
Index

ADHM construction, 394–396
adjoint fermions

current states, 216
adjoint vacuum, 216–221
affine current algebra, 5, 13, 39
affine Lie algebra, see affine current

algebra, 44
WZW model, 63

algebra
simply laced, 42

algebraic Bethe ansatz
N = 4 SYM, 332

anomalous dimension, 170, 321, 409
N = 4, 332

anomaly
axial, in two dimensions, 178
axial U (1), 346
axial, bosonized, 184

baryon spectrum
2d, 247

baryons
4d large N, 346

β function
CP N −1 model, 172
Gross Neveu model, 170
WZW model, 40, 65

beta function, 323
large N , 337

Bethe ansatz
algebraic equations, 114–125
continuum, 125

Bethe–Salpeter equation, 194
BFKL equation, 334
bootstrap, 31
bosonization, 131–164

(β, γ) ghosts, 162
(b, c) ghosts, 160–162
abelian, 132–139

Dirac fermion, 132
Mandelstam construction, 135

chiral, 148–159
Thirring model, sine-Gordon model, 136
Wakimoto, 163
Witten’s non-abelian, 139

Majorana fermions, 139

BPS
magnetic monopole, 381

breather, 86
quantum, 90

BRST quantization
2d QCD, 281

c-theorem, 100
Callan–Symanzik equation, 321
Cartan matrix, 41

affine algebra, 47
Cartan sub-algebra, 40
Cartan–Weyl basis

affine Lie algebra, 45
Lie group, 40

Casimir operator
YM in 2d, 296

central charge, 20
character, 28

YM in 2d, 296
ALA, 52
WZW model, 77

closed string, 6
collective coordinates

instantons, 397
collinear symmetry, 314–316
Confinement versus screening

2d, 265–277
conformal

dimension, 19
family, 22
map, 4
transformation, 6

conformal anomaly, 309
4d, 323

conformal dimension, 81
of Aμ , 177

conformal field theory 17–38
conformal invariance

4d QCD, 322–327
conformal symmetry

in 4 dimensions, 309–327
in low dimensions, 17

conformal Ward identity
4d, 319–322

conformal weights, 19
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conjugacy class, 72
conserved charges

generating function, 103
multilocal, 104

coset mode
G/G in 2d QCD, 281

CP N −1

2d baryons, 242
model, 171–174

critical exponent, 37
crossing symmetry, 31, 96

D branes, 71–73
Dashen–Frishman, 67, 69
Dedekin η function, 157
Derrick’s Theorem, 86
descendant operator, 22
DHN, 90
dilatation operator

N = 4 SYM, 330
dilogarithm function, 130
Dirac bracket, 151

2d baryons, 243
Dirac fermion, 34, 58
DLCQ, 223–235

adjoint fermions, 228–235
fundamental fermions, 224–228

duality, 31
Dynkin diagram

affine algebra, 47
Lie group, 42

dyons, 378

effective action
Gross Neveu model, 172

energy momentum tensor, 4
eta’ mass, 344
Euler character, 340
exact sequence, 375
exceptional groups, 49

fixed point
integrable model, 100

flavor content
2d baryons, 247

Frobenius relations, 300
fusion algebra, 23

G/G coset models, 75
G/H coset models, 73–75
gauge group

non-abelian, 179
Gegenbauer polynomials, 324
Goldberger-Triman relation, 366
Gross-Neveu model, 166–170

Hartree approximation, 347
highest weight state, 23

affine algebra, 48
Lie algebra, 43

holomorphic
function, 5

homotopy group, 63
D brane, 72

hyper Kähler manifold
monopoles, 387

hyper-Kahler manifold
instanton moduli space, 397

instanton, 390
4d QCD, 389–405

integrability, 92–99
N = 4 4d SYM, 330–333
4d, 329
classical, 101
quantum

O(N ) model, 107
integrable models, 79
Ising model, 37

Jacobi identity, 40
Jacobi polynomials, 318

Kac determinant, 25
KdV equation, 102
kink, see solitons
Knizhnik–Zamolodchikov equation, 53–55,

67–71

large N
4d QCD, 337–343
counting rules, 342–345
meson phenomenology, 343

large N limit
of QCD2 , 191
two dimensional models, 165–174

Lax operator
spin chain, 112

Lax pair
sine-Gordon, 101

light-cone
discrete quantization, 223

light-cone gauge, 191

magnetic monopole
’t Hooft Polyakov solutions, 376

Majorana fermion, 34, 55
Mandelstam parameter, 333
Maurer–Cartan equation, 356
Maxwell theory

in two dimensions, 177
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Mellin transform, 333
meson-baryon scattering

2d, 252–264
meson spectrum

DLCQ in 2d, 232
two current states, 212

minimal model, 27
moduli space

4d instantons, 396–400
monopoles, 386

monodromy
spin chain, 113

Montonen Olive duality, 382
multibaryons

2d, 249

N = 4 4d SYM, 330
Nahm construction, 383
Neveu-Schwarz fermion, 36
Noether current, 7

4d conformal symmetry, 312–313
normal ordering

2d QCD, 238
null state, 24
null vector, 31

WZW model, 66

OPE
4d conformal symmetry, 318
electromagnetic currents in 4d,

324
WZW model, 66

open string, 6
operator product expansion

definition, 10
product coefficients, 19
Weyl–Majorana, 35

partition function
chiral boson, 156
generalized 2d YM, 291

parton distribution, 334
pion distribution amplitude, 325
planar limit

N = 4 SYM, 331
Poincare transformations, 80
Polyakov Wiegmann Formula,

142
pomeron, 336
Pontryagin index, 390
primary field, 19

4d collinear symmetry, 316
ALA, 51

primary fields
Majoran fermion, 57

primary state
N = 4 SYM, 331

principal value, 192
propagator

gluon in 2d, 192

q-deformation, 110
QCD

2d, non-abelian bosonization of,
187

QCD2
multiflavor, 189

quantization
BRST

G/G model, 76
canonical, 7
path integral, 12
radial, 9
semi-classical of solitons, 91

quantum chromodynamics(QCD)
in two dimensions, 180

quantum groups, 108–110
quasi particle, 118

R matrix, 115
Ramond fermion, 36
rank, 40
rapidity, 95
Regge trajectory, 195
reggeon, 333
relevant operator, 99
Riemann θ function, 157
Riemann surface

YM theory in 2d, 295
root, 40

simple, 41

S matrix
factorized, 92–99
sine-Gordon, 97
solution of, 95

S-transformation, 33
scalar field, 4
Schwinger Model, 178

bosonized, massive, 183
BRST quantization, 283
string tension, 265

semi-classical quantization
2d baryons, 240

sine-Gordon
discretized version, 123

Skyrme model, 355–369
action, 355–361
baryons, 361–369
Skyrme term, 358
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soliton, 79
Skyrmion, 361
classical, 81–86

sine-Gordon, 83
stability of, 84

quantum, 88–89
spectral parameter, 112
spin

dimension, 19
spin chain, 111–125

N = 4 SYM, 331
step operators, 40
string tension

2d QCD, 272
Schwinger model, 265

stringy YM theory
2d, 299

strong coupling
2d QCD, 237

strong CP problem, 404
Sugawara construction, 36, 50

WZW model, 66
Sugawara form, 20

theta function, 53
theta term, 391

large N , 345
Thirring model, 136
’t Hooft equation

for 2d QCD, 195
’t Hoof equation

current states, 210
’t Hoof model

1/N corrections, 201
of 2d QCD, 191–202
scattering of mesons, 198

topological charge, 85
bosonization, 133
magnetic monopoles, 373

topological current, 80
torus partition function

G/G model, 77
tunneling

instantons, 400

Verlinde’s formula, 33
Verma module, 24
Virasoro algebra, 14

Virasoro anomaly, 15, 20
Bethe ansatz, 126
ALA, 51
G/G model, 76
G/H model, 74
WZW model, 67

Ward identity
SL(2, C), 29

weight
lattice, 43
vector, 43
fundamental, 43
highest state

spin chain, 115
Wess Zumino (WZ) term, 63, 140
Wess Zumino Witten model, 61, 140

chiral, 158
with boundaries, 71

Weyl chambers, 44
Weyl fermion, 34
Weyl group, 41

affine algebra, 47
Weyl-Majorana, 34
Wilson loop

YM in 2d, 297
winding number, 184

instanton, 400
WZ term

Skyrme model, 357
WZW model see Wess Zumino Witten model

gauging of, 187

XXX1/2 , 111

Yang–Mills
generalized in 2d, 291

Yang–Baxter equation, 94
spin chain, 112

Yang–Mills theory
in two dimensions, 179

Yangian symmetry, 105

zero modes
instantons, 397
monopoles, 378

ζ-function regularization, 15
Zweig rule, 344
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