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angular momentum, 25-27, 116, 128-131, 171, 172 Dirac semimetal, 50

angular momentum operator, 26, 171 displacement operator, 4, 13-16, 18, 22, 60
anomalous Hall conductivity, 46 distinguishable particles, 101, 105, 106, 124
anti-Hermitian, 4, 179 Dyson series, 124
antilinear operator, 23
antiunitary operator, 4, 23, 167 electric polarization, 54
atomic shell, 129 electronic shell, 101, 129, 130

entanglement entropy, 77-81, 85
Bell states, 64, 78-80, 100 entropy, 2, 62, 64, 68, 69, 73, 77, 78, 82, 84-87
Bell’s theorem, 97 even parity, 20, 21, 23
Berry connection, 37, 38, 40, 42-44, 47, 48, 56, 60 exchange interaction, 101, 119, 121
Berry curvature, 38, 40, 42-51, 55, 61 exchange splitting energy, 120
Berry phase, 37-40, 44, 47, 54, 201
Bloch Hamiltonian, 31 fermions, 2, 101-103, 108, 113-116, 122-124,
Bloch state representation, 30, 31 132-136, 145, 149, 150, 154, 155, 164, 191
Bloch theorem, 4, 8, 30 first quantization, 141, 149
Bohr radius, 122 Fock space, 141, 142, 144

bosons, 2, 94, 95, 101-103, 106, 110, 116, 117, 122, Fourier series, 152, 155
126, 127, 129, 131, 132, 135-137, 145, 149,

150, 154, 155 Galilean transformation, 5-7
Brillouin zone, 39, 103, 140, 158-161 geometrical phase, 37
Bures distance, 92 graphene, 2, 49, 53, 101, 163, 200

Green’s function, 150, 152-157
canonical ensemble, 67-69, 150

Chern number, 38, 39, 51-53, 176, 177, 182 Hall Conductivity, 182

chiral operator, 34 Heisenberg picture, 151, 152
CHSH inequality, 97-99 Helmbholtz free energy, 150
Clebsch—Gordan coefficients, 107 Hermite polynomials, 106, 107, 120
coherent state, 13-15 Hermitian operator, 62

correlation function, 73, 74 Hilbert-Schmidt distance, 92
covariant notation, 162 honeycomb lattice, 160

Curie law, 70 Hund’s rules, 101, 129, 131

density matrix, 2, 63-65, 72, 73, 76, 78, 80, 82, 83, identical bosonic particles, 106, 110
85, 87,92, 95 identical fermionic particles, 105, 107, 129
density operator, 1, 62-64, 66-68, 71-73, 75,76, 78,  identical particles, 2, 101, 110, 114, 116, 122, 124
79, 81, 85-87, 90, 93-95, 97, 141-143, 149, 157 imaginary time, 152, 153
dipole moment, 22, 23, 126, 127 Interaction picture, 125
Dirac equation, 2, 164, 165, 169-172, 174-176, 178,  Ising model, 79, 81
184, 193, 196-198, 201
Dirac Hamiltonian, 163, 165, 166, 171, 172, Klein paradox, 164, 191, 192, 200
175-182, 199 Klein—Gordon equation, 164, 168
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Kramer’s degeneracy, 28-30 relativistic particle, 167, 187, 191
rotation operator, 4, 28
Lagrange multipliers, 67

Linear Operator, 23 scattering, 1, 32, 33, 184, 187-189, 191, 192, 194,
Liouville-von Neumann equation of motion, 72 196
Schmidt decomposition, 87-90
magnetic translation operator, 10 Schmidt representation, 88, 89
Matsubara frequencies, 155, 156 Schrodinger Equation, 1, 5-7, 19, 20, 71, 133, 152,
maximally entangled state, 64 153, 156, 160, 164, 171, 187, 191
maximally entangled states, 78 Schrodinger picture, 71, 73, 151
mixed classically correlated state, 64 second quantization, 2, 101, 144-146
momentum operator, 7, 9, 18, 29, 56-58, 144, 145, simple harmonic oscillator, 1, 13-18, 20, 21, 105,
165, 167, 184, 187 119
momentum representation, 26 singlet, 108, 110, 112, 114, 119, 121
momentum space, 50, 56, 61, 105, 143-147, 184 Slater determinant, 102, 115, 118, 134
Slater permanent, 102, 118
number operator, 18, 21, 137, 141 spin operator, 42, 71, 171
squeezed operator, 17
odd parity, 20, 21, 23 squeezed states, 4, 17
surface states, 182
parity operator, 4, 19, 21, 22, 171, 197 symmetry transformation, 6, 196-198
particle-hole operator, 33, 199
partition function, 68, 69, 91, 93, 95 time ordering, 150, 152
Pauli exclusion principle, 95, 102, 130, 131, 150 time-reversal operator, 4, 23, 25, 29-33, 167, 197,
periodic potential, 7,9, 11, 12 198
perovskite, 157 topological semimetal, 50
perturbation theory, 1, 101, 121, 124, 126, 164 trace distance, 92
porphyrin, 133 translation operator, 4, 7, 9, 10
position operator, 21, 29, 56, 141, 144, 165 transmission, 184186, 188, 190192
position space, 56, 148, 160, 176, 182 triplet, 108, 110, 111, 114, 121
pure state, 62, 65, 66, 72, 74, 76, 78-82, 86-90 two-particle system, 7, 63, 85
quadrupole moment, 126, 129 unitary operator, 4, 6, 23, 197

quantum correlated state, 64
virial theorem, 135
reciprocal Bravais lattice, 103 von Neumann entropy, 65, 67-69, 72, 73, 86
reciprocal space, 34, 35, 39, 49, 52, 140, 158-161
reflection, 4, 28, 167, 184, 185, 188, 190, 191, 196 XY Hamiltonian, 83, 84
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