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Reviews of the Last Lecture

We have constructed quark models of hadrons from su(2) and su(3) algebras.
Now, as we think, we have complete picture of nature from its building block
of elementary particles, i.e., leptons and quarks.

7 The Standard Model and Fundamental Interac-
tions

7.1 The standard model particles

List of the standard model of elementary particles.

Figure 1:

Leptons and quarks appear in 6 flavors, and grouped in three generations.
The fundamental interactions is describe by exchange particle of force fields,
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vector of gauge fields, except gravity. Extra Higgs particle is added in order
to break gauge symmetry (spontaneously) and produce gauge field particle
masses.

More information of the standard model particles:

Figure 2:
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7.2 Fundamental interactions

Figure 3:

7.3 Toy model of particle interaction

Gauge symmetry of vector fields

Aµ(x) = (φ(x), ~A(x))→ ~B = ∇× ~A, ~E = −∇φ− ∂t ~A (1)

∂µ = (∂t,−∇)→ ∂µAν − ∂νAµ = Fµν − field strength tensor (2)

Gauge symmetry of the vector (gauge) field

Aµ → ∂µα(x), Fµν → Fµν (3)

Gauge field interaction in CM and QM
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Figure 4:

Yukawa exchange interaction, and Feynman diagram, with energy-momentum
conservation

p+ p′ = k + k′ p′ = p− q, k′ = k + q

Figure 5:
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7.4 Electromagnetic interaction

7.5 Strong interaction

7.6 Weak interaction

7.7 Electroweak unification and Higgs particle

8 Quark Masses, Flavor Oscillation and CP-Violation

8.1 PCT symmetries

8.2 Quark mass matrix

8.3 Flavor oscillation

8.4 CP-violation

8.5 Neutrinos oscillation
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