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Inside the proton…

Quark Model view
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QCD view 

a strongly interacting 
many-body bound state
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Parton Distribution Functions (PDF)
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x = x1

x = x2

2Q qμ =∼
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DGLAP

The evolution of the PDFs from one factorization scale to
another is governed by an analogue of a Renormalization
Group equation which are called the DGLAP equations:

PDF

The DGLAP equations are universal: the collinear behavior is
Independent of the scattering process.

Splitting Function
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IR Singularity

Collinear Singularities
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Collinear Singularities

IR Singularity
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Feynmandelstam

We now want to map the spaces
of integration onto each other so
the IR divergences cancel.



Scott Willenbrock 47



Scott Willenbrock 48



Scott Willenbrock 49



Scott Willenbrock 50



Scott Willenbrock 51



Scott Willenbrock 52



Scott Willenbrock 53



Scott Willenbrock 54



Scott Willenbrock 55



Scott Willenbrock 56



Scott Willenbrock 57



Scott Willenbrock 58



Scott Willenbrock 59



Scott Willenbrock 60



Scott Willenbrock 61



Scott Willenbrock 62



Scott Willenbrock 63



Scott Willenbrock 64



Scott Willenbrock 65



Scott Willenbrock 66



Scott Willenbrock 67



Scott Willenbrock 68



Scott Willenbrock 69

Backup slides
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Comparison to BLM
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Comparison to BLM
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The Parton Model

Final State X

Hadronic Cross Section

Hard Scattering
Cross Section

Parton Distribution 
Function (PDF) of type i

Machine CM
Energy Squared

Partonic CM 
Energy SquaredInvariant Mass Squared

of Final State X

QCD Processes Factorize at High Energies:

The convolution is defined as:
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The Parton Model Beyond LO

As we calculate in perturbation theory we will encounter three
types of divergences:

UV – We know how to deal with these using standard ideas of renormalization.

Collinear – These are singularities associated with partons splitting collinearly.  
To deal with these we redefine our PDFs so that they contain a piece that will 
cancel off the divergent part of the cross section.  This is called factorization.

Factorizing (just like UV renormalizing) introduces a
momentum scale called the factorization scale which the cross
section will depend on at any finite order in perturbation theory.

IR – These will cancel in the final cross section.
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