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Soft subtraction

For a soft gluon r ,
define countenterne
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with colour product shorthand
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Colour matrices of different partons commute

TITR = ThTj if K and (=

The sum over intel and final state fertous in Se can be spelled out
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We anticipate that S , j , Si are degree-zere homogeneous
functions of Xr ,

so we can substitute

Sj() = 55() , Sj() = S2(), Si (n) = S (v)



We define the set of shifted momenta [ , 2 ,
3m x 3 ,

with

37m +x
= 3

, ..., Put , x] the set of m + X shifted momental

Obtained by removingpr, through the shift equations
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the Lorent transformation that takes

the massive momentum " = p, + p. - p
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so we have the constrant 2 = 1-Jus
Sie

with M for m = 0 which entails the bounds
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Phase space convolution

Inserting the identity,
1= (5)

*
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with -Si + (2) = G( - Ju5
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the (m + 1 +X) - particle plass space
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can be written as the convolution
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We exchange the moment [ 3 and ,
with Sp] and i through

the shift equations .
Just like in the If colliver care

,
since

↑r , Ex and I are related to Fr , Ex and by Lorentz transformations,
witt det (1) = 1

,

then
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we insert another identify
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Note that in the colour singlet case
,
m =0,

the place space m
becomes
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Integrated countertenue
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Collinear-soft subtraction

For a final-state perton i and a soft gluon r ,
which are collinear,

since we can ure the light-come decomposition ,

P= zerPir + 0(k))

Pr z
.
i Pir + O(kL)

Sin Per-Pr

S2ZiPir-Pa with E1-Zen

2zirand so the citonal factor becomes Sin() =

(1-zinin
we define the counterter,
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with Zer =>
(12) and Z = 1 -Zur

· S(

where S(( = 2 (Fe Pr . (P + P2)

The counterter is defined through the soft mapping ,
we

shift equations and phase-space convolution are the same as inthe soft case

Remember that
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