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Topics

Broad Title Topics

Regularisation Ultraviolet divergences in QFT. Cutoff, Pauli–Villars, dimensional,
lattice and heat-kernel/zeta-function regularisation. Regulators and
symmetries (gauge invariance, chiral symmetry).

Renormalisation Power counting; renormalisable and non-renormalisable theories.
Counterterms and renormalisation schemes (on-shell, MS, MS-bar).
Renormalisation of scalar theory, QED and non-abelian gauge
theories. BRST symmetry and Slavnov–Taylor identities.

Renormalisation
Group

Callan–Symanzik equation, beta functions and anomalous
dimensions. Running couplings, asymptotic freedom, fixed points
and critical exponents. Wilsonian renormalisation group and
effective theories.

Anomalies Axial (ABJ) anomaly via diagrams and the Fujikawa method. Trace
anomaly. Gauge anomalies and their cancellation in the Standard
Model. Wess–Zumino consistency conditions, 't Hooft anomaly
matching, π⁰ → γγ. Witten (global SU(2)) anomaly. Topological
aspects of anomalies and the Atiyah–Singer index theorem.

Solitons Topological charge and Bogomolny bound. Kinks and sine-Gordon
model, vortices, 't Hooft–Polyakov monopole, skyrmions.
Quantisation of soliton solutions.

Instantons Tunnelling and Euclidean saddle points. BPST instanton in
Yang–Mills theory, θ-vacua, fermion zero modes. U(1)A problem and
the strong CP problem.
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