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Figure 1: Diagrams contributing to the soft function at NLO.

4.2 Soft functions

We consider the soft functions next. The Lagrangian of the soft sector of SCET is identical
to the standard QCD Lagrangian, so the calculation of the soft matrix element is the same as
in QCD. They are determined by matrix elements of time-ordered products of three Wilson
lines. Rewriting Eq. (47), for the two channels,

1

Nc
〈0|Tr T̄

[
(Y †

1 YJta Y †
J Y2)(x−)

]
T

[
(Y †

2 YJtaY †
J Y1)(0)

]
|0〉 =

∫ ∞

0

dk+ e−ik+(n̄J ·x)/2 Sqq̄(k+) ,

1

Nc
〈0|Tr T̄

[
(Y †

1 Y2t
a Y †

2 YJ)(x−)
]

T

[
(Y †

J Y2t
aY †

2 Y1)(0)
]
|0〉 =

∫ ∞

0

dk+ e−ik+(n̄J ·x)/2 Sqg(k+) .

The soft functions for the qq̄ and qg channels differ only by which representation of SU(3)

is associated with which direction. In particular, the position xµ
− = (n̄J ·x)

nµ
J

2 at which they
are evaluated points in the direction of the adjoint in the qq̄ → gγ case and a triplet (or
anti-triplet) in the qg → qγ case.

In dimensional regularization the virtual graphs contributing to this soft function vanish,
so we are left with real emission diagrams. These can be drawn as cuts through diagrams
with a gluon being exchanged between any Wilson line at 0 and any other Wilson line at x,

as shown in Figure 1. The soft (Eikonal) Feynman rules give a factor of nµ
i

(q·ni)
for the emission

from leg i, so in particular graphs involving emission and absorption into the same leg vanish.
As indicated by the one-dimensional Fourier transforms in Eq. (64), the x− dependence means
we only need the dependence on the component of soft radiation backward to the direction of
the jet.

The non-vanishing diagrams for the qq̄ → gγ case give

Sqq̄(k) = 2 g2
sµ

2ε

∫
ddq

(2π)d−1
δ(q2)θ(q0)δ(k − nJ · q)

×
[(

CF −
1

2
CA

)
n1 ·n2

(n1 ·q)(n2 ·q)
+

1

2
CA

nJ ·n1

(nJ ·q)(n1 ·q)
+

1

2
CA

nJ ·n2

(nJ ·q)(n2 ·q)

]
, (64)

and for the qg → qγ channel
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