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Quantum Mechanics
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Quantum Electrodynamics

Classical

S :=
∫
d4x L

L = − 1
4FµνF

µν − jµAµ

πµ := δS
δ(∂tAµ)

H =
∫
d3x H

(
Aµ, π

µ
)

(Aµ, π
µ) 7→ (Âµ, π̂

µ)

Z :=
∫
DAµ e

iS/ℏ

Canonical quantisation Path integral formalism
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Effective Field Theories (EFTs)

▶ The separation of scales is the reason we can do physics at all!

▶ All theories we work with (e.g., SM, Fermi theory) are in fact EFTs.
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Effective Actions

1. The Wilsonian effective action:

W := −iℏ lnZ

▶ By restricting the integral range in Z, this is an effective action for a given scale.

2. The quantum effective action:

Γ := W −
∫

d4x jµ
δW
δjµ

▶ This action already incorporates quantum effects at tree level!
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Gauge Trouble

▶ Gauge theories possess unphysical degrees of freedom by construction

▶ The Faddeev-Popov method results in integration over physically
distinguishable field configurations

▶ Invariance under gauge transformations replaced by a global ‘BRST’ symmetry.
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What’s the Problem?

▶ The ‘source term’ jµAµ spoils the BRST symmetry!

▶ The result is a Γ plagued by gauge-related ambiguities arising from:

Faddeev-Popov Lagrangian (without source term)

LFP = −1

4
FµνF

µν + BF − c̄ QF +
ξ

2
B2

Also, should Γ itself be invariant under gauge transformations?
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A Potential Fix...

▶ Does modifying the source term settle the issue?

▶ The Vilkovisky-DeWitt formalism and resulting action provide an answer

▶ This formalism takes advantage of the close relationship between field
reparametrisations and gauge transformations

For some reparametrisation Aµ 7→ Aµ(A
′
ν),

jµAµ 7→ jµAµ(A
′
ν) which is generically not jµA′

µ.
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Why a Physical Action?

▶ Ultimately the goal is to make predictions which can be compared to experiment

▶ Γ has many uses, particularly in the study of spontaneous symmetry breaking

▶ The value of the potential at extrema does not suffer ambiguities, but when
drawing conclusions from perturbation theory this is a delicate issue
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Speaking of Phase Transitions...

Figure courtesy of Rajantie (2012)
arXiv:1204.3077.

Figure courtesy of Battye (2021)
arXiv:2111.07822.
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Thank you to Archil, my physics peers,
the Sydney Particle Physics Group, and Sydney CPPC

for a wonderful journey!
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