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Motivation
In high energy particle physics, we often want to calculate what happens 
when we collide two protons


But protons are actually filled with a lot of “stuff” (quarks and gluons, 
collectively called partons)
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Drell-Yan production
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We can calculate using a “path integral” approach: sum/integrate over all the 
possible ways go from the initial state (two quarks) to the final state (two 
leptons)


Feynman rules tell us the amplitude  for each “path” which can be 
represented by a diagram

ℳ



Higgs boson production in CMS
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Figure 2: Real CMS proton-proton collision events in which four high energy electrons are
observed. The event shows characteristics expected from the decay of a Higgs boson but is
also consistent with background Standard Model physics processes.

various steps [18]. In each step, the newly appearing features are highlighted in red. In the
present article we will only examine how step 1 is implemented in a numerical simulation.

1. Hard process generation, Figure 3: The hard process is generated by choosing a
point on the phase space according to the ‘hit-or-miss’ method.

2. Heavy resonance decay, Figure 4: Heavy resonances with narrow widths are
decayed before the parton shower. In this example the heavy resonance could be a
top quark, decaying to a `⌫` and a b-quark.

3. Parton showers, Figure 5: The incoming partons are showered by “evolving back-
wards” to the incoming hadrons, producing initial-state radiation. Any final-state
particles that are colour-charged also radiate, producing final-state radiation.

4. Multiple parton interactions, Figure 6: Secondary, lower-energy interactions
between partons within the colliding hadrons, modelled as QCD 2 ! 2 interactions,
are generated.

5. Hadronization and hadron decays, Figure 7: In the cluster model of hadroniza-
tion, clusters of coloured (QCD-charged) particles are formed and hadrons are pro-
duced. Unstable hadrons are subsequently decayed.
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In reality, even more complicated
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Particle physics event generation steps
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1. Hard process


2. Heavy resonance decays


3. Parton showers


4. Multiple parton interactions


5. Hadronization and hadron 
decays



Cross section

Differential scattering  
cross section   usually  
depends on the scattering 
angle   

Total cross section is given by integral over solid angle 
 




Cross section can be thought of as the probability for a given process to occur

dσ
dΩ

θ

σ = ∫ dΩ
dσ
dΩ

= ∫ dθdϕ sin θ
dσ
dΩ
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