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This is a study on predictive neutrino models which is
based on nhon-Abelian discrete symmetries.

today’'s talk = D4 symmetry

Simple realization of flavor structure of leptons is obtained.




sin26 .. >0.92 (90% C.L.)

atm

tan“0 ., > 0.33 - 0.49 (90% C.L.)

SiN“0 00, < 0.057 (30)

Does these results reflect some flavor symmetry ?

There are two ways to be investigated :

(1) The structure of mass matrix is assumed.
— What symmetry can generate such mass matrix ?

(2) The flavor symmetry is assumed.
— What mass matrix can be generated ?

Today's talk @ Scenerio (1)



Non-Abelian discrete groups

order : number of elements

order 6 8 10 ) 14
AYY S;
Dy | Ds3(=S3) D:s Ds D7
On Q12(Qs)
T 1(A4)

Geometrical object :

D3(=S3) : rotations and reflections of A

D4 : rotations and reflections of

A4 : rotations and reflections of tetrahedron




Models based on non-Abelian discrete groups

S3 S.Pakvasa and H.Sugawara, PLB 73(1978)61.
J.Kubo, A.Modragon, M.Mondragon and
E.Rodrigues-Jauregui, Prog.Theor.Phys.109(2003)795.

D4 W.Grimus and L.Lavoura, PLB 572 (2003) 189.
Grimus, Joshipura, S.K., Lavoura, Sawanaka and
Ta_nimot_o hep—ph/Q408123
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Plan of the talk

1. Introduction

2. The model based on D4
Grimus and Lavoura PLB('03) ...

3. Symmetry breaking and neutrino mixing angles
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Neutrino mass matrix

sin“26 .. >0.92 (90% C.L)

atm

tan“6 ., > 0.33 - 0.49 (90% C.L.)
Sin“0 ooz < 0.057 (30)
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atmospheric v, K2K reactor v, CP violation solar v, KamLAND Majorana phases

2 2 2 2 2 2
Normal: mi<mz<ms (AmMsa= mz2—mi1, AMatm=mMz—m71)

2 2 2 2 2 2
nverted: ma<mi<mz (Amsa=mz—mi, AMatm=mM1—m3)

Quasi-degenerate : mi1 ~ mz2 ~ ms




Neutrino mass matrix W.Grimus and L.Lavoura(2003)

Assumption: 6,;=45°, 6.,5=0°

Framework : SM + 3 v (seesaw model)

sinf 0

cos 6 1

V2 V2

__cosf 1

V2 Vi

6 ,, = arbitrary, no Dirac phase, two Majorana phases




2 (dim. of reps.)*2
= # of elements

# of reps.
= # of classes

n : # of elements

h : order of any elements
in that class(gh=1)

transf.

2 dim. reps.

unit
IS8 Eop
90° rot.

200 el
reflection (y = x i)
reflection (y = —x i)
reflection (y = 0 Hi)

reflection (z = 0 i)
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2x 2 Decompositions of D4

<;>x<gi>:1+++1++1++1

group | aa + B0’ - af — Ba’
D, 1++ T
(s 17 LT

Mass matrix in D4 doublet basis
H1(1++), H2(1+_) ;

lepton : (IL1, [12), ([r1, [R2)
Higgs : Hi, H: (1), Ho (I3)
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H1(1_+), H2(].__) .




D4axZzmodel SM+3vr+3¢0 +2x

¢ : gauge doublet Higgs W.Grimus and L.Lavoura (2003)
X : gauge singlet Higgs

Charge assignment of D4 :
13— (N N Higgs doublets ®; : 11T, &, : 171, &5 : 177

DS Sl D, D) - 2 Higgs singlets (x1,Xx2) @ 2
1++

) (MR)TR) . 2

) (V,MR7V7'R) : 2
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Y1,6P1 + yo2,7Po 0 0
0 Y3 8P1 + Ya.9P2 + y5.10P3 0

0 0 Y3 8P1 + Y1.0P2 — y5.10P3
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D4 x Z2 model
® €n, Ver, Vyr, Vrr, 1 transtorms as odd under an extra Z
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origin of lepton mixings
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: Mp = diag(A, B, B),

Neutrino mass matrix

A?%g? —ABeg
—ABeg B*(dg = f*)
— AL B%ef

M, = MMz "M}

W
If we assume (x2) = (x2) = o W o> v, M=







Small perturbation to M, by € and &€’.

W.Grimus, A.S.Joshipura, S.K., L.Lavoura and M.Tanimoto (' 04)
Assumption : D4 x Z2 symmetry is broken at low-energy.
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| € |,| €| are constrained y(1—e) w

== e ]
by experiments. CE=NC. S Eoi=c 7

Ues| <02, |cos262s] < 0.28, 033 <3tan26 am <049,
(. /x10< Amsa < 8.8x10 eV, 1.5x10 < Amam < 3.4x10 eV



Normal hierarcy of ¥ mass

el etk 0.3




Inverted hierarcy of v mass




Quasi-degenerate of ¥ mass
ke 0.3 e it <08 = 0:8e\




1. Normal v mass hierarchy :
small deviation of |Ue3|, large deviation of |cos2 6 23|

2. Inverted v mass hierarchy :
small/large deviation of |Ue3|, large deviation of |cos?2 6 23|

3. Quasi-degenerate v mass hierarchy:

,.._u | roe dey | o&o s Je3|, SEALEHAS,

s Y bl e e
at - I




Example Radiatively generated Ue3 and cos2 6 atm

Assumption : €, €’ are generated due to radiative corrections.

Mew Mx

1 f

D4 Is broken D4 symmetric
Ues # 0, cos2623 #0 loh-se=bie e 2t =u)




M, at low-scale is given by
MV(Mz) X [MV(MX) / ;

where [ is flavor dependent matrix :

7 o R, ML 50 e (_
iag(1 + = Gyl @ Gl

n—
Mz

where ¢ = 3/2, —1/ cos 8 in the case of SM, MSSM, respectively.

tan B8 Is constrained :
tan5< 23

T T R a3
| cos 2 6053 |







Q8 model : SM + triplet Higgs &
M. Frigerio, S. K., E. Ma and M. Tanimoto, ('04)

Higgs doublets ®; : 17", ®, : many possibilities

Higgs triplets &1,& : many possibilities, (£3,&4) @ 2
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Basis : charged lepton mass
matrix Is diagonal.
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scenario (1) scenario (2)




Summary

Neutrino Models based on D4 symmetry :
Is predicted in symmetric limit

|Ues| and |cos?2 6 23| are deviated from zero by small
perturbation (ex. radiative correction).

|Ues| Is strongly suppressed and |cos?Z 0 23| could be large
near exp. bound. Both depend on Majorana phases: o, O.

Neutrino Models based on Q8 symmetry.



Questions

Is a predictive D4 model possible without extra Z> ?

How about in quark sector ?

Supersymmetric model ?

Higgs potential 7
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