
QCD Lecture4

Hardtime:scatterpartwithgutqaas an example
· LO

·found a virtual contribution:
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9-9 vetex diagrams have same form,differentcolour factors.

When we sum over glue helicity, n.+E (g)MgYg)--grw (F. gauge)



Frl2 thenhas cross-tome of the form ...
We need to integrate over PgM. Sij =(Pi +Pj)=2P: Pj
We defineIR regions of phase space are where
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it as containssoftand collinear

separate similar treatmentfor collinear stats at"a

Note similar form tothe virtual. Can see how cancellation could
occur, and itdoes if you sum correctly.

Practically, organising thecancellation iskey. Above is phase
space slicing'
Mostcommon are Catani-Seymour dipoles and frixiane-Kunset-Signer/EKS), automated.
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St. JaPE:JdPsfs and JaPz(IMviaP+E), SPs IMrealR-fs batt
frite.

IMviA =

2 Re (MriAx Mre)

Need finite contribs to 25 and 3j! Not
separatelyguaranteed tobe

positivewhich leads toa problem of 'negativeweights'
All prescriptions introduce new params - thoune. Should check
independence of final result.

4. Paton Showers

Calculatingatfixed order in as makes sense when each tum in
the series issmaller than the last

5 =25G +x +ag"G+ ...
so far taken as small tobe guiding principle.



There is a problem when the 'C's increase withi

An importantexample is collinear emissions. We cancel the 's's, but
nearby isstilllarge.
Take I'm with p. Splitting ,pi
As for initial coluniar, dES:d( ( Paalt)

previously in1 ↑ Samarised Bat
splitting fiFor outgoing, define tip:Lorent Invaiant

virtuality-
can iteratewithmore and more emissions de din SS! PinintAfter
Each emission, Paton is closer toon-shell p, to so virtualitiesorderedt,tz) ty) ...

Use Im for hard scatter, thenevalue down like this tosmall scales, to



of course givesan approx to full zen result, butif high enough,
don'thave a full result.

Similar for soft. An extra softpaton notso easily associated to
- (82) hard partons. "Color colorence"means well-modelled if instead oft you order emissions by angle 0.

Apanshower uses these probabilities to produce a setof events with
raying numbers of extra emissions faithful tothatdistr
to

getthisright, need a "no emissionprobability".
Define Sudakar factor, 5: (toit), to be the

probabilitythatno resoluableemissionhas been produced from paton; between twoscales to andt.

&: (t0,t +8t) =dito,t) x[1 - [**(dz Pji(z)]



-therewas an emission

Limit8teo gives astoit)-- I 5(dz Pi(z) diltot
=>i(tat) =exp(- ES(dtP,i(z)

:. Cascade/shaver of a emissionswithflavor in, manyfractionEr,
virtualityto has probe
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sudakor for each splittingorfor
separationinscales each emission.
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· Only mentialedreal emissions. Virtual corrections are implicitlyincludedinthe Sudaka.



· We required probabilitiessum to 1, and ifyou sum above equ over all
frial states, you get1.
=>Total cross sectionshould be unchanged by showering, justmoved
in jetbins/distributions.

In practice, itwill change slightlydue tocuts, jetalgorithms,...
· similar treatmentfor soft/collinear emissions from incoming color-chargedparticles, but mustexclude emissionsin pafs.

· Sudabor
includes a ratio of pdfs.

· Need torun shaver on each color-charged particle,and theones you produce.theordering and to mean itwillbe time-consuming.
ging

ze Wish to combine thebestof or fixed orders with
the bestshaver.



Merging means doing that, merging to atdifferentorders.
-> means improve accuracy and only approx where
necessary.

Mostpublic shavers do this a avoid double-countingwithamerging scale.

#;;fpsa?Each wine is
ane

describe withMEs

ohes from shower.

merging scale source of unc. (designed to be smoothstep).
same true

tocombineNLO,WN40...


