Contents

Preface

1

Introduction

1.1 Example A: Sine-Gordon effective field . . .. .. .. ... ...

1.2 Example B: the electromagnetic field . . . . . .. ... ... ....

1.3 Solutions of the Klein—~Gordon equation . . . . . ... ... ....
EXErcises . . . . . . . o i e e e e

The Euler-Lagrange equations and Noether’s theorem

2.1 The Euler-Lagrange equations . . . . . . . . .. ... .......

2.2 Noether’stheorem . . . . . . . ... .. ... .. ... ...,
Exercises . . . . . . . ..

Scalar fields

3.1 The Lorentz and Poincaré groups . . . . . . . . ... ... .....

3.2 Therealscalarfield . . . ... ... ... .. ... .........

3.3 Thecomplex scalarfield . ... .. .................
EXercises . . . . . . . . . e e

Vector fields

4.1 The Abelian gaugefield . . . . . . . ... ... ... ... .....

4.2 Non-Abelian gauge fields . . . . . . ... ... ... ... .....

4.3 The Higgs mechanism and a massive vector field . . . ... .. ..
EXErcises . . . . . . . . .. e

Relativistic spinor fields

5.1 The Dirac equation, Spin(4) and SL(2,C) groups . . . . . . . ..
5.2 TheDiracfield ... ... ... .. ... ... . ... .. ... ..
5.3 TheWeylfields . .. ... ... ... ... ... . ... ......

37
37
42
55
67

71
72
80
89
92



10

5.4 TheMajoranafield . ... ... ... ... ... ..........
5.5 Anticommuting (bi)spinor fields . . . .. ... ..o oL
EXErcises . . . . . . . . ..

The quantum theory of free fields

6.1 Therealscalarfield . . . ... ... ... .. ... .........

6.2 TheDiracfield ... ... ... ... .. ... ... ... ...,

6.3 The electromagnetic field . . . . ... ... .. ...........
Exercises . . . . . . . ..

Perturbative expansion in the ¢; model

7.1 The Gell-Mann-Low formula. . . . . ... ... ... .......

7.2 The generating functional for Green’s functions . . . . . . . .. ..

7.3 Feynman diagrams in momentum space . . . . . . . . . . . . . ..
EXercises . . . . . . . ...

Renormalization

8.1 Ultraviolet divergences . . . . . . . . . . . .. ... ... .....

82 Anexample . . . . .. . ... e

8.3 BPHZ subtractions . . . ... ... ... ... . ... . ......

8.4 Renormalization of the 2-point Green’s function . . . . . . . . . ..

8.5 The multiplicative renormalization . . . . . .. .. ... ... ...
EXErcises . . . . . . . o i e e e e

The renormalization group

9.1 Renormalization group equations . . . . . . . . . . . . . ... ...

9.2 The running coupling constant . . . . . ... ... ... ......

9.3 Dimensional transmutation . . . . . .. ... ... ... ... ...
EXercises . . . . . . . . . e e

Relativistic invariance and the spectral decomposition of G*)

10.1 Relativistic invariance in QFT . . . . . . . . ... ... .. ....

10.2 The spectral decompositionof G . . . . . . . ... ... .. ...

10.3 The contribution of the single particle sector . . . . . . . ... ...

10.4 The pole of the perturbative G . . . . . ... ... ...
EXErcises . . . . . . . . ..

123
124
145
159
165

167
168
178
183
196

201
202
210
217
220
225
229

235
236
242
248
250



11 Path integrals in QFT
11.1 Path integrals in quantum mechanics . . . . . . . . ... ... ...
11.2 The path integral for bosonic fields . . . . . . ... ... ... ...
11.3 The path integral for fermionic fields . . . . ... ... ... ...
ExXercises . . . . . . . ..

12 The perturbative expansion for non-Abelian gauge fields
12.1 The Faddeev—Popov—-DeWitt determinant . . . . . .. ... .. ..
12.2 The generating functional for Green’s functions . . . . . . . . . ..
12.3 Feynman diagrams . . . . . . . . . . . ..o
12.4 BRST invariance and the Slavnov—Taylor identities . . . . . . . . .
EXercises . . . . . . . . . e

13 The simplest supersymmetric models

13.1 The superalgebra . . . . . . ... ... ... ... .........
13.2 Supersymmetry multiplets . . . . . .. ... ... ... ... ...
13.3 Representation of supersymmetry in a space of fields . . . . . . ..
13.4 Thesuperspace . . . . . . . . . v i v i v v ittt
13.5 The Wess—Zuminomodel . . . . . . .. ... .. ... ... ....
13.6 More advanced topics . . . . . . . . .. ..o
13.7 Notation and conventions . . . . . . . . . . . . . ... ... ...

EXercises . . . . . . . o . e

14 Anomalies
14.1 A simple example of ananomaly . . . . . ... ... ... .....
14.2 Anomalies and the path integral . . . . . ... ... ........
EXErcises . . . . . . . o i i e e e e

Appendix: Some facts about generalized functions

281
282
290
297
302

305
306
311
315
320
324

325
325
328
330
336
340
348
352
355

359
360
374
381

383



