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Figure 7: Illustration of NNLO antenna factorisation representing the factorisation of both the
squared matrix elements and the (m + 2)-particle phase space when the unresolved particles are
colour connected. The term in square brackets represents both the antenna function X0

ijkl and the
antenna phase space dΦXijkl

.

subtraction term in all these single unresolved limits, we therefore subtract the appropriate

limits of the four-particle tree antennae, which are products of two tree-level three-particle

antennae, such that the colour-connected double subtraction term reads:

dσS,b
NNLO = N

∑

m+2

dΦm+2(p1, . . . , pm+2; q)
1

Sm+2

×
[

∑

jk

(
X0

ijkl − X0
ijkX

0
IKl − X0

jklX
0
iJL

)

× |Mm(p1, . . . , p̃I , p̃L, . . . , pm+2)|2 J (m)
m (p1, . . . , p̃I , p̃L, . . . , pm+2)

]

, (2.17)

where the sum runs over all colour-adjacent pairs j, k and implies the appropriate selection

of hard momenta i, l.

As before, the subtraction term involves the m-parton amplitude evaluated with on-

shell momenta p1, . . . , p̃I , p̃L, . . . , pm+2 where now p̃I and p̃L are a linear combination of pi,

pj , pk and pl. As for the NLO antenna of the previous section, the tree antenna function

X0
ijkl depends only on pi, pj , pk, pl. Particles i and l play the role of the radiators while

j and k are the radiated partons. Antenna factorisation of squared matrix element and

phase space in this configuration is illustrated pictorially in Figure 7.

Once again, the jet function J (m)
m in (2.17) depends only on the parent momenta p̃I , p̃L

and not pi, . . . , pl. One can therefore carry out the integration over the unresolved antenna

phase space (or part thereof) analytically, exploiting the factorisation of the phase space,

dΦm+2(p1, . . . , pm+2; q) = dΦm(p1, . . . , p̃I , p̃L, . . . , pm+1; q) · dΦXijkl
(pi, pj , pk, pl; p̃I + p̃L) .

(2.18)

The factorisation [21,25,31] is obtained by redefining a set of four massless on-shell momenta

(radiator, two unresolved partons, radiator) into two on-shell massless momenta. The

NNLO antenna phase space dΦXijkl
is proportional to the four-particle phase space, as can

be seen by using m = 2 in the above formula such that

dΦ4 = P2 dΦXijkl
. (2.19)
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