
Examples of oral exam questions for Advanced Quan-

tum Field Theory NATF002

Version of December 8, 2020
As a general rule the questions are aimed at understanding what is happening, not

reproducing details of derivations. The exercises have been chosen such that you should
have worked through the main derivations anyway.

The ordering in the chapters is only approximate, questions might require knowledge
from several different chapters. They are also of varying difficulty.

Since this a self-study course the course evaluation will happen after the oral exam, so
remind me to do it if I forget.

Chapter 6

• Explain the physics behind infrared divergences

• What is Pauli-Villars regularization?

• Describe how you get to the integral in

Chapter 7

• What is the LSZ reduction formula and why is it so important in QFT?

• What is self-energy?

• Describe charge renormalization

• Describe renormalization versus regularization

Chapter 8

• What is a correlation function and a correlation length?

• What is a universality class?
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Chapter 9

• Explain the general reasoning behind

U(qa, qb, T ) ≡
〈
qa|e−iHT |qb

〉
=

∫
DqDp exp

(
i

∫ T

0

dt (pq̇ −H(q, p))

)
(1)

• More general, how do you get Green functions/correlations functions out of the path
integral?

• Describe the derivation of

〈Ω|T (φ(x)φ(0)) |Ω〉 =

∫
Dφφ(x)φ(0)e−i

∫
L∫

Dφe−i
∫
L (2)

• What is a generating functional?

• Explain the reasoning behind a Fadeev-Popov ghost and the physics of why it is
necessary.

• How do you put fermions in the functional integral?

• Explain Grassmann variables.

Chapter 10

• What is a superficial degree of divergence and how do we use it?

• Explain bare versus renormalized perturbation theory? Do you have a preference?

• How do you calculate δZ?

• Describe the renormalization program in QED, what is needed to fix all renormal-
izations?

• What are nonlocal divergences and what happens with them?

Chapter 11

• Explain symmetry breaking in the linear sigma model

• Explain Goldstone’s theorem

• Are currents still conserved after spontaneous symmetry breaking?
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Chapter 12

• Explain rescaling and Wilson’s renormalization group

• Explain the Callan-Symanzik relation, is it related to Wilson’s renormalization group?

• What are fixed points in general and IR and UV in particular?

• What is a renormalization scale, is it uniquely defined?

• explain anomalous dimensions

• Discuss coupling constant flow (i.e. give some examples of different types)

Chapter 15

• Explain gauge invariance

• What is a covariant derivative

• What is a field strength

You are really expected to know this chapter from a particle physics course

Chapter 17

• Explain 3 jet production

• Give a heuristic overview of parton distributions and the approximations that are
involved

• Explain the relevance of the 1/(1− x)+ parts of the splitting functions and how you
determine their coefficients

Chapter 20

• Explain how the scalar particle can become the longitudinal part in a vector propa-
gator

• Explain why the Goldstone bosons disappear as physical particles

• Explain anomaly cancellation in the Standard Model, why do we need it
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