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Soft logarithms

e Collinear logarithms

e Resummed cross section
e NNLO corrections

e NNNLO corrections



Calculation of cross sections in perturbative QCD:
factorization of long-distance and short-distance physics
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Hard-scattering factors - perturbatively calculable
Parton distributions - determined from experiment

Near threshold for production of the system restricted
phase space for real gluon emission

Incomplete cancellation of infrared divergences between
real and virtual graphs — large logarithms

Soft and collinear corrections — plus distributions
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Define moments of the cross section
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Soft corrections
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We can formally resum these logarithms to all orders in
«os. factorize soft gluons from the hard scattering

N. Kidonakis and G. Sterman, Nucl. Phys. B 505, 321 (1997)

Let z;, denote s4/M? or 1 —z
At NLO, Di(xs), Do(xe), and 6(xy,) terms

At NNLO, D3(xsr), D2(xs), Di(xwn), Do(xer), and §(xw)
terms LL, NLL, NNLL, NNNLL

A unified approach and a master formula for calculating
these distributions at NNLO for any process
N. Kidonakis, Int. J. Mod. Phys. A 19, 1793 (2004)



Collinear corrections
IN"(s4/M?) — In" N/N
At NLO, In(zy,) and constant terms

At NNLO, In3(zy,), In?(z4,), In(zy,), and constant terms

Soft and collinear formalism applied to

e Hadron-hadron and lepton-hadron colliders
e Total and differential cross sections

e 1PI and PIM kinematics

Simple and complex color flows

e MS and DIS factorization schemes



Soft and collinear resummation
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~; are parton anomalous dimensions

and

H are hard scattering matrices

S are soft matrices (noncollinear soft-gluon emission)

"¢ are soft anomalous dimension matrices -evolution of
color exchange in QCD hard scattering



NLO master formula
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Example: The Drell-Yan process qq — V
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Plus collinear terms
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NNLO master formula
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NNNLO master formula
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Summary

e Soft and collinear logarithms at large x
e soft-gluon threshold corrections are important
e NNLO and NNNLO threshold corrections

e important for greater theoretical accuracy and

reduction of scale dependence



