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Introduction

QCD

non-perturbative 
low energy regime

high energy regime

perturbation theory 
can be used!



Renormalisation in QED

For a QED vertex we have an infinite set of higher order diagrams. All the second order diagram modify the 
strength of the interaction relative to the LO diagram

Ward-Takashi identity → the effects of the corrections on the currents cancel at all orders in perturbation theory

𝛼 = (e2/4π) ≈ 1/137   charge of the electron → effective 
electron charge
e0 → bare charge → in Feynman diagrams

Need of RENORMALISATION → the loop term gives rise to a divergence

P = e2/q2    P0 = e0
2/q2 



Renormalisation in QED



Renormalisation in QED



Renormalisation in QED

The ‘-’ sign implies that the c.c of QED 
increases with increasing |q2| 

Measurements of the coupling constant at 
different q2 scales (OPAL experiment at LEP)



Running of 𝛼s

where Nf is the number of quarks flavours 
and Nc the number of colours



Running of 𝛼s

The strength of the QCD coupling varies considerably 
over the range of energies relevant to particle physics

● |q| = 1 GeV c.c. of O(1)
● |q| > 100 GeV, c.c. about 0.1

This property of QCD is known as asymptotic freedom


