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The Standard Model of particle physics is, by far, the most successful application of quantum
field theory (QFT). At the time of writing, it accurately describes all experimental measurements
involving strong, weak, and electromagnetic interactions. The course aims to demonstrate how
this model, a QFT with gauge group SU(3)× SU(2)× U(1) and fermion fields for the leptons
and quarks, is realised in nature. It is intended to complement the QFT and Advanced QFT
courses and should be essentially understood as a third course on QFT since it covers some key
QFT subjects such as the Goldstone theorem, the Higgs mechanism and anomalies which are
not covered in the two QFT courses.

We begin by describing the important role of symmetries in relativistic quantum physics and
quantum field theory. We start with spacetime symmetries including representations of the
Poincaré group and discrete symmetries (C,P,T). Then move to non-abelian gauge symmetries.
Ideas of spontaneous symmetry breaking are applied to discuss Goldstone’s theorem and the
Higgs mechanism. We later apply these concepts to describe the weak interactions and their
unification with electromagnetic interactions and also Quantum Chromodynamics (QCD) that
describes strong interactions in terms of an SU(3) gauge theory.

We put all this together to define the Standard Model in terms of its local (gauge) and global
symmetries and its elementary particle content (spin-half leptons and quarks, spin-one gauge
bosons and spin-zero Higgs boson).

Throughout the lectures, general consistency and fundamental properties such as the structure of
gauge anomalies and asymptotic freedom will be highlighted. Also, some key phenomenological
properties of the Standard Model will be introduced such as the Cabibbo-Kobayashi-Maskawa
(CKM) mixing, the Glashow-Iliopoulos-Maiani (GIM) mechanism, neutrino oscillations, etc.

Both very high-energy experiments and very precise experiments are currently striving to ob-
serve effects that cannot be described by the Standard Model alone. We comment on how the
Standard Model is treated as an effective field theory (EFT) to accommodate (so far hypothet-
ical) effects beyond the Standard Model. General open questions and potential answers for the
standard model will be discussed at the end of the course.

General Outline

1. Introduction and History

2. Spacetime Symmetries

3. Internal Symmetries

4. Broken Symmetries

5. Weak Interactions: Electroweak unification

6. Strong Interactions: QCD

7. The Standard Model and Effective Field Theories.
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Prerequisites

It is necessary to have attended the Quantum Field Theory and the Symmetries, Fields and
Particles courses, or to be familiar with the material covered in them. It would be advanta-
geous to attend the Advanced QFT course during the same term as this course, or to study
renormalisation and non-abelian gauge fixing.
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Additional support

Four example sheets will be provided and four associated examples classes will be given by
Andreas Schachner. There will also be a revision class in Easter Term. Template of solutions
will be distributed at the end of the course.
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