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Introduction

¥ Experimental measaments or neutrino oscillation parameters
<zTri-bimaximal neutrino mixing:
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¥ TBM neutrino mixing can ariseoim underyingA4 famiy
symmetry

¥ even pernutations of bur objects
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geometricall -- invariant goup of tetrahedon
does NOT giwe rise to CKM mixing: Vekm =1
all CG coefbcientseal
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T« GoupTheory

¥ Double covering of tetrahedral grupA4:
¥ in-equivalentepresentations of O:

Ad: 1. 11 1" 3 —— | [BM Drneutrinos
other: 2, 2!, 2" —5 |2 +1 assignmentsf quarks

complexity cannot bewaided
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¥ spinorial x ector <mspinorial:
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<zgroup theoretical origin of CP violation y .c ¢, k. T Mahanthppaarxiv:0904.1721

¥ realYukava coupling constants

¥ realVEVs of scalar belds
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The Model

M.-C.C,K.T. Mahanthppa,PLB652 (2007) 34
¥ Symmety:SU(5) XT«

¥ Paticle Content: 10@Q, v, &) 5(d "),

ToTa F|Hs Hilus|! 11" "1 # N|$ %
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¥ Lagrangianonly 9 operators allaved!!

Lyuk = Lyt + L1r + LF
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Neutrino Sector

. 1 __ _
¥ Operators: Ler = v $1HsHsF F%+ $,HsHsF F&
X-

¥ Symmety breaking:

e
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¥ Resulting mass matrix:

only vector representations iwolved
7 Y0
2%+ o " % %, g <zall CG ae real
M, = " % 2% "%+ Uo & - <zMajorana phases either O or !
n 0/@ n %+ uo 20/@
$__ " Y4\
31 3 0

T H n VLZJ —_ :: $ AT~ " = ! _g
U /sy MiUrey = diag(up + 3o, Up," Ug + 3!0)M— Urem = w! V6L 311 2
X $___ v
! 61 3 U 2

Form diagpnalizable:
-- no adjustable parameters
-- neutrino mixing fom CG coefbcients!
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Charged Ermion Sector

¥ Operators: Lt

L1F

1 1 1
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¥ top massalloved by T lighter famiy masses at higher dimensionaliti

¥ symmety breaki
e ,
=% 0& #o! , # $=

1

¥ Mass matrices:

! $ both vector and spinorial eps irvolved
. i 13 1"in 13 0 I CG
0 2 0 % <zcomplex
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o200 B ¢ <zCPV in quark & lepton sectors
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¥ Georgi-Jarlskg relations<z corrections toTBM pattern




Quark and Lepton Mixing Matrices

¥ CKM mixing matrix:

| 13 $

v 1o 52 0 (L+0)" o) o?
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e ! mg/msg" € mym¢c % mg/mg,
Georgi-Jarlsbg relations<zVq, " |

¥ MNS matrix: SU(5)<zMq = (Mo)T

' _ . b <zcorrections toTBM related to#.

" 0 (L) o " 0#0 g ] I
Mok eiyors  CaNo oo B o, Mo, 1 Mg, 1
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leptonic Dirac CP phase




Predictions

chargeddrmion sector 7 parameters

¥ quark sector

= &°:&7:1 mg:ms:m, = &°:&7:1

mu mc mt
¥ CKM mixing angles & CPV meassir
7V #L)L
» & # arg !\Y“i/\%b = 236°, sin2& = 0.734,
) 0.974 0.227 0.00412 o
Vekm|=$ 0227 0973 00412 & EEAVAVIE
0.00718 0.0408 0.999 L1 ag o = 10,
| ud Vb w
" MuaVib - - oaego
I arg VCdVC!b = #; = 456",
¥ Neutrino sector I Im(VaaVesVip V) = 2.69# 10°°
sin?2"ym = 1, tan?"+ = 0.419 |Ues| = 0.0583
Im.| = 0.0156eV, |m,|= 0.0179eV, |ms|= 0.0514eV 2 parameters in
. , , neutrino sector
¥ Majorana phases' 21 = ( 31 = 0.
prediction br Dirac CP phase$ = 227 degees Ji = #0.00967

<z connection betveen leptogenesis & CPV in neutrino oscillation




Flasor Violation in RS

¥ Two sources of [3gor violation in RS:
L5D $ TC! Yot EC"U#U + #_dC"d#d + H T$U#u + WT$D#d

¥ 5D Yukava coupling constants

¥ 5D bulk mass terms
¥ gaugedrmion couplings inekmion mass eigenstates:

} genericall independent

!
G (1 VI ZVE O+ 1 TTWI Wt S+ 1 STWE 2 Wyt )

n

¥ non-uniersal bulk mass termsztree-la/el FCNCs

¥ quark sector

¥ most stringent constraint &m 1st & 2nd generations
¥ lepton sector

¥ presence een in the limit of massless neutrinos

¥ %! 3e %e conersion
¥ Generaly: FCNC constraints<z & > O(10) TeV




Neutrino Mass Spectrum & Mixing

¥ Minimal Fleor Violation

¥ RS Quark sectar FitzpatrickPerez Randall2007

Cuda = Yy qYud Co=r1YyYy, + YgYy
¥ RS Lepton sector M.-C.C, H.BYu,PLB 2008
Ce=aY.Ye, Cyn=dY, Y, CL=c(lYY, +YoY,)
¥ mild hierachy among 5D parameterguning neededdr large neutrino
mixing
generic anaihy case: Vij " /L

large atm & solar mixing angles:f.,/f., " land f_,/f ," 1

¥ MFVwith #=0,  f. /f, isbxed by ~mi/m;
fo./fL, $ 007 fo /fL, $ 0.24

¥ some structue in 5DYukava needed to accommodate mixing
angles and mass ratios siltaneous}




T" Famy Symmety as a Solution

M.-C.C.,K.T.Mahanthppa FYu,arXiv:0907.3963
¥ Famy Symmety based on double tetrahedralarmp, T :

¥ TBM neutrino mixing

<z 3 families of lepton doublets tramsm as 3
<zcommon bulk mass ternof all lepton doublets
<zabsence of #e-larel FCNCs

<z neutrino mixing fom CG coefbcients (decoupleofn masses)
<z alleviate tuning irvukava couplings

¥ Realistic quark masses & mixing
<z 3 families of quarks trar@mim as (1+2)

<zcommon bulk mass ternof 1st & 2nd generations of quark

<zabsence of FCNCs in 1st & 2nd generations




