
QCD Lecture 3

time:Pafs including sum rules,

· singularities,
· evolution

· fitting

3. Scattering Amplitudes
Example qQ -qQ observed as part of pp-jj-

↑
Differentflavours

2 jets withIP11=180 Get withrapidity 2 atLHC c.am B.Stel
- c values = 0.1.

3.1 tree level/LeadingOrder (20)
Choose all-we helicity
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Need Ful for 5, converts spinar strings to traces,butneater to
use a spinar identityfor m=0:

(ACP.UMP. Ulal] [[(PelUm PUCpl] =[uspalupol][spelPaU(pi2].
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All these have same color factor TYa-eI

Sum is E ~ new dummy indexCYTE) (Ta? T)
alibc ↑

reverse order of indices
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Need to square kinematicparts.
1E.g. (5sPa)PrUlPoll:SiSpalPeUlPp)] [u(PolP>U(Pal] = 2 Pa-Po - S
-
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So getgs" En x(2PaPs) x21P,P2) =gs" E
This is thesame for +++. Similar calculationfor +-+-,-+-+

gives gs" E
Finally withcolor getgo"x2**:9MP

3.2 Next-to-headingorder
LO was s I
who correctionsare 3-type and -type

-

M =Gs Mree +CsMreal +4s Mvirtual +O(ds")



We want 0(s")
dIM12 =4s IMtee + &s" Mrcall+ ds"IMvirall" +2exManual)+...>

No Re(MrexMreal) as differentfinal states.

=>so NLO is stems.

squared diagram is thesame

-3 3
on-shell

Virtual
--
--

When
you have a loop, lose definitial of momenta in each propagator.

-youchoose tohave momental, therestare fixed
up to C

L-P, Have to integrate over all possible 1.
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musyingbylayingatthewpaV(Um*--V,e4N?

Using Form (vermaserent,

yeara sireSi ⑭
22 (1- p,)...

where a, by and so are functions of external momenta.
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scalarFirst tom immedialitysimplifiestogivea face-place - Pal"-p,-Pel"

Passarino - Veltman reduction is prescription toreduce all to scalar

integrals. e.g.P.2 =

- (2-p +1?

Nowadays rare touse P-V. Instead use unitalitymethodwhich
is complex analysis - physics knowledge tofind coefficients.

These integrals are notfinite!They have WV+IR divergences.
You

may treatthetwotogether by alteringthenumber of dimensions
4 - d =4 - 22 [We finally take970] Dis appear as poles in E.

Si-meJaza
↑actually comes from renormalised coupling

MR is renormalisationscale. Itshould be chosen to be typical' but



it's another sauce oftheory uncetarity. You would remove this if

you
calculate toall order.

Estimate sensitivity by varyingby factor of2.
It is notan error bar, or even at-

↑ (4)- 2)
↑(HE

Our integral is - G
= #F22)

89 Tr (TM+n + pR ⑲(E) (+log(-) +asil
TradIMP

scalar integrals ind=4-15 are mostlyknown, see e.g. aLoop.
Intro to OFT for examples.

acorrections
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E E This is similar to real

b-3
+3 similar +I correctionsinDY, and we

encounter denominators like

PrPg Pa-Pg....

Again we mustintegrateover all put ind=4-29 dimensions,
and finddivergences when Pgeo and lar Py collinear to an external
particle.

saw collinear splitting functionsyesterday. There are similar universal

soft fundras calledElanalfundabe ine
-
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External gluans have polarisationvector
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use =

uppinip, and i(k) Uru(k) =2kM for any kr.
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