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Topicsinthis course:

1. Intro to QCD

2. Parton Distribution functions

3. Scattering Amplitudes
4.Parton Showers

S. High Energy Limit
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1 QCD Intro

-

finitia

QCD is a non-Abelian SU/3)
gauge theory consistingof

· spin-" quarks:6 families (d,u,s,c,b,t)
Each in3 "coaus"
-

fermian number

· Spin-1gluars: 8 =N,i) massless
wat

↳angiantF"Mr Mr+5:(iD-m8) i
no quark field

fund?rep?
where Dij =24 Gij +

igs Tij A*

Far =GrAe"-2nAn+gsfabcA gluan field
adjointrep

Mir eter Lovent Indices
a,b adjointcolou Repeated indices summed over.
is;fundclaw



Color matrices tosatisfy [T",Tb]=iffbets of (r,G] isjut

↑ for SU(z)
"Studwe

constant"

completely anti-syrm?
⑭Identities

Tr(Ta) =0 Tr(+aTb) =Igab Tij Tin =

Sin fabsabd =GG'

43 N
=3

We will need Feynman rules (derived from 1):
gators q: Sin +mee =electron propagator

P - S in colou
I

·

a gab e space
a b

*This is Feynman gauge and is all we
will need.

In general, gives unphysical degrees
offreedom which are cancelled by



"ghats".
entices:te

3 a igsUMT; (from igs TIAM term of AL.

·
Sire Is fabe (gar(p-g +

g(q-r)M +geM(r-pl)
C

e
cde

dsche,
-igs" (fabrf (giegre_grrgue) + perms.)

Example Compton Scattering (ev-ev) inQAD has an extra

diagram
SO e

We
W
~

>

3
~
is becomes the

QED QCD



and the firsttwoare no longer gange-invariantbecause gauge
piece now multiplied by [T9,50] F0, but[T",Tb] a fab and

is cancelled by him.

Finally need incoming loutgoing particles:

In

* usp ↳
f(p)

M
X

quark anti-quorkC P =pM Um

Giraespinarirae zqn (P-m(ulp.e

They are vectors/co-vectors in spinar space, which we treatseparately to
color space.

Any process
=[Feynman diags= I color factor xkinematics.

diags

Ican choose nice basis for color
factors tosimplifyintermediate steps.





Sicautantis gs or oftenas:
15
↳

It is notconstant, butevolves with sale of theprocess. We

calculate this(in normalisation) through the B-function:

B(as) =p
which is calculated perturbatively, currently to s-loops. See Tut-wed.

for QC, theB-f?is re
->

Usually quoted atQM2where it's value is -0.1.

-> Resultmeans as large atsmall energies -> non-pet.

to why we only see color-neutral states day-to-day.
as small atlarge energies. "Asymptotic freedom"

1.2 QCD Cross Sections

Atan ete-collider, the cross section for (PetPer--> PitPet... +Pr)
is given by

E
=I(3) (2)"8 (Pe- +Pet -, pi)M
M ↑ I



& Lorentz - Invariant Total man matrix-element
flux factor

Phase space (LIPS) conservation squared,
gives norm?

summed t
- (28p? -mi) averaged over

helicity, colour.

This is
straight forward as the exactmomental of it and are known.

⑲-- Asymptotic freedom tells us at H.E., coupling weak
↑

& and we can treatthem independently.
fair to assume they travel withfractionof

totalman

-

pr=x:1M for each componentwhere ,is thematurefractal of i

Picture confirmed by detailed experiments, see This tutorial.

We use a paton distributionfunction (pdf) find to connecta

partonic cross section to the proton collision,so

Ep (ep- p....pr) =[ Siesgigigsd file) :(ei- p.pn) +0(4)



with two incomingprotons,

Opp (pp - p. ... Pn)
=[
·j -29,aig

Jodi S.d fillfjk Eij (ij p, ... (n) +0(88)
e

y patonic cross section

non-petub. petubature.

Notes
-

⑳ This has an appealinginterpretation where thepdf givesthe

probabilityof findinga particular flavour of parton withmanyfractical
Ci

· Ithas been analytically shown tobe valid for DIS and for Drell-Yan
Spiteter). Nottrueatall orders for every final state.

· Thereis a correction term of 0(2) where race is scale where QCD
becomes non-peturb, and Q is scale of thehard-process.

· pdfs cannotyetbe calculated explicitly (some hope from lattia)
. can be large sauce of the une attheLHC.


