Program of the course Standard Model and Beyond — Spring semester 2024

Introduction: elements of QFT
1.1 Canonical dimensions
1.2 Higher-dimensional operators and effective field theories

From the Fermi Theory to the SU(2);, x U(1)y gauge theory

2.1 The Fermi Theory

2.2 Deriving the Fermi Theory integrating out the heavy W field

2.3 Elements of Group Theory

2.4 Embedding weak and electromagnetic interactions in SU(2);, x U(1)y
2.5  Fermion currents in SU(2);, x U(1)y

Spontaneous symmetry breaking and the Higgs mechanism
3.1 An illustrative case: SSB of a global U(1) symmetry

3.2 The Goldstone theorem

3.3 The Higgs mechanism in Abelian theories

3.4 The Higgs mechanism in non-Abelian theories

3.5 Spontaneous symmetry breaking of SU(2);, x U(1)y in the SM

A first look to the SM Lagrangian

4.1 The different sectors of SM Lagrangian
4.2 The Yukawa interaction

4.3 Mass spectrum of the SM

4.4 The couplings of the Higgs boson

4.5 Z-boson couplings to fermions

Custodial Symmetry

5.1 Definition of custodial symmetry

5.2 The 2 x 2 notation for the Higgs field

5.3 Breaking of custodial symmetry in the SM
5.4 The heavy Higgs-mass limit

Accidental symmetries

6.1 Definition of accidental symmetry

6.2 Baryon and Lepton number

6.3 Lepton number violation and neutrino masses
6.3.1 Majorana masses
6.3.2 Neutrino masses without right handed neutrinos
6.3.3 Right handed neutrinos and the see-saw mechanism
6.3.4 Neutrino oscillations



7 The
7.1
7.2

7.3
7.4

7.5

7.6

8 The
8.1
8.2
8.3
8.4

flavor sector of the Standard Model

The U(3)°® flavor symmetry

The SM Yukawa couplings

7.2.1 Physical parameters in the Yukawa couplings
7.2.2  Phenomenological structure of the CKM matrix
The flavor structure of neutral currents

CP violation

7.4.1 Neutral meson mixing

7.4.2 The GIM mechanism

Flavor-chaning processes in the gauge-less limit

7.5.1 AF = 2 amplitudes in the gauge-less limit
Complete structure of exact and approximate SM accidental symmetries

Standard Model as an Effective Theory
Generalities

The Higgs hierarchy problem

The SMEFT operators up to d = 6

Flavor-violating d — 6 operators and the flavor problem
8.4.1 The Minimal Flavor Violation hypothesis

8.4.2 Beyond MFV (optional)

9 Charge-quantization, gauge anomalies, unification

9.1

9.2

Gauge anomalies

9.1.1 Cancellation of gauge anomalies in the SM

Unification

9.2.1 Embedding hypercharge into SU(2)r x U(1)p_p,

9.2.2 Embedding the SM gauge group into SU(4)r, x SU(2)gr x SU(2),
9.2.3 Embedding the SM gauge group into SU(5) (optional)
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