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Master thesis 
Project

Future research 
activities

Extension of the Standard Model 
with an abelian group U(1)

Neutrino masses 
and Leptogenesis

•CP-violation? 
•Boltzmann Equation?

•Leptogenesis in gauge 
theories? 

•Dark Matter?
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Pontecorvo-Maki-Nakagawa-Sakata Matrix

Leptonic sector defined by 9 
parameters + 1 phase:

•6 masses: 
{ }

•3 angles:
{ }

•1 phase:
{ }

me, mμ, mτ, mνe
, mνμ

, mντ

θ12, θ23, θ13

δcp

R(θ23) R(θ13, δcp) R(θ12)

Δm2
21 = m2

2 − m2
1 ∼ 7.4 × 10−5eV2

|Δm32 |2 = |m2
3 − m2

2 | ∼ 2.4 × 10−3eV2

Δm2
21 < < Δm2

32

1
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Abelian  flavor symmetryU(1)Le−Lμ−Lτ
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Majorana Neutrinos

Dim-5 Weinberg  
Operator

mν = m0 (
0 1 x
1 0 0
x 0 0)

Inverted mass spectrum
 m1 = − m2, m3 = 0

θ12 = π/4, tan θ23 = x, θ13 = 0

ℒlo = 1
M (x12lelμ + x13lelτ) HuHu + h.c

Experimental values: 
•  

•  
•  

•

θ13 = 8.64∘+0.12∘

−0.13∘

θ12 = 33.45∘+0.75∘

−0.78∘ ≡ θsol
θ23 = 49.3∘+0.9∘

−1.1∘ ≡ θatm

r = Δm2
sun

Δm2atm
∼ 0.03

corrections are needed

li ∼ (+1, − 1, − 1)

Introducing two flavons 
the additional U(1) 
symmetry is broken
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events

events

events

All the mixing angles 
are produced simultaneously 
 in the allowed experimental 

ranges
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Numerical evaluation of δcp
events

events

no constraints If we impose to reproduce simultaneously  
all the three mixing angles, the parameter r 

and the charged leptons mass hierarchy 
in the right allowed experimental ranges, 

in the distribution of  there is hardly any  
point falling within the expected ranges.

δcp

The model is 
CP-conserving

5

all the constraints are  
satisfied

1  C.L.  
expected range

σ
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Baryogenesis through leptogenesis
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Heavy neutrino mass spectrum: 
M1 ∼ M2 ∼ 1015 GeV

M3 ∼ 1013 GeV ≪ M1,2

M3 ≤ Treh ≪ M1,2

•  : CP asymmetry parameter 
•    : efficiency factor               
•   C : Lepton and B+L violation  
                   coefficient

ε3α
ηα

SIMPLIFIED FORM

3 right-handed neutrinos
 are introduced 

via a type-I seesaw 
NR(1,0) mν = − mT

DM−1
R mD

Single flavored regime
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Evaluation of the CP-violation parameter ε3
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m̂D =

eiα(c − dλ2)
2

(−a + dλ2)
2

−b + dλ2

2

eiα(c + dλ2)
2

(+a + dλ2)
2

+b + dλ2

2

(d + 2cmeiα

W − Z ) λ2 d λ2 d λ2

.
The hat matrices are the Dirac mass matrices 
evaluated in the basis in which the Majorana 

mass matrix is diagonal

ε3 ≃ 3.9 ⋅ 10−4 cos α sin α

to reproduce the  
right amount of baryon 

asymmetry  
is required

ε3 ∼ O(10−7) − O(10−5)

in our model the  
phase  is a totally free 

parameter, so that we can assume:
α

α ∼ 10−κ

ε3 ≃ 3.9 ⋅ 10−4−κ

Considering 
 we obtain a value of  

compatible, with some ambiguities, with the 
requirement needed in order to reproduce the 

right amount of baryon asymmetry in 
the Universe

1 ≤ κ ≤ 3 ε3
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… and now?
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d Υ3
dz

= −(D(z) − S(z))(Υ3 − Υeq
3 )

d ΥB−L
ττ

dz
= ϵ(3)

ττ D(z)(Υ3 − Υeq
3 ) − p(0)

3τ (W(z) + ΔW )ΥB−L
ττ

d ΥB−L
bb

dz
= ϵ(3)

bb D(z)(Υ3 − Υeq
3 ) − p(0)

3b (W(z) + ΔW )ΥB−L
bb

YΔB = 8.5 × 10−11

YBBN
ΔB = (8.10 ± 0.85) × 10−11

YCMB
ΔB = (8.79 ± 0.445) × 10−11
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Future research projects
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» Many models based on the 
same theory show a strong 
suppression of the CP-
violation. Is it only a model 
dependent feature? 

» Leptogenesis in gauge 
symmetry group like SO(10) 
or SU(5)? 

» Sterile neutrinos as Dark 
Matter candidates? 

I’m always up 
to working on 

new projects and 
subjects related 
to the neutrino  

and astroparticle 
physics! 
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THANK YOU!
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