
Appendix A

∆(54) group

The irreducible representations of ∆(54) follow the following Kronecker products.

The tensor products of the non-trivial singlets with other representations are ob-

tained as

11 ⊗ Si = Si, 12 ⊗ 12 = 11, 12 ⊗ 31(1) = 32(1)

12 ⊗ 31(2) = 32(2), 12 ⊗ 32(1) = 31(1), 12 ⊗ 32(2) = 31(2)

The tensor products between doublets are obtained asa1
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a1
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
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The tensor products between triplets are obtained as
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Appendix B

The Scalar Sector of the Model

The scalar potential of the model in Chapter-3 is written such that it is invariant

under the symmetry ∆(54)⊗ Z2 ⊗ Z3 ⊗ Z4 and has the following form,

The invariant superpotential is given by

w = µ1ζ
2 + µ2ϕ

4 + µ3χ
2

+ β1χ
′
1χ

′
2 + β′

1(χ
′2
1 + χ′2

2 )
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6
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2(η
2
1η

2
2η

2
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6
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2
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2
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+ α4(Φ
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4(Φ
2
s1Φ

2
s2Φ

2
s3)

which leads to the scalar potential

V = |2µ1ζ|2 + |4µ2ϕ
3|2 + |2µ3χ|2

+ |β1χ
′
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1χ
′
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5
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2
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2
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5
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2η2η
2
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2
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5
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2η3η
2
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2
2|2

+ |6α3ξ
5
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3ξ1ξ
2
2ξ

2
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5
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3ξ2ξ
2
1ξ

2
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5
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3ξ3ξ
2
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2
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4Φs1Φ
2
s2Φ

2
s3|2 + |6α4Φ

5
s2 + 2α′

4Φs2Φ
2
s1Φ

2
s3|2 + |6α4Φ

5
s3 + 2α′

4Φs3Φ
2
s1Φ

2
s2|2
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The conditions of the potential minimum are written as

2µ1ζ = 0

4µ2ϕ
3 = 0

2µ3χ = 0

β1χ
′
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′
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2
s1Φ

2
s3 = 0; 6α4Φ

5
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2
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A solution of these equations is

χ′
1 = χ′

2 with β1 + 2β′
1 = 0

η1 = η2 = η3 with 3α2 + α′
2 = 0

ξ1 = ξ2 = ξ3 with 3α3 + α′
3 = 0

Φs1 = Φs2 = Φs3 with 3α4 + α′
4 = 0

Therefore we can take Vacuum alignment as

⟨χ′⟩ = (vχ′ , vχ′)

⟨η⟩ = (vη, vη, vη)

⟨ξ⟩ = (vξ, vξ, vξ)

⟨Φs⟩ = (vs, vs, vs)
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