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Soft-gluon corrections

Resummed cross sections
e NNLO corrections
e NNNLO corrections

e Application to tH~ production



Factorization in perturbative QCD

o= Z/ [H dzx; qbf/hi(xi,,u%)
f 0

6-(87 t,u, HF, l"l’R)

Hard-scattering cross section - perturbatively calculable

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

Define sa = s+t+u—> m? — 0 at threshold
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with [ < 2n — 1 for the n-th order corrections



Define moments of the cross section

G(N) = [5° dsaeNo/M" 5(s4)
Soft corrections
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We can formally resum these logarithms to all orders in

as. factorize soft gluons from the hard scattering

At NLO, Di(s4) and Do(ss) terms
LL NLL

At NNLO, D3(84), D2(84), D1(84), and D0(84) terms
LL NLL NNLL NNNLL

At NNNLO, Ds(s4), Da(sa), D3(sa), D2(sa), Di1(ss), and
Do(s4) terms



Threshold resummation formalism applied to:
e Hadron-hadron and lepton-hadron colliders
e Total and differential cross sections

1PI and PIM kinematics

Simple and complex color flows

e MS and DIS factorization schemes

Specific processes:

Top quark pair hadroproduction

Beauty and charm production

Single-jet and dijet production

Direct photon production

Large-pr W and Z production
e FCNC top production
e Charged Higgs production

Numerical results:

Soft corrections a good approx. of full NLO result
Higher-order corrections are sizable

Dramatic decrease of scale dependence



Soft-gluon resummation

G'(N) = exp ZEZ-(Ni) exp ZE}(NJ-)
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with (MS scheme)
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with A;(as) = Ci [as/m + (as/m)2K/2] + A® + ...
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where B} = (as/w)B’gl) + (as/W)QB’f) +
with B'{") = 3CF/4 and B'\") = po/4
~; are parton anomalous dimensions; H are hard scattering matrices;

S are soft matrices (noncollinear soft-gluon emission);

"¢ are soft anomalous dimension matrices



NLO master formula
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Matrix terms
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NNLO master formula
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NNNLO master formula
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NNNLO soft-gluon corrections for charged
Higgs production
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Summary

e Soft-gluon resummation
e Soft-gluon threshold corrections are sizable
e NLO, NNLO, and NNNLO soft-gluon expansions

e Important for greater theoretical accuracy



