4.4 The Lagrangian of the GWS model

Finally, here is the complete Lagrangian of the GWS model, which is part of the
Standard Model Lagrangian describing leptons and their electroweak interaction
(in unitary gauge, i.e. no would-be Goldstone bosons occur):
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where U, (x) is the Dirac spinor of fermion f = e, y, 7, Ve, vy, V7, V(x) =
(a% (x),b% (z)),i = 1,2,3 denotes the SU(2) 1, doublet of left-handed fermions
with a%, with I = 1/2 (neutrinos) and b% with I} = —1/2 (charged leptons), I;
denotes the 3.component of the weak isospin, Q ¢ the electric charge, s,, = sin ,,,
cw = cos b, with 6,, denoting the weak mixing angle, g is the SU(2)r gauge
coupling constant, ¢’ is the U(1)y gauge coupling constant, e = +/4ma with o
being the fine structure constant, n(z) denotes the Higgs field, A, (x) the electro-
magnetic field, W (x), Z,(z) are the 3 weak gauge fields. m s, Mw, Mz, M,
denote the fermion, W boson, Z boson and Higgs boson masses, respectively,

The fermion masses in Lgsw result from their Yukawa interaction with the Higgs
field (& = i0?2®* = (¥, - 7))
Lyvukawa = Z CijqfibjR(I) + Z Eijqfia‘}ici) + h.c.
1] 1]
with bz, b* = e, T, 1w are SU(2) singlets of right-handed leptons. With ® = (0, v+
n)/v/2 and after diagonalization of the mass matrix the fermion mass terms arise
with m = v/\/ic?,cij = 51']'61{{.
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The Higgs boson — a direct consequence of W and Z boson mass generation in
the Standard Model via spontaneous symmetry breaking of the SU(2), @ U(1)y

gauge group.

The Higgs particle so far eluded direct observation.

We know from direct (LEP2) and indirect searches
(EWK fits) that

114.1GeV < M, S 251 GeV
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Indirect searches via presence in loops: Mw - Mz correlation:

2 (1 - M&V) B ma(0)
W M2 V2G, (1 — Ar(Mw,my, M, . ..))

Global fit to all electroweak precision data:

M, < 251 GeV(95%CL) ; M, = 117751 GeV
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