
Two-Higgs model: problem 2.4 of BM

The two Higgs doublets are
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Both are doublets under SU(2)L and have hypercharge + 1
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, respectively.

The most general Higgs potential is a linear combination of

a, b,Re c, Im c, a2, b2, (Re c)2, (Im c)2, ab, aRe c, a Im c, bRe c, b Im c,Re c Im c (2)

d = φ†ψ has hypercharge −1 and hence is not invariant under the Standard Model gauge
group.

The covariant derivatives are
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We expand around the vacuum state
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The scalar kinetic terms become:
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We now impose the following gauge-fixing conditions:

vφ+ − (u+ iw)ξ∗ = 0 (7)

− v(H −H∗) + (u− iw)χ− (u+ iw)χ∗ = 0 (8)

We can impose these conditions because we have freedom to perform gauge transformations
on the Higgs fields. The number of independent small gauge transformations is 4 (the
number of generators of the SU(2)×U(1) group), which is equal to the number of gauge-
fixing conditions in Eq. (7). After the conditions (7) are imposed, the gauge fields and the
scalar fields are not mixed. The mass terms for the gauge fields is then
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The masses of the W and Z bosons therefore are given by the same formulas as in the
Standard Model with one Higgs doublet, with the replacement of v2 → v2 + u2 + w2. In
particular, MW = MZ cos θ.

In general, one can have the following mass terms:

(ēLφ)eR + h.c., (ūLψ)uR + h.c., (d̄Lφ)dR + h.c., (10)

(ēLψ̃)eR + h.c., (ūLφ̃)uR + h.c., (d̄Lψ̃)dR + h.c. (11)

but if one requires an additional symmetry where eR, uR, dR are rotated by eiθ and φ, ψ are
rotated by θ, then only terms on the first line are allowed. This symmetry also eliminates
many terms in the Higgs potentials: c may appears only in the form of c∗c
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