
QCD Lecture 2

time:Intro toQCD including. Feynman rules

· Running Coupling
· Cross sections

· Pafs to linkpatonic cross sections

to hadvaic cross sections

2
2.1 Properties
-

versally:they are independentof final state and collider.

Measure in one place allows prediction inmany others.

Sum Ruks
-

Electric charge of proton is+1 attributed to 2xn+1xd.

Actually more complicated withgluons (300 charge) and got pairs
"the sea".



Electrical charge conserved requiresfollowing "sum rules"

S'de [fule) - fale] =2.8

Jo'd [fakel-fake]:1

Soda [fil)-f,(x)] =0 i= 35,c,b3 - maybe not?

Momentum conservation gives (dice[fil):1.
Positivity-
Technically, pdfs do notneed tobe positiveeverywhere, they justneed to
always lead to positive (differential) cross sections.
Cainuity
No good physics reason to expectdiscontinuitiesor other non-analyticbehavider, SO usually 'smoth!
2.2 singularities
Example
-

Consider Drell-Yau productionof a color-neutral vector boson



-
Theperturbativepartis closely related to the RAD process etc- putpi

e
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At20, the difference is only inelectric charge +colour factor:
#by =TasT

Atnextorder inas:generate corrections like

e er Sun
"real"extra an-shell "virtual"

particle produced
gluan is emitted

I absorbed.



k Emissioncreates an extra propagator which contributes a

~ denominator
ster:Er

New!

In centre - ofmass frame, we may choose
pM =((p1; 0,0,(p1) 3M =(1);Il since, 0, Ik(cosO)

=>sr nisicsa
We need tointegrate over all key lie all inand 0), butthe amplitudeclearly diverges of14 to and law oro

2

/ ↑,

"soft"sing? collinsar"sing?
These are

genuinedivergences. Mistake isto treatseparately tovirtual becauseif Ik=0, or if0 =0 identically, what
you measure is indistinguishable.

In QED, Block-Nordsieck theorem
guarantees thatcombinationof realt



virtual is finite.

In QCD, theKinoshita, Lee - Navenberg (KLN) also guarantees finite results
butonly with all possible initial states (e.g. 999 putpl
RUN

graantels cancellation of softsingles, virtual singlesand collinear singles.with
outgoing particles

among themselves,butleaves uncancelled collinear withincomingparticles.
GoLimit

I assumed to

qu pizp,k*(1 - z)pM +k be small

~

pe

S
other inc. leg

Then Fig He J,'dt) aPaq(z) [9q(tp, pyl
I

I
↑
2=2 patonic cross section,

Unregularised DGLA splittingf now withEp.

Pgq(z) =E
me for any q-initiated process.



Butintegral over Pag(z) diverges as tea. Thereis a correspondingritual self-energy
diagram ↳P

p. which cancels itat thepaintE=1.

Addingitgives "regularised splittingfunction"
Paq(z) =EF (E +8(1 -z)(2 - z))

more usually writtenwitha "plus distribution"

Jake Jeff
so Paq(z) =(,, +2 8(1-z).
ButEggg stilldivergentat111e0. Energy scale very low, unpet region.

so should be in hadronic description.
Independent of hard scatter so valid toinclude in pdf-↳factorisationscale, the "factorisation scale"e
for 111<Mr -> palf,

111 > Mr -> peturb. pat



the new modifiedpdf is

Iqk,Mr) =fqI) +EJN*die J.Paj(z)fj(E)
e change of variable - to factor out(p,p).

Quite T2 V BOTnow dependence as Mr.

original fat indt. of MF, so Aa =0 given

Mr Eakin).S,Pait) I;(E
so solved for evolution, like as!!

Notimproved by betterChoice ofMr undetermined -> th. unc. data inthefits!

Plots Here!







Abata points do notgiveyou a polf directly! Perturbative cales are thelink.

Theiraccuracy is pdf accuracy.
And
accuracy of it inpredictiondictates

accuracy of your polf.
x Potential circularity between fitingpolfs and

searchingfor new physics.
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