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Alice strings, 71-74, 77
anomalous central charge, 160
anti-de Sitter spacetime, 274-275
axial anomaly, 236—239

axial gauge, 201-202

axion, 251

Cartan subalgebra, 296
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Cheshire charge, 74

chiral symmetry, 245

chromodyons, 125-127

collective coordinates, 22-23, 50, 97, 98, 184,
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background gauge condition, 52, 97 conventions, 3-5
baryon number nonconservation cosmic strings, 141142

by instantons, 246-247 formation, 137-138

by sphalerons, 247-248 cosmological phase transitions, 135-136
Bogomolny equation, 152 CP violation in kaon decays, 249
bosonization, 36-37, 106 critical bubble, 269-270
bounce, 181

action, 260

D-branes, 231

boundary conditions, 257, 276
curved spacetime, 275-280
field theory, 255-265

finite temperature, 271
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O(4) symmetry, 257, 275 Derrick’s theorem, 42—-43, 256

BPS dyon, 150 dilute-gas approximation, 186, 235, 260
BPS kink ’ 159-160 Dirac quantization condition, 84, 88-89

BPS limit, 150 dyons, 84
BPS mass bound, 152 D%rac string, 82 .
BPS monopole, 150153, 308-311 Dirac vector potential, 82
BPS vortex, 153-154, 306-308 domain walls, 27, 137
Brandt—Neri—Coleman instability, 112, 114 bour'lds ,On mass scale, 141
bubble cluster, 293 gravitational effects, 140
bubble collisions, 293 duallroot, 200
bubble evolution, 265, 291292 duality, 2, 37
anti-de Sitter spacetime, 293—294 Dynkin diagrams, 300
initial conditions, 265, 289-201 dyon charge
bubble interior, 267, 292-293 quantization, 81 ,
bubble nucleation 0 dependence, 251-253
anti-de Sitter bubbles, 283284 dyons', 98-100
Coleman—Weinberg potential, 262 Juhz'aﬁ‘Zee, 98799
curved spacetime, 275-280 statistics, 101-104
false vacuum bubbles, 281-282
finite temperature, 267-272 effective Lagrangian, 244, 246

de Sitter spacetime, 273-274
Penrose diagram, 274
static coordinates, 274
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electric-magnetic duality, 81, 172174 magnetic monopoles, 81-129

n symbol, 207-209 angular momentum, 86—87
astrophysical bounds, 145-146
evolution of density, 142-144
experimental limits, 146
GUT, 121-125

mass, 93

false vacuum, 254
finite temperature effective potential, 134
first Chern number, 204-205
fractional fermion number, 26, 105 K
Friedmann equation, 131 multiply charged, 96-97, 120-121, 125
fundamental group, 59-61 Parker bound, 145
non-Abelian, 61, 74 primordial formation, 138-139
’t Hooft—Polyakov, 92-96
with half-integer spin, 100-101
Zs, 119-120
magnetic weights, 112
massive Thirring model, 35
massless monopole clouds, 171
measure problem, 282
metastable state
decay, 177-178

of Lie groups, 63-64
fundamental monopoles, 168

Gell-Mann matrices, 296
Georgi—Glashow model, 89-90
Gibbons—Hawking temperature, 274
Ginzburg temperature, 138

Hawking—Moss solution, 280 moduli space, 163
high-temperature symmetry restoration, 133~  moduli space approximation, 163-166
135 magnetic monopoles, 164-166

homotopy, 58-59 massless monopoles, 171

free, 65 vortex—vortex scattering, 164
homotopy group moduli space metric, 164

first, see fundamental group Atiyah—Hitchin, 166

higher, 77, 78 distinct monopoles, 169

second, 74-77, 79, 80 massless monopoles, 171

third, 79 monopole spherical harmonics, 87-88

monopole—fermion scattering, 105-107, 128—
129

index of an operator, 214, 305
index theorems, 305-311
and spectral flow, 242
fermions, 242
instantons, 214-223
monopoles, 161, 168, 171, 308-311
vortices, 161, 306-308
inflation, 147
instanton, 180
instanton number, 207

Montonen—Olive duality, 172—174
multi-instanton solutions
Jackiw—Nohl-Rebbi solutions, 213
't Hooft solutions, 212, 226-230
multimonopole solutions, 162—-163, 168—171
axial symmetry, 162
Platonic symmetry, 163

N-ality, 304

n-vacua, 197-199

Nahm construction, 162

negative modes, 187—191, 265, 271, 290
neutron electric dipole moment, 250
new inflation, 293

Kibble mechanism, 136—-137

kink, 6-13
classical mass in ¢* theory, 10
classical mass in sine-Gordon theory, 12
¢* theory, 6-11
quantum corrections to mass, 16-22, 33
sine—Gordon theory, 12

oscillating bounce, 280, 290
oscillons, 34
overshoot—undershoot argument, 258-259

Langacker—Pi model, 147

. parameter counting, see index theorems
large gauge transformations, 195

particle horizon, 133, 138
Peccei—Quinn mechanism, 251
magnetic charge, 82 pendulum, 203

quantization, 89, 91, 110, 113-115, 167 percolation, 293
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periodic potential, 203
polyacetylene, 27
primordial monopole problem, 146

quaternions, 223

rigid rotor, 248
Robertson—Walker metric, 130
root diagram, 296
roots, 295-302
classical Lie algebras, 299
exceptional Lie algebras, 299

second Chern number, 205-206
short supermultiplets, 158
simple roots, 300
simply connected manifold, 60
sine-Gordon theory, 12
and massive Thirring model, 34-37
breather, 31-33
kink, 12
multikink solutions, 29-30
small gauge transformations, 195
soliton mass, 1-2
spectral flow, 240-243
sphalerons, 247
spinor representations, 304
strong CP problem, 250
superconducting string, 56
superconductors, 49
supersymmetric Yang—Mills theory, 156-158
supersymmetry
and Bogomolny equation, 158
and BPS states, 159
central charges, 155, 157
symmetric double well, 176177, 182—186

6-term, 200, 202
and fermion mass matrix, 251

6-vacua, 199-200

thin-wall approximation, 263-264, 282-283
curved spacetime, 277-280

’t Hooft symbol, 207-209

threshold bound states, 173, 174

topological charge, 11, 89, 154

topological current, 10
topological defects, 137
triality, 63, 304
tunneling
and path integrals, 182-190
WKB approximation, 175

U(1) problem, 245-246
universal covering group, 63, 302

vacuum manifold, 57-58
vortices, 6874
gauged, 44-47
global, 38—42
multivortex solutions, 47-48
semilocal, 71
vortex—vortex interactions, 48-49, 164
Weinberg—Salam theory, 70, 71
Za, 69
vorticity, 39, 44, 45

weight lattice, 302

weights, 302

winding number, 39, 77-78
Yang-Mills vacua, 195-197

WKB approximation
many degrees of freedom, 178-181
tunneling, 175

Yang-Mills instanton, 192-235
Ap = 0 gauge, 194-200
axial gauge, 201-202
chirality change, 242
nonsingular form, 210
one-loop corrections, 231-235
projection to four-sphere, 207
running coupling, 234
self-duality, 209
singular form, 211

zero modes, 18, 22, 52, 97, 161-162, 168, 184,
191, 233, 260, 261
and spectral flow, 241
fermionic, 25, 28, 53-55, 104-105, 173, 243~
244
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