
LECTURE 18:  QCD (Part 1)    

      Overview: 

                       -QCD introduction  

                       -Feynman rules

                       -Calculating colour factors

                       -quark anti-quark annihilation                       
                                                                                             
                        (I used Quigg and mostly Giffiths as references)                       
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Colour Factor Summary @
8

From slide 5 : colour Factor C ( LB →STKGIT§ ,
Xarstsr

For quark - quark : ( ( rr → rr ) = 11 } = C (
gg

→ gg ) = etc
.

( ( rb ; rb ) =  - 1/6 = ( ( ing → rg )
= C ( gr → gr ) = etc

.

C ( rg → grl = } = C ( rb → brl = etc
.

note That ( ( rb → bg ) = ÷
,
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Colour Factor Summary @

For QED e- q → eq :

adq=2tgy2I[ 1+(1+412)

For QCD vd → ud → replace QQ . L with as

⇒ ⇐. =4y¥[ I + ( ' t¥H
note That ✓s ~ Mz 2 ~ 11 , }o , 2s~tg

Also note That 2421=24211
- Lh4s÷wH÷z)

444=44211
-1

Baslnillw ( I )

B : 11 No - ZNF Nf : number of Flavours
# Nc : number of colours



Back To Hadrow Collider Kinematics @

pp → jet - jet + X

→ Transverse momentum : Pt  = ftp.
→ 2 - jet system is in general boosted

rapidity y= 1kW ( ¥IPp÷ )
if pz±Eas0

→ y= ÷w(
t.gg#)=tzh(cot24a

)

define y = - lwltan %)

Let's consider
pp → ntn

'

, qg → r →

ntnolqai→ ntn
' ) in Q } 45¥



@
With v and i quarks : ( at a pf collider )

d2o = Qi4¥12 uplqldx, irplddxz ,
until =

itlx )

=

4g . 4g Tidy vk.lv/xe1dt.dxz

centre of mass system :

T.fi/.p.ttzpz12=x.2p.2+tipit2t.Xzpip2

neglecting masses ( pi=pz2 :o) → s^~~ x. xz ( Zpipz ) = X. tzs

d2o = 41g w 4¥vk.lvtddx.cl/z9XiXzS
-

we also need dd
,

and Sec quarks :

d2o=4gfdht[ 41
, [

ukilukzltitilitd
)+t[dwdHtIwIwD¥;



@
Invariant mass of ntn

- system : M2= Xiks

Rapidity of the ntn . system : y=÷ In
( eest.fyt.ph#hY)

pq = Is IX.
,

0
,

0
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X
,

1 pj= Is ltz
,

0
,

o
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k )

i. ÷wlY;tfitItI¥÷l ' the
X

,

=

¥ e4
, k :

Msft

didn '

Kathe,
dtidt "

pE¥i¥y÷1
dtdtz

dydn iztndtidtz
µ see previous page

→ d 'o =

4t÷n2 FG. .nl 24 dy DM
, gljoyn

= 8yd Flhih )
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Consider
qq + qq scattering

we obtained previously : ¥2 =

4tgydI [1+(1+9,1)]

using 0,2 =
- qz f = X. tzs

, adding PDFs .

'

I

¥u : 4%4 [ ' t ( l -

sa×÷. )
'

) gc x. ix. ldxdxz

gk , ,
Xzl = [ vk.lu Hz ) + Uk ) dlxdtck

, ) ukz ) + dlx
, ) d ( al )

⇒da¥udn= 4h42 [ ' t
1 ' - nail

'

) sexual

→
you can rewrite this in terms OF

pt , y , ,yy
*

Note That
qq → qq is just one out of

many diagrams
that will yield Two jets . . ,


