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We are interested in PDF factorization in 
infrared safe observables in hadron-hadron 
collisions.
Our example is dimuon production, as in

J.C.Collins, D.E.Soper and G.F.Sterman, 
“Soft Gluons and Factorization,” 
 Nucl. Phys. B 308, 833 (1988)

This paper works at all orders, but it may be 
helpful to look at just a first order example, 
emphasizing the Glauber singularities.

J.C.Collins, D.E.Soper and G.F.Sterman, 
“Factorization for Short Distance Hadron - Hadron Scattering,” 
 Nucl. Phys. B 261, 104 (1985)

See also
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Some notation
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Definition of PDFs
• For quarks,

fi/h(ξ, µF ) =
1
2

∫
dy−

2π
eiξp+y−〈p|ψ̄i(0, y−,0)γ+Fψi(0)|p〉

• For gluons, a similar definition.
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fi/h(ξ, µF ) =
1
2

∫
dy−

2π
eiξp+y−〈p|ψ̄i(0, y−,0)γ+Fψi(0)|p〉
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Factorization
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y =
1
2

log
(

q+

q−

)



A simple contribution
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A more difficult case
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The A partons
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The rest of the graph
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Initial state contribution
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Final state contribution
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A second initial state 
contribution
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Cancelations
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Hadron A
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Another final state 
contribution
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Integration contour for initial 
state contribution
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Consequence of the contour 
deformation
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Using Ward identities
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Intuitive picture
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