4.3 Finite Dimensionality . . . . . . . . . . . . . . . . . . . . . . . 59 2.4.4 Application to Asymmetric Model DOS . . . . . . . . . . . . . 62 2.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64