arXiv:hep-ph/0112187 v2 18 Dec 2001

Charged fermion masses with Yukawa coupling strength universality

M. D. Tonasse Instituto Tecnológico de Aeronáutica, Centro Técnico Aeroespacial, Praça Marechal do Ar Eduardo Gomes 50, 12228-901 São José dos Campos, SP, Brazil (December 19, 2001)

We consider the problem of the ordinary charged fermion mass patterns in the framework of a version of the 3-3-1 electroweak gauge model, which includes charged heavy leptons. The masses of the top and the bottom quarks are given at the tree level. All the other charged fermions get their masses at the one loop level. The Yukawa coupling strength can be universal. The model is compatible with a mechanism for neutrino mass generation proposed by other authors.

I. INTRODUCTION

The pattern of the fermion masses and mixing angles is one of the major problems of the standard electroweak model. The standard model is based on SU(3)_C ⊗SU(2)_L⊗U(1)_Y symmetry group and contains only one Higgs scalar doublet of which only one neutral scalar field remains after the symmetry breakdown. In this model, the fermion masses are given by m_f = g_f v_W / √ 2, where g_f is the Yukawa coupling constant associated with the fermion f and v_W is the vacuum expectation value (VEV) of the Higgs field in the theory. Therefore, the correct values of the fermion masses in the standard model require appropriate choice of the Yukawa parameters, making g_f to run in a range of O ( 10^{−6} ) (for the electron) to O (1) (for the top quark). All the fermion masses, except to the quark top one, lie very below of the dynamic scale v_W = 246 GeV. Such problems and other undesired features support the belief that the standard model is only an effective low energy electroweak theory and give motivation for developing extensions and alternative models.

There are essentially two attempts to understand the fermion mass and mixing patterns. One of them consists in searching the answer in more fundamental theories such as grand unified theories [1], supersymmetric left-right [2] and composite models [3], etc. The alternative road is to construct phenomenological mass matrices, by employing some specific ansatz, attempting to fit low energy data [4].

In the present paper, we address the problem of the charged fermion masses in the context of the SU(3)_C ⊗- SU(3)_L⊗U(1)_N (3-3-1 for short) model in which the weak and electromagnetic interactions are described through a gauge theory based on the SU(3)_L⊗U(1)_N semi simple symmetry group [5]. The most interesting feature of the model is that the anomaly cancellations occur only when the three fermion generations are considered together and not family by family as in the standard model. This implies that the number of families must be a multiple of the color number and, consequently, the 3-3-1 model suggests a route towards the response of the flavor question [5]. The model has also a great phenomenological interest since the related new physics can occur in a scale near of the Fermi one. Therefore, since in this model individual lepton number conservation can be violated, typical 3-3- 1 processes, which are free of the standard model background, can be studied in the next generation of colliders [6].

There are several versions of the 3-3-1 model and all of them preserve the essential features discussed above [5,7,8]. In this work we are interested in a version which includes heavy leptons [8]. It is interesting to notice that these heavy leptons do not belong to any of the four types of heavy leptons usually considered in the literature, i. e., (i) sequential leptons, (ii) paraleptons, (iii) ortholeptons, or (iv) long-lived penetrating particles. Hence, the experimental limits already existing do not apply directly to them [8,9].

Fermion masses and the Cabibbo-Kobayashi-Maskawa mixing matrix problem have already been considered in another version of the 3-3-1 model in Ref. [10] where an SU(2) horizontal symmetry was imposed and all masses of the first family vanish.

II. BASIC FACTS ABOUT 3-3-1 HEAVY LEPTON MODEL

Let us summarize the most relevant points of the original 3-3-1 heavy lepton model. The left-handed lepton and quark fields form SU(3)_L triplets, i. e.,

ψ_{aL} = ν^′_a l^′_a P^′_a L , Q_{1L} = u^′_1 d^′_1 J_1 L , (1a)

Q_{αL} = J^′_α u^′_α d^′_α L , (1b)

which transform as (3, 0), (3, 2/3) and (3^∗, −1/3), respectively, where l_a = e, μ, τ , and 0, 2/3 and −1/3 are the U(1)_N charges [8]. Throughout this work we are using the convention that the Latin indices run over 1, 2, and 3, while the Greek ones are 2 and 3. Each charged left-handed fermion field has its right-handed counterpart transforming as a singlet of the SU(3)_L group. Righthanded neutrinos are optional in the model. In order to avoid anomalies one of the quark families, no matter which, must transform in a different way with respect to the other two. The J_1 exotic quark carries 5/3 units of elementary electric charge, while J_2 and J_3 carry −4/3 each. The primed fields are the interaction eigenstates, which are related with the respective mass eigenstates by ν_{aL} = N_{ab}ν_{bL}, l^′_{aL,R} = L^{L,R}_{ab} l_{bL,R}, (2a) P^′_{aL,R} = P^{L,R}_{ab} P_{bL,R}, U^′_{aL,R} = U^{L,R}_{ab} U_{bL,R}, (2b) D^′_{aL,R} = D^{L,R}_{ab} D_{bL,R}, J^′_{αL,R} = J^{L,R}_{αβ} J_{βL,R}, (2c) where N, L^{L,R}, P^{L,R}, U^{L,R}, D^{L,R} and J^{L,R} are unitary mixing matrix. We define the physical quark fields as U_{L,R} = ( u c t )^T_{L,R}, D_{L,R} = ( d s b )^T_{L,R} and J_{L,R} = ( J_1 J_2 J_3 )^T_{L,R} with their analogues for the interaction eigenstates.

In the gauge sector the model predicts, in addition to the standard W^± and Z^0, the extras V^±, U^{±±} and the Z^{′0} gauge bosons.

The fermion and gauge boson masses are generated in the model through the three Higgs scalar triplets η = η^0 η^−_1 η^+_2 , ρ = ρ^+ ρ^0 ρ^{++} , χ = χ^− χ^{−−} χ^0 , (3)

which transform under the SU(3) group as (3, 0), (3, 1) and (3, −1), respectively. The neutral scalar fields develop the VEVs ⟨η^0⟩ = v, ⟨ρ^0⟩ = u, and ⟨χ^0⟩ = w, with

v^2 + u^2 = v^2_W . (4)

The pattern of symmetry breaking is SU(3)_L⊗U(1)_N^{⟨χ⟩}−→-

SU(2)_L⊗U(1)_Y^{⟨ρ,η⟩}−→U(1)_{em} and so we can expect w >> v, u. In the original heavy lepton model from Ref. [8] the η and ρ give masses to the ordinary quarks and the charged lepton masses come from the ρ Higgs multiplet. The masses of all the exotic fermions rise through the χ triplet. The neutrinos can gain their masses at the tree level by the η Higgs triplet. In the original 3-3-1 heavy lepton model the full Yukawa Lagrangians, which must be considered are

L_l = − ∑ ab ( 1 2 ϵ^{ijk}G^{(ν)}_{ab} ψ_{aiL}^C ψ_{bjL}η_k+ G^{(l)}_{ab} ψ_{aL}l^{′−}_{bR}ρ − G^{(P )}_{ab} ψ_{aL}P^{′+}_{bR}χ ) + H. c., (5a)

L_Q = Q_{1L} ∑ b ( G^{(U)}_{1b} U^′_{bR}η + G^{(D)}_{1b} D^′_{bR}ρ+

G^{(J)}J_{1R}χ ) + ∑ α Q_{αL} ( F^{(U)}_{αb} U^′_{bR}ρ^∗+

F^{(D)}_{αb} D^′_{bR}η^∗ + ∑ β F^{(J)}_{αβ} J^′_{βR}χ^∗ + H. c., (5b) where G^{(ν)}_{ab} , G^{(l)}_{ab} , G^{(P )}_{ba} , G^{(U)}_{1b} , F^{(U)}_{αb} , G^{(D)}_{1b} , F^{(D)}_{αb} , G^{(J)} and F^{(J)}_{αβ} are the Yukawa coupling constants. SU(3)_C indices have been suppressed and η^∗, ρ^∗ and χ^∗ denote the η, ρ and χ antiparticle fields, respectively.

The physical massive eigenstates H^+_1 , H^+_2 and H^{++} of the charged Higgs bosons of the model are defined by ( η^+_1 ρ_+ ) = 1 v_W ( −v u u v ) ( G^+_1 H^−_1 ) , (6a) ( η^+_2 χ^+ ) = 1 √ v^2 + w^2 ( −v w w v ) ( G^+_2 H^−_2 ) , (6b) ( ρ^{++} χ^{++} ) = 1 √ u^2 + w^2 ( −u w w u ) ( G^{++} H^{++} ) , (6c)

where G^+_1 , G^+_2 and G^{++} are the massless charged Goldstone bosons [11].

We notice that from Eq. (5b) quarks of the same charge are coupled through different Higgs multiplets in Eqs. (3). This leads to the undesired flavor changing neutral currents (FCNCs) at the tree level with the couplings of the quarks through the Higgs and the extra neutral gauge boson Z^{′0}, but not through those to the standard Z^0. They appear also in the Yukawa interactions involving exotic quarks. This problem was extensively studied in several papers where is shown that the Glashow-Iliopoulos-Maiani mechanism can be implemented and the FCNCs are naturally suppressed in the model [7,12].

III. CHARGED FERMION MASSES

Let us now study the consequences of the model to the quark and lepton masses. In this paper we concentrate in the Yukawa sector of the model and we implement a scheme to generating charged ordinary mass terms with Yukawa universality. Thus, in order to describe the mass patterns we see from Eqs. (5b) that some of them must be generated at loop level. It is possible since we allow all the exotic fermions to gain their masses at tree level via the χ Higgs triplet.

We analyze firstly the quark sector. We note that if the S_3 permutation symmetry operates within each quark family in Eq. (5b) before the symmetry breaking we have not Yukawa hierarchy in each charge sector of the quarks at the tree level. In addition, if we impose also S_{3L} ⊗S_{3R} permutation symmetry among the quark families and the S_3 symmetry among the Higgs multiplets, supplemented by the set of discrete symmetry η → ρ^∗, ρ → η^∗, χ → χ^∗, Q_{aL} → Q_{aL}, (7a) U^′_R → U^′_R, D^′_R → D^′_R, J^′_R → J^′_R, (7b)

the Yukawa coupling strength universality is implemented in all quark sector. Therefore, the mass matrices for the 2/3 and the −1/3 charge sector can be written as Γ_U = G v v v u u u u u u , (8a)

Γ_D = G −u −u −u v v v v v v , (8b)

respectively. Thus, only two quarks, which we identify as the top and the bottom one, gain masses at the tree level. Therefore, from Eqs. (8) we have v = 2m_t − m_b 5G , u = m_t + 2m_b 5G . (9)

In the Γ_D mass matrix of the Eq. (8b) we made a convenient choice of the signs in order to obtain positive values for the VEVs v and u in Eqs. (9). We should noticed that this result can also be obtained by an appropriated transformation of the fermion fields via the γ_5 matrix. From Eqs. (4) and (9) we have G = 1 v_W √ m^2_t + m^2_b 5 . (10)

The masses of the other quarks can be induced by one loop radiative corrections scheme. From Eqs. (2b), (2c), (5b) and (6) we constructed the diagrams of the Figs. 1 and 2. It is easy to see that the contributions of the Fig. 1 to the mass matrix elements of the 2/3 charge sector are m^{(U)}_{ab} = wG^2 8π^2 U^R_{cb} { v v^2 + w^2

Δ_{1c}U^L_{1b}^†I (m_{J1} , m_{H2} ) + u u^2 + w^2

Δ_{αc}Δ_{βσ} U^L_{βc}^† [ J^L_{α2}^†J^R_{σ2}×

I (m_{J2} , m_H ) + J^L_{α3}^†J^R_{σ3}I (m_{J3} , m_H ) ]} , (11)

FIG. 1. One loop diagram which contributes to the mass matrix of the quarks of 2/3 charge.

where m_{H2} and m_H are the masses of one of the single charged and of the double charged Higgs boson, respectively [see Eqs. (6)], Δ_{ab} = 1 and I (x, y) = x^3 x^2 − y^2 ln x y . (12)

For the −1/3 charge sector the contributions from Fig. 2 are similar, i. e.,

m^{(D)}_{ab} = wG^2 8π^2 D^R_{cb} { u u^2 + w^2

Δ_{1c}D^L_{1a}^†I (m_{J1} , m_H ) + v v^2 + w^2

Δ_{αc}Δ_{βσ} D^L_{βc}^† [ J^L_{α2}^†J^R_{σ2}×

I (m_{J2} , m_{H2} ) + J^L_{α3}^†J^R_{σ3}I (m_{J3} , m_{H2} ) ]} , (13)

FIG. 2. One loop diagram which contributes to the mass matrix of the quarks of −1/3 charge.

Let us discuss now the case of the charged lepton masses. We can see from Eq. (5a) that in the original 3-3-1 heavy lepton model the ordinary charged leptons can get their masses from the ρ Higgs triplet in Eq. (3) at the tree level. However, from Eqs. (9) the VEV u is ≈ 2v_W / √ 5 and from Eq. (10) G ≈ 0.3, with m_t ∼ 174 GeV ≫ m_b [9]. Therefore, the tree level charged lepton masses would be out of the experimental ranges in our scheme. However, we can introduce a set of discrete symmetries in the leptonic sector, in addition to the ones in Eqs. (7) for the quarks and scalar fields, which forbids tree level charged lepton masses, i. e., ψ_{1L} → iψ_{1L}, ψ_{αL} → ψ_{αL}, l^′_{1R} → l^′_{1R}, (14a) l^′_{αR} → −l^′_{αR}, P^′_{aR} → P^′_{aR}. (14b)

FIG. 3. One loop diagram which contributes to the mass matrix of the charged leptons.

In order to implement Yukawa universality in the leptonic sector, we assume also the S_3 simmetries within each lepton family and S_{3L} ⊗ S_{3R} symmetry among the families. Now, from the Eq. (5a) one realizes that the charged lepton masses at one loop level can be read from

Fig. 3. The mass matrix elements for the charged leptons are given by

m^{(l)}_{ab} = −

G^2 8π^2 uw u^2 + w^2 × ∑ c I (m_{Pc} , m_H ) Δ_{α1}P^L_{αc}^†L^R_{1b}Δ_{βd}L^L_{βa}^†P^R_{dc}. (15)

For sake of simplicity we are assuming equal strength of the Yukawa coupling for the quark and the lepton sectors.

Let us give a simple numerical example in order to demonstrate the model reliability to reproduce the correct charged fermion mass patterns. For simplicity we assume all the parameters to be real. For the standard model parameters we put v_W = 246 GeV, m_b = 4.3 GeV and m_t = 174 GeV [9]. In addition we assume for the 3-3-1 model w = 2000 GeV, m_{Ja} = Gw. Considering experimental bounds from other models we impose m_{H2} = m_H = 50 GeV as reasonable values [9]. In the charge 2/3 quark sector we take the mixing matrix of the right-handed fields [see Eq. (11)] as

U^R =

0.98 0.0010 0.0020 0.0015 0.97 0.12 0.00030 0.014 0.90 . (16)

For the left-handed fields we take U^L_{11} = 0.74, U^L_{12} = 0.020, U^L_{13} = 0.68. The other elements of the U^L mixing matrix are not necessary in these calculations. In order to obtain the standard model experimental values of the ordinary charged quark masses we assume that the mixing in the second and third terms of the right-handed side in Eq. (11) contribute as

U^R_{cb}Δ_{αc}Δ_{βσ} U^L_{βc}^†J^L_{α2}^†J^R_{σ2} =
U^R_{cb}Δ_{αc}Δ_{βσ} U^L_{βc}^†J^L_{α3}^†J^R_{σ3} = 2.64. (17)

With these values for the parameters we obtain m_u ≈ 3× 10^{−3} GeV and m_c ≈ 1.5 GeV, respectively, for the up and charm quark masses. The values of the free parameters were choosing in a way that one loop level contribution to the quark top mass vanish. In the −1/3 charge sector we take D^R = U^R, D^L_{11} = −0.34, D^L_{12} = 0.77, D^L_{13} = −0.55 and

D^R_{cb}Δ_{αc}Δ_{βσ} D^L_{βc}^†J^L_{α2}^†J^R_{σ2} =
D^R_{cb}Δ_{αc}Δ_{βσ} D^L_{βc}^†J^L_{α3}^†J^R_{σ3} = 0.17. (18)

These parameters give for the masses of the down and strange quarks m_d ≈ 5 × 10^{−3} GeV and m_s ≈ 0.1 GeV, respectively. Radiative contribution to the bottom quark mass is zero.

Taking the limit in which the mixing term in Eq. (15) is a diagonal matrix we can also reproduce the standard model experimental values for the ordinary charged lepton masses provided the relations m^{(l)}_{11} = 0.46m_e, m^{(l)}_{22} = 0.46m_μ and m^{(l)}_{11} = 0.46m_τ are valid. For simplicity we considering here equal contribution of the three terms in Eq. (15).

Certainly there are several reasonable combination of the free parameters which lead to the correct phenomenology. The numerical example above is one of them which we are employing to illustrate the viability of the model.

IV. NEUTRINO MASSES

Finally, let us comment on how our scheme for charged fermion masses generation can be connected with a preexisting mechanism for generation of neutrino masses. Models for neutrino masses generation in the 3-3-1 model are discussed in several papers [13,14]. We show that our scheme can be compatible with the one of the Ref. [14], where the neutrino mass terms can receive three types of contributions. They come from diagrams with ordinary charged leptons, with heavy leptons and from diagrams allowed by mixing between ordinary charged leptons and the heavy ones. If we consider only the contribution of the heavy leptons we have m^{(ν)}_{ab} = λΘ_{ab} ( m^2_{Pb} − m^2_{Pa} 2 ) vu w I (m_{H1} , m_{H2} ) , (19)

where m_{H1} and m_{H2} are masses of the single charged Higgs bosons and λ is a parameter of the Higgs potential. Here we are taking lepton mixings into account in the Θ_{ab} term, which is not present in the model of the Ref. [14]. Yukawa coupling constants are also included in this matrix. However, mixing from the scalar sector is not contained in it. Thus, the λ constant make the role of the scalar mixing. The VEVs v and u are given by the Eqs. (9). For guarantee heavy lepton dominance we take |m^2_{Pb} − m^2_{Pa} | = 10 GeV [14]. Assuming Yukawa universality, with coupling constant given by Eq. (10) we can write, for simplicity, Θ_{ab} = αΔ_{ab}. The other numerical parameters are the ones of the charged fermion discussion in Sec. III. Therefore, from Eq. (19) we have, for example, m^{(ν)}_{12} ∼ m^{(ν)}_{13} ∼ 0.01αλ GeV for m_{P2} ∼ m_{P3} . However, to get bi-maximal neutrino mixing we require m^{(ν)}_{12} ∼ m^{(ν)}_{13} ∼ 0.01 eV and m^{(ν)}_{13} /m^{(ν)}_{23} ∼ Δm^2_{atm}/Δm^2_{sol}, with Δm^2_{atm} ∼ 10^{−3} eV^2 and Δm^2_{sol} ∼ 10^{−5} eV^2 or 10^{−10} eV^2 [9]. Therefore, from Eq. (19) we must have αλ ∼ 10^{−7} and m^{(ν)}_{23} ∼ 10^5αλ ∼ 10^{−2} eV. These values for the neutrino masses are in agreement with the recent data on solar and atmospheric neutrinos oscillations [15].

V. CONCLUSION

In conclusion, we implemented a model for generation of ordinary charged fermion masses in the context of the

3-3-1 heavy lepton model [8]. The scheme is able to reproduces the observed hierarchy of the ordinary charged fermion masses without hierarchy in the Yukawa coupling strength. In the model the spontaneous symmetry breaking occurs in two steps, SU(3)⊗U(1) → SU(2)⊗U(1), governed by the VEV w, and SU(2)⊗U(1) → U(1), governed by v and u. The VEV w is responsible for the masses of the exotic fermions and v and u for the ordinary charged fermion masses. It is required in this work that v and u are of the same order of magnitude [see Eqs. (9)]. Only the top and the bottom quarks get masses at the tree level. The difference among the masses in each charge sector is controlled by the mixing parameters. It is possible to show, by a reasonable choice of the free parameters, that some masses can be very smaller that the electroweak scale. Our scheme employs S_3 permutation simmetries and the other sets of discrete symmetries in Eqs. (7) and (14). We remember that permutation symmetry was already employed for studies of the fermion mass and mixing problems in context of other models [16]. In our mechanism, compared with the standard model and other extended models, it is easier to understand why the top and the bottom quarks are the heavier known fermions and why the top quark mass is the only one near to the Fermi scale. We show also that the scheme is compatible with a mechanism for neutrino mass generation at one loop level proposed by other authors [14].

ACKNOWLEDGMENTS

I would like to thank the Instituto de Física Teórica, UNESP, for the use of its facilities, the Fundação de Amparo à Pesquisa no Estado de São Paulo (Processo No. 99/07956-3), for full financial support and the Dr. M. M. Leite for a critical reading of the manuscript.

[1] S. Dimopoulos, L. J. Hall and S. Rabi, Phys. Rev. Lett.

68 (1992) 1984; Phys. Rev. D 45 (1992) 4145; G. F. Giudice, Mod. Phys. Lett. A 7 (1992) 2429; H. Arason, D. J. Castano, P. Ramond and E. J. Piard, Phys. Rev. D 47 (1993) 232; C. H. Albright and S. M. Barr, Phys. Lett. B 452 (1999) 287.

[2] R. N. Mohapatra and J. C. Pati, Phys. Rev. D 11 (1975) 566; G. Sejanovic and R. Mohapatra, Phys. Rev. 12 (1975) 1502; H. Fritzsch and P. Minkowski, Nucl. Phys. B 103 (1976) 61; M. Beg, R. Budny, R. Mohapatra and A. Sirlin, Phys. Rev.Lett. 38 (1977) 1252.

[3] K. S. Babu, J. C. Pati, H. Strenitzer, Phys. Lett. B 256 (1991) 206; K. S. Babu, J. C. Pati, H. Strenitzer, Phys. Rev. Lett. 67 (1991) 1688.

[4] K. Kang, S. K. Kang, C. S. Kim and S. M. Kim, Neutrino oscillations and lepton flavor mixing, hep-ph/9808419; P. S. Gill and M. Gupta, Mod. Phys. Lett. A 13 (1998) 2445; T. Ito, N. Okamura, M. Tanimoto, Phys. Rev. D 58 (1998) 077301;

[5] F. Pisano and V. Pleitez, Phys. Rev. D 46 (1992) 410; P.

H. Frampton, Phys. Rev. Lett. 69 (1992) 2889; R. Foot, O. F. Hernandez, F. Pisano and V. Pleitez, Phys. Rev. D 47 (1993) 4158.

[6] F. Cuypers and S. Davidson, Eur. Phys. J. C 2 (1998) 503; Y. A. Coutinho, P. P. Queiróz Filho and M. D. Tonasse, Phys. Rev. D, 60 (1999) 115001.

[7] J. C. Montero, F. Pisano and V. Pleitez, Phys. Rev. D 47 (1993) 2918.

[8] V. Pleitez and M. D. Tonasse, Phys. Rev. D 48 (1993) 2353.

[9] D. E. Groom et al. (Particle Data Group), Eur. Phys. J.

C 15 (2000) 1.

[10] M. B. Tully and G. C. Joshi, Mod. Phys. Lett., A 13 (1998) 2065.

[11] M. D. Tonasse, Phys. Lett. B 381 (1996) 191. [12] See also M. Özer, Phys. Rev. D 54 (1996) 4561. [13] J. C. Montero, C. A. S. Pires and V. Pleitez, Phys. Lett.

B 502 (2001) 167; idem, Seesaw tau and calculable neutrino masses in a 3-3-1 model, hep-ph/0103096; P. H. Frampton, P. I. Krastev and J. T. Liu, Mod. Phys. Lett. A 9 (1994) 761; T. Kitabayashi and M. Yasuè, Nearly bimaximal neutrino mixing in an SU(3)L×U(1)N gauge model with radiative neutrino masses, hep-ph/0006040; T. Kitabayashi and M. Yasuè, Radiatively induced neutrino masses and oscillations in an SU(3)L×U(1)N gauge model, hep-ph/0010087.

[14] Y. Okamoto and M. Yasuè, Phys. Lett. B 466 (1999) 267. [15] C. Athanassopoulos et al. (LNSD Collaboration), Phys.

Rev. Lett. 81 (1998) 1774; ibid 77 (1996) 3082; K. S. Hirata et al. (Kamiokande Collaboration), Phys. Rev. Lett. 77 (1996) 1683; Abdurashitov, et al. (SAGE Colaboration), Phys. Rev. C 60 (1999) 055801; Phys. Rev. Lett. 77 (1996) 4708; B. T. Cleveland et al. (Homestake Collaboration), Astrophys. J. 496 (1998) 505; Y. Fukuda et al. (Super Kamiokande Colaboration), Phys. Rev. Lett. 82 (1999) 2644; ibid 81 (1998) 1562; W. Hampel et al. (GALLEX Collaboration), Phys. Lett. B 477 (1999) 127.

[16] Some recent and early papers are S. Pakvasa and H. Sugawara, Phys. Rev. Lett. B 73 (1978) 61; E. Derman, Phys. Rev. D 19 (1979) 317; K. S. Babu and R. N. Mohapatra, Phys. Rev. Lett. 64 (1990) 2747; H. Fritzsch and D. Holtmannspötter, Phys. Lett. B 338 (1994) 290; G. Cvetic, Phys. Rev. D 51 (1995) 201; Breaking democracy with non renormalizabe mass terms, J. I. Silva-Marcos, Report No. hep-ph/0102079; The symmetry behind extended flavor democracy and large leptonic mixing, G. C. Branco and J. I. Silva-Marcos, Report No. hep-ph/0106125.