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Higgs Multiplet Potential

This brief note should be consider a “prequel” to the one entitled “Symmetry Breaking:
Electroweak”. It contains a few additional remarks on the origin of Eqn. (2) there.

Separating the real and imaginary parts of the Higgs doublet φ, we write(
u+ iσ
λ+ iη

)
(1)

Then we have, for the building-block of V ,

φ†φ = u2 + σ2 + λ2 + η2 (2)

and

V (φ) = − µ2

2
(u2 + σ2 + λ2 + η2) +

λ

4
(u2 + σ2 + λ2 + η2)2 (3)

It is sensitive only to the magnitude of the effective vector (u, σ, λ, η).

Since our potential is minimized away from the symmetric point 〈φ〉 = 0, and is sensitive
only to the magnitude of the spinor expectation value, we have a wide range of choice in
selecting a minimum. In other words, we have a large degeneracy manifold. Indeed, it will
be a three-dimensional sphere.

It is not difficult to convince oneself that this sphere is homogeneous, in the sense that each
point on it is equivalent to any other under a transformation of the electroweak SU(2)×U(1).
Indeed, we can use an SU(2) action to bring any constant spinor into top-component-only
form, and then a U(1) action to make it real.

Thus, similarly to how we chose, by convention, the phase to be zero in our earlier U(1)
condensate, here we can choose the condensate to be real and in the top component. Calling
its value v then, and writing u ≡ ρ+ iσ, we to our goal:(

v + ρ+ iσ
λ+ iη

)
(4)

with the vacuum expectation values of ρ, σ, λ, η guaranteed to be zero. Then we minimize
V (v), and find

v2 =
µ2

λ
(5)
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