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= QCD Lagrangian

= Running Coupling
= Asymptotic Freedom

¢, Measurements
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U=expli 6} ; = C Tr(T%) =0 ; a=1,-,N°-1

Commutation Relation:

Structure Constants real , antisymmetric

TI(MET) =Te 6, & Tr(TATR)
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U=exp{iT 6| = - Tr(T%) =0 ; a=1,-,3
Commutation Relation:

Pauli
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QUANTUM CHROMODYNAMICS

FREE QUARKS: N =3
q=|(
q q \d,
SU(3) Colour Symmetry: ¢ —> UQ = exp{i } g
Gauge Principle: Local Symmetry 0, = 0,(X)
Dq = (1, 0% - i )g — U Dqg
D4 - U D# U" ; Uu U’ (6*U) UT
=~ (14 8 Gluon Fields
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The Standard Model

j o . SGE= 1 5“(56,) - FHC 54, G
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depends on
Universal

No Colour Charges
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a
G =26y i G = 0GI- 0'GL+ EEEL

Ly =-3Tr(G"G,,) = -4 G4 G},

Not Gauge Invariant

Massless Gluons
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Evt=5908

Run=15765

8 ALEPH onu:
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Q) ey (Qj
3 m’
Increases with Q°=-q° Decreases at Large Distances
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The Standard Model

The Photon Couples to

Vacuum Polarized Dielectric Medium

(46)

(1”1 and JQ contributions included )
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1- 5 %:0) log (gzj quarks  gluons
Q> Q

Decreases at Short Distances
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as = 0(1)

The Standard Model

Increases at low energies

at 1 GeV
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Confinement

Hadrons

o(e'e—>qd +qqG +9gGG + qqqqQq + ---)
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Confinement

Hadrons

o(e'e—>qd +qqG +9gGG + qqqqQq + ---)
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B, = (17.84 + 0.06) %
B, = (17.36 + 0.06) %

QCD N {1+M+ }

T

R, =3.4841£0.024 as(m?) = 0. 345+ 0.020 = 0.119 +£0.002
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as(MZ) = 0.1182 +0.0027

April 2004

S. Bethke
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