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L=LA+Lψ+Lϕ=LA+(Lψk+Lψy)+ (Lϕk+Lϕv)

First generation: u, d, e, νe. Pure gauge piece, fermions with covariant derivatives, Yukawa,
scalar field with covariant derivative, potential for ϕ.
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In quantum theory: 〈0|ϕ|0〉 = φ0. φ0
†φ0 = µ2/λ. φ = φ0 + ϕ. As we will see the direction of φ0

will define the photon field direction in SU(2) × U(1) space. By SU(2) symmetry φ0 can be
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The φ0 part of Lφ,kinetic will give masses to W and Z.
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has four real components. Three are eaten by W±, Z.
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θ: just a gauge transformation. ϕ(x): the only physical scalar higgs particle.
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LψY is the most gneral renormalizable SU(3) × SU(2) ×U(1) invariant combination of therms of

type “ψ̄ψφ”.
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Neutrino mass term:
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Both neutrino mass terms combine into neutrino Majorana mass matrix:

(

νR
T νR

′ T
) i

2
σ2

(

Mν mν

mν 0

)(

νR
νR
′

)

+hermitian conjugate

Diagonalise to get the physical masses. If Mν≫mν then the eigenvalues are Mν ,−mν
2/Mν.

LψY Fermion covariant derivatives give weak and electromagnetic interactions of quarks and
leptons.
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Example:
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Theorem: an arbitrary matrix M can be diagonalized by two unitary transformations: M =
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