Extension to non-Abelian symmetry

(The Standard Model SU3)® SU2)®U(1))

SU (2) local gauge invariance

Yang-Mills (+Shaw)
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Extension to non-Abelian symmetry

(The Standard Model SU3)® SU2)®U(1))

SU (2) local gauge invariance
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Extension to non-Abelian symmetry (The Standard Model
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Weak Interactions

SU(2) local gauge theory

Weak coupling, a,
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SU (3) local gauge invariance
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Symmetry :

Local conservation of
3 strong colour charges

¥, - (e

/ -
7 r r rst ., S t
HeGﬂ Bu(x g.fa Gu

ig,0(x).A

¥, —ig,A G,y

QCD : a non-Abelian (SU(3))
local gauge field theory




The strong interactions

QCD Quantum Chromodynamics
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Strong coupling, o,
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Partial Unification SUQ2) 1 (
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The inclusion of fermions — J=1/2 particles

Weyl spinors (+,0) (0,1) Dirac spinor w,
Vv, Yr W{ :|

a(x)
2-component spinors of SU(2) (b(x)]

velocity Left-handed ———€,1,

m=0
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" Right-handed

The spinor structure follows from the representation structure of the Lorentz Group ...



The Lorentz group Rotations J. Boosts K.
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The Lorentz group Rotations J. Boosts K.
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Weyl spinors

(3,00 (0,%)
V. Vr

2-component spinors of SU(2)

Rotations and Boosts Vig = SL(R) L90)

Dirac spinor

Can combine V¥.> ¥Yr toform a 4-component “Dirac” spinor V=
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Weyl spinors (3,0) (0,3)
v, Vr

2-component spinors of SU(2)

® - Rotations

Rotations and Boosts Vig = SL(R) L90)

. Boosts

Dirac spinor
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The Dirac equation |  Fermions described by 4-cpt Dirac spinors |/

° l//T’}/OI// = JV/ = 1//21//13 + II/ZII/L Lorentz invariant

® New 4-vector 7,

The Lagrangian
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Fermion masses

l//TVOII/ - Jl// — l//zl//R + l//;l//L Lorentz invariant
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Fermions and the weak interactions

Fermi theory of B decay n— pe Ve
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Fermions and the weak interactions

Fermi theory of B decay n— pe Ve
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Massive vector propagator (W, Z bosons)
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Propagation of unstable scalar particle
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Fermi theory (‘40s)

M = %Z(k)y“ (1—y)u(p) u(g )y, A=7:)v(p)
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The hard part!
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weo My
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Inpdecay O°< O(mft) <M,
G, =1.16637(1) 107 GeV
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Fundamental principles of particle physics

Introduction - Fundamental particles and interactions

Symmetries | - Relativity

Quantum field theory - Quantum Mechanics + relativity

Theory confronts experiment - Cross sections and decay rates
Symmetries Il — Gauge symmetries, the Standard Model

Fermions and the weak interactions

> The Standard Model and Beyond

Have Fun!






