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The Gradient Flow beyond QCD

Dμ = ∂μ − iTaAa
μ(x)Fμν =
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Bμ(t, x) = 𝒟νGνμ(t, x)

Bμ(t = 0, x) = Aμ(x)

flowed gauge field:
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The Gradient Flow beyond QCD

• extension to scalar QCD (exists) 
• extension to QED (exists) 
• extension to the electro-weak theory (new!)

Application: 
Renormalization of Effective Field Theories

∂
∂t

Bμ(t, x) = 𝒟νGνμ(t, x)

Bμ(t = 0, x) = Aμ(x)
Program:
• establish the flow equations 
• derive Feynman rules 
• calculate simple observables
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The Gradient Flow beyond QCD
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The Gradient Flow beyond QCD
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Effective Field Theories and Group Theory

Standard Model:
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Effective Field Theories and Group Theory

Standard Model: SMEFT



 R. Harlander, Master Topics 2023

Effective Field Theories and Group Theory

Standard Model: SMEFT @ dim 6
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Group theory, Young tableaux, etc.

Effective Field Theories and Group Theory
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Effective Field Theories and Group Theory

Evanescent operators, e.g.

QFT leads to divergences  →  dimensional regularization: D = 4 − 2ϵ

(ψ̄ γμγ5 ψ)(ψ̄ γμγ5 ψ) D=4∼ (ψ̄ γμγνγργ5 ψ)(ψ̄ γμγνγργ5 ψ)
Program:
• get familiar with field and group theory methods 
• understand the origin of evanescent operators 
• generalize to arbitrary mass dimension in EFT

Application: 
Matching coefficients of EFTs to UV complete theories
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Higgs production at the LHC
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Higgs production at the LHC
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Higgs production at the LHC

Program:
• get familiar with higher-order perturbative calculations 
• get familiar with Higgs phenomenology, BSM, EFTs, etc. 
• calculate theoretical predictions in BSM models and EFTs

Application: 
Analysis tools for phenomenological studies
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