
PHY4$4 Week 11:

actionto chromodynamics
Quarks have flavour (e,d,, b, ct) and color (r,g,b).

Can represent colours with vectors:

c=(d)(reus, (oi)(bM), (6)
green

Thus a quark is described by a Diran Spinar and a color vector

Ucs)(p) C.

Gluons

->Massless spin-1, specified in color basis (couples to itself)

11 =i(r5 +br) 15) =- E(rj -yi)
123 ==(rb - bi) 167 =(b5 +y5) -uponit.E I132 =i(rr - b5) 177 =-(bj -g5)

14 =E(r5 +yi)(4) =y(r+bb- 295)
"

=() =(z)

QLD is based on SUC3), we introduce Gell-Manu 2-matrices (sim. to

Su(2) Pauli matrices) where are rotation generators:
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Feynman Rules (QCDI

1. External Lines

Quark: Incomingeach Antiquark:(ee* 3E

Glow: (ninemeet
2,u

2. Propagators
i)q+ma)

Quarks/Antiquaris: q2-mc Glowsae):-yes



3. Vertices

Quark-Quark-Gluon: Three-Gloon: Four-Glon:
↓
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Coupling Constants:in QED, as internal momentum of increases, we set

larger coupling constants.

In ace, as Iincreases, the coupling constants decrease

in higher-order diagrams.
fine structure t137
↑L

[(0) q(me)"
-> Effective charge x

=(14: 1- (*3i) log)'*"/wer)
"Running"coupling constants

(Renormalization ( Xs (92) =
xs(n2) q2x2

1 +(<SM2/127) (IIn-27) log(1*u2)
U: # of colours

5: # of flavours M:any constant

(parametrizes coupling(

log A* = log2 - 12i/(IIn-2f)<s(wi))

=>AacD = 220 New when Xs*1



Hudronization: only colour singletstates are observed.

-"Quarks free at high energies":QCD coupling decreases as a

increases.

(QCD wen below aca

BARYON WALEFUNCTIONS

· Spin State ** 2 =0,1 *=I,

Quit relative orbital angular momentum.

· eds- quark model:33 =27877 flavor combinations

Qu:symmetrics?

Qu:colour? Also combinations to consider.

X I

Angular momentum: A.
3 3

only need 2 a values
2 -

I

e,el to specify orbital ,

butremain in ground state.

· Total warfunction mustbe antisymmetric under the exchange

of two particles (true for any fermions



See parli/Dirac Spin Statistics (4,423=0
(Spiners)

The total warfunction must them be specified by

Not =P(spatial) 4(Spin) 4(flavor) Y(colour

and must be odd under the exchange of any two

quarks.

Ground State is always symmetric

· For Spin States (1, 2) there are a total of $

combinations (23)

↑44 - (Symmetric)

↑4 t ↑ hp ↓+T

↓1 4 1T ↑ It

↓It- (symmetric)

Hence, for total angular momentum sigenstates, we have

152) =1+++)

122) =(1++-) +1+-+) +1- ++7)



12 - 27 =(1+ - -x +1- +1 +1- - +))

12 -3) =1---3.

There are also mixed symmetry states:

12,27z =(1+ -) - 1-+)a1+)

12 ,7,z =(1+ -) - 1-+)ak b antisymmetric in 1,2

12,272,3 =(( a(1 + -3 - 1-+3) 3 centisymmetric in 2,3

12,-2(2,3 =t1 *(1+ -3 - 1-+3I

How do we add the color and flavor Hilbert spaces?

3 combinations of ach, butthey may also be

written as combinations with pure/mixed symmetry under

particle exchange.

· Pure symmetry States:

(3)

nee, sis, dod

17- also for 5,d,k, ...)I
↳ (uns+ user +sun)



One fully antisymmetric state

I lnds-escl+dsc-dus+sud -sdlE

16 mixed symmetry states

↳ I (anti-symmetry between 1492)

↳ I (anti-symmetry between 2013)

And the same argument applies to color

States

Quarks only existin colorless objects

All free particles belongto a color singlet

↑[colow) =(rgb - rby +ybr -grb +bry -bgr)

Ground State barons must therefore be symmetricl




