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SO(3) Higgs Triplet fields

SO(3) is the adjoint representation of SU(2): identical groups.

SU(N):generators T a, (N × N) matrices, a = 1...(N2 − 1),

Tr[T a] = 0, T a = T a†, [T a,T b] = ifabcT
c ,

fabc=Structure Constants (antisymmetric)

Adjoint representation T̃ a, its matrix elements defined as (T̃ a)bc = −ifabc
Jacobi identity: [T a, [T b,T c ]] + [T c , [T a,T b]] + [T b, [T c ,T a]] = 0

[T a, ifabdT
d ] + [T b, ifcadT

d ] + [T d , ifabdT
d ] = 0

→ [T̃ a, T̃ b] = ifabc T̃
c
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SO(3) Higgs Triplet fields

SU(2): generagors T a = σa

2 , σa=Pauli matrices. [T a,T b] = iεabcT
c ⇒

fabc = εabc

Simply apply (T̃ a)bc = −ifabc

T̃ 1 =


0 0 0

0 0 −i
0 i 0


T̃ 2, T̃ 3

[T̃ i , T̃ j ] = iεijk T̃
k
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SO(3) Higgs Triplet fields

Higgs Triplet: ∆ = (∆1,∆2,∆3)T

The covariant derivative: Dµ = ∂µ + igW T̃ aW aµ + igYY∆B
µ.

Dµ∆ = ∂µ∆ + igWW aµT̃ a∆ + igYY∆B
µ∆

Dµ∆i = ∂µ∆i − gW ( ~W µ ×∆)i + igYY∆B
µ∆i
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SO(3) Higgs Triplet fields

Higgs Triplet: ∆zero = Y∆ = 0, 〈∆zero〉 = (0, 0, vo)T

Qem〈∆zero〉 = 0, neutral

Dµ = ∂µ + igW T̃ aW aµ+ igYYDB
µ

(Dµ∆zero)†Dµ∆zero =

Mass terms: (Dµ∆zero)†Dµ∆zero 3 (W µ
1 ,W

µ
2 ,W

µ
3 ,B

µ)M2
zero(W1µ,W2µ,W3µ,Bµ)T

M2
zero =


 , M2

W = , M2
Z = , M2

A =
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SO(3) Higgs Triplet fields

Higgs Triplet: ∆one = Y∆ = 1, 〈∆one〉 = 1√
2

(v1,−iv1, 0)T

Qem〈∆one〉 =

Dµ∆one i = ∂µ∆one i − gW ( ~W µ ×∆one)i + igYB
µ∆one i

(Dµ∆one)†Dµ∆one =

M2
one =



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SO(3) Higgs Triplet fields

M2
zero = , M2

one =

M2
zero + M2

one =

SM +∆zero + ∆one :

M2
SM+∆one+∆zeor

=
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