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First generation: u, d, e, v.. Pure gauge piece, fermions with covariant derivatives, Yukawa,
scalar field with covariant derivative, potential for .
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Classically, the lowest energy state
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In quantum theory: (0||0) = @o. qﬁgqbo = u?/\. ¢ = ¢o+ . As we will see the direction of ¢y
will define the photon field direction in SU(2) x U(1) space. By SU(2) symmetry ¢° can be

rotated to
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The ¢o part of L4 xinetic Will give masses to W and Z.

2

(060 Dy = D0l =3 o7 =98 ()

1 1
:§c2 [(gr AL — g’BM)Q}11 :§02[92(A%u+14%u) +(gAs, — QIB/JQ}

1 1
M%V:ZCQQQ, M%:ZCQ(gQJrg’Q), MZ,=0

7,= 949 Bu
/92+g/2

A0 _ 9" Asut 9By
® /g2 + g'2

1 .
W;F :_2(A1Mi1A2M)



has four real components. Three are eaten by W+, Z.

Parametrisation of ¢(x)=

— a0 < (1) > %(c—i— o(x))

0: just a gauge transformation. ¢(x): the only physical scalar higgs particle.
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Ly is the most gneral renormalizable SU(3) x SU(2) x U(1) invariant combination of therms of

type “dnpe”.
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hermitian conjugate.

Neutrino mass term:
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Both neutrino mass terms combine into neutrino Majorana mass matrix:
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Diagonalise to get the physical masses. If M, >>m,, then the eigenvalues are M,,, —m?2/M,,.

Ly 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 =
U{ DUs. Proof: MMt =U{D2U, = (D-'U:M)(D~'U:M)" = ()= DU, M = Uy



