arXiv:hep-ph/0001306 29 Jan 2000

EHU-00-01, January 2000

Large Mixing Angle MSW Solution

in S_3 Flavor Symmetry

Morimitsu TANIMOTO^1

Science Education Laboratory, Ehime University, 790-8577 Matsuyama, JAPAN

ABSTRACT

We have investigated phenomenological implications on the neutrino flavor mixings in the S_{3L} × S_{3R} symmetric mass matrices including symmetry breaking terms. We have shown how to get the large mixing angle MSW solution, sin^2 2θ_⊙ = 0.65 ∼ 0.97 and Δm^2_⊙ = 10^{−5} ∼ 10^{−4}eV^2, in this model. It is found that the structure of the lepton mass matrix in our model is stable against radiative corrections although the model leads to nearly degenerate neutrinos.

1E-mail address: tanimoto@edserv.ed.ehime-u.ac.jp

Recent Super-Kamiokande data of atmospheric neutrinos [1] have provided a more solid evidence of the neutrino oscillation, which corresponds to the nearly maximal neutrino flavor mixing. The observed solar neutrino deficit is also an indication of a different sort of the neutrino oscillation [2]. For the solar neutrino problem, four solutions are still allowed. Those are large mixing angle (LMA) MSW, small mixing angle (SMA) MSW [3], vacuum oscillation (VO) and low Δm^2 (LOW) solutions [4].

Those data give constraints on the structure of the lepton mass matrices in the three family model [5, 7, 8], which may suggest the some flavor symmetry [6, 9]. There is a typical texture of the lepton mass matrix with the nearly maximal mixing of flavors, which is derived from the symmetry of the lepton flavor democracy [7], or from the S_{3L} × S_{3R} symmetry of the left-handed Majorana neutrino mass matrix [8]. This texture have given a prediction for the neutrino mixing sin^2 2θ_{atm} = 8/9. The mixing for the solar neutrino depends on the symmetry breaking pattern of the flavor such as sin^2 2θ_⊙ = 1 or ≪ 1. However, the LMA-MSW solution, sin^2 2θ_⊙ = 0.65 ∼ 0.97 and Δm^2_⊙ = 10^{−5} ∼ 10^{−4}eV^2, has not been obtained in the previous works [7, 8].

In this paper, we study how to get the LMA-MSW solution in the S_{3L} × S_{3R} symmetric mass matrices including symmetry breaking terms. Furthermore, we discuss the stability of the neutrino mass matrix against radiative corrections since the model predicts nearly degenerate neutrinos.

We assume that oscillations need only account for the solar and atmospheric neutrino data. Since the result of LSND [10] awaits confirmation by KARMEN experiment [11], we do not take into consideration the LSND data in this paper. Our starting point as to the neutrino mixing is the large ν_μ → ν_τ oscillation of atmospheric neutrinos with Δm^2_{atm} = (2 ∼ 6) × 10^{−3}eV^2 and sin^2 2θ_{atm} ≥ 0.84, which is derived from the recent data of the atmospheric neutrino deficit at Super-Kamiokande [1]. The mass difference scales of the solar neutrinos are Δm^2_⊙ = 10^{−10} ∼ 10^{−4}eV^2 depending on the four solutions [4].

The texture of the charged lepton mass matrix was presented based on the S_{3L} ×S_{3R}

symmetry as follows [7, 8, 12]:

M_ℓ = c_ℓ 3 1 1 1 1 1 1 1 1 1

+ M^{(c)}_ℓ , (1)

where the second matrix is the flavor symmetry breaking one. The unitary matrix V_ℓ,

which diagonalizes the mass matrix M_ℓ, is given as V_ℓ = F L, where

F = 1/ √ 2 1/ √ 6 1/ √ 3 −1/ √ 2 1/ √ 6 1/ √ 3 0 −2/ √ 6 1/ √ 3 (2)

diagonalizes the democratic matrix and L depends on the mass correction term M^{(c)}_ℓ .

Let us turn to the neutrino sector. The neutrino mass matrix is different from the

democratic one if they are Majorana particles. The S_{3L} symmetric mass term is given

as follows: c_ν 1 0 0 0 1 0 0 0 1 + c_νr 1 1 1 1 1 1 1 1 1 , (3) where c_ν and r are arbitrary parameters. The eigenvalues of this matrix are easily

obtained by using the orthogonal matrix F in eq.(2) as c_ν(1, 1, 1 + 3r), which means

that there are at least two degenerate masses in the S_{3L} symmetric Majorana mass

matrix [8, 13, 14].

The simplest breaking terms of the S_{3L} symmetry are added in (3,3) and (2,2)

entries. Therefore, the neutrino mass matrix is written as

M_ν = c_ν 1 + r r r r 1 + r + ϵ r r r 1 + r + δ , (4)

in terms of small breaking parameters ϵ and δ. In order to explain both solar and

atmospheric neutrinos in this mass matrix, r ≪ 1 should be satisfied. In other words,

three neutrinos should be nearly degenerate.^2 However, there is no reason why r is very

2r = �2/3 also gives nearly degenerate neutrinos [13]. However, solar and atmospheric neutrinos

are not explained by simple breaking terms in eq.(4).

small in this framework. In order to answer this question, we need a higher symmetry of flavors such as the O_{3L} × O_{3R} model [9]. We do not address this problem in this paper.

We start with discussing the simple case of ϵ = 0 and δ ≫ r, in which the S_{2L} symmetry is preserved but the S_{3L} symmetry is broken. Mass eigenvalues are given as m_1 = 1 , m_2 ≃ 1 + 2r , m_3 ≃ 1 + r + δ , (5) in the c_ν unit. We easily obtain Δm^2_{atm} = Δm^2_{32} ≃ 2c^2_ν δ and Δm^2_⊙ = Δm^2_1 ≃ 4c^2_ν r. The neutrino mass matrix is diagonalized by the orthogonal matrix U_ν such as U^T_ν M_νU_ν , where

U_ν ≃ 1√ 2 1√ 2 r δ −^{1√}_2^{1√}_2^r_δ 0 − √ 2^r_δ 1 , (6) in which the first and second family mixes maximally due to the S_{2L} symmetry. This maximal mixing is completely canceled out by the charged lepton sector in the neutrino mixing matrix (MNS mixing matrix) U_{αi} [15], which is determined by the product of V^†_ℓ and U_ν as follows:

U = V^†_ℓ U_ν = L^†F^T U_ν ≃

1^{1√}_3L_{21} − √ 2 3 L_{21} L_{12}^{1√}_3(1 + 2^r_δ + √ 2L_{32}) − √ 2 3(1 −^r_δ +^{1√}_2L_{32}) L_{13} √ 2 3 (1 −^r_δ +^{1√}_2 L_{23})^{1√}_3(1 + 2^r_δ − √ 2L_{23}) , (7)

where L_{ij} are components of the correction matrix L in the charged lepton sector. We take L_{ii} ≃ 1(i = 1, 2, 3) and L_{31} ≪ L_{21} ≪ 1 like mixings in the quark sector. The CP violating phase is also neglected. This case corresponds to the SMA-MSW solution of the solar neutrino. In this MNS mixing matrix, we have: U_{e3} ≃ − √ 2U_{e2} , (8) which means that U_{e3} is predicted if the solar neurino data will be confirmed in the future. The long baseline (LBL) experiments provide an important test of the model since the oscillation of ν_μ → ν_e is predicted as follows: P (ν_μ → ν_e) ≃ 4 3 sin^2 2θ_⊙ sin^2

Δm^2_{31}L 4E . (9)

Putting sin^2 2θ_⊙ of the SMA-MSW solution [4], we obtain P (ν_μ → ν_e) = 10^{−3} ∼ 10^{−2}

in the relevant LBL experiment. These results with the SMA-MSW solution of the

solar neutrino are maintained as far as ϵ ≪ r.

Let us consider the case of ϵ ≠ 0 with δ ≫ ϵ ≃ r, in which S_{3L} symmetry is

completely broken. Then neutrino mass eigenvalues are given as

m_1 ≃ 1+ 1 2 ϵ+r− 1 2 √ ϵ^2 + 4r^2 , m_2 ≃ 1+ 1 2 ϵ+r+ 1 2 √ ϵ^2 + 4r^2 , m_3 ≃ 1+r+δ, (10)

in the c_ν unit. Then we have

Δm^2_{32} ≃ 2c^2_ν δ , Δm^2_1 ≃ 2c^2_ν √ ϵ^2 + 4r^2 . (11)

The orthogonal matrix U_ν is given as

U_ν ≃ t √ 1 − t^{2 r}_δ − √ 1 − t^2 t^r_{δ−ϵ} r δ ( √ 1 − t^2 − t) −^r_{δ−ϵ} (t + √ 1 − t^2) 1 , (12)

where

t^2 = 1 2 + 1 2 ϵ √ ϵ^2 + 4r^2

. (13)

In order to find the structure of the MNS matrix U_{αi}, we show F^T U_ν as follows:

F^T U_ν ≃ 1√ 2 (t + √ 1 − t^2)^{1√}_2 ( √ 1 − t^2 − t) −^{1√}_2^{ϵr}_{δ(δ−ϵ)} 1√ 6(t − √ 1 − t^2)(1 +^{2r}_δ )^{1√}_6 (t + √ 1 − t^2)(1 +^{2r}_{δ−ϵ} ) −^{2√}_6(1 −^r_δ ) 1√ 3 (t − √ 1 − t^2)(1 −^r_δ )^{1√}_3 (t + √ 1 − t^2)(1 −^r_{δ−ϵ} )^{1√}_3 (1 +^{2r}_δ ) . (14)

The mixing angle between the first and second flavor depends on t, which is determined

by r/ϵ. It becomes the maximal angle in the case of t = 1 (r/ϵ = 0) and the minimal

one in the case of t = 1/ √ 2 (ϵ/r = 0). It is emphasized that the relevant value of r/ϵ

leads easily to sin^2 2θ_⊙ = 0.65 ∼ 0.97, which corresponds to the LMA-MSW solution.

The case of t = 1/ √ 2 may correspond rather to the VO solution.

In order to get the MNS mixing matrix U_{αi}, the correction matrix L^† in the charged

lepton sector should be multiplied such as L^†F^T U_ν. Then we obtain:

U_{e1} ≃ 1 √ 2 (t + √ 1 − t^2) + 1 √ 6 (t − √ 1 − t^2)L_{21} , U_{e2} ≃ 1 √ 2 ( √ 1 − t^2 − t) + 1 √ 6 (t + √ 1 − t^2)L_{21} , U_{e3} ≃ − 2 √ 6 (1 − r δ )L_{21} , U_{μ1} ≃ 1 √ 6 (t − √ 1 − t^2)(1 + 2r δ ) + 1 √ 2 (t + √ 1 − t^2)L_{12} , U_{μ2} ≃ 1 √ 6 (t + √ 1 − t^2)(1 + 2r δ ) + 1 √ 2 ( √ 1 − t^2 − t)L_{12} , U_{μ3} ≃ − 1 √ 6 (2 − 2r δ − √ 2L_{32}) , (15) U_{τ1} ≃ 1 √ 3 (t − √ 1 − t^2)(1 − r δ + 1 √ 2 L_{23}) , U_{τ2} ≃ 1 √ 3 (t + √ 1 − t^2)(1 − r δ + 1 √ 2 L_{23}) , U_{τ3} ≃ 1 √ 3 (1 + 2r δ − √ 2L_{23}) ,

where L_{ii} ≃ 1(i = 1, 2, 3) are taken and L_{31}, L_{13} are neglected. The CP violating phase

is also neglected. U_{e3} depends on L_{21}, which is determined by M^{(c)}_ℓ in eq.(1). The MNS

mixings in eqs.(15) agree with the numerical one (without any approximations) within

a few percent error.

We should carefully discuss the stability of our results against radiative corrections

since the model predicts nearly degenerate neutrinos. When the texture of the mass

matrix is given at the S_{3L} × S_{3R} symmetry energy scale, radiative corrections are

not negligible at the electoroweak (EW) scale. The runnings of the neutrino masses

and mixings have been studied by using the renormalization group equations (RGE’s)

[16, 17, 18].

Let us consider the basis, in which the mass matrix of the charged leptons is diag-

onal. The neutrino mass matrix in eq.(4) is transformed into V^†_ℓ M_ν V_ℓ. Taking V_ℓ ≃ F because of L being close to the unit matrix, we obtain the mass matrix at the high energy scale:

F^T M_νF = M_ν = c_ν

1 +^ϵ_2 −^ϵ_2^√_3 −^{1√}_6 ϵ −^ϵ_2^√_3 1 +^1_6 ϵ +^2_3δ^{√2}_6 ϵ −^{√2}_3 δ −^{1√}_6ϵ^{√2}_6 ϵ −^{√2}_3 δ 1 +^1_3ϵ +^1_3 δ + 3r . (16)

The radiatively corrected mass matrix in the MSSM at the EW scale is given as R_GM_ν R_G, where R_G is given by RGE’s [18] as

R_G ≃ 1 + η_e 0 0 0 1 + η_μ 0 0 0 1 , (17)

where η_e and η_μ are η_i = 1 − √ I_i I_τ (i = e, μ) , (18) with I_i ≡ exp 1 8π^2

ln (MR) ∫ ln (Mz) y^2_i dt . (19) Here y_i (i = e, μ) are Yukawa couplings and the M_R scale is taken as the S_{3L} × S_{3R} symmetry energy scale. We transform back this neutrino mass matrix R_GM_ν R_G into the basis where the charged lepton mass matrix is the democratic one at the EW scale:

F R_GM_νR_GF^T ≃ c_ν 1 + r r r r 1 + ϵ + r r r r 1 + δ + r + 2η_Rc_ν 1 0 0 0 1 0 0 0 1 , (20)

where r = r − 2 3 η_R . (21) Here we take η_R ≡ η_e ≃ η_μ, which is a good approximation [18]. Its numerical value depends on tan β as: 10^{−2}, 10^{−3} and 10^{−4} for tan β = 60, 10, and 1, respectively. As seen in eq.(4) and eq.(20), radiative corrections are absorbed into the original parameters r, ϵ and δ in the leading order. Thus the structure of the mass matrix is stable against radiative corrections although our model leads to nearly degenerate neutrinos.

Let us present numerical results. We take L_{12} = −L_{21} = √ m_e/m_μ and L_{23} = −L_{32} = −m_μ/m_τ , which are suggested from the ones in the quark sector, in eqs.(15). We show the result in the case of δ = 0.05 as a typical case.^3 Putting Δm^2_{atm} = Δm^2_{32} = 3 × 10^{−3} in eq.(11), we get c_ν = 0.18eV, which is consistent with the double beta decay experiment [20].^4 Taking ϵ = 0.002 as a typical value, predictions of sin^2 2θ_{atm} and sin^2 2θ_⊙ are shown versus r in fig.1. It is found that the predicted solar neutrino mixing lies in the region of the LMA-MSW solution if r/ϵ = 0.1 ∼ 0.5 is taken, while the mixing of the atmospheric neutrino changes slowly. In this parameter region, Δm^2_⊙ = (1 ∼ 2) × 10^{−4}eV^2 is predicted. As far as δ = λ^2 ∼ λ and ϵ = λ^4 ∼ λ^3, where λ ≃ 0.22, obtained results are similar to the ones in fig.1. Thus the LMA-MSW solution with sin^2 2θ_{atm} ≥ 0.9 is easily realized by taking a relevant r/ϵ in this model.

We have investigated phenomenological implications on the neutrino flavor mixings in the S_{3L} × S_{3R} symmetric mass matrices including symmetry breaking terms. We have shown how to get the LMA-MSW solution in this model. The non-zero value of the symmetric parameter r is essential in order to get sin^2 2θ_⊙ = 0.65 ∼ 0.97. However, there is no reason that r is very small in the S_{3L} × S_{3R} symmetry, and so we need its extension, for example, the O_{3L} × O_{3R} model [9], which leads to naturally the small r and the unique prediction of the LMA-MSW solution. It is found that radiative corrections are absorbed into the original parameters r, ϵ and δ. Therefore, the structure of the mass matrix is stable against radiative corrections although it leads to nearly degenerate neutrinos. Furtheremore, the neutrino mass matrix can be modified by introducing the CP violating phase [19]. We wait for results in KamLAND experiment [21] as well as new solar neutrino data.

This research is supported by the Grant-in-Aid for Science Research, Ministry of Education, Science and Culture, Japan(No.10640274).

3Parameters r, ϵ and δ are asuumed to be real. If they are taken to be complex, the CP violation can be predicted as in ref.[19].

4 The result is consistent with the constraint of the double beta decay experiment as far as δ ˘ 0.04.

References

[1] Super-Kamiokande Collaboration, Y. Fukuda et al, Phys. Rev. Lett. 81 (1998) 1562; ibid. 82 (1999) 2644; ibid. 82 (1999) 5194.

[2] Super-Kamiokande Collaboration, Y. Fukuda et al, Phys. Rev. Lett. 82 (1999) 1810; ibid. 82 (1999) 2430.

[3] L. Wolfenstein, Phys. Rev. D17 (1978) 2369;

S. P. Mikheyev and A. Yu. Smirnov, Yad. Fiz. 42 (1985) 1441; E. W. Kolb, M. S. Turner and T. P. Walker, Phys. Lett. B175 (1986) 478; S. P. Rosen and J. M. Gelb, Phys. Rev. D34 (1986) 969; J. N. Bahcall and H. A. Bethe, Phys. Rev. Lett. 65 (1990) 2233; N. Hata and P. Langacker, Phys. Rev. D50 (1994) 632; P. I. Krastev and A. Yu. Smirnov, Phys. Lett. B338 (1994) 282.

[4] J. N. Bahcall, P. I. Krastev and A. Yu. Smirnov, Phys. Rev. D58 (1998) 096016;

hep-ph/9905220.

[5] M. Bando, T. Kugo and K. Yoshioka, Phys. Rev. Lett. 80 (1998) 3004;

V. Barger, S. Pakvasa, T. J. Weiler and K. Whisnant, Phys. Lett. B437 (1998) 107;

A. J. Baltz, A. S. Goldhaber and M. Goldhaber, Phys. Rev. Lett. 81 (1998) 5730; F. Vissani, JHEP 9811 (1998) 025; hep-ph/9708483;

M. Jeżabek and Y. Sumino, Phys. Lett. B440 (1998) 327; ibid. B457 (1999) 139; G. Altarelli and F. Feruglio, JHEP 9811 (1998) 021; Phys. Lett. B451 (1999) 388; M. Tanimoto, Phys. Rev. D59 (1999) 017304-1; G. Altarelli, F. Feruglio and I. Masina, hep-ph/9907532; R. Barbieri, G. G. Ross and A. Strumia, JHEP 9910 (1999) 020; R. Barbieri, L. J. Hall and A. Strumia, Phys. Lett. B445 (1999) 407-411;

S. L. Glashow, P. J. Kernan and L. M. Krauss, Phys. Lett. B445 (1999) 412; G. C. Branco, M. N. Rebelo and J. I. Silva-Marcos, Phys. Rev. Lett. 82 (1999) 683; Z. Berezhiani and A. Rossi, JHEP 9903 (1999) 002; K. Hagiwara and N. Okamura, Nucl. Phys. B548 (1999) 60;

K. Oda, E. Takasugi, M. Tanaka and M. Yoshimura, Phys. Rev. D59 (1999) 055001; L. J. Hall and D. Smith, Phys. Rev. D59 (1999) 113013;

C. Jarlskog, M. Matsuda, S. Skadhauge and M. Tanimoto, Phys. Lett. B449 (1999) 240;

P. H. Frampton and S. Glashow, Phys. Lett. B461 (1999) 95; Z. Xing, hep-ph/9909514;

E. Kh. Akhmedov, hep-ph/9909217; W. Grimus and H. Neufeld, hep-ph/9911465; H. Murayama, hep-ph/9911341;

E. Kh. Akhmedov, G. C. Branco and M. N. Rebelo, hep-ph/9911364, hepph/9912205;

D. Chang and O. C. W. Kong, hep-ph/9912268.

[6] J. Sato and T. Yanagida, Phys. Lett. B430 (1998) 123;

C. H. Albright, K. S. Babu and S. M. Barr, Phys. Rev. Lett. 81 (1998) 1167; J. K. Elwood, N. Irges and P. Ramond, Phys. Rev. Lett. 81 (1998) 5064; N. Irges, S. Lavignac and P. Ramond, Phys. Rev. D58 (1998) 035003; C. D. Carone and M. Sher, Phys. Lett. B420 (1998) 83; R. N. Mohapatra and S. Nussinov, Phys. Lett. B441 (1998) 299; E. Ma, D. P. Roy and U. Sarkar, Phys. Lett. B444 (1998) 391; Y. Grossman, Y. Nir and Y. Shadmi, JHEP 9810 (1998) 007; K. S. Babu, J. C. Pati and F. Wilczek, hep-ph/9812538; Y. Nomura and T. Yanagida, Phys. Rev. D59 (1999) 017303;

N. Haba, Phys. Rev. D59 (1999) 035011; E. Ma and D. P. Roy, Phys. Rev. D59 (1999) 097702; R. Barbieri, L. J. Hall, G. L. Kane and G. G. Ross, hep-ph/9901228; C. Wetterich, Phys. Lett. B451 (1999) 397; Y-L. Wu, Int. J. Mod. Phys. A14 (1999) 4313;

E. Ma, Phys. Lett. B456 (1999) 48; Phys. Rev. D61 (2000) 033012; M. Tanimoto, Phys. Lett. B456 (1999) 220;

K. S. Babu, B. Dutta and R. N. Mohapatra, Phys. Lett. B458 (1999) 93; C. H. Albright and S. M. Barr, Phys. Lett. B461 (1999) 218; S. Lola and G. G. Ross, Nucl. Phys. B553 (1999) 81; M. Bando and T. Kugo, Prog. Theor. Phys. 101 (1999) 1313; K. Choi, K. Hwang and E. J. Chun, Phys. Rev. D60 (1999) 031301; T. Blažek, S. Raby and K. Tobe, Phys. Rev. D60 (1999) 113001; hep-ph/9912482; Y. Nomura and T. Sugimoto, hep-ph/9903334; S. F. King, hep-ph/9904210; A. Ghosal, hep-ph/9905470;

A. S. Joshipura and S. D. Rindani, Phys. Lett. B464 (1999) 239; P. H. Frampton and A. Rašin, hep-ph/9910522; R. Dermíšek and S. Raby, hep-ph/9911275; E. J. Chun and K. Kang, hep-ph/9912524.

[7] H. Fritzsch and Z. Xing, Phys. Lett. B372 (1996) 265; ibid. B440 (1998) 313.

[8] M. Fukugita, M. Tanimoto and T. Yanagida, Phys. Rev. D57 (1998) 4429.

[9] M. Tanimoto, T. Watari and T. Yanagida, Phys. Lett. 461B (1999) 345.

[10] LSND Collaboration, C. Athanassopoulos et al., Phys. Rev. Lett. 81 (1998) 1774;

Phys. Rev. C58 (1998) 2489.

[11] KARMEN Collaboration, Nucl. Phys. B38 (Proc. Suppl.) (1995) 235;

K. Eitel and B. Zeitnitz, in The 18th International Conference on Neutrino Physics and Astrophysics, Neutrino ’98, June 1998, Takayama, Japan, edited by Y. Suzuki and Y. Totsuka (Elsevier, Tokyo, 1999), p. 212.

[12] Y. Koide, Phys. Rev. D 28, 252(1983); 39, 1391 (1989).

[13] K. Kang and S. K. Kang, hep-ph/9802328;

K. Kang, S. K. Kang, J. E. Kim and P. Ko, Mod. Phys. Lett. A12 (1997) 1175.

[14] G. C. Branco, M. N. Rebelo and J. I. Silva-Marcos, Phys. Lett. 428B (1998) 136.

[15] Z. Maki, M. Nakagawa and S. Sakata, Prog. Theor. Phys. 28 (1962) 870.

[16] P. H. Chankowski and Z. Pluciennik, Phys. Lett. 316B (1993) 312;

K. S. Babu, C. N. Leung and J. Pantaleone, Phys. Lett. 319B (1993) 191; P. H. Chankowski, W. Krolikowski and S. Pokorski, hep-ph/9910231; J. A. Casas, J. R. Espinosa, A. Ibarra and I. Navarro, hep-ph/9910420.

[17] M. Tanimoto, Phys. Lett. 360B (1995) 41;

J. Ellis, G. K. Leontaris, S. Lola and D. V. Nanopoulos, EPJ C9 (1999) 389; J. Ellis and S. Lola, Phys. Lett. B458 (1999) 310;

J. A. Casas, J. R. Espinosa, A. Ibarra and I. Navarro, Nucl. Phys. B556(1999) 3, JHEP 9909 (1999) 015, hep-ph/9905381;

M. Carena, J. Ellis, S. Lola and C. E. M. Wagner, hep-ph/9906362.

[18] N. Haba, Y. Matsui, N. Okamura and M. Sugiura, Eur. Phys. J. C10 (1999) 677;

hep-ph/9908429;

N. Haba and N. Okamura, hep-ph/9906481; N. Haba, N. Okamura and M. Sugiura, hep-ph/9810471.

[19] Z. Xing, hep-ph/9908381;

H. Fritzsch and Z. Xing, hep-ph/9909304.

[20] Heidelberg-Moscow Collaboration, L. Baudis et al., Phys. Rev. Lett. 83 (1999) 41. [21] A. Suzuki, in Proc. of the 18th International Conference on Neutrino Physics and Astrophysics, Neutrino ’98, June 1998, Takayama, Japan, edited by Y. Suzuki and Y. Totsuka (Elsevier, Tokyo, 1999), p. 171.

Figure 1:

Fig. 1: The r dependence of sin^2 2θ_{atm} and sin^2 2θ_⊙. c_ν = 0.18eV, δ = 0.05 and ϵ = 0.002 are taken.