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Proton-proton collisions
What are we doing, actually?
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Proton-proton scattering
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σ𝑝𝑝→𝑋 =෍

𝑖𝑗

ඵ𝑑𝑥𝑖 𝑑𝑥𝑗𝑓𝑖 𝑥𝑖 , μ𝐹 𝑓𝑗 𝑥𝑗 , μ𝐹 ⋅ ෝσ𝑖𝑗→𝑋 α𝑆 μ𝑅 , 𝑄2, μ𝐹 , μ𝑅



Proton-proton collisions
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The LHC in a nutshell
Our flagship!
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The LHC in a nutshell
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Physics processes at
hadron colliders
Finally!



Di-jet event with mjj=9.3 TeV



Di-jet event with mjj=9.3 TeV
Candidate for Higgs to two photons



Z 2 muon event with additional vertices



Lead-lead collisions





Physics processes at hadron colliders
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• σ

• σ

σ =
Number of interactions per particle and unit time

Flux

“interaction area”
v·Δt

φ



Physics processes at hadron colliders
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Γ𝑓𝑖 = 2π 𝑇𝑓𝑖
2 ρ(𝐸𝑖)

Transition rate from 

initial state |i> to final 

state |j>

Transition matrix element 

determined by Hamiltonian

Density of states



Physics processes at hadron colliders

𝑝1, 𝑚1

𝑝2, 𝑚2

𝑝3, 𝑚3

𝑝𝑛+2, 𝑚𝑛+2

𝑝𝑖 , 𝑚𝑖

𝑝1 + 𝑝2 → 𝑝3+⋯+ 𝑝𝑛+2



Physics processes at hadron colliders

dσ =
2π 4 𝑀 2

4 𝑝1 ∙ 𝑝2
2−𝑚1

2𝑚2
2
dΦ𝑛(𝑝1+ 𝑝2; 𝑝3… ; 𝑝𝑛+2)

Flux factor (in center-of-mass frame): Matrix element
squared

Lorentz-invariant phase space

𝑝1 ∙ 𝑝2
2 −𝑚1

2𝑚2
2 = 𝑝1,cm ∙ 𝑠

dΦ𝑛 𝑝1+ 𝑝2; 𝑝3… ; 𝑝𝑛+2 = δ4(𝑝1+ 𝑝2−෍

𝑖=3

𝑛+2

𝑝𝑖)ෑ

𝑖=3

𝑛+2
d3𝑝𝑖

2𝜋 32𝐸𝑖



Physics processes at hadron colliders

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• μ μ 

dσ =
1

64π2𝑠

𝑝𝑓
∗

𝑝𝑖
∗න 𝑀 2 dΩ∗

dσ

dΩ∗
=

1

64π2𝑠

𝑝𝑓
∗

𝑝𝑖
∗ 𝑀 2

e p

e

p

Θ*



Physics processes at hadron colliders

• ν

σ

ε

•

•

• σ

ε

ν = 𝐿int ∙ 𝜎 ∙ 𝐴 ∙ 𝜀



Physics processes at hadron colliders
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𝐿 = 𝑓 ∙
𝑛1𝑛2
4𝜋𝜎𝑥𝜎𝑦

𝐿int = න𝐿 d𝑡
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The LHC in a nutshell



Physics processes at the LHC
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• φ

• η



Selected physics processes
A biased selection to give you an idea



Physics processes at hadron colliders



Physics processes at hadron colliders



Physics processes at hadron colliders



 Next: the top quark
Best quark in the world, but I can’t say that loud when flavor physicists are around


