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Introduction

® Neutrino Oscillation Parameters [Circa 2006]
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® Tri-bimaximal neutrino mixing:

V2/3 1/V/3 0 sin? Oaem. TBM = 1/2 sin 013 Tem = 0.

Urpm = | —/1/6 1/V3 —1/V/2 .
—V1/6 1/V3 1/v2 s :@

tan? O exp = 0.429 tan? 0 Tem = 1/2




Tri-bimaximal Neutrino Mixing from A4

even permutations of 4 objects (invariance group of tetrahedron)
four in-equivalent representations: 1, 1°, 17,3
successfully give rise to tri-bimaximal leptonic mixing:
*  |epton doublets ~ 3
*  RH charged leptons: 1,1°,1”
generalization to quark sector:
*  no CKM mixing -- lack of doublet representations

*  mass hierarchy -- need additional U(l) symmetry




Group Theory of (T

Double covering of A4

in-equivalent representations: —
Ad: 1, I, 17,3 M

other: 2, 2°, 2”7 =—» 2 +| assighments for quarks

generators:
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The Model

e Symmetry: SU(5) x T

® Particle Content  10(Q, u¢, €°)p, 5(d 0)r,
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- only top mass allowed at renormalizable level

- need to break (d)T to generate all other fermion masses




The Model
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The Model

® Symmetry: SU(5) x 9T

® Particle Content 10(@» u’, ec)L 5(dC;€)L
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® additional Zi2 X Z}; symmetry:
*  predictive model: only 9 operators allowed up to at least dim-7
*  vacuum misalignment: neutrino sector vs charged fermion sector

*  mass hierarchy: lighter generation masses allowed only at higher dim




The Model
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The Model

® |agrangian: only 9 operators allowed!!
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Neutrino Sector
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Resulting mass matrix:
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Up Quark Sector

® Operators:  Lpr = yH5T3Ts + %ytsH5T3Ta¢C + %ycH5TaTa¢2 + %yuHSTaTagblg
® top mass:allowed by 9T
® lighter family acquire masses thru operators with higher dimensionality

B dynamical origin of mass hierarchy

® symmetry breaking:
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Down Quark Sector

1 — 1 — —
operators: Lrp = FybH%FTSQsC + e [y3A45FTa¢¢N + de%FTaq52¢l

generation of b-quark mass: breaking of ()T : dynamical origin for
hierarchy between mp and m¢

lighter family acquire masses thru operators with higher dimensionality
B dynamical origin of mass hierarchy

consider 2nd, 3rd families only: TBM exact

symmetry breaking:
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Quark and Lepton Mixing Matrices

® CKM mixing matrix:
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Numerical Results

Experimentally: mq :mq:m; =e
eu = (1/200) = 0.005

Model Parameters:
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/ parameters in
charged fermion
sector

YpPoo =~ my/my ~ (0.011)
¢ = 1YoNo/Go = 0.0474

b= do/Co = 0.00789

0.838 0.545 0.0550
0.364 0.608 0.706
0.409 0.578 0.706

|Unins| = [V Urnnl =

cos (beta)= 2/3 : best fit values

M, ~ 10" GeV
2 parameters in

neutrino sector




Conclusions

® SU(5) x @T symmetry: tri-bimaximal lepton mixing &
realistic CKM matrix

® Zi»x Z;? symmetry: only 9 operators present (only 9
parameters in Yukawa sector)

*x  forbid proton decay
*  likely linked to orbifold compactification
® dynamical origin of mass hierarchy (including mpy vs my)

® interesting sum rules:

could give right amount to account for
tan® 0 ~ tan® o TRM — %ec cos 3 discrepancy bt exp best fit value
and TBM prediction

013 ~ 0./3v/2 ~ 0.05




