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q deep inelastic scattering: a reminder
q Hera Collider and the experiments
q Results on Neutral and charge current scattering at high Q2

q QCD and deep inelastic scattering
q Parton Density Function determination
q Extra topics ?
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Kinematics of lepton-hadron scattering
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Proton rest frame
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Cross-sections in terms of structure functions
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Parton model: meaning of Bjorken x
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Parton model: cross-section
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Parton densities and structure functions
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Scaling violation



Claudio Luci – Collider  Particle Physics – Chapter 9 11

What can we expect for parton densities?

The interactions between
quarks smear the 
momentum among them

If the proton is: Then 𝐹"
#$ 𝑥 is:

a quark

three valence quarks

three bound valence quarks
+ some slow debris, e.g. 𝑔 → 𝑞$𝑞

three bound valence quarks

small x

valence

sea
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Parton model: meaning of y
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Helicity structure and y
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High-Q2: DIS is a way to probe small distances
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HERA: the (so far) only ep collider
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HERA operations
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Detectors: H1
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Detectors: ZEUS
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ZEUS: a few pictures
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ZEUS Hadronic Calorimeter
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ZEUS Hadronic Calorimeter

Less sensitive to the fluctuation of the
type of particles inside a jet, for instance
on the relative content of 𝜋%/𝜋±
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Neutral Current DIS reconstruction (H1) 
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Charge Current DIS
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Charge Current DIS cross sections and PDFs
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How to reconstruct a CC event at HERA ?
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How to reconstruct a CC event at HERA ?
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Result: cross-section versus Q2 (integrated over x)
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Limits of quarks substructure
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Results: charged current
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Charged currents: polarised leptons
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QCD corrections to parton model
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QCD corrections to parton model
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QCD corrections to parton model
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Let’s look at the gluon emission diagram
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Gluon emission: partonic cross section
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Gluon emission: partonic cross section
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Gluon emission: hadronic cross section

Parton-model term Gluon emission term
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Adding gluon initiated term
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QCD factorisation
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QCD factorisation in DIS
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DGLAP* Equations
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Physical interpretation
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HERA Kinematic plane compared to fixed target
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How to measure structure functions
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How to present results…



q The cross-sections are presented as “slices” in Q2 as a function of x
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DIS plots



Claudio Luci – Collider  Particle Physics – Chapter 9 51

DIS cross-sections: example e+p NC
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A zoom into a few bins
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HERA Measurement: example e+p CC
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Extracting the parton density functions



Claudio Luci – Collider  Particle Physics – Chapter 9 56

Extracting the PDFs: parametrization
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Extracting the PDFs: DIS data
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Different processes are needed to distinguish different quarks
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HERAPDF: parton density fit based on HERA measurement only
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HERAPDF: log-x scale
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and the gluon?
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HERA, PDFs and LHC
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DY processes and x,Q2
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DY processes and x,Q2
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Status and outlook on PDFs
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Hard diffraction: something (almost*) unexpected!

Roman pot
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Hard diffraction: interpretation
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One pion exchange



Claudio Luci – Collider  Particle Physics – Chapter 9 70



Claudio Luci – Collider  Particle Physics – Chapter 9 71

Leptoquarks

M (TeV)

ALLA FINE
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Very low Q2: photoproduction
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How to reconstruct a NC DIS event at HERA?
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A few DIS plots
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Final states can be used to tag specific quarks: c and b
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More handles on the gluon: jets

Rimuovere ?
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Jets, PDFs and 𝜶𝒔

Rimuovere ?
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Charm and Beauty PDFs

Rimuovere ?
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Electron Reconstruction (ZEUS case)

saltare



End of chapter 9
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