arXiv:hep-ph/0506192 v1 20 Jun 2005

Large Lepton Mixing and Nonsymmetric Mass Matrices with Flavor 2 ↔ 3 Symmetry

Koichi MATSUDA Graduate school of Science, Osaka University, Toyonaka, Osaka 560-0043, Japan

Hiroyuki NISHIURA Faculty of Information Science and Technology, Osaka Institute of Technology, Hirakata, Osaka 573-0196, Japan (Dated: June 19, 2005)

Abstract

We analyze the lepton sector of a recently proposed nonsymmetric mass matrix model. Our model gives a unified description of quark and lepton with the same texture form based on an extended flavor 2 ↔ 3 symmetry with a phase. By investigating possible types of assignment for masses, we find that the model can lead to large lepton mixings which are consistent with experimental values. We also find that the model predicts a very small value, 1.3 × 10^{−10}, for the lepton mixing matrix element square |U_{13}|^2. The CP violating phases in the lepton mixing matrix and a suppression of the averaged neutrino mass in the neutrinoless double beta decay are also predicted.

PACS numbers: 12.15.Ff, 14.60.Pq, 11.30.Hv

I. INTRODUCTION

In order to explain a nearly bimaximal lepton mixing (sin^2 2θ_{12} ∼ 1, sin^2 2θ_{23} ≃ 1) observed from neutrino oscillation experiments [1], mass matrices with various structures have been investigated in the literature. For example, mass matrices with texture zeros [2]- [4], with a flavor 2 ↔ 3 symmetry [5]– [17], and so on have been proposed. Recently we have proposed [18] a following nonsymmetric mass matrix model for all quarks and leptons based on an extended flavor 2 ↔ 3 symmetry with one phase:

M_f = 0 a_f e^{−iϕf} a_f a^′_f e^{−iϕf} b_f e^{−2iϕf} (1 − ξ_f )b_f a^′_f (1 − ξ_f )b_f b_f

, (f = u, d, ν, e, (D, and R)) (1.1)

where a_f , b_f , ξ_f , and a^′_f are real parameters and ϕ_f is a phase parameter. Here, M_u, M_d, M_ν , and M_e are mass matrices for up quarks (u, c, t), down quarks (d, s, b), neutrinos (ν_e, ν_μ, ν_τ ) and charged leptons (e, μ, τ ), respectively. The mass matrices M_D and M_R are, respectively, the Dirac and the right-handed Majorana neutrino mass matrices, which are included in the model if we assume the seesaw mechanism [19] for neutrino masses. In this model, we assume that all the mass matrices for quarks and leptons have this common structure, which is against the conventional picture that the mass matrix forms in the quark sector take somewhat different structures from those in the lepton sector. In our previous works [18], we have pointed out that this structure leads to reasonable values for the Cabibbo– Kobayashi–Maskawa (CKM) [20] quark mixing, if we use a specific assignment of the quark masses.

In this paper, we shall discuss the Maki-Nakagawa-Sakata-Pontecorv (MNSP) [21] lepton mixing of the model by assuming that neutrinos are the Majorana particles. Under this assumption, the neutrino mass matrix M_ν should be symmetric. Namely, we further assume

a_ν = a^′_ν . (1.2) In the scenario that the neutrino mass matrix is constructed via the seesaw mechanism, i.e.

M_ν = −M^T_D M^{−1}_R M_D, the structure of M_ν mentioned above is alternatively realized by using the following two assumptions: (i) The mass matrices M_D and M_R have the same extended flavor 2 ↔ 3 symmetry in Eq.(1.1) with identical phase parameters, i.e. ϕ_D = ϕ_R ≡ ϕ_ν . (ii) M_D and M_R are proportional to each other, except for their (2,1) and (3,1) elements.

On the other hand, M_e is assumed to have the above nonsymmetric structure given in Eq. (1.1). Namely, in this paper, the mass matrices M_e and M_ν are assumed to have the following forms:

M_e = 0 a_ee^{−iϕe} a_e a^′_ee^{−iϕe} b_ee^{−2iϕe} (1 − ξ_e)b_e a^′_e (1 − ξ_e)b_e b_e

, (1.3)

M_ν = 0 a_ν e^{−iϕν} a_ν a_ν e^{−iϕν} b_ν e^{−2iϕν} (1 − ξ_ν )b_ν a_ν (1 − ξ_ν )b_ν b_ν

, (1.4)

where ϕ_e and ϕ_ν are phase parameters.

This article is organized as follows. In Sec. II, we discuss the diagonalization of mass matrix of our model. The analytical expressions of the lepton mixings and phases of the model are given in Sec. III. Sec. IV is devoted to a summary.

II. DIAGONALIZATION OF MASS MATRIX

A. mass matrix for charged leptons

The diagonalization of the mass matrix for the charged leptons M_e can be done similarly to the case of the mass matrices for up and down quarks. These mass matrices have common structure given by M_f in Eq. (1.1). Thus let us present a method for diagonalization of M_f , which is treated in Ref [18] in details.

First, let us mention free parameters in the mass matrix. There are five parameters, a_f , a^′_f , b_f , ξ_f , and ϕ_f in M_f . Even if we fix three eigenvalues, m_{if} , of M_f by the observed fermion masses, there still exist two free parameters. As the free parameters, let us choose a parameter α_f defined by α_f ≡ a^′_f a_f , (2.1)

and a phase parameter η_f defined in Fig. 1 independently of mass eigenvalues m_{if} . Note that for the neutrino mass matrix M_ν we assume α_ν = 1 as mentioned above.

Second, let us discuss an unitary matrix U_{Lf} which diagonalizes M_f M^†_f . The explicit expression of U_{Lf} depends on the following three types of assignment for m_{if} :

In this type, the mass eigenvalues |m_{1f} |, m_{2f} , and m_{3f} of M_f are allocated to the masses of the first, second, and third generations, respectively. (i.e. |m_{1f} |≪m_{2f} ≪m_{3f} .) In this type, the M_f M^†_f is diagonalized as

U^†_{Lf} M_f M^†_f U_{Lf} = diag ( m^2_{1f} , m^2_f , m^2_{3f} ) , (2.2)

by an unitary matrix U_{Lf} given by

U_{Lf} = P^†_f O_f . (2.3)

Here P_f is the diagonal phase matrix expressed as

P_f = diag ( 1, e^{i(ϕf −φf )}, e^{−iφf} ) , (2.4)

where φ_f and ϕ_f are given by

cos φ_f =

|X_f | − m_{3f} cos η_f √ |X_f |^2 + m^2_{3f} − 2m_{3f} |X_f | cos η_f

, (2.5)

cos ϕ_f =

|X_f |^2 − m^2_{3f} √( |X_f |^2 + m^2_{3f}

)_2 − 4m^2_{3f} |X_f |^2 cos^2 η_f

. (2.6)

Here X_f is defined by X_f ≡ b_f + (1 − ξ_f )b_f e^{iϕf} ≡ |X_f |e^{iφf} , and |X_f | is expressed in term of α_f and m_{if} as |X_f |^2 = m^2_{1f} + m^2_f − |m_{1f} |m_{2f} ( 1 + α^2_f α_f ) . (2.7) In Eq. (2.3), O_f is the orthogonal matrix given by

O_f ≡ c_f s_f 0 −^{sf√}_2^{cf√}_2 −^{1√}_2 −^{sf√}_2^{cf√}_2^{1√}_2

, (2.8)

where

c_f = m^{2f} −^{|m1f |m2f}αf m^2_f − m^2_{1f}

, s_f = |^{m1f |m2f}αf − m^{21f} m^2_f − m^2_{1f}

. (2.9)

It should be noted that the mixing angles are functions of only α_f , since the m_{if} is fixed by the experimental fermion mass values. We find from Eq. (2.6) that ϕ_f ≈ ±π for m^2_{1f} ≪ m^2_f ≪ m^2_{3f} in this type A assignment.

(ii) Type B:

In this type, the mass eigenvalues |m_{1f} |, m_{3f} , and m_{2f} are allocated to the masses of the first, second, and third generations, respectively. (i.e. |m_{1f} |≪m_{3f} ≪m_{2f} .) The M_f M^†_f is diagonalized as U^†_{Lf} M_f M^†_f U_{Lf} = diag ( m^2_{1f} , m^2_{3f} , m^2_f ) . (2.10) by an unitary matrix U_{Lf} given by

U_{Lf} = P^†_f O^′_f . (2.11)

Here O^′_f is obtained from O_f by exchanging the second row for the third one as

O^′_f ≡ c_f 0 s_f −^{sf√}_2^{1√}_2^{cf√}_2 −^{sf√}_2 −^{1√}_2^{cf√}_2

. (2.12)

(iii) Type C:

In this type, the mass eigenvalues m_{3f} , |m_{1f} |, and m_{2f} are allocated to the masses of the first, second, and third generations, respectively. (i.e. m_{3f} ≪|m_{1f} |≪m_{2f} .) In this type, we have U^†_{Lf} M_f M^†_f U_{Lf} = diag ( m^2_{3f} , m^2_{1f} , m^2_f ) , (2.13) where U_{Lf} = P^†_f O^{′′}_f . (2.14) Here, the orthogonal matrix O^{′′}_f is given by

O^{′′}_f ≡ 0 c_f s_f 1√ 2 −^{sf√}_2^{cf√}_2 −^{1√}_2 −^{sf√}_2^{cf√}_2

. (2.15)

This type is not so useful to get the reasonable lepton mixing values.

B. mass matrix for neutrinos

Since the mass matrix for the Majorana neutrinos M_ν is symmetric, M_ν is diagonalized as follows depending on the following three types of assignments for the neutrino mass m_i:

(i) Type A:

In this type, the mass eigenvalues m_1, m_2, and m_3 of M_ν are allocated to the masses of the first, second, and third generations, respectively. In this type, M_ν is diagonalized as

U^†_ν M_ν U^∗_ν = diag (m_1, m_2, m_3) , (2.16)

where m_i(i = 1, 2, and 3) are real positive neutrino masses. The unitary matrix U_ν is described as U_ν = P^†_ν O_ν Q_ν . (2.17) Here, in order to make the neutrino masses m_i to be real positive, we introduce a diagonal phase matrix Q_ν defined by

Q_ν ≡ diag ( e^{−i(φν −π)/2}, e^{−i(φν )/2}, e^{−i(φν −ην +π)/2} ) . (2.18)

The diagonal phase matrix P_ν and the orthogonal matrix O_ν are obtained from Eqs. (2.4) – (2.7) and (2.8) – (2.9) with f = ν by replacing |m_{1f} |, m_{2f} , and m_{3f} with m_1, m_2, and m_3, respectively and by setting α_ν = 1.

(ii) Type B:

In this type, the mass eigenvalues m_1, m_3, and m_2 are allocated to the masses of the first, second, and third generations, respectively. In this type, M_ν is diagonalized as

U^†_ν M_ν U^∗_ν = diag (m_1, m_3, m_2) . (2.19)

The unitary matrix U_ν is described as

U_ν = P^†_ν O^′_ν Q^′_ν . (2.20)

Here the diagonal phase matrix Q^′_ν is defined by

Q^′_ν ≡ diag ( e^{−i(φν −π)/2}, e^{−i(φν −ην +π)/2}, e^{−i(φν )/2} ) . (2.21)

The orthogonal matrix O^′_ν is obtained from Eqs. (2.8) and (2.9) with f = ν by replacing |m_{1f} |, m_{2f} , and m_{3f} with m_1, m_3, and m_2, respectively and by setting α_ν = 1.

(iii) Type C:

In this type, the mass eigenvalues m_3, m_1, and m_2 are allocated to the masses of the first, second, and third generations, respectively. In this type, M_ν is diagonalized as

U^†_ν M_ν U^∗_ν = diag (m_3, m_1, m_2) . (2.22)

The unitary matrix U_ν is described as

U_ν = P^†_ν O^{′′}_ν Q^{′′}_ν . (2.23)

Here the diagonal phase matrix Q^{′′}_ν is defined by

Q^{′′}_ν ≡ diag ( e^{−i(φν −ην +π)/2}, e^{−i(φν −π)/2}, e^{−i(φν )/2} ) . (2.24)

The orthogonal matrix O^{′′}_ν is obtained from Eqs. (2.8) and (2.9) with f = ν by replacing |m_{1f} |, m_{2f} , and m_{3f} with m_3, m_1, and m_2, respectively and by setting α_ν = 1.

These types B and C are not so useful to get the reasonable lepton mixing values.

III. MNSP LEPTON MIXING MATRIX

Now let us discuss the MNSP lepton mixing matrix of the model by taking the type A, the type B, and the type C assignments for charged leptons and neutrinos. We find that the assignment that is consistent with the present experimental data is only one case. Namely, the case in which type B assignment for charged leptons and type A for neutrinos are taken. The other possible cases fail to reproduce consistent lepton mixing. In this case, we obtain the MNSP lepton mixing matrix U as follows.

U = U^†_{Le}U_ν = O^{′T}_e P_eP^†_ν O_ν Q_ν = O^{′T}_e P O_ν Q_ν

= c^′_ec_ν + ρ_ν s^′_es_ν c^′_es_ν − ρ_ν s^′_ec_ν −σ_ν s^′_e σ_ν s_ν −σ_ν c_ν −ρ_ν s^′_ec_ν − ρ_ν c^′_es_ν s^′_es_ν + ρ_ν c^′_ec_ν σ_ν c^′_e

Q_ν , (3.1)

where

s^′_e = √_{|me|mτ} α_e − m 2 e m^2_τ − m^2_e

, c^′_e = √ m^2_τ −^{|me|mτ}_{αe} m^2_τ − m^2_e , s_ν = √ |m_1| m_2 + |m_1|

, c_ν = √ m_2 m_2 + |m_1|

. (3.2)

Here the phase matrix Q_ν is shown in Eq. (2.18), and we have put

P ≡ P_eP^†_ν ≡ diag(1, e^{iδν2} , e^{iδν3} ). (3.3)

The orthogonal matrices O_ν and O^′_e are obtained from Eq. (2.8) and Eq. (2.12), respectively. Here we denote the lepton masses (m_{1f} , m_{3f} , m_{2f} ) as (m_e, m_τ , m_μ) for f = e, and as (m_1, m_2, m_3) for f = ν. Note also that α_ν = 1.

The parameters ρ_ν and σ_ν in Eq. (3.1) are defined by

ρ_ν = 1 2 (e^{iδν3} + e^{iδν2} ) = cos ( δ_{ν3} − δ_{ν2} 2 ) exp i ( δ_{ν3} + δ_{ν2} 2 ) , (3.4)

σ_ν = 1 2 (e^{iδν3} − e^{iδν2} ) = sin ( δ_{ν3} − δ_{ν2} 2 ) exp i ( δ_{ν3} + δ_{ν2} 2 + π 2 ) . (3.5)

Note that the phases of ρ_ν and σ_ν are

arg ρ_ν =

δ_{ν3}+δ_{ν2}

2 for cos (_{δν3−δν2} 2 ) > 0 δ_{ν3}+δ_{ν2}

2 + π for cos (_{δν3−δν2} 2 ) < 0 , (3.6)

arg σ_ν =

δ_{ν3}+δ_{ν2}

2 +^π_2 for sin (_{δν3 −δν2} 2 ) > 0 δ_{ν3}+δ_{ν2}

2 −^π_2 . for sin (_{δν3 −δν2} 2 ) < 0 . (3.7)

By using Eqs. (3.3) and (2.4), the phases δ_{ν2} and δ_{ν3} in our model are given by

δ_{ν2} = φ_ν − φ_e − (ϕ_ν − ϕ_e), (3.8)

δ_{ν3} = φ_ν − φ_e. (3.9)

Here the phases ϕ_e, φ_e, ϕ_ν , and φ_ν are expressed as

cos ϕ_e =

|X_e|^2 − m^2_μ √( |X_e|^2 + m^2_μ

)_2 − 4m^2_μ|X_e|^2 cos^2 η_e

, (3.10)

cos ϕ_ν =

|X_ν |^2 − m^2_3 √ (|X_ν |^2 + m^2_3)^2 − 4m^2_3|X_ν |^2 cos^2 η_ν

, (3.11)

cos φ_e = |X_e| − m_μ cos η_e √ |X_e|^2 + m^2_μ − 2m_μ|X_e| cos η_e

, (3.12)

cos φ_ν =

|X_ν | − m_3 cos η_ν √ |X_ν |^2 + m^2_3 − 2m_3|X_ν | cos η_ν

, (3.13)

where

|X_e|^2 = m^2_e + m^2_τ − |m_e|m_τ ( 1 + α^2_e α_e ) , (3.14)

|X_ν |^2 = m^2_1 + m^2 − 2|m_1|m_2. (3.15)

In the following discussions we consider the normal mass hierarchy |m_1| < m_2 ≪ m_3 for the neutrino masses. Then the evolution effects can be ignored. Scenarios in which the neutrino masses have the quasi degenerate or the inverse hierarchy are denied from Eqs. (3.21) and (3.26).

In order to reproduce the large lepton mixing between the second and third generation, we now choose specific values of the parameters α_e and η_e such that

α_e = m^2_e − m^2_μ + m^2_τ + √ (m^2_e − m^2_μ + m^2_τ )^2 − 4m^2_e m^2_τ 2m_em_τ ≃ m_τ |m_e| [ 1 − ( m_μ m_τ )_2]

, (3.16)

cos^2 η_e ≠ 1. (3.17)

Then, we obtain φ_e ≃ π − η_e 2 , φ_ν ≃ π − η_ν , ϕ_e ≃ π 2 for 0 < η_e < π 3π 2 for π < η_e < 2π

, ϕ_ν ≃ π, (3.18) and |ρ_ν | ≃ 1 √ 2 , |σ_ν | ≃ 1 √ 2 , s^′_e ≃ |m_e|m_μ m^2_τ

= 1.63 × 10^{−5}, c^′_e ≃ 1. (3.19)

Thus, the explicit magnitudes of the components of |U_{ij} | are obtained as |U_{11}| ≃ √ m_2 m_2 + m_1 , |U_{12}| ≃ √ m_1 m_2 + m_1 , |U_{13}| ≃ 1 √ 2 |m_e|m_μ m^2_τ , |U_{21}| ≃ 1 √ 2 √ m_1 m_2 + m_1 , |U_{22}| ≃ 1 √ 2 √ m_2 m_2 + m_1 , |U_{23}| ≃ 1 √ 2 , |U_{31}| ≃ 1 √ 2 √ m_1 m_2 + m_1 , |U_{32}| ≃ 1 √ 2 √ m_2 m_2 + m_1 , |U_{33}| ≃ 1 √ 2 . (3.20)

In Fig. 2, we present more detailed predicted values for |U_{23}| in the η_e − η_ν parameter space, by taking the value for α_e given in Eq. (3.16). It can be seen from Fig. 2 that the large mixing angle between the second and third generation is well realized in the model if we use the specific values of α_e given in Eq. (3.16).

As seen from Eq. (3.20), the neutrino oscillation angles of the model are related to the lepton masses as follows:

tan^2 θ_{solar} =

|U_{12}|^2 |U_{11}|^2 ≃ m_1 m_2

, (3.21)

sin^2 2θ_{atm} = 4|U_{23}|^2|U_{33}|^2 ≃ 1 , (3.22)

|U_{13}|^2 ≃ 1 2 ( m_em_μ m^2_τ

)_2

. (3.23)

It should be noted that the present model leads to the same results for θ_{solar} and θ_{atm} as the model in Ref[13], while a different feature for |U_{13}|^2 is derived.

On the other hand, we have[22] a experimental bound for |U_{13}|^2_{exp} from the CHOOZ[23], solar[24], and atmospheric neutrino experiments[1]. From the global analysis of the SNO solar neutrino experiment[22, 24], we have Δm^2_{12} and tan^2 θ_{12} for the large mixing angle (LMA) Mikheyev-Smirnov-Wolfenstein (MSW) solution. From the atmospheric neutrino experiment[1, 22] , we also have Δm^2_3 and tan^2 θ_{23}. These experimental data with 3σ range are given by

|U_{13}|^2_{exp} < 0.054 , (3.24) Δm^2_{12} = m^2 − m^2_1 = Δm^2_{sol} = (5.2 − 9.8) × 10^{−5} eV^2, (3.25) tan^2 θ_{12} = tan^2 θ_{sol} = 0.29 − 0.64 , (3.26) Δm^2_3 = m^2_3 − m^2 ≃ Δm^2_{atm} = (1.4 − 3.4) × 10^{−3} eV^2, (3.27) tan^2 θ_{23} ≃ tan^2 θ_{atm} = 0.49 − 2.2 . (3.28)

Hereafter, for simplicity, we take tan^2 θ_{atm} ≃ 1. Thus, by combining the present model with the mixing angle θ_{sol} , we have m_1 m_2

≃ tan^2 θ_{sol} = 0.29 − 0.64. (3.29)

Therefore we predict the neutrino masses as follows.

m^2_1 = (0.48 − 6.8) × 10^{−5} eV^2 , m^2 = (5.7 − 16.6) × 10^{−5} eV^2 , (3.30) m^2_3 = (1.4 − 3.4) × 10^{−3} eV^2 .

Let us mention a specific feature of the model. Our model imposes a stringent restriction on |U_{13}| as |U_{13}|^2 ≃ 1 2 ( m_em_μ m^2_τ

)_2 = 1.3 × 10^{−10} . (3.31) Here we have used the running charged lepton masses at the unification scale μ = Λ_X [25]: m_e(Λ_X ) = 0.325 MeV, m_μ(Λ_X ) = 68.6 MeV, and m_τ (Λ_X ) = 1171.4 ± 0.2 MeV. The value in Eq.(3.31) is consistent with the present experimental constraints Eq.(3.24), however it is too small to be checked in neutrino factories in future. The very small predicted value for |U_{13}| is in contrast to previously proposed model[11][13].

Next let us discuss the CP-violation phases in the lepton mixing matrix. The Majorana neutrino fields do not have the freedom of rephasing invariance, so that we can use only the rephasing freedom of M_e to transform Eq. (3.1) to the standard form

U_{std} = diag(e^{iαe1} , e^{iαe2} , e^{iαe2} ) U

= c_{ν13}c_{ν12} c_{ν13}s_{ν12}e^{iβ} s_{ν13}e^{i(γ−δν )} (−c_{ν23}s_{ν12} − s_{ν23}c_{ν23}s_{ν13}e^{iδν} )e^{−iβ} c_{ν23}c_{ν12} − s_{ν23}s_{ν12}s_{ν13}e^{iδν} s_{ν23}c_{ν13}e^{i(γ−β)} (s_{ν23}s_{ν12} − c_{ν23}c_{ν12}s_{ν13}e^{iδν} )e^{−iγ} (−s_{ν23}c_{ν12} − c_{ν23}s_{ν12}s_{ν13}e^{iδν} )e^{−i(γ−β)} c_{ν23}c_{ν13} .

(3.32)

Here, α^e_i comes from the rephasing in the charged lepton fields to make the choice of phase convention. The CP-violating phase δ_ν , the additional Majorana phase β and γ [26, 27] in the representation Eq. (3.32) are calculable and obtained as

δ_ν = arg [ U_{12}U^∗_{22} U_{13}U^∗_{23} + |U_{12}|^2 1 − |U_{13}|^2 ] ≃ arg ( U_{12}U^∗_{22} U_{13}U^∗_{23} )

≃ φ_e − φ_ν − 1 2 (ϕ_e − ϕ_ν ), ≃ −^{ηe}_2 + η_ν −^π_4 for 0 < η_e < π −^{ηe}_2 + η_ν −^{3π}_4 for π < η_e < 2π

, (3.33)

β = arg ( U_{12} U_{11} ) ≃ 3π 2 , (3.34)

γ = arg ( U_{13} U_{11} e^{iδν} ) ≃ η_ν 2 +^π_2 for 0 < η_e < π η_ν 2 −^π_2 for π < η_e < 2π

, (3.35)

by using the relation m_e ≪ m_τ . Hence, we also predict the averaged neutrino mass ⟨m_ν ⟩ which appears in the neutrinoless double beta decay[27] as follows: ⟨m_ν ⟩ ≡ | |m_1U^2_{11} + m_2U^2_{12} + m_3U^2_{13} | | ≃ | | | |m^1 m_2 m_2 + m_1

+ m_2 m_1 m_2 + m_1 e^{3πi} | | | | ≪ m^1 . (3.36)

This value of ⟨m_ν ⟩ is too small to be observed in near future experiments.

In Fig. 2, we present more detailed predicted values for the lepton mixing matrix elements (|U_{12}|, |U_{23}|, and |U_{13}|), and phases (sin δ_ν , sin β, and sin γ) in the η_e - η_ν parameter plane. Here we take a value given in Eq. (3.16) for the parameter α_e and center values given in Eq. (3.30) for neutrino masses m_i.

IV. CONCLUSION

We have analyzed the lepton mixing matrix of a recently proposed nonsymmetric mass matrix model. The model gives a universal description of quark and lepton with the same texture form (1.1) based on an extended flavor 2 ↔ 3 symmetry including a phase ϕ. By using the charged lepton masses as inputs, the present model has six adjustable parameters, α_e, η_e, η_ν , m_1, m_2, and m_3 to reproduce the observed MNSP lepton mixing matrix parameters and neutrino-mass-squared differences. We have shown that only the case where the type B assignment for charged leptons and the type A for neutrinos are taken can lead to consistent values with neutrino oscillation experiments. In this case, we find that the observed large lepton mixing between the second and third generation is realized by a fine tuning of the parameter α_e as given in Eq. (3.16). It is also shown that the model predicts very small value for |U_{13}|, which is in contrast to previously proposed model[11][13]. The CP violating phases δ_ν , β, and γ in the lepton mixing matrix are obtained. The decay rate of the neutrinoless double beta decay is also predicted to be almost suppressed.

Acknowledgments

This work of K.M. was supported by the JSPS, No. 3700.

[1] Super-Kamiokande Collaboration, Y. Fukuda et al., Phys. Rev. Lett. 81, 1562(1998); Phys.

Rev. Lett. 86, 5651(2001); SNO Collaboration, Q.R. Ahmad et al., Phys. Rev. Lett. 87, 071301(2001); Phys. Rev. Lett. 89, 011301(2002); KamLAND Collaboration, K. Eguchi et al., Phys. Rev. Lett. 90, 021802(2003).

[2] H. Fritzsch, Nucl. Phys. B155, 189 (1979).

[3] G.C. Branco, L. Lavoura, and F. Mota, Phys. Rev. D 39, 3443 (1989). [4] P. Ramond, R.G. Roberts, and G.G. Ross, Nucl. Phys. B406, 19(1993); For a recent study, see, for instance, B.R. Desai and A.R. Vaucher, hep-ph/0309102.

[5] T. Fukuyama and H. Nishiura, hep-ph/9702253; in Proceedings of the International Workshop on Masses and Mixings of Quarks and Leptons, Shizuoka, Japan, 1997, edited by Y. Koide (World Scientific, Singapore, 1998), p. 252.

[6] E. Ma and M. Raidal, Phys. Rev. Lett. 87, 011802 (2001). [7] C.S. Lam, Phys. Lett. B507, 214 (2001).

[8] K.R.S. Balaji, W. Grimus and T. Schwetz, Phys. Lett. B508, 301 (2001). [9] W. Grimus and L. Lavoura, Acta Phys. Pol. B32, 3719 (2001).

[10] H. Nishiura, K. Matsuda, T. Kikuchi, and T. Fukuyama, Phys. Rev. D65, 097301 (2002). [11] Y. Koide, H. Nishiura, K. Matsuda, T. Kikuchi, and T. Fukuyama, Phys. Rev. D 66, 093006(2002).

[12] K. Matsuda and H. Nishiura, Phys. Rev. D 69, 053005 (2004). [13] K. Matsuda and H. Nishiura, Phys. Rev. D 69, 117302 (2004). [14] Y. Koide, Phys. Rev. D 69, 093001 (2004).

[15] T. Kitabayashi and M. Yasue, Phys. Lett. B524, 308 (2002); Int. J. Mod. Phys. A17, 2519 (2002); Phys. Rev. D67, 015006 (2003); I. Aizawa, M. Ishiguro, T. Kitabayashi, and M. Yasue, Phys. Rev. D70, 015011 (2004); I. Aizawa and M. Yasue, hep-ph/049331.

[16] A. Ghosal, Mod. Phys. Lett. A19, 2579 (2004). [17] S. Kaneko, H. Sawanaka, M. Tanimoto, hep-ph/0504074; [18] K. Matsuda and H. Nishiura, Phys. Rev. D 71, 073001 (2005).

[19] T.Yanagida, in Proceedings of the Workshop on the unified theory and baryon number in the Universe, edited by O. Sawada and A. Sugamoto (KEK, Tsukuba,1979), p. 95; M. Gell-Mann, P. Ramond, and R. Slansky, in Supergravity, edited by P. van Nieuwenhuizen and D. Freedman (North-Holland, Amsterdam,1979) p. 315; R. N. Mohapatra and G. Senjanović, Phys. Rev. Lett. 44, 912(1980).

[20] N. Cabibbo, Phys. Rev. Lett. 10, 531 (1963); M. Kobayashi and T. Maskawa, Prog. Theor.

Phys. 49, 652 (1973).

[21] Z. Maki, M. Nakagawa, and S. Sakata, Prog. Theor. Phys. 28, 870 (1962); B. Pontecorv, Zh.

Éksp. Teor. Fiz. 33, 549 (1957)[Sov. Phys. JETP 26, 984 (1968)].

[22] See, for a recent review, M. C. Gonzalez-Garcia, talk at NOON2004 (http://www-sk.icrr.u-tokyo.ac.jp/noon2004/).

[23] M. Apollonio et al., Phys. Lett. B466, 415 (1999). [24] Q. R. Ahmad et al., Phys. Rev. Lett. 89, 011301 and 011302 (2002). [25] H. Fusaoka and Y. Koide, Phys. Rev. D 57, 3986 (1998).

[26] S. M. Bilenky, J. Hosek, and S. T. Petcov, Phys. Lett. 94B, 495 (1980); J. Schechter and

J. W. F. Valle, Phys. Rev. D 22, 2227 (1980); A. Barroso and J. Maalampi, Phys. Lett. 132B, 355 (1983).

[27] M. Doi, T. Kotani, H. Nishiura, K. Okuda, and E. Takasugi, Phys. Lett. 102B, 323 (1981).

FIG. 1: The relations among the components in the mass matrix, and the definition of a free CP violating phase parameter η_f which is independent of the mass eigenvalues.

FIG. 2: The predicted values for the lepton mixing matrix elements (|U_{12}|, |U_{23}|, and |U_{13}|), and phases (sin δ_ν , sin β, and sin γ) in the η_e - η_ν parameter plane for the case in which the type B assignment for charged leptons and type A for neutrinos are taken. Here we take a value given in Eq. (3.16) for the parameter α_e and center values given in Eq. (3.30) for neutrino masses m_i.