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• Finish QCD

• Partons

• Hadron collider physics
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Plan for this week

Finish Quantum Chromodynamics:

  quark-quark scattering

Partons:

  Parton Distribution functions
  Deep Inelastic Scattering → measuring PDFs

Hadron collider physics:

  Variables for collider physics
  Drell-Yan process
  Defining jets
  Dijet cross section
  More hadron collider processes   
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Calculation of colour factor for ud → ud

Use to find
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|M|2 at LO for parton-parton scattering processes

R.K. Ellis, W.J. Stirling and B.R. Webber, QCD and Collider Physics, Cambridge University Press, 1996. 
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Deep Inelastic 
Scattering at HERA

High Q2 event at H1 Q2 vs x from ZEUS

820 GeV protons on 
27.5 GeV e− (or e+) at 
DESY (Hamburg)

H1

ZEUS
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Parton Distribution Functions

J. Pumplin et al. (CTEQ Collaboration), New Generation of Parton Distributions with 
Uncertainties from Global QCD Analysis, JHEP 0207:012,2002. 
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Pseudorapidity
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The Drell-Yan Process

For s << MZ
2, only g diagram important:^

,

For pp collisions, need to get q from “sea”, giving
_

Similar for pp → μ+μ− + X, e.g., at Tevatron using
_
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Transforming the Drell-Yan cross section

For, e.g., the different cross section with respect to invariant
mass and rapidity of the μ+μ− system:

The Jacobian is:

For the pp case this gives
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Drell-Yan data
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Jet finding algorithms

Matteo Cacciari, Gavin P. Salam, Gregory Soyez, The anti-kt jet clustering algorithm, JHEP 0804:063,2008 
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Dijet cross section

Earlier we found the cross section for ud scattering:

For pp → ud → ud + X:

Transform variables to jet-jet invariant mass mjj, rapidity of parton
c.m. y and rapidity η* of outgoing u quark in parton c.m.:

Include all parton-parton combinations that give two outgoing jets
(at LHC dominant contribution from gg → gg).
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Dijet event at the LHC in ATLAS

https://cds.cern.ch/record/2202818
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Dijet production in pp collisions

ATLAS Collaboration, JHEP 05 (2018) 195
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Véronique Boisvert
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Search for Z’
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Higgs production in pp collisions

gluon-gluon fusion vector-boson fusion (VBF) associated production (VH) ttH

The ATLAS Collaboration, Nature 607 (2022) 52–59 
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Higgs boson decays
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Higgs discovery: H → γγ  

ATLAS Collaboration, Phys.Lett. B716 (2012) 1-29
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H → ZZ* → llll

ATLAS Collaboration, Phys.Lett. B716 (2012) 1-29

H → WW* → lνlν  
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Higgs discovery

ATLAS Collaboration, Phys.Lett. B716 (2012) 1-29

At every hypothesized mH, find p0 = p-value of hypothesis that the 
data are composed of background only.
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Higgs 2022 update

Pedro Teixeira-Dias ATLAS Collaboration, Nature 607,  (2022) 52–59 
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Véronique Boisvert
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Véronique Boisvert
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