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we have
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exercise check this



Therefore for 3 particle final state
c E I S 3

we can divide the total cross section into 2parts
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diverge at small Tt

se

Manifestation of soft collinear
singularity of QCD

o Got Si de FEL

Iihf J to To CF 121nF 13 that E to to

When re is verysmall 4 possibilities

virtual collinear anti collinear soft

g Wg f g F

The virtual contribution is trivial
dot 2 CHE
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For the collinear part we have T z pg't Y Thanks

to collinear factorization we can factorize the calculation

into two parts
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collinear 2 body phase space measure
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where Z is the longitudinal momentum fraction of quark
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Pqq Z t is the splitting function in 4 ZE dimension
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Using the formula for plus expansion
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where the plus distribution is define as
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We the have
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For the anti collinear PgApp contribution Wehave
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Finally there is the soft contribution Pg o
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Since g is Sef G and I are two back to back

momentum with energy za
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If g is in the left hemisphere I 2P Is
a a

we can express it in terms of a measurement function
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The matrix element factorize as
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where DES is the soft phase space measure
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Adding the soft collin ears and virtual contribution

we find
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The large logarithmic terms agree with the full amplitude
calculation



The above results is a very good approximation
when he is small For a small neo we can use

this formula to integrate to get a

R I f dxd
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To CF I z l n To 3 Into It t 0 to

combine it with J
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we obtain
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Agree with the direct calculation
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Earton model
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G partonic cross section



Recall that

qcete 95 4 42
2
Nc

FC9T ete 7 ocete got
4 e5

coloraverage
D8 a 4Th
0 Joe M 5 To Juan

i do
To DX dXa 8 Xix S W gIe I9CXD9 exc t x tax

Offfjdxdxzscxixz TJIqeq 9cxi19cxzltcxiexzif

go fjdxiz.EE Inna CE It
9TH 9h41
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virtual

2 Relate If BY met
In reality the amplitudes have to be calculated in 4 ZE

dimension But the crossing relation is the same

When adding real and virtual corrections
Partonic Cross section is absent of soft singularity
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The remaining divergence is collinear origin Cancel by
PDF counter term

89 exit
z
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There is also a gg channel

YIK No soft singularity but collinear
divergent

gluon PDF counter term
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Final results for DY at N Lo
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Numerically Large corrections at Nba



Origin of Large corrections

tiny DqCath 8 fh ztnF tsu HEE 8
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Therefore 2 1 corresponds to Pg soft

Two physical scales M and C Z M

Hard soft

expat Acb dynamics factorized between these two scales
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Have µ Hard function
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SAI 24 µ soft function

14 JE I II
be

eikohad

r
igsta.glnp igstanqtInPa E na

one loop corrections to soft function virtual
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Real corrections
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which reproduce the leading behavior of Dqcap
The soft function can bedefine to all orders as vacuum expection
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The definition of soft function as a gauge invariant

object also facilitate the resummation large logarithms by

RGE It's convenient to go to Laplace space

scan Ijaz expf qff Sez

To NLo

scan It 12Gt life t f tie told 5

It can be shown that Scw satisfy RGE
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Che can solve the RGE to all orders
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To compute the integral on the exponent use

in daddy's pcast off 9
The solution of the RGE expanded to NN Lo i
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1 51s tou5L4w t ftp.t.asp tzros ocasgpw

t Ew

The leading term Lio when transform back to momentum

space gives

Li 64144771 32 44171 t

So the resummation of is equivalent to resummation

at MI h


