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Soft-gluon corrections

Factorized cross section for h1
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Hard-scattering cross section - perturbatively calculable

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

Incomplete cancellation of infrared divergences between real and virtual
graphs � large logarithms
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Define moments of the cross section
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We can formally resum these logarithms to all orders in αs:
factorize soft gluons from the hard scattering

Invert back to momentum space
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Threshold resummation formalism has been applied to:

� Top quark pair hadroproduction

� Beauty and charm production

� Jet production

� Direct photon production

� Large-QT W production

� FCNC top production

� Charged Higgs production

Numerical results:
Soft corrections a good approximation of full NLO result
Higher-order corrections are sizable
Dramatic decrease of scale dependence
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Soft-gluon resummation

A unified approach
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H are hard scattering matrices; S are soft matrices (noncollinear soft-gluon emission);
ΓS are soft anomalous dimension matrices
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NLO master formula
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NNLO master formula

σ̂

�

2

� � σB α2
s

�

µ2
R

�

π2
1
2

c2
3

�

3

�

s4

� �

σB α2
s

�

µ2
R

�

π2

�

3
2

c3 c2  β0

4
c3

�

∑
j

Cj
β0

8

�
�

2

�

s4

� � α
dαs

� 2
s

�

µ2
R

�
π2

3
2

c3 Ac �

2

�

s4

�

�

σB α2
s

�

µ2
R

�

π2 C

�

2

�

D1

�

1

�

s4

� � α
dαs

� 2
s

�

µ2
R

�

π2

��

2 c2  β0

2

�

Ac� c3 Tc
1

� Fc

�
�

1

�

s4

�

�

σB α2
s

�

µ2
R

�

π2 C

�

2

�

D0

�

0

�

s4

� � α
dαs

� 2
s

�

µ2
R

�

π2

��

c1  ζ2 c3

� β0

4
ln

�

µ2
R

M2

� � β0

4
ln

�
M2

s

��

Ac

� �

c2  β0

2

�

Tc
1

� Fc ln

�

M2

s

� � Gc

�
�

0

�

s4

�
Here C

�

2

�

D1

� c3 c1

� c2
2

 ζ2 c2
3

 β0
2 T2

� β0
4 c3 ln

�

µ2
R

M2

� � c3
K
2

 ∑j
β0
4 B

�
1

�
j

C

�

2

�

D0

� c2 c1  ζ2 c3 c2

�

ζ3 c2
3

 β0

2
T1

� β0

4
c2 ln

�

µ2
R

M2

� � dαs
β2

0
8

ln

�

M2

s

�
 ∑

i
ν

�

2

�

i

 β0

2 ∑
i

γ

�

1

�

i ln

�

M2

s

�

�

∑
i

Ci
β0

8

�

ln2

�

µ2
F

M2

�
 ln2

�

M2

s

�
 2 ln

�

M2

s

��

 ∑
i

Ci
K
2

�

ln

�

µ2
F

M2

� � 2 ln

�  ti

M2

� � ln

�

M2

s

��

 ∑
j

�

B

�

2

�

j

�

ν

�

2

�

j

� �

∑
j

Cj

�
 β0

8
ln2

�
M2

s

�
 β0

4
ln

�

M2

s

�
 K

2
ln

�

M2

s

��

 ∑
j

β0

2
B

�

1

�

j ln

�

M2

s

�

Fc � tr

�

H

�

0

� �

Γ

�

1

�

†
S

� 2
S

�

0

� � H

�

0

�

S

�

0

� �
Γ

�
1

�
S

� 2� 2H

�

0

�

Γ

�

1

�

†
S S

�

0

�

Γ

�

1

�

S

�

Gc � tr

�

H

�

1

�

Γ

�

1

�

†
S S

�

0

� � H

�

1

�

S

�
0

�
Γ

�
1

�
S

� H

�
0

�

Γ

�

1

�

†
S S

�

1

� � H

�

0

�

S

�

1

�

Γ

�

1

�

S

� H

�

0

�

Γ

�

2

�

†
S S

�

0

� � H

�

0

�

S

�

0

�

Γ

�

2

�

S

	

N. Kidonakis, DIS 2006 7



NNNLO master formula
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NNNLO soft-gluon corrections for top quark production

Top pair production in the qq̄ channel at the Tevatron
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Higher-order corrections greatly reduce the scale dependence
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Summary

� Soft-gluon resummation

� Soft-gluon threshold corrections are sizable

� NLO, NNLO, and NNNLO soft-gluon expansions

� Important for greater theoretical accuracy

� Significant contributions to K-factors

� Dramatic decrease of the scale dependence
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