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Plan
• Lecture 1: Introduction

– Basic principles of event generation
– Monte Carlo integration techniques
– Matrix Elements

• Lecture 2: Parton Showers
– Parton Shower Approach
– Recent advances, CKKW and MC@NLO

• Lecture 3: Hadronization and 
Underlying Event

– Hadronization Models
– Underlying Event Modelling
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Lecture 2
Today we will cover
• The Standard Parton Shower approach

– Final-state showers
– Initial-state showers.

• Merging Matrix Elements with Parton 
Showers
– Traditional Approach
– CKKW
– MC@NLO
– Where Next?
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e+e- Annihilation to Jets
• In order to consider the basic idea of 

the parton shower let’s start with the 
cross section for e+e- annihilation 
into three jets.

• The cross section can be written as

• where x1 and x2 are the momentum 
fractions of the quark and antiquark

• Singular as x1 1 or x2 1.
• Energy Conservation requires
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e+e- Annihilation to Jets
• So the matrix element is singular as x1 1, x2 1 or 

both.

• What does this mean physically?

• So x2 1 means that 1 and 3 are collinear.
• Also x1+x2+x3=2 means that x1 1 and x2 1 implies 

xg 0, soft
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QCD Radiation
• It is impossible to calculate and integrate

the matrix elements for large numbers of 
partons.

• Instead we treat the regions where the 
emission of QCD radiation is enhanced.

• This is soft and collinear radiation.
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Collinear Singularities
• In the collinear limit the 

cross section for a process 
factorizes

– Pji(z) is the DGLAP splitting 
function.

• The splitting function only 
depends on the spin and 
flavours of the particles
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