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1D chain, 13, 184, 186, 218, 228, 352

1D crystal, see crystal, 1D

1D insulator, see insulator, 1D

1D parameter space, see parameter space, 1D
2-torus, see torus

2D crystal, see crystal, 2D

2D insulator, see insulator, 2D

2D parameter space, see parameter space, 2D
3-torus, 36, 45, 46, 110, 112, 215, 297-299
3D crystal, see crystal, 3D

3D insulator, see insulator, 3D

3D parameter space, see parameter space, 3D

ABINIT (code package), 73, 200

adiabatic approximation, 39, 84, 98, 101

adiabatic charge pump, 14, 16, 21, 35, 156, 191-193,
202,208, 311, 312, 345

adiabatic charge transport, 3, 16, 22, 36, 99, 117, 156,
170, 193, 202

quantized, 17, 190, 207

adiabatic current, 11, 35

adiabatic cycle, 15, 17, 18, 20, 21, 35, 75, 76, 79, 80,
85,95, 106, 117, 129, 153-157, 190-192, 202,
207, 208, 217, 300, 305, 345

adiabatic dynamics, 75

adiabatic evolution, 6, 9, 14-16, 21, 22, 34, 84, 97,
101, 102, 117, 142, 143, 146, 150, 156, 157, 164,
170, 172, 182, 200, 202, 205, 206, 223, 230, 244,
272,273

adiabatic parameter, 22, 36, 208

adiabatic path, 7, 153, 159, 225, 230, 238, 268,
see also adiabatic cycle

adiabatic perturbation theory, 99-101, 146, 149, 150

Aharonov-Bohm, 1, 86, 95

AHC, see anomalous Hall conductivity (AHC)

algebraic topology, 93, 300, 326

alignment, optimal, 125, 126, 129, 130, 319, 320

alternating site chain model, 66, 108, 111, 156, 190,
191, 333, 345

angle-resolved photoemission spectroscopy (ARPES),
250

374

anomalous Hall conductivity (AHC), 1, 2, 6, 30-33,
35, 36, 44, 209, 211, 212, 216, 218-226, 267,
283, 300, 302, 303, 305, 309-313

intrinsic, 218-222
surface, 276, 288-291, 297, 300, 302, 303, 313
anomalous Nernst effect, see Nernst effect, anomalous

anomalous velocity, 211, 220-222, 264, 265

anomaly, 217, 218, 247, 263

chiral, see chiral anomaly

antibonding orbitals, 56, 65, 66

antiferromagnetic topological insulator, see
topological insulator (TI), antiferromagnetic

antiferromagnetism, 44, 212, 277, 286

antiunitary operator, 52

ARPES, see angle-resolved photoemission
spectroscopy (ARPES)

asynchronicity, 160, 178, 179

atomic basis, choice of, 19, 180

atomic displacement, 72, 170, 173, 286

atomic limit, 202, 205

atomic orbitals, 53, 54, 63, 202

axion coupling, 3, 276, 290, 292, 293, 296, 299,
301-303, 307, 308, 315, 321, 323, 326

Chern-Simons, 3, 37, 276, 292-305, 321-326
quantum of, 287, 289, 291

axion electrodynamics, 37, 292, 305-315

axion insulator, 269, 302, 303

band gap, 31, 65, 171, 205, 223, 237, 247, 250, 251,
see also band inversion, band structure

band inversion, 204, 205, 212, 233, 242, 247, 250,
347, 356

band structure, 18, 38, 67, 68, 106, 108, 116, 119, 122,
123, 167, 204, 218, 220, 222, 224,233, 234, 237,
247-249, 252, 256, 258, 270, 331, 333, 335, 347,
350, 355, 356

band subspace, 66, 120, 125, 299

band-projected position operator, 135

bands, composite group of, 123, 125, 135,
154-156, 162
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BaTiO3, 5, 7, 21
bec, see body-centered cubic (bee) crystal structure
BCS theory, 273
benzene molecule, 56, 57, 59, 68, 86, 330
benzene.py (PYTHTB program), 330, 335
Berry connection, 2, 52, 70, 74, 81, 82, 87-90, 98, 99,
101, 103-105, 107, 115-117, 121, 127, 132,
136-138, 140, 152, 154, 160, 171, 221, 236, 274,
276, 278, 291, 292, 294, 296, 304, 321, 323
Berry curvature, 2, 35, 36, 57, 75, 85, 87-92, 95-97,
103-106, 136138, 152, 153, 158, 160, 161, 202,
205-207, 209, 210, 212, 215, 220-223, 225, 236,
256-258, 261, 264, 268, 274, 276, 282, 283, 290,
311, 327, 336, 337, 349
Berry flux, 88, 90, 91, 94-96, 153, 155, 205, 206, 211,
212, 248, 253, 255, 257, 258, 268, 337
Berry phase, 1-3, 35-37, 48, 57, 60, 63, 75-97, 99,
101, 103-111, 116, 117, 120, 122, 129-131,
134-137, 141, 145, 150, 153-163, 165-168, 171,
172,189, 192, 194, 195, 199, 200, 202, 206, 211,
213,215, 220, 221, 241, 248, 258, 271, 272, 274,
275, 285, 290, 291, 296-300, 302, 304, 324, 327,
329, 336, 337, 340
multiband, 130, 131, 135, 195, 235, 342, see also
Wilson loop eigenvalue
open path, 16, 17, 82, 98
path dependence of, 82, 83, 99, 105
Berry-phase polarization, 3, 162, 167, 171, 172, 174,
175, 188, 200, 293, 298, see also electric
polarization, formal
Berry-phase theory of polarization, 3, 37, 145, 154,
166, 170, 177, 198, 279, see also modern theory
of polarization
Berry potential, 81, 89, see also Berry connection
BiySes, 2, 105, 213, 247, 248, 250, 251, 271, 302,
303,313
Bi2T63, 250
BiFeO3, 163, 177, 178
Bloch bands, 64, 65, 124, 187, 202
Bloch functions, 1-3, 5, 21, 36, 37, 48, 49, 51, 52,
60-62, 103-107, 111, 113, 114, 116, 118-120,
122, 124, 126, 136, 137, 145, 147, 149, 151, 152,
158, 164, 165, 168, 194, 200, 201, 215, 227, 228,
233, 235, 236, 244, 269, 278, 283
cell-periodic, 48, 49, 51, 62, 103, 107, 113, 136,
142, 143, 146, 293
Bloch Hamiltonian, 273
Bloch oscillations, 210
Bloch representation, 157, 278, 282, 294
Bloch sphere, 85, 89, 93, 97, 248, see also unit sphere
Bloch’s theorem, 18, 26, 37, 38, 45-47, 199, 273
Bloch-like functions, 60, 61, 124, 126, 136, 194,
273,274
BN (boron nitride), 203
body-centered cubic (bce) crystal structure, 64, 201,
222,223, 258,261,271, 331, 332
Bogoliubov—de Gennes equation, 273

Boltzman electron dynamics, see semiclassical
dynamics
Boltzmann transport theory, 209, 219
bonding orbitals, 65, 66
Born effective charge, 148, 170, 177
bound charge, 10, 14, 29, 33, 144, 181, 187, 197, 198,
307, 308, 310, 311
bound current, 25, 29, 307-311
branch, choice of, 12, 13, 16, 78, 87, 96, 140, 159,
163, 169, 170, 173-178, 190, 197, 290, 297, 298
Brillouin zone (BZ)
as closed manifold, 46, 47
defined, 46
broadening function, 183-185, 187
broken TR symmetry, 34, 43, 44, 105, 212, 216, 225,
226, 277
bulk—boundary correspondence, 193, 208, 234, 245,
262, 269
bulk Hamiltonian, see Hamiltonian, bulk

Cd3Asy, 271
CdTe, 237
cell area, 12, 13, 19, 182, 281
cell-periodic Bloch functions, see Bloch functions,
cell volume, 8, 9, 13, 45, 47
centers of charge, see Wannier centers
centrosymmetric crystal, 9, 105, 150, 151, 175-179,
230, 268, 286, 302
centrosymmetric reference structure, 175, 177, 178,
181
chain_3_cycle.py (PYTHTB program), 157
chain_3_cycle.py (PYTHTB program), 156, 158,
343
chain_3_site.py (PYTHTB program), 134, 140,
156, 341-343
chain_alt.py (PYTHTB program), 333
chain_alt_bp.py (PYTHTB program), 108, 112,
340
chain_alt_surf.py (PYTHTB program), 190,
191, 199, 345
change of polarization, see electric polarization,
change of
charge carriers, 30
charge conservation, 10, 25, 28, 33, 34, 36, 143, 193,
208, 209, 264, 279
charge density
bulk, 11, 184, 185, 278
definition of, 41
macroscopic, 9, 22
surface, 11, 12, 144, 184, 185, 196, 288, 310,
in terms of Bloch functions, 48
see also surface charge
charge-density wave, 14, 134, 156, 342
charge pump, see adiabatic charge pump
charge quantum, 6, 12, 14, 165, 188, 279
charge transport, 36, 101, 157, 191, see also adiabatic
charge transport
charged defects, 11, 14
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checkerboard lattice, 10
checkerboard model, 223, 239, 355
checkerboard.py (PYTHTB program), 223,
239, 355
Chern class, 300, 301
Chern index, 110, 217, 229, 230, 240, 269, 297,
see Chern number
Chern insulator, see quantum anomalous Hall (QAH)
insulator
Chern number, 2, 32, 35, 91, 93-96, 104, 109, 110,
136, 154-156, 158, 192, 193, 202, 203, 205-209,
211,215, 216, 223-226, 238, 253-256, 258,
260-263, 265, 267, 269, 278, 289, 300, 313, 314,
327, 349, 353
second, see second Chern number
Chern—Simons (CS)
action, 36
field theory, 36, 292
Chern theorem, 36, 91-93, 97, 155
Chern vector, 216, 314, 315
Chern wrapper, 309-312, 314
chiral anomaly, 262-266
chiral edge states, see energy bands, edge states, chiral
chiral magnetic effect, 262, 265, 266, 308
chirality, 28, 32, 35, 209, 211, 255-257, 260-264,
268,270
choice of atomic basis, 189, 190, see atomic basis,
choice of
choice of branch, see branch, choice of
choice of gauge, see gauge, choice of
choice of unit cell, 8, 142, 143, 145, 277
circulatory conductance, 27, 29
classical point charge, 19
classical point particle, 19
closed cycle, see adiabatic cycle
closed manifold, 36, 46, 95, 109, 155, 262, 265
Co (cobalt), 222
codimension, 255, 256, 271
cold-atom lattice, 274
collinear, see magnetism, collinear order
complex hopping, 95, 108, 204, 212, 223, 224
composite group, see bands, composite group of
conduction bands, 12, 26, 54, 61, 66, 200, 205, 208,
228,251, 253, 258, 260, 261, 270, 275
bulk, 12
conductivity, 30, 219, 220, 237
anomalous Hall, see AHC
longitudinal, 210, 213, 219
transverse, 6, 213, 219
conical intersection, 96, 253-256, 260
conservation of charge, see charge conservation
continuous gauge, see gauge, continuous
continuum limit, 80, 81, 86, 91, 98, 104, 168
correlated systems, see interacting systems, strongly
correlated
Coulomb interaction, 7, 38, 40, 170
covariant curvature, see gauge covariance, of Berry
curvature

Cry 03, 286, 287, 290, 303
crystal
1D, 14, 103, 106, 115, 134
2D, 109, 118, 223,277
3D, 44, 47, 60, 110, 129, 136, 160, 178, 183, 228,
256, 261, 270, 282, 327
crystalline insulator, 8-10, 12, 14, 17, 35, 36, 141,
182, 196, 202, 274
crystallite, 144, 280, 281, 302
CS, see Chern—Simons (CS)
Cu (copper), 105
current, 9, 11, 13, 18, 21, 23, 25, 27-33, 35, 44, 100,
102, 143, 144, 146, 150, 157, 159, 164, 172, 174,
175,198, 210, 211, 214, 222, 226, 227, 231, 232,
265, 266, 277, 279-281, 284, 286, 288, 307-313,
315, 327
bulk, 24, 35
dissipationless, 25, 26, 30, 311
edge, 24-29, 31, 32, 35, 204, 279, 281, 312
macroscopic, 9, 11, 12, 143
orbital, 5, 44, 276-278
sheet, 13, 30-32, 35, 210, 279, 310, 312
surface, see surface current
current density, 9, 13, 100, 142, 146, 276
current distribution, 5, 310
current operator, 42, 101, 102, 150
cyclic evolution, 14, 20, 99, 108, 109, 111, 112
cyclic parameter, 14, 94, 300, 343
cylinder, 84, 93, 94, 106, 153-155, 260, 262, 263,
311,312,315

defect scattering, see scattering, by defects

defects, 66, 172, 182, 197

density functional perturbation theory, 73

density-functional theory (DFT), 2, 7, 21, 40, 41, 54,
73, 142, 167, 170, 171, 173-175, 182, 200, 222

density matrix, 72, 74, 284, 352, 353

density of states, 27, 47, 48, 248, 259, 261, 264, 267

density-of-states factor, 282, 283

DFT, see density-functional theory (DFT)

diabolical point, see conical intersection

differential geometry, 79, 93

dimensional reduction, 292

dimerization, 64—66, 245

dipole moment

electric, 8,9, 57, 102, 141, 142, 144, 145, 147, 172,
186, 187, 281, 312
magnetic, 1, 39, 44,212, 276, 280-284, 303,

312,315

dipole operator, 42, 102, 149

Dirac cone, 247-251, 270

Dirac crossing, 248, 258, 270

Dirac equation, 43, 257, 270

Dirac fermion, 257

Dirac semimetal, see semimetal, Dirac

disorder, 7, 11, 16, 25, 26, 34, 36, 172, 182

dissipationless current, see current, dissipationless

divergence theorem, 143
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double slit experiment, 1
dynamical effective charge, see Born effective charge

edge channels, 27-30, 32-34, 216, 217, 232, 237, 245,
284, 312-315, see also energy bands, edge states
edge current, see current, edge
edge Hamiltonian, see Hamiltonian, edge
edge states, 26-29, 32, 33, 205, 207-209, 214, 223,
224,228,229, 231, 233-235, 237, 238, 350, 352,
353,358
chiral, 28, 32-35, 211, 291, 302, 311, 313
effective mass, 116
effective polarization, see electric polarization,
effective
electric dipole moment, see dipole moment, electric
electric enthalpy, 200
electric field, 11, 30-34, 39, 44, 65, 68, 141, 142,
148-150, 158, 163, 174, 175, 182, 198-200, 209,
210, 218, 219, 226, 232, 266, 276, 285, 288, 291,
293, 295, 301, 307, 309-315
macroscopic, 182, 198, 199
electric polarization, 1-3, 5, 6, 8-10, 12, 13, 15-21,
23,24, 33,35,57,63, 107, 117, 123, 141-148,
150-152, 154, 156-158, 160, 163-167, 169182,
192, 195, 196, 198, 218, 243, 277-279, 281, 283,
285-287,289-291, 297, 298, 301, 303, 307, 309,
310
bulk, 21, 182, 187, 192, 196, 199, 288, 289, 310
change of, 14, 17, 143, 146, 148, 150155, 170,
173-176, 178, 198
effective, 176, 177, 181
formal, 177, 180-182, 188, 189, 198, 199, see also
Berry-phase polarization
ionic contribution, 163, 165, 169
lattice-valued, 176, 180, 181, 199
linear response of, 148
macroscopic, 5, 8, 187
origin dependence of, 163, 165
quantum of, 2, 6, 10, 14, 16-21, 23, 25, 91, 141,
145, 151, 158-160, 162-164, 167, 169, 170,
173-180, 182, 189, 197, 199, 287, 288
in reduced coordinates, 160, 164, 166, 179, 195,
198, 230
reversal, 163, 174, 175, 178
single-point formula, 171, 172
spontaneous, 23, 150, 163, 173-175
electric potential, 29
electromagnetism, 5, 8, 23, 24, 36, 78, 81
electron—electron interactions, see interacting systems
electron kinetic energy, 38
electron-phonon scattering, see scattering,
electron-phonon
electron pocket, see pocket, electron or hole
electron spin, see spinors
electrostatic potential, 7, 27, 33, 35, 43, 44, 283
elementary particle physics, 257, 308
empirical tight binding, see tight binding (TB),
empirical
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end charge, 13
energy bands, 1, 115, 191, 278, 282
bulk, 26, 192, 195, 229, 242, 249
edge, see edge states
surface, 12, 14, 195, 197, 217, 246-248, 251,
288-290
energy functional, 40, 200
energy gap, 30, 122, 226, 233, 237, 244
closure of, 68, 170, 202, 205-207, 215, 216, 225,
227,230, 233, 244, 254, 268, 271
surface, see surface energy gap
entanglement entropy, 353, see also entanglement
spectrum
entanglement spectrum, 208, 235, 239, 352, 353
exchange-correlation functional, 40, 41, 43
exchange-correlation potential, 41, 43, 73, 222, 303
expectation value, 1, 31, 42,49, 71, 74, 101, 104, 105,
125, 138, 145, 147, 149, 152, 158, 195, 200, 210,
248, 278, 281, 350
exponential localization, 11, 27, 115, 183, 194
exponentially localized Wannier functions, 124

face-centered cubic (fcc) crystal structure, 105, 123,
179, 180

Faraday induction, 33, 310, 311

Faraday rotation, 313

fce, see face-centered cubic (fcc) crystal structure

Fe (iron), 222, 223, 258, 261, 271

Fermi arc, 262-267

Fermi energy, 7, 26, 27, 29, 31, 56, 192, 197, 209,
217,219, 222, 238, 247, 258, 261-263, 278, 283,
284,292

Fermi level, 6, 11, 12, 27, 63, 64, 182, 198, 224, 245,
247,248, 253, 266, 270, 312

equilibration of, 265, 266, 312, 315

Fermi loop, 216-218, 221, 245-248, 262, 263,
290, 302

Fermi occupation function, 48, 218, 219

Fermi sea, 219, 220, 283, 290

Fermi sheet, see Fermi surface

Fermi surface, 22, 63, 110, 217, 218, 245, 257-259,
261, 263, 265, 266, 271, 273

Fermi velocity, 28, 217, 256, 257

ferrimagnetism, 212

ferroelectricity, 5, 150, 163, 167, 169, 173, 174, 176,
177

ferromagnetism, 24-27, 30, 44, 179, 201, 203, 212,
213,218, 219, 277, 284, 286, 312-314

fiber bundle, 75

fine structure constant, 289, 306, 314

first-order perturbation theory, 69, 100

fkm.py (PYTHTB program), 249, 360

Floquet state, 274

formal polarization, see electric polarization, formal

Fourier transform, 62, 112, 113, 115, 119, 120, 123,
127,132, 194, 316, 317

fractional charge, 218, 273, 292
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fractional quantum anomalous Hall state, see quantum
anomalous Hall (QAH) insulator, fractional

fractional quantum Hall state, see quantum Hall effect,
fractional

fractional statistics, 273

free charge, 10, 14, 29, 144, 307, 309

free current, 25, 29, 287

frozen-lattice response, 286, 287

Fu-Kane-Mele model, 249, 250, 252, 268, 360

g-factor, 44
GaAs, 21, 126, 177, 179, 180, 199
gap, see energy gap
GaSb, 237
gauge
choice of, 78, 80, 89, 91-93, 105, 121, 153, 172,
236, 298
continuous, 89, 92, 93
Hamiltonian, 285, 294
parallel-transport, 79, 80, 82, 86, 99, 130-132, see
also twisted parallel-transport gauge
periodic, 46, 48, 52, 68, 94, 95, 107, 110, 125, 153
smooth, 89, 93, 95, 110, 168, 236, 244, 304, 305,
322
smooth and periodic, 110, 112, 113, 122, 125, 126,
136, 140, 195, 215, 297
gauge change, see gauge transformation
gauge covariance, 137-139, 295
of Berry connection, 139
of Berry curvature, 136, 139, 300
of derivative, 138, 295
of matrix, 137
of vector, 137, 138
gauge dependence, 74, 89, 104, 126, 160, 297, 324
gauge discontinuity, 80, 305
gauge field theory, 36, 81
gauge freedom, 52, 89, 104, 120
gauge invariance, 52, 78, 79, 81-83, 88, 91, 104, 110,
119-121, 128, 137-140, 153, 154, 168, 236, 284,
285,291, 299, 304
multiband, 172, 285, 294, 295, 324, see also gauge
covariance
gauge potential, 101, 292, see also Berry connection
gauge transformation, 52, 78, 81-84, 88, 92, 119, 121,
124, 126, 137, 140, 291, 296-299, 305, 323-326
infinitesimal, 325
multiband, 126-128, 140, 297, 321
progressive, 83, 84, 119-121, 128, 140, 297-299,
325,326
radical, 83, 84,92, 119, 128, 140, 297-299, 325
Gauss—Bonnet theorem, 91
GAUSSIAN (code package), 54
Gaussian curvature, 91
Gaussian units, 24, 39, 43, 44, 220, 276, 287, 288,
306, 314
Ge (germanium), 11, 180
generalized gradient approximation (GGA), 362

genus, 91, 202
geometric phase, 1, 35, 36, 75, 99, 158
GGA, see generalized gradient approximation (GGA)
glide mirror, 140, 181
global phase, 1, 75, 107
graphene, 47, 60, 67, 68, 203, 212, 238, 248, 270, 335
Green’s function, 171
group of occupied bands, see bands, composite
group of
group velocity, 27, 28, 220, 265
gyromagnetic ratio, 44, 84, 253

h2o.py (PYTHTB program), 329-330
Haldane model, 34, 50, 203-209, 211, 212, 225, 232,
233,239, 256, 347, 349, 350, 352, 353
Haldane spin chain, 273
haldane_bcurv.py (PYTHTB program), 205, 349
haldane_bsr.py (PYTHTB program), 204, 347
haldane_entang.py (PYTHTB program), 208,
352-354
haldane_topo.py (PYTHTB program), 207, 224,
350
Hall conductivity, 30
Hamiltonian
bulk, 12, 191, 192, 231, 345
edge, 231, 235, 238
interacting, 7, 21, 22, 40, 170, see also interacting
systems
surface, 11, 22, 196, 208
Hamiltonian gauge, see gauge, Hamiltonian
Hamiltonian matrix, 54, 56, 60-62, 115, 118, 127
Hartree—Fock approximation, 7, 54, 170
Hartree potential, 41, 43, 73
HgTe, 237
hole pocket, see pocket, electron or hole
homotopy theory, 298, 299
hopping matrix element, 15, 54, 56, 59, 60, 63, 65-67,
69, 86, 87,95, 116, 118, 119, 122, 134, 140, 190,
191, 203, 204, 225, 232, 237-239, 249, 252, 328,
329, 334, 336, 342, 356
HWE, see hybrid Wannier function (HWF)
hybrid Wannier function (HWF), 194, 195, 207, 215,
228, 229, 243, see also Wannier functions
centers, 196, 206, 207, 209, 211, 224, 227-229,
234,235, 239, 241-243, see also Wannier centers
flow of centers, 207, 208, 224, 227, 230, 231, 233,
235, 241-243, 249, 275, 352, 353, 358, 360
representation, 167, 193-197, 305
sheets, 195-197, 243, 244, 249
hysteresis loop, 174

IC, see itinerant circulation (IC)

InAs, 237

insulating path, 32, 178, 270

insulating surface, 12, 31, 195, 197, 288, 291,
302, 303
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insulator
1D, 36, 111, 117, 152, 154, 156, 158, 296, 300
2D, 32, 36, 139, 206, 211, 225, 226, 230, 279, 280,
285, 300
3D, 216, 217, 239, 247, 248, 263, 268, 297, 300
magnetic, 226, 245, 270, 353
multiband, 209, 222, 285
nonmagnetic, 201, 225, 268
interacting systems, 2, 6, 7, 22, 25, 38, 40-42, 171,
182, 216, 274, 353
strongly correlated, 6, 22, 42, 170, 171, 213, 272,
274,353
interactions, see many-body interactions
interface charge theorem, 197-198
interference, 1, 82, 99, 102
International System of units (SI), 287
inversion center, 9, 111, 239, 269
inversion operator, 50, 51, 180
inversion symmetry, see symmetry, inversion
inverted band, see band inversion
inverted gap, see band inversion
ionic crystal, 10
ionic model, 175, 177, 180
isolated band, 46, 110, 112, 122, 124, 140, 155, 261,
285, 324
isotropic ME coupling, see magnetoelectric (ME),
coupling, isotropic
itinerant circulation (IC), 280-285, 294-295

Jacobean matrix, 326
Jahn-Teller effect, 76
Josephson junction, 6

Kane-Mele model, 232-234, 237-239, 356, 358

kanemele bsr.py (PYTHTB program), 225, 233,
356

kanemele_topo.py (PYTHTB program), 233, 358

Karplus—Luttinger anomalous Hall conductivity, see
anomalous Hall conductivity (AHC), intrinsic

Kerr rotation, 313

KNbOs3, 23, 173, 175, 176

Kohn-Sham equation, see Kohn—Sham theory

Kohn-Sham Hamiltonian, see Kohn—Sham theory

Kohn-Sham potential, 41, 167

Kohn-Sham theory, 40-43, 53, 171, 172, 200

Kramers degeneracy, 228-230, 233, 234, 236,
238-240, 242, 243, 245, 247-249, 270

Kramers theorem, 51, 52, 228

Kubo-Greenwood formula, 218, 295

Lagrangian, 36, 292, 306, 308

Landau level, 6, 264

Landau theory, 2

lattice constant, 13, 14, 17, 63, 103, 106, 115, 117,
134, 152, 156, 169, 183, 188-190, 244, 281, 331,
333

lattice coordinates, see reduced coordinates

lattice displacement, 146, 148, 150

lattice-mediated response, 286, 287, 306

lattice-valued quantity, 13, 17, 20, 21, 160, 176, 178,
179, 182, 192, 199, 301, see also electric
polarization, lattice-valued

lattice-valued scalar, 178

lattice vector, 13, 15, 19, 21, 23, 45, 46, 60, 63, 67,
112, 114, 118-120, 128, 130, 132, 135, 139, 140,
164, 166, 171, 172, 179, 181, 193, 195, 199, 206,
207, 215, 216, 223, 286

real-space, 119, 162, 167, 194, 203, 216, 331
reciprocal-space, 45, 46, 51, 109, 119, 129, 140,

162, 193, 204, 210, 216, 228, 240, 244, 298, 332

LC, see local circulation (LC)

LCAO, see linear combination of atomic orbitals
(LCAO)

LDA, see local-density approximation (LDA)

Li, 63, 64, 331-333

1i.py (PYTHTB program), 331-333

linear combination of atomic orbitals (LCAO), 54

linear response theory, 3, 31, 38, 69, 71-74, 151, 209,
210, 295

Liouville’s theorem, 264

local circulation (LC), 280-285, 294-295

local density of states, 12

local spin-density approximation (LSDA), 23, 43, 44,
50, 212, 226

localization, 124, 125, 171, 215, 305, see also
exponential localization, maximal localization

localized molecular orbitals, 133, 136

localized orbitals, 38, 53

Lorentz invariance, 257

low-energy excitations, 28, 30, 66

LSDA, see local spin-density approximation (LSDA)

macroscopic average, 146, 183, see also charge
density, current, electric field, electric
polarization, magnetic field, magnetization,
surface charge

magnetic dipole moment, see dipole moment,
magnetic

magnetic field, 6, 9, 23, 33, 34, 39, 44, 76, 84, 85, 89,
90, 102, 213, 214, 218, 220, 245, 253, 263, 264,
282, 284, 285, 293, 301, 302, 307, 310-312, 314,
315

macroscopic, 25

magnetic flux, 1, 6, 87, 95, 96

magnetic impurities, 213, 238

magnetic insulator, see symmetry, magnetic

magnetic ion, 277

magnetic material, 23, 43, 105, 222, 270, 276, 284,
286, 304

magnetic moment, orbital, 277, 280, 283

magnetic monopole, 25, 292, 308, 315

magnetic point group, 105, 301

magnetic proximity, 313

magnetic susceptibility, 213, 284, 287

magnetic symmetry, see symmetry, magnetic
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magnetic Weyl semimetal, see semimetal, Weyl, Na3Bi, 271
magnetic NaCl, 10

magnetically doped topological insulator, see
topological insulator (TI), magnetically doped
magnetism, 5, 6, 23, 28, 44, 93, 105, 149, 178, 201,
202, 212, 214, 221, 226, 265, 277, 280, 308, 313,
314, see also antiferromagnetism,
ferrimagnetism, ferromagnetism
collinear order, 212
noncollinear order, 42, 212, 213, 284, 286
magnetization, 5, 23, 25, 29, 149, 178, 179, 201, 212,
213, 218, 219, 277, 279, 280, 285, 286, 288, 301,
303, 307, 309, 311, 313
macroscopic, 5
orbital, 1-3, 6, 24, 28, 29, 33, 35, 37, 203, 276-286,
288, 293, 294, 296
spin, 276, 286
spontaneous, 23
magnetoelectric (ME)
coupler, 214, 312-315
coupling, 2, 3, 37, 57, 276, 285-296, 301-315
isotropic, 288, 289, 292, 295, 301, 305, 309
material, 290, 308-312, 314
many-body interactions, 7, 11, 23, 34, 36, 39, 44, 170,
240, 272-274, see also interacting systems
many-body wave function, 40, 171
MATLIB (PYTHON module), 328
maximally localized Wannier function (MLWF), 120,
121, 128, 129, 131-135, 169, 180, 195, 235, 304,
342
centers, 134, 135, 140, 342
Maxwell relation, 33, 285
Maxwell’s equations, 273, 274, 306-309, 314
ME, see magnetoelectric (ME)
mean-field approximation, 7, 21, 22, 40
MgO, 7
Miller indices, 216, 244
miraculous cancellation, 323
mirror symmetry, see Symmetry, mirror
MLWEF, see maximally localized Wannier function
(MLWF)
mobility gap, 6, 7
modern theory of polarization, 9, 10, 16, 145, 150,
154, see also Berry-phase theory of polarization
molecule, 5, 8, 38, 40, 41, 47, 53, 56, 57, 64,71, 72,
76, 84, 96, 97, 100, 101, 145, 253, 276, 278, 330
triatomic, see trimer molecule
MoS,, 47
MoTe,, 267
multiband formalism, 111, 122, 124-131, 136, 137,
140, 158, 165, 167, 168, 172, 173, 195, 215, 239,
284, 296-299, 324, 325, 341
multiband gauge invariance, see gauge invariance,
multiband
multiband gauge transformation, see gauge
transformation, multiband
multivalued quantity, 20

nearsightedness, 11

Nernst effect, anomalous, 223

Ni (nickel), 222

Nielsen—Ninomiya theorem, 259, 261, 263-266

nodal-loop semimetal, see semimetal, nodal-loop

noncollinear, see magnetism, noncollinear order

noninteracting systems, 6, 7, 21, 22, 34, 182, 272, 273

nonmagnetic insulator, see insulator, nonmagnetic

nonsymmorphic symmetry, see symmetry,
nonsymmorphic

normalization convention, 103, 113

nuclear coordinates, 39, 57, 76, 101, 167

nuclear kinetic energy, 38

NUMPY (PYTHON module), 58, 86, 328, 329, 337, 360

occupied band subspace, see bands, composite
group of

Ohm’s law, 25

one-particle density matrix, 73, 101, 200, 293, 352

one-particle operators, 6

optical phonon, 9

orbital angular momentum, 23, 43

orbital magnetic moment, see magnetic moment,
orbital

orbital magnetization, see magnetization, orbital

orbital response, 286

order parameter, 2, 23, 201, 202

orthogonal tight binding, see tight binding (TB),
orthogonal

orthogonality relation, 316, 318

overlap matrix, 54, 125, 130, 131, 235, 319, 320

Pancharatnam phase, see Berry phase
parallel transport, 78, 79, 82, 90, 129, 130, 168
multiband, 129, 130
parallel-transport gauge, see gauge, parallel-transport
parameter space, 2, 14, 34, 36, 76, 82, 83, 87, 88, 93,
94,97, 99, 103, 112, 117, 205, 206, 253-256
2D, 83, 111, 152,202
3D, 88,97, 254
parity, 50, 51, 57, 233, 234, 239, 268, 269, 271, 303,
see also symmetry
Pauli matrices, 43, 50, 66, 84, 225, 232, 254, 255, 259,
298, 325, 356
Pb;_,Sn,Te, 269
PbTiO3, 150, 163
periodic boundary conditions, 47, 48, 103, 171, 172
twisted, 48, 171
periodic gauge, see gauge, periodic
Periodic Table, 24, 42, 169, 212, 213
perturbation theory, 69, 146, 284, 293
Pfaffian, 235
phase angle, 45, 51, 75, 78, 82, 289, 290
phase evolution, 2, 36, 76, 80, 98, 99, 131
phase transition, 7, 201
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phonon, 12, 170, 220, 273, 306

photonic crystal, 273

piezoelectric tensor, 148

PIP (PYTHON package manager), 327

pocket, electron or hole, 198, 217, 246-248, 251,
257-259, 261, 263, 265, 266, 272, 308

point group, 179-181

polarization, see electric polarization

polarization current, 307, 308, 310, 311

polyacetylene, 64, 65

polymer, 47, 57, 60, 64, 182, 183, 240, 327

position matrix, 56, 60, 115, 127, 129, 133-135, 188,
215,342

position operator, 49, 116, 117, 127, 132-134, 143,
145-147, 149, 157, 171, 188, 195

progressive gauge transformation, see gauge
transformation, progressive

projection method, see Wannier projection method

projection operator, 70, 114, 134, 138

pseudopotential, 42, 164, 166, 168

pseudorotation, 76, 96, 253

pseudoscalar, 178, 279, 280, 301

pseudoscalar-symmetric crystal, 301-303

pseudospin, 256, 271

pseudovector, 89, 104, 137, 178, 179, 221, 225, 279

PYPLOT (PYTHON module), 332, 337, 349, 350

pyrochlore crystal structure, 267, 303

PYTHON (programming language), 327, 328

PYTHTB (code package), 3, 57-59, 62, 63, 67-69, 86,
87,95-97, 108, 122, 134, 135, 140, 156, 158,
188, 190-193, 204, 207, 208, 225, 233, 239, 249,
252,267, 268, 327, 328, 337, 342, 343, 350

QAH, see quantum anomalous Hall (QAH) effect
QSH, see quantum spin Hall (QSH)
quantized adiabatic charge transport, see adiabatic
charge transport, quantized
quantum anomalous Hall (QAH) effect, 32, 37, 51,
110, 201-218, 222, 225, 235, 244, 268, 272, 289,
297,311
quantum anomalous Hall (QAH) insulator, 3, 32-36,
110, 201-209, 211-218, 223, 224, 226, 227, 230,
236, 238, 240, 247, 268, 284, 285, 289, 290, 294,
309, 312-314, 322
3D, 215-218, 269, 297, 314, 315
fractional, 273
quantum chemistry, 40, 54
QuaNTUM EsPRESSO (code package), 73, 200
quantum Hall effect, 6, 7, 34, 201, 211, 302
fractional, 22, 34, 273
quantum of axion coupling, see axion coupling,
quantum of
quantum of edge charge, 13
quantum of polarization, see electric polarization,
quantum of

quantum of surface charge, see surface charge,
quantum of
quantum spin Hall (QSH), 3, 201, 231, 232, 235, 244,
268, 274
insulator, 236-240, 244, 245, 252, 268, 272

radical gauge transformation, see gauge
transformation, radical

raising and lowering operators, 56

ramp-function broadening approach, 192, 199, 345

real-space lattice vector, see lattice vector, real-space

reciprocal lattice, 45, 47, 104, 332

reciprocal lattice vector, see lattice vector,
reciprocal-space

reduced coordinates, 161, 166, 193195, 331

reduced polarization, see electric polarization, in
reduced coordinates

reduced wavevector, 51, 104, 109, 160, 196, 206, 228,
240

reference structure, see centrosymmetric reference
structure

relativistic effects, 24, 43, 250

relaxation time, 219

ribbon geometry, 35, 47, 57, 207, 208, 233, 234, 239,
327, 350, 352, 353, 358

robustness against disorder, 23, 25, 34, 36

robustness against interactions, 7, 16, 21-23, 25, 34,
36, 170, 182,272

rotational symmetry, see symmetry, rotational

Sb;Ses, 2, 250
Sb, Tes, 250
scalar electrons, 15, 43, 50, 51, 105, 212, 225-228,
271,275
scalar potential, 43, 44, 52
scalar quantity, 50, 178, 301
scattering, 28, 218-221, 266
by defects, 219, 222
electron-phonon, 66, 219
side-jump, 219, 220
skew, 219, 220
Schrodinger equation, 5, 53, 98, 166, 273
second Chern number, 300, 301
second-order perturbation theory, 73
secular equation, 55, 61, 66, 127
semiclassical dynamics, 220, 221, 264, 265, 278,
282-284, 293
semi-infinite chain, 184, 186, 188
semimetal, 2, 3, 68, 201, 237, 272
Dirac, 237, 253, 270-271
nodal-loop, 253, 270-272, 275
Weyl, 3, 252-268, 270
magnetic, 262, 266, 267
sheet current, see current, sheet
SI, see International System of units (SI)
Si (silicon), 7, 11, 21, 105, 123, 126, 128, 129, 142,
143, 180, 270
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side-jump scattering, see scattering, side-jump
sign convention, 32, 77, 94, 255, 258
singular value decomposition, 125, 126, 130, 319-320
site energy, 15, 54, 56, 59, 63, 65-69, 86, 116, 119,
122, 134, 140, 190, 191, 224, 232, 328, 329, 334,
342,345
skew scattering, see scattering, skew
slab geometry, 57, 194-196, 216-218, 247, 252, 263,
300, 327
Slater determinant, 7, 21, 40
sliding window average, 184, 185
slow spatial variation, 9, 17, 18, 102, 293
smooth gauge, see gauge, smooth
SnTe, 269
SOC, see spin-orbit coupling (SOC)
solid angle, 85, 89, 90, 97, 248
space group, 139, 269, 270
nonsymmorphic, 139, 181, see also symmetry,
nonsymmorphic
speed of light, 24, 257, 276
spin angular momentum, 43
spin chirality, 213, 247, 248
spin current, 226, 227, 232
spin degeneracy, 43, 47, 52, 105, 169, 180, 192
spin-dependent hopping, 239, 356, 360
spin filter, 237
spin-Hall conductivity, 231, 232, see conductivity,
spin Hall
spin Hall effect, 223, 226
spin liquid, 22
spin magnetization, see magnetization, spin
spin-orbit coupling (SOC), 23, 24, 42-44, 51, 52, 105,
106, 147, 212-214, 218, 219, 221, 222, 226, 228,
232,237, 238, 248-251, 270, 276, 286, 303, 304
diagonal approximation to, 226-228
spin-paired electrons, 12, 193
spin response, 286, 287
spinless electrons, 42, 51, 203, see scalar electrons
spinors, 7, 39, 42, 43, 50, 51, 76, 84-86, 89, 90, 93,
97, 106, 155, 224, 225, 228, 239, 243, 248, 253,
258,271, 328, 356, 360
spontaneous magnetization, see magnetization,
spontaneous
Stieda formula, 33, 34, 264, 310, 311, 315
Sternheimer equation, 70, 72, 100, 149
stoichiometric variation, 14
Stokes’ theorem, 88-93, 137, 153, 215, 220, 221, 236,
248, 290
strong correlations, see interacting systems, strongly
correlated
strong index, see topological index, strong Zo
strong topological insulator, see topological insulator
(TI), strong
strongly correlated materials, 22
sum over unoccupied states, 73, 152, 154
supercell, 17, 18, 20, 23,47, 171, 172
superconductor, 6, 7, 68, 214, 273
topological, see topological superconductor

surface anomalous Hall conductivity, see anomalous
Hall conductivity (AHC), surface
surface band, see energy bands, surface
surface band structure, 245-248, 250, 262, 263, 275
surface cell area, 197
surface charge, 3, 11, 21, 24, 25, 35, 141, 182184,
186, 187, 189, 193, 196198, 218, 279, 288-291,
300, 310, 315, 345
macroscopic, 10, 20-22, 181, 183-187, 189, 192,
199
quantum of, 13, 20, 25, 189, 197
surface charge theorem, 181-199
surface current, 24-26, 28, 35, 288, 309, 311, 315
surface energy gap, 22, 289
surface facet, 13
surface Hamiltonian, see Hamiltonian, surface
surface integral, 109, 137, 143, 266
surface relaxation, 10
surface states, 27, 28, 192, 193, 208, 209, 213, 214,
216, 227, 245, 247, 248, 250, 251, 262, 263, 269,
302, see also energy bands, surface
surface termination, 24
symmetry, 2, 9, 139, 178-181, see also parity
axis of, 167, 258, 271
broken, 201
inversion, 50-53, 105, 111, 142, 175-177, 179, 180,
205, 221, 230, 233, 234, 239, 249, 258, 259, 261,
262, 266, 268-271, 275, 279, 286, 293, 295,
301-303, 313
magnetic, 105
mirror, 27, 56, 64, 66, 139, 142, 180, 181, 227, 232,
233,262, 269, 271, 286
nonsymmorphic, 139, 181
rotational, 105, 224, 246, 249, 258, 269, 270
translational, 60, 268, 270, 274, 284
symmetry-induced degeneracies, 284
symmetry-protected topological phase, 273

TaAs, 267
TB, see tight binding (TB)
thermodynamic limit, 144
three-site model, 156, 157, 341
TI, see topological insulator (TT)
tight binding (TB), 2, 3, 15, 37, 38, 53, 55-57, 59-69,
116, 118, 119, 126, 134, 192, 203, 224, 235, 237,
243,249, 275, 327-362
empirical, 38, 54, 56, 57
orthogonal, 54
PYTHTB, see PythTB
tiling approach, 187, 188, 199
time-dependent Schrodinger equation, 97, 100, 274
time-reversal invariant momenta (TRIM), 51, 228,
233-235, 239, 240, 242, 243, 245-249, 268, 269,
303
time-reversal polarization, 235
time-reversal symmetric insulator, 228, 229, 231, 236,
238-243, 246, 249, 250, 268, 292
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time-reversal symmetric line, 240
time-reversal symmetric plane, 240, 241, 244, 245,
303
time-reversal (TR) symmetry, 27-29, 44, 50-53, 77,
105, 108, 111, 179, 203, 205, 212, 213, 218, 221,
225-229, 233-236, 238-241, 244-249, 258, 259,
261, 262, 266, 268-271, 273, 275, 279, 286, 293,
295,297, 301-304, 312, 313, 336
broken, 95, 96, 203, 226, 230, 235, 240, 267, 268,
278,291, 293, 297, 302
topological classification, 30, 83, 202, 205, 225-227,
229, 230, 244, 250, 268, 269, 273-275
Z (integer), 211, 225-227, 230, 231, 235, 326
Z5 (integer mod 2), 230, 231, 235, 301, 302
topological crystalline insulator, 3, 201, 268-270, 275,
303
topological Hall effect, 213
topological index, 6, 83, 91, 93, 207, 211, 215, 230,
236, 241, 244, 245, 247, 251, 252, 268, 269, 273
strong Z», 241, 242, 248
Z (integer), 208, 235
Z, (integer mod 2), 230-237, 239-242, 244, 245,
249, 269, 272, 303
topological insulator (TI), 2, 3, 6, 36, 37, 43, 57, 126,
193, 201-252, 263, 268, 269, 276, 283, 285, 291,
292,302, 303, 313, 314
antiferromagnetic, 270
crystalline, see topological crystalline insulator
magnetically doped, 213
strong, 201, 242-250, 252, 266-268, 271, 291,
301-304, 312, 313
weak, 201, 242-246, 252, 268, 297, 304
75,272,274
topological invariant, see topological index
topological magnetoelectric effect, 312
topological obstruction, 93, 110, 126, 214, 236, 244,
297, 322
topological phase, 22, 201, 207, 224, 234, 249, 272,
273,352
topological phase transition, 205, 256, 267
topological superconductor, 201, 273
topologically ordered phase, 273
torus, 36, 45, 92-95, 104, 109, 110, 154, 155, 202,
204, 206, 215, 217, 253, 254, 260, 262, 300, see
also 3-torus
TR, see time-reversal (TR) symmetry
translation operator, 45
translational symmetry, see symmetry, translational
trial function, see Wannier trial function
triatomic molecule, see trimer molecule
TRIM, see time-reversal invariant momenta (TRIM)
trimer model, 96, 97, 253
trimer molecule, 76, 77, 86, 95, 108, 336
trimer.py (PYTHTB program), 95, 96, 253,
336-340
twisted parallel-transport gauge, 79, 80, 82, 86, 121,
131-133

twisted periodic boundary conditions, see periodic
boundary conditions, twisted

uniform electron gas, 41-43

unit sphere, 76, 85, 89, 90, 93, 215, see also Bloch
sphere

unitary approximant, 168, 320

unitary matrix, 124, 130, 131, 140, 294, 296, 299, 304,
319, 320

unitary operator, 50

unitary rotation, 62, 72, 113, 124-126, 133, 168, 172,
280, 298, 299, 320, 323

global, 130, 131

valence bands, 12, 27, 54, 61, 66, 122—124, 126, 138,
200, 205, 208, 214, 215, 228, 251, 253, 258, 260,
261, 270, 274, 275

bulk, 12, 26

van der Waals interaction, 105

vector bundle, 93

vector potential, 44, 52, 81, 89, 150, 158, 221, 293

vector quantity, 178

velocity operator, 49, 52, 102, 147, 151, 210, 278

volume current, 311

‘Wannier centers, 57, 107, 115-118, 120, 122, 127,
128, 132, 135, 140, 141, 155-158, 165-167, 169,
180, 188-196, 199, 202, 207, 208, 228, 233, 239,
250, 280, 342, 343, 345, 350, see also hybrid
Wannier function (HWF), centers
flow of, 208, 210, 225, 229, 231, 233, 235, 238,
243-245, 249, 252
‘Wannier functions, 37, 110, 112-126, 128, 129,
132-136, 140, 156, 165, 167, 172, 180, 181,
187-194, 214, 215, 235-237, 239, 270, 280, 281,
297, 304, 305, 341, 342, 352, see also hybrid
Wannier function (HWF)
hybrid, see hybrid Wannier function (HWF)
maximally localized, see maximally localized
Wannier function (MLWF)
multiband, 123
spread of, 120, 121, 128, 133, 139
Wannier interpolation, 116, 222
‘Wannier projection method, 125, 126
Wannier representability, 214-215, 236, 239
‘Wannier representation, 111, 127, 237, 278-282, 305
Wannier sheets, 195-197, 243, 249
‘Wannier trial function, 126
Wannier-like functions, 133, 136, 195, 280
'WANNIERQO (code package), 128, 169, 328
water molecule, 54, 55, 57, 86, 100, 329
wave packet, 210, 220, 222, 264, 282
weak index, see topological index, weak Z;
weak topological insulator, see topological insulator
(TI), weak
Weyl cone, 247, 259
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‘Weyl Hamiltonian, 257 winding number, 83, 95, 119, 272, 297, 299, 300
Weyl point, 252-268, 274, 308 WTe;,, 267

Type I, 259

Type 11, 259, 267 Z2PAcK (code package), 235
‘Weyl semimetal, see semimetal, Weyl Zak phase, 106, 157, see also Berry phase
Wilson loop eigenvalue, 130, 235, see also Berry Zeeman field, 44, 286, 303

phase, multiband Zener tunneling, 200
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