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Motivation:

Neutrino mass generation through type-II seesaw mechanism

Baryon asymmetry estimation through flavoured triplet
leptogenesis



Model description

Two triplet Higgs scalars with hypercharge, Y = 2

T1 =

 δ+1√
2

δ++
1

δ01 − δ+1√
2

 , T2 =

 δ+2√
2

δ++
2

δ02 − δ+2√
2


Triplet vacuum expectation values:

< δ01 >= ω1 = |ω1|e iα, < δ02 >= ω2

ω1, ω2 � v ,

MT1 � MT2 , MT2 ∼ 109 GeV

[Avinanda Chaudhuri, Biswarup Mukhopadhyaya (2016)]



Model description

Extended Lagrangian

L = Tr [(DµTk)†(DµTk)]−
YijL

T
i CiσTkLj√

2
,

V (φ,T1,T2) =

−m2
φφ
†φ+ λ

2 (φ†φ)2 + M2
TTr(T †kTl) + (λk+λl )

2 [Tr(T †kTl)]2 −
λ2
2 Tr [(T †kTl)

2] + λ4φ
†φTr(T †kTl) + gTr(T †1T2)Tr(T †2T1) +

g
′
Tr(T †1T1)Tr(T †2T2)+λ5φ

†[Tk ,T
†
l ]φ+(µkφ

†Tk iσ2φ
∗+h.c.)

Lepton number breaking trilinear term µkφ
†Tk iσ2φ

∗ in the
potential V (φ,T1,T2), µ1 = |µ1|e iβ

[Avinanda Chaudhuri, Biswarup Mukhopadhyaya (2016)]



Type-II seesaw mechanism

Neutrino mass generation

Mν = M(1)
ν + M(2)

ν

= Y1ω1cosα + Y2ω2

M
(i)
ν = ωT(i)

YT(i)

ωT(i)
= µv2

2MT(i)

light neutrino mass
Mν ∝ 1

MT
,



Neutrino mass matrix

Two-zero texture B2: [Madan Singh (2020)]

B2 =

× 0 ×
0 × ×
× × 0


Z3 horizontal symmetry

disfavours Inverse Hierarchy (IH) of neutrino mass



Neutrino mass matrix

Zero texture: (mν)ab = (mν)αβ = 0, ab 6= αβ

Mass matrix elements:

(mν)pq =
3∑

i=1

(UpiUqiλi ), (1)

U → PMNS Matrix

λ1 = m1e
2iρ, λ2 = m2e

2iσ, λ3 = m3

ρ and σ → Majorana phases

m1, m2, m3 → neutrino mass eigen values



Neutrino mass matrix elements: Parameter space study

Figure: m1 vs |mee | in eV

Figure: m1 vs |mµµ| in eV

Figure: m1 vs |meτ | in eV

Figure: m1 vs |mµτ | in eV



Neutrino mass matrix

Mν =

Ae iφA 0 Be iφB

0 Ce iφC De iφD

Be iφB De iφD 0


Σ = m1 + m2 + m3 ≈ 0.1459eV < 0.16eV

The chosen neutrino mass matrix:

Mν =

0.04135 0 0.03411
0 0.05465 0.05085

0.03411 0.05085 0

 .



Triplet decay modes

Tree level decay diagram:

One-loop decay diagram:

[R. Gonzalez Felipe, F.R. Joaquim, and H. Serodio (2013)]



CP asymmetry parameter

Total CP asymmetry:

ε = ε
�L,�F

+ ε
�F

Purely flavoured case:
ε = ε

�F
,

Condition: Bl � Bφ



Purely Flavoured Leptogenesis

Fully flavoured CP asymmetry parameter: [Branco et al
(2012)]

εαβ =
MT2(BlBφ)

1
2

4πv2
cIm[(M

(2)
ν )αβ(M

(1)∗
ν )αβ]

[Tr(M
(2)†
ν M

(2)
ν )]

1
2∑

α,β

εαβ = 0



Fully flavoured CP asymmetry parameters

εee ∝
A2 × f (ω1, ω2, v ,MT , α, φ)√

A2 + 2(B2 + D2) + C 2
,

εeτ ∝
B2 × f (ω1, ω2, v ,MT , α, φ)√

A2 + 2(B2 + D2) + C 2
,

εµµ ∝
C 2 × f (ω1, ω2, v ,MT , α, φ)√

A2 + 2(B2 + D2) + C 2
,

εµτ ∝
D2 × f (ω1, ω2, v ,MT , α, φ)√

A2 + 2(B2 + D2) + C 2
,



Lepton asymmetry plots: for different branching ratios

Figure: Bl = 0.99999

Figure: Bl = 0.99

Figure: Bl = 0.9999

Figure: Bl = 0.50



Result

Baryon asymmetry:

ηB = 3csph
∑
α,β

A−1αβ∆lβ

csph =
28

79
, A =

−151
179

20
179

20
179

25
358 −344

537
14
537

25
358

14
537 −344

537


[Davidson, Nardi, Nir (2008)]



Result

Baryon asymmetry:

ηB = 3csph
∑
α,β

A−1αβ∆lβ

Result table:

Bl ηB

0.99999 −5.24× 10−10

0.9999 −5.30× 10−10

0.99 5.85× 10−10

0.50 5.34× 10−10



Why phase α ?

T++
1 −→ T++

2 + h,

T++
2 −→ l+i l+j ,

The mixing between two triplet scalars brings the scope where the
mass difference between T++

1 and T++
2 is sufficient to

kinematically allow the transition T++
1 −→ l+i l+j h. It gives rise to

a spectacular signal T++
1 −→ l+i l+j h in the context of LHC.

[Avinanda Chaudhuri, Biswarup Mukhopadhyaya (2016)]



Conclusion

Type-II seesaw mechanism and baryon
asymmetry

Future work



Thank you!



Back-up slides



Bound on triplet vev

Upper bound from ρ-parameter:

ρ =
v2 + 2ω2

1 + 2ω2
2

v2 + 4ω2
1 + 4ω2

2

,

Lower bound from LVF processes



Initial values taken for numerical analysis

ΣT (z � 1) = Σeq
T (z � 1)

∆T (z � 1) = 0, ∆lα(z � 1) = 0,


