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Type II seesaw mechanism

Ma, Sarkar, hep-ph/9802445
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Assumptions:

i) μ2
Δ positive definite, μ2

φ not positive definite ⇒
spontaneous symmetry breaking
Note: tiαβ = 0 ⇒ δi = 0

ii) Eigenvalues of μ2
Δ, tiαβ of order M → seesaw scale

vα of order of electroweak scale

δi ≈ − (
μ2

Δ

)−1

ij
tjαβvαvβ

δi ∼ v2/M with v ≈ 174 GeV
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The model

The multiplets: α = e, μ, τ

Three left-handed lepton doublets DLα

Three right-handed charged-lepton singlets αR

Three Higgs doublets φα

Four Higgs triplets Δα and Δ4

The symmetries:
S3: permutation of indices e, μ, τ

Two sets of three �2 symmetries:

z(1)
α : φα → −φα, αR → −αR

z(2)
α : DLα → −DLα, αR → −αR, Δβ → −Δβ iff β 	= α.

Comments:
Higgs “glue” numbers z(1)

α

Discrete lepton numbers z(2)
α

Δ4 invariant under all these symmetries
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The Yukawa Lagrangian:

LYukawa = −y0D̄LαφααR + 1
2

y1DT
LαC−1εΔ4DLα

+y2

(
DT

LeC−1εΔμDLτ + DT
LμC−1εΔτ DLe+

DT
Lτ C−1εΔeDLμ

)
+ H.c.

Charged-lepton masses: mα = |y0vα|
Neutrino mass matrix:

Mν =

⎛
⎜⎜⎝

y1δ4 y2δτ y2δμ

y2δτ y1δ4 y2δe

y2δμ y2δe y1δ4

⎞
⎟⎟⎠
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Type II seesaw and symmetry breaking:

Vtrilinear =
∑
α

t φ̃†
αΔ†

4φα + H.c. ⇒ tiαβ = tδi4δαβ

δi = −tvαvα

(
μ2

Δ

)−1

i4
(i = e, μ, τ, 4)

However, this does not work: z(2)
α ⇒ μ2

Δ diagonal ⇒
δe = δμ = δτ = 0, symmetry too strong!
Remedy: Soft symmetry breaking by dimension-2 terms
Symmetry-breaking options:

1. Flavour symmetries:

(a) All softly broken ⇒ all δi different

(b) μ ↔ τ exchange symmetry left unbroken ⇒
δe = δμ 	= δτ

2. CP violation:

(a) Hard breaking ⇒ no phase relation for δi 	= δj

(b) Spontaneous breaking ⇒ phases of all δi the sameJIGSAW’07
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A 3-parameter neutrino mass matrix

μ ↔ τ exchange symmetry intact in Lagrangian
CP spontaneously broken

Note: μ ↔ τ exchange symmetry spontaneously broken by
vμ 	= vτ or mμ 	= mτ

Mν =

⎛
⎜⎜⎝

x y y

y x w

y w x

⎞
⎟⎟⎠ with x, y, w ∈ �

Predictions:

• θ13 = 0◦, θ23 = 45◦

• Absolute mass scale function of θ12 ≡ θ:
s2
12 < 1/3 ⇒ normal spectrum

s2
12 > 1/3 ⇒ inverted spectrum

• mββ ≈ m3/3
JIGSAW’07
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Dashed vertical line: singularity at sin2 θ = 1/3
(Harrison - Perkins Scott value of solar mixing angle,
θ ≈ 35.26◦)
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The group structure

S3 commutes neither with the z(1)
α nor with the z(2)

α

Define N ∼= �2 × �2 × �2 → 3 × 3 diagonal sign matrices

G :

⎛
⎝ ms 0

0 ns

⎞
⎠ , m, n ∈ N, s ∈ Ŝ3 ≡ 3×3 permutation matrices

Multiplication law: (m, n, s) ∈ G with n, m ∈ N , s ∈ Ŝ3

(m1, n1, s1)(m2, n2, s2) = (m1s1m2s−1
1 , n1s1n2s−1

1 , s1s2)

G = {(�2 × �2 × �2) × (�2 × �2 × �2)} � S3

Number of elements of G: 23 × 23 × 3! = 384
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Irreducible representations:

1(p,q,r) : (m, n, s) → (det m)p (det n)q (det s)r with p, q, r ∈ {0, 1}

3(p,q,r)
1 : (m, n, s) → (det m)p (det n)q (det s)r

ms

3(p,q,r)
2 : (m, n, s) → (det m)p (det n)q (det s)r

ns

3(p,q,r)
3 : (m, n, s) → (det m)p (det n)q (det s)r mns

3-dimensional irreps used in the model:

ms for (φe, φμ, φτ )

mns for (eR, μR, τR)

ns for (DLe, DLμ, DLτ )

(det n) ns for (Δe, Δμ, Δτ )

Further irreps: four 2-dimensional and four 6-dimensional
irreps
Check: 8 × 12 + 4 × 22 + 24 × 32 + 4 × 62 = 384
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