Contents

1 Imtreduction ........ ... ... . . . . . i, 1
1.1  Example A: Sinus-Gordon Effective Field ..................... 1

1.2 Example B: The Electromagnetic Field ....................... 7

1.3 Solutions of the Klein—Gordon Equation ...................... 12
EXEICISES .« .ot e e 17

2 The Euler-Lagrange Equations and Noether’s Theorem ........... 19
2.1  The Euler-Lagrange Equations ............... ...t 19

2.2 Noether's Theorem ...........ciriiiiiiiniriiiiininnnn. 24
EXCICISES ..ottt ettt e e e 30

3 ScalarFields ......... ..ottt 33
3.1 The Lorentz and Poincaré Groups . ...................cvueee... 33
32 TheRealScalarField ........... .. ... ... . oLt 38

33 The Complex ScalarField .............. .. ... .. oot 49
23 o 11 PP 60

4 VectorFields .........coiiii i ittt 63
4.1 TheAbelianGaugeField ............. ... .. ... i iiiia. 64
42 Non-Abelian Gauge Fields .. .......... ... ... ... i i... 71
4.3  The Higgs Mechanism and a Massive VectorField .............. 80
EXETCISES vttt ettt ettt et e 83

5 RelativisticSpinor Fields ............. ... ... ... .. ... 87
5.1  The Dirac Equation, Spin(4) and SL(2,C) Groups............... 87
52 TheDiracField ........ ... oo i 94
53 TheWeylFields. ... e een 96
54 TheMajoranaField........ .. ... ... ..., 102
BXEICISES © vttt ettt et s 106

6 The Quantum Theoryof FreeFields ............................. 109
6.1 TheRealScalarField ....... ... ... ... . ..cciiiiii... 110

vii

Bibliografische Informationen digitalisiert durch E : HLE
http://d-nb.info/1005454116 iAB ] E


http://d-nb.info/1005454116

viii

10

11

12

Contents
62 TheDiracField ........ ... i 129
6.3  The Electromagnetic Field . .................. ..o, 142
EXercises ... e e 147
Perturbative Expansion in the ¢3 Model .......... ...t 151
7.1  The Gell-Mann-LowFormula ..........................o.... 152
7.2  The Generating Functional for Green’s Functions: Wick Formula. . 161
7.3 Feynman Diagrams in Momentum Space ...................... 166
EXErcises ... ...ttt e e 176
Renormalization ........... ... .. .. .. ... ... ... 181
8.1  Ultraviolet Divergences. ...........cooviiiiiiiniiiinenn.. 182
82 TheExample ...t i e i 188
83 BPHZSublractions ...........c.ooiiuunmeiinnniinnaneennnnn, 195
8.4  Renormalization of the 2-Point Green’s Function ............... 198
8.5  The Multiplicative Renormalization .......................... 203
EXEICISES .ottt ettt ettt et 206
Renormalization Group ........... ... . it 211
9.1  Renormalization Group Equations. ........................... 211
9.2  The Running Coupling Constant . ............c.cooviiiinaa., 218
9.3 Dimensional Transmutation .............c..oooiiviiiine..., 223
EXOICISES .« .ttt ittt e it e et e 224
Relativistic Invariance and the Spectral Decomposition of G® . . . ... 2217
10.1 Relativistic Invariance in QFT ................ciiiiiinna.... 228
10.2 The Spectral Decompositionof G® .......................... 241
10.3 The Contribution of the Single Particle Sector.................. 246
104 The Pole of the Perturbative G® . ...........o.ooiviinnn. ..., 251
EXEICISES ..ottt e i e ittt e e 253
PathsIntegralsin QFT ........ ... ... ... it 255
11.1 Path Integrals in Quantum Mechanics................. ... .. ... 255
11.2  Path Integrals for BosonicFields . ...................oooiait 264
11.3  Path Integral for Fermionic Fields ...............coooooiiiiit. 270
EXCICISES & v iiee ittt ettt iieeaaeeeaae s eiieneeanerennnennns 274
The Perturbative Expansion for Non-Abelian Gauge Fields ......... 277
12.1 The Faddeev—Popov-DeWitt Determinant . .................... 278
12.2 The Generating Functional for Green’s Functions . .............. 282
123 Feynman Diagrams ..............coiiiiiiiiiii i, 286
124 BRST Invariance and Slavnov-Taylor Identities ................ 290

B XOICISES v vttt ettt ittt te e e et 293



Contents ix
13 The Simplest SupersymmetricModels ........................... 295
13.1 SimpleSuperalgebra............ ..o 295
13.2 Supersymmetry Multiplets ............. ... i, 297
13.3 Representation of Supersymmetry in a Space of Fields .......... 299
13.4 The SUperspace ..........coiieereennnneennneennnneeaanana.. 305
13.5 The Wess—ZuminoModel.......... ... . oiiiiiiiiiiina .. 310
13.6 Notation and Conventions. ............c.oeevvviieneneneeea.... 317
EXOICISES .« vttt et ettt ettt eeerannonrnnanaeassssaanas 319
14 Anomalies ...........ciiinniiiiiien ittt 321
14.1 Simple Exampleof Anomaly .................ooiiiiiiian, 321
14.2 Anomalies and the Path Integral .............................335
EXCICISES .. e i e e e 341
Appendix A Some Facts About Generalized Functions .............. 343
Bibliography . ......... ..o e 34T
Index ... et 349



