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M.Maltoni et al.  New J.Phys.6:122,2004

2008 Neutrinos
& Lepton mixing ∆m2

sol = 8.1(7.5− 8.7) · 10−5eV2

∆m2
atm = 2.2(1.7− 2.9) · 10−3eV2

sin2 θ12 = 0.30(0.25− 0.34)
sin2 θ23 = 0.50(0.38− 0.64)
sin2 θ13 = 0(≤ 0.028) ( ?                      see Palazzo’s talk on friday)sin θ13 != 0
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TRI-maximal

2008 Neutrinos
& Lepton mixing ∆m2

sol = 8.1(7.5− 8.7) · 10−5eV2

∆m2
atm = 2.2(1.7− 2.9) · 10−3eV2

sin2 θ12 = 0.30(0.25− 0.34)
sin2 θ23 = 0.50(0.38− 0.64)
sin2 θ13 = 0(≤ 0.028)

Mdiag
l

UT
TB Mν UTB = Mdiag

ν

sin2 θ12 = 1/3, sin2 θ23 = 1/2, sin2 θ13 = 0

( ?                      see Palazzo’s talk on friday)sin θ13 != 0



Suppose to have  a model that predicts exact TBM... 

UTB Diag(m1, m2, m3)UT
TB = Mν



Suppose to have  a model that predicts exact TBM... 

UTB Diag(m1, m2, m3)UT
TB = Mν

Mν11 + Mν12 = Mν22 + Mν23

Mν =




a + 2c b− c b− c
b− c 2c a + b− c
b− c a + b − c 2c




a = 1

2 (m1 −m3)
b = 1

4 (−m1 + 2m2 + m3)
c = 1

12 (m1 + 2m2 + 3m3)



Suppose to have  a model that predicts exact TBM... 

UTB Diag(m1, m2, m3)UT
TB = Mν

Mν11 + Mν12 = Mν22 + Mν23

Input 

Mν =




a + 2c b− c b− c
b− c 2c a + b− c
b− c a + b − c 2c




a = 1

2 (m1 −m3)
b = 1

4 (−m1 + 2m2 + m3)
c = 1

12 (m1 + 2m2 + 3m3)

∆m2
sol = |m2|2 − |m1|2

∆m2
atm = |m3|2 − |m2|2



Suppose to have  a model that predicts exact TBM... 

UTB Diag(m1, m2, m3)UT
TB = Mν

Mν11 + Mν12 = Mν22 + Mν23

Input 

Mν =




a + 2c b− c b− c
b− c 2c a + b− c
b− c a + b − c 2c




a = 1

2 (m1 −m3)
b = 1

4 (−m1 + 2m2 + m3)
c = 1

12 (m1 + 2m2 + 3m3)

∆m2
sol = |m2|2 − |m1|2

∆m2
atm = |m3|2 − |m2|2



Suppose to have  a model that predicts exact TBM... 

UTB Diag(m1, m2, m3)UT
TB = Mν

Mν11 + Mν12 = Mν22 + Mν23

Input Output 

Mν =




a + 2c b− c b− c
b− c 2c a + b− c
b− c a + b − c 2c




a = 1

2 (m1 −m3)
b = 1

4 (−m1 + 2m2 + m3)
c = 1

12 (m1 + 2m2 + 3m3)

∆m2
sol = |m2|2 − |m1|2

∆m2
atm = |m3|2 − |m2|2

mee, mν



Suppose to have  a model that predicts exact TBM... 

UTB Diag(m1, m2, m3)UT
TB = Mν

Mν11 + Mν12 = Mν22 + Mν23

Input Output 

NH

IH

QD

Mν =
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Model independent phenomegical predictions for exact TBM
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Discrete flavor symmetries

A4

S4

Ma & Rajasekaran PRD64,
Babu et al. PLB552 (A4)
Ma PLB632 (2006),
Hagerdon et al. JHEP 06 042 (S4)@ LO exact TBM!

★ even permutations of 4 objects (subgroup of S4, tethraedral symmetries)
★4!/2=12 elements 
★generated by two basic permutations: S=(4321) & T=(2314)
★S2=T3= (ST)3=1 -> a representation of the group
★12 elements belong to 4  equivalence classes
★4 inequivalent representations 1,1’,1’’ & 3

★ permutations of 4 objects (tethraedral symmetries)
★ 4!=24 elements 
★S4=T3=1, ST2S=T -> a representation of the group
★24 elements belong to 5  equivalence classes
★5 inequivalent representations 11, 12 , 2, 31, 32
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choose a basis for the A4,S4 generators in which the charged lepton are diagonal  

neutrinos can get a mass in different ways

effective operator (EF)

type I see-saw (SSI)

type II see-saw (SSII)

flavour symmetry

type III see-saw (SSIII)

LLΦ
φi

ΛF
LLΦ

1
Λ

LLhuhu
1
Λ

LLhuhu
φi

ΛF

Mν ∼ −mD M−1
R mT

D

Mν ∼ −mlΣ M−1
Σ mT

lΣ

mD ∼ Lhuνc φi

ΛF

MR ∼ νcνcφi

mlΣ ∼ LhuΣ φi

ΛF

MΣ ∼ ΣΣφi
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Conclusions

✓Model building investigations to explain neutrino masses and lepton mixing (also quarks) 
is a very  active field

✓ Discrete flavor symmetry (even if  they present some technical  problems) works 
impressively well for lepton mixing

✓ Many  flavor symmetry  & many  models: phenomenology may allow us to distinguish  
them

✓Future experiments could rule out some model realizations

✓Possible further discriminations in the study of leptogenesis (work in progress)
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