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Introduction:

o Neutrino mass
generation

Figure: The Super-K Experiment
W= — e + 7+

Solar and atmospheric neutrino deficit

® In the Super-Kamiokande experiment
in Japan, many fewer muon neutrinos
() were found to arrive than the
number predicted by the theory.

® The number of detected electron
neutrinos () on earth was only % of
the number predicted by the Standard
Model.

Figure: The Sudbury Neutrino
Detector [p+p — d+ et + 14

Figure: Nobel Prize for Physics 2015- Takaaki
Kajita and Arthur B. McDonald “For the
discovery of neutrino oscillations, which shows
that neutrinos have mass”
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Recipe for baryogenesis
through leptogenesis

- Sakharov's Conditions

1. B number violation
2. C and CP violation
3. departure from thermal
equilibrium

- Leptogenesis

- Conversion of leptogenesis into
baryogenesis, by sphaleron process
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Motivation:

leptogenesis

o Neutrino mass generation through type-lI seesaw mechanism
o Baryon asymmetry estimation through flavoured triplet



Model description

o Two triplet Higgs scalars with hypercharge, V = 2

5 P 8 o5t
— | v2 — | v2
Tl — 50 _i ) T2 - 50 _£
1 V2 2 V2
o Triplet vacuum expectation values:
0 _ ia 0 __
< 0] >=wi = |wile?, <) >=ws
0wy, w2 K,
o MT1 > MTz,

Mz, ~ 10° GeV

[Avinanda Chaudhuri, Biswarup Mukhopadhyaya (2016)]
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Model description

o Extended Lagrangian

YL Co TiLj

L= Tr[(Dy T (D" )] - T,

o V(¢, Ty, T2) =
—m2pte + 3(670)2 + MR TH(T] T)) + L2 [Tr(T] 7)) -

RTr(TI T2 + Mg o Tr(TIT)) + gTr(T{ To) Tr(T) T1) +
g Tr(T] ) TH(TIT2) + Asd! [ Tk, T) o+ (uad! Tioad™ + h.c.)

o Lepton number breaking trilinear term 11x¢' Txioog™ in the
potential V/(¢, T1, T2), p1 = |p1|e™®
[Avinanda Chaudhuri, Biswarup Mukhopadhyaya (2016)]



Type-1l seesaw mechanism

Neutrino mass generation
M, = M) + m?)

= Yiwicosa + Yows

(N _
° My” = wr, YT,
2
%
WTo = 2mr,

light neutrino mass
My o




Neutrino mass matrix

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

B, =

X o X
X X o
o X X

o Z3 horizontal symmetry
o disfavours Inverse Hierarchy (IH) of neutrino mass



Neutrino mass matrix

©

Zero texture: (my)ap = (My)ap =0, ab # aff
o Mass matrix elements:

3

(my)pg = Z(Upi UgiAi),

i=1

U — PMNS Matrix

0 A\ = me?P, Ny = mye

©

217, X3 = m3
o p and ¢ — Majorana phases

© myi, mp, m3 — neutrino mass eigen values
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Figure: m1 vs |m.| in eV

Neutrino mass matrix elements: Parameter space study




Neutrino mass matrix

Ael?a 0 Be'i?s
= 0 Ce'?c  Dei®p
Bei®s  Dei¢p 0

o Y =m;+m+ m3~0.1459¢eV < 0.16eV
o The chosen neutrino mass matrix:

M,

0.04135

0
M, = 0

0.03411
0.05465 0.05085
0.03411 0.05085

0




Triplet decay modes

o Tree level decay diagram:

¢
P IL
// \\
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[R. Gonzalez Felipe, F.R. Joaquim, and H. Serodio (2013)]



CP asymmetry parameter
o Total CP asymmetry:

= epte

o Purely flavoured case:
€=¢cp,

o Condition: B; > B,

TN



Purely Flavoured Leptogenesis

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

Mr,(BiBy)? clm[(MS?)0s(M)as]
4y [Tr(MPT M2

Zeaﬂ =0

a76
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Fully flavoured CP asymmetry parameters

A2 X f(w17w27 v, MTvaa ¢)
Rt 2B21 DY)+ 2
82 X f(w17w27 v, MT,OZ,QZ))
T R 2aB+ D)+ 2
C? x f(w1, w2, v, M7, 0, §)
& VA2 +2(B2+ D)+ C2’
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asymmetry plots: for different branching ratios
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Result

o Baryon asymmetry:

ng = 3C5ph Z A;lA/q

a3
_ 151 20 20
28 9 19, 1o
Cph =500 A=| 55 —299 v
G I A
358 537 537
[Davidson, Nardi, Nir (2008)]



Result

o Baryon asymmetry:

nB = 3CsPh ZA;]_AI,B
o Result table:

OL,B

. nB
0.99999 —5.24 x 10710
0.9999 —5.30 x 10710
0.99 585 x 10—10
0.50 5.34 % 10—10




Why phase « 7

T — T, +h,
T — I,

The mixing between two triplet scalars brings the scope where the
mass difference between T;"* and T,/ is sufficient to

kinematically allow the transition Tl++ — /,-+IJ-+h. It gives rise to
a spectacular signal -,—1++ — /i+/j+h in the context of LHC.

[Avinanda Chaudhuri, Biswarup Mukhopadhyaya (2016)]



Conclusion

o Type-ll seesaw mechanism and baryon
asymmetry

o Future work



Thank you!



Back-up slides
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Bound on triplet vev

® Upper bound from p-parameter:

v+ 2w% +2w§
p:

v2 + 4w? + 4w3’
® Lower bound from LVF processes

«O» «F>» « >



Initial values taken for numerical analysis

®

Yr(z<1)=x7(zx 1)
®

Ar(z<1)=0, A,L(z<1)=0,

«O» «F>» « >




