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Lepton Mixing & TBMLepton Mixing & TBMLepton Mixing & TBMLepton Mixing & TBMLepton Mixing & TBMLepton Mixing & TBMLepton Mixing & TBMLepton Mixing & TBM
After Neutrino 2008  (at 2σ)
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broken symmetry
TBM @ LOTBM @ LO
O(ϑ c2) corrections required

2Luca Merlo



SSB of A4SSB of A4

[Ma & Rajasekaran 2001; 
Ma 2002; Babu, Ma & Valle 2003;
Altarelli & Feruglio 2005; 
Altarelli, Feruglio & Lin 2006] SSB of A4SSB of A4

A4 is the group of even permutations of 4 objects
isomorphic to the group of the rotations which leave a

Altarelli, Feruglio & Lin 2006]

A4 has 4 irreps: 1, 1’, 1’’ and 3

isomorphic to the group of the rotations which leave a
regular tetrahedron invariant.

1)( 332 STTSA4 is generated by two elements: T and S 1)( 332 === STTS
S generates a subgroup Z2 of A4, GS
T generates a subgroup Z of A  GT generates a subgroup Z3 of A4, GT

keeps separated the two sectors

A4xZ3xU(1)FN
ϕ explains the hierarchy

GT ª Z3 GS ª Z2
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+me) diagonal UTB
Tmν UTB = mν

diag[He, Keum, Volkas 2006;
Lam 2007, 2008]
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The Model: SUSY approachThe Model: SUSY approach
[Altarelli & Feruglio 2005]
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Predictions and CommentsPredictions and CommentsPredictions and CommentsPredictions and Comments
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in a see-saw realization both normal and 
inverted hierarchies can be accommodated
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• Possible extension to the quark sector

[Feruglio, Hagedorn, Lin & M. 2007;
Altarelli, Feruglio & Hagedorn 2008;
Bazzocchi, Frigerio & Morisi 2008]Luca Merlo



A new mass scaleA new mass scale
[Feruglio, Hagedorn, Lin & M. 2008]

A new mass scaleA new mass scale
Low Energy 
Observables:

(g-2)μ discrepancy
dark matter

GUTs
flavour symmetries

ν masses
ν oscillations

gauge coupling unification
hierarchy problem
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The dipole matrix MThe dipole matrix Mp mp m
the flavour pattern in Ldip is controlled by the same SB parameters of LSM
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Constraints on MConstraints on M
1) EDMs and MDMs
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or due to CP-conservation)
Interesting indication from δaμ

μ

2) LFV transitions:

up to O(1) coefficient Rμe º Rτμ º Rτe
independently from θ

τ decays are below the 
expected future sensitivity

| | 0 001  M  10 (30)  T V

independently from θ13

I i  R  1 2  10 11(10 13) |u| º 0.001  M > 10 (30)  TeV
|u| º 0.05           M > 70 (200)  TeV

Imposing Rμe < 1.2 x 10-11(10-13) 
u/M2 < 1.2 x 10-11(1.1 x 10-12)  GeV-2

8

Probably above the region of interest for (g-2)μ and for LHC
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SUSY CaseSUSY CaseSUSY CaseSUSY Case
Some operators contributing to Mij are suppressed and as a result in the 
basis f dia nal char ed lept ns  the r tati ns pr vide a cancellati n in 
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The constraints from EDMs and MDMs are the same

In most of the allowed range for u, Rμe º Rτμ > Rτe

The constraints from EDMs and MDMs are the same

τ decays 
undetectable

Imposing Rμe < 1.2 x 10-11(10-13)

u2/M2 < 1 2 x 10-11(1 1 x 10-12)  GeV-2

|u| º 0.001            M > 0.7 (2)  TeV

|u| º 0 05              M > 14 (48)  TeVu2/M2 < 1.2 x 10 11(1.1 x 10 12)  GeV 2 |u| º 0.05              M > 14 (48)  TeV

There is a range for |u| in which it is possible to explain  at the same time 

9

g p p
the deviation on (g-2)μ and a positive signal for BR(μØeγ) at MEG
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Relation between the observablesRelation between the observablesRelation between the observablesRelation between the observables
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ϑ13, but only an 
indication : NOT 
larger than a few 
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ConclusionsConclusions
Additional tests of A4 models from LFV

generic, non-SUSY, case

ConclusionsConclusions
generic, non SUSY, case
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the previous results.
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[Feruglio, Hagedorn, Lin & M. to appear]
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