arXiv:hep-ph/0506247 v1 24 Jun 2005

University of Shizuoka US-05-03

Challenge to the Mystery of the Charged Lepton Mass Formula^1

Yoshio Koide Department of Physics, University of Shizuoka, 52-1 Yada, Shizuoka 422-8526, Japan E-mail address: koide@u-shizuoka-ken.ac.jp

Abstract Why the charged lepton mass formula m_e + m_μ + m_τ =^2_3 ( √ m_e + √m_μ + √ m_τ )^2 is mysterious is reviewed, and guiding principles to solve the mystery are presented. According to the principles, an example of such a mass generation mechanism is proposed, where the origin of the mass spectrum is attributed not to the structure of the Yukawa coupling constants, but to a structure of vacuum expectation values of flavor-triplet scalars under Z_4×S_3 symmetries.

1. Introduction It is widely accepted that quarks and leptons are fundamental entities of the matter. If it is true, the masses and mixings of the quarks and leptons will obey a simple law of nature, and we will be able to find a beautiful relation among those values. Nowadays, for all of the 3 family quarks, we know their mass values, but the accuracy of those values is still somewhat unsatisfactory for testing the validity of the model rigorously. The experimental situation in the neutrino masses and mixings is also not in the satisfactory accuracy. In contrast to quarks and neutrinos, for the charged leptons, we know their mass values with sufficient accuracy. If we can find a beautiful mass (and mixing) relation, it will make a breakthrough in the unified understanding of the quarks and leptons.

In 1992, the observed tau lepton mass value was revised by new experiments [1] as

m^{old}_τ = 1784 ± 4 MeV =⇒ m^{new}_τ = 1776.99^{+0.29}_{−0.26} MeV. (1.1)

(The new value has been quoted from Ref. [2].) Since the new value m_τ = 1777 MeV has already been predicted by a charged lepton mass formula [3, 4, 5]

m_e + m_μ + m_τ = 2 3 ( √ m_e + √ m_ν + √ m_τ )^2, (1.2)

the mass formula had received considerable attention at one time. Indeed, the formula (1.2) predicts the tau lepton mass value

m_τ = 1776.97 MeV, (1.3)

from the observed electron and muon mass values [2] m_e = 0.51099892MeV and m_μ = 105.658369 MeV. The predicted value (1.3) is in excellent agreement with the observed value (1.1) [2]. The

1 Contribution paper to Lepton-Photon 2005

excellent agreement seems to be beyond a matter of accidental coincidence, so that we should consider the origin of the mass formula (1.2) seriously. However, up to the present, the theoretical basis of the mass formula (1.2) is still not clear.

The formula was first found [3] in 1982 on the basis of a composite model of quarks and leptons. Here, we have assumed that the charged lepton masses m_{ei} are described as

m_{ei} = m_0(z_i + z_0)^2, (1.4)

where z_1 + z_2 + z_3 = 0, (1.5)

z_0 = 1 √ 3 √ z^2_1 + z^2 + z^2_3 . (1.6)

However, such the scenario based on a composite model has not been justified from the field theoretical point of view. The explicit expression (1.2) was given in Ref. [5]. Here, a mixing between octet and singlet states in the U(3) family symmetry has been assumed. Since 1993, several authors [6, 7, 8] have challenged to give an explanation of the mass formula (1.2), but, at present, there is no convinced one.

2. How the formula is mysterious The charged lepton mass formula (1.2) has the following peculiar features:

(a) The mass formula is described in terms of the root squared masse √ m_{ei}. (b) The mass formula is invariant under the exchanges √ m_{ei} ↔ √m_{ej} . We know that the electron mass m_e is negligibly small compared with other charged lepton masses. If we put m_e = 0 in the formula (1.2), we will obtain a wrong prediction m_τ = [( √ 3 + 1)/( √ 3 − 1)]^2m_μ = 1471.63 MeV instead of (1.3). Thus, the non-zero value of m_e is essential in the formula (1.2). (c) The formula gives a relation between mass ratios √ m_e/m_μ and √ m_μ/m_τ , whose behaviors under the renormalization group equation (RGE) effects are different from each other. Therefore, the formula (1.2) is not invariant under the RGE effects. The formula is well satisfied at a low energy scale rather than at a high energy scale.

e_{Rj} G^∗_{jk} ϕ ϕ G_{ik} e_{Li}

(M_E)_{kk} E_{Lk} E_{Rk}

Fig. 1 Radiative mass generation of the charged leptons

Suggestion (A): The feature (a) suggests that the charged lepton mass spectrum is not originated in the Yukawa coupling structure at the tree level, but it is given by a bilinear form on the basis of a some mass generation mechanism. For example, in Refs. [3, 4], a radiativemass-generation-like mechanism shown in Fig. 1 has been assumed:

(M_e)_{ij} = m_0 ∑ k G_{ik}G^∗_{jk} , (2.1)

where G_{ij} are coupling constants of the interactions e_iE_jϕ. On the other hand, in Refs. [5, 9, 10, 11], a seesaw-like mechanism [12] shown in Fig. 2 has been assumed:

M_e = mM^{−1}_E m^†. (2.2)

In any cases, we need hypothetical heavy charged leptons E.

e_{Li} m_{ik} E_{Rk} (M_E)_{kℓ} E_{Lℓ} m^∗_{jℓ} e_{Rj} Fig. 2 Seesaw-like mass generation of m_{ei}

Suggestion (B): The feature (b) suggests that the theory is invariant under the permutation symmetry S_3. As an example of the S_3 invariant mass matrix, the so-called democratic mass matrix [13] is well known. The derivation of (1.2) in Ref. [14] is based on a democratic mass matrix model. However, in the present paper, as we review in the next section, we will adopt another idea, where what is essential is not a structure of the Yukawa coupling constants, but a structure of the vacuum expectation values (VEVs) of flavor-triplet Higgs scalars.

Suggestion (C): The feature (c) suggests that the mechanism which leads to the relation (1.2) must work at a low energy scale. In the conventional model, the mass matrix structure is due to the Yukawa coupling structure, which is given at the unification energy scale μ = M_{GU T} . The mass spectrum at a low energy scale must be evaluated by taking the RGE effects into consideration. Against such the conventional models, the idea that mass spectrum is due to the VEV structure of Higgs scalars at a low energy scale is very attractive as an explanation of the non-RGE-invariant mass formula.

3. S_3 symmetry and VEV of flavor-triplet-scalars The idea to relate the VEVs structure to a mass matrix model has first been proposed in 1990 [5] (and also see [10]) although the model was based not on the S_3 symmetry, but on a U(3) symmetry. A model based on the S_3 symmetry has been investigated in 1999 [11].

The basic idea is as follows: We consider the following S_3 invariant Higgs potential

V = μ^2 ∑ i (ϕ_iϕ_i) + 1 2 λ [ ∑ i (ϕ_iϕ_i)

]_2

+ η(ϕ_σ ϕ_σ)(ϕ_πϕ_π + ϕ_ηϕ_η ), (3.1) where (ϕ_iϕ_i) = ϕ^−_i ϕ^+_i + ϕ^0_i ϕ^0_i , and

ϕ_π =^{1√}_2 (ϕ_1 − ϕ_2) , ϕ_η =^1√_6 (ϕ_1 + ϕ_2 − 2ϕ_3) , ϕ_σ =^{1√}_3 (ϕ_1 + ϕ_2 + ϕ_3) .

(3.2)

(For more general S_3-invariant Higgs potential, see Ref. [11]. Even under a more general S_3- invariant potential (but with some constraints), the relation (3.7) given below is unchanged.) The conditions for the VEVs v_i ≡ ⟨ϕ^0_i ⟩ at which the potential (3.2) takes the minimum are

μ^2 + λ ∑ i |v_i|^2 + η ( |v_π|^2 + |v_η|^2 ) = 0 , (3.3)

μ^2 + λ ∑ i |v_i|^2 + η|v_σ|^2 = 0 , (3.4)

so that we obtain

|v_σ|^2 = |v_π |^2 + |v_η|^2 = −μ^2 2λ + η . (3.5)

Therefore, from the relation

ϕ_1ϕ_1 + ϕ_2ϕ_2 + ϕ_3ϕ_3 = ϕ_π ϕ_π + ϕ_ηϕ_η + ϕ_σϕ_σ , (3.6)

we obtain

|v_1|^2 + |v_2|^2 + |v_3|^2 = |v_π |^2 + |v_η|^2 + |v_σ|^2 = 2|v_σ|^2 = 2 ( v_1 + v_2 + v_3 √ 3 )_2 . (3.7)

If we consider a model in which the charged lepton masses are given by ∑ i e_i⟨ϕ^0_i ⟩⟨ϕ^0_i ⟩e_i , (3.8)

we can obtain the charged lepton mass formula (1.2). Note that the formula (1.2) can be derived independently of the values of λ and η. The relation (3.7) holds at the SU(2)_L symmetry breaking energy scale M_W , the formula (1.2) is also valid at μ = M_W .

However, this scenario has some troubles. We know that the mass terms m_{ei}(ē_{Li}e_{Ri} + ē_{Ri}e_{Li}) are ΔI = 1/2, while Eq. (3.8) will be come from ΔI = 1 terms. Besides, in this model, there are 3-family Higgs scalars, so that they cause, in principle, flavor changing neutral currents (FCNC). Moreover, if we wish to build a GUT model, the 3 family scalars affect on the RGE effects dangerously, so that the beautiful unification of the gauge coupling constants, g_1 = g_2 = g_3 , at μ = M_{GU T} in the minimal SUSY GUT model will be spoiled.

A most straightforward improvement of this model will be to change the 3-family SU(2)_Ldoublet scalars ϕ_i into 3-family SU(2)_L-singlet scalars ϕ^0_i . When we introduce additional heavy fermions (5^′_L +10^′_L)_{(+)} and flavor-triplet SU(5)-singlet scalars ϕ_{(−)} in addition to the quarks and leptons (¯5_L + 10_L)_{(−)} and Higgs fields H̄_{d(−)} + H_{u(+)}, where (+) and (−) denote the Z_2 charges, the charged lepton masses are given by a seesaw form

(M_e)_{ij} ≃ δ_{ij} ⟨ϕ^0_i ⟩⟨H^0_u⟩^{−1}⟨ϕ^0_j ⟩ (3.9)

as shown in Fig. 3. (Here, we have assumed the Z_2 symmetry in order forbid the direct coupling of H̄_d to ¯5_L10_L, so that the leading terms are the seesaw mass terms given in (3.9).) However, if the additional fermions are indeed only (5^′_L + 10^′_L), the fermions cannot be heavy, so that the 3-family fermions bring serious troubles into the theory. (For example, the color SU(3) does not become asymptotically free.) Therefore, we must introduce further additional fermions (5^′_L + 10^′_L). However, then, the seesaw form (3.9) will be spoiled because of the dominant mass terms (μ_55^′_L5_L + μ_{10}10^′_L10_L).

¯5_{L(−)}

⟨ϕ^0_{(−)}⟩

5^′_{L(+)}

⟨H^0_{u(+)}⟩

¯10^′_{L(+)}

⟨ϕ^0_{(−)}⟩

10_{L(−)}

Fig. 3 Seesaw mass M_e in a model with fermions 3(¯5_{L(−)}+10_{L(−)} +5^′_{L(+)} + ¯10^′_{L(+)}) and scalars (H_{u(+)} + 3ϕ^0_{(−)}) under Z_2 symmetry

In the next section, we will propose a model under consideration of these problems.

4. Model According to the guiding principles (A), (B) and (C) suggested in Sec. 2 and the idea reviewed in Sec. 3, in this section, let us try to build a model which gives the formula (1.2) reasonably. In this section, we will concentrate our attention on the charged lepton masses, so that we will not touch the quark and neutrino masses. For convenience, we use notations and conventions in an SU(5) SUSY GUT model, but we do not always assume the SUSY GUT.

The basic idea in the present model is as follows: we assume 3-family SU(5) singlet scalars instead of 3-family SU(2)_L doublet Higgs scalars ϕ_i in Sec. 3. The SU(5) singlet fields do not cause FCNC, and do not affects the RGE effects of the gauge coupling constants.

We assume the following flavor-triplet matter fields and flavor-singlet Higgs fields,

3(1_L + 5_L + 10_L)_{(+1)} + 3(1^′_L + 5^′_L + 5^′_L + 10^′_L + 10^′_L)_{(+2)} + H_{d(0)} + H_{u(+2)} , (4.1)

where H_d and H_u denote SU(5) 5 and 5 Higgs fields, respectively, and the number (n) in ψ_{L(n)} denotes the Z_4 charge, i.e. ψ_{L(n)} → e^{i(π/2)n}ψ_{L(n)} under a discrete symmetry Z_4. The Z_4 invariant superpotential W is given by

W = (10_{Li} 10^′_{Li} 10^′_{Li}) Y^u_{ij} H_u 0 λ^u_{ijk}1_{Lk} 0 0 μ_{10}δ_{ij} λ^u_{ijk}1_{Lk} μ_{10}δ_{ij} Y^{u′}_{ij} H_d 10_{Lj} 10^′_{Lj} 10^′_{Lj}

+(5_{Li} 10^′_{Li} 5^′_{Li})

0 λ^{(5,5′)}_{ijk} 1_{Lk} 0 λ^{(10′,10)} ijk 1_{Lk} 0 μ_{10}δ_{ij} 0 μ_5δ_{ij} Y^{d′}_{ij} H_d 10_{Lj} 5^′_{Lj} 10^′_{Lj} +λ^{(10,10,5′)} ijk 10_{Li}10_{Lj}5^′_{Lk} + λ^{(5,5,10′)}_{ijk} 5_{Li}5_{Lj} 10^′_{Lk} +λ^{(5′,5,10)} ijk 5^′_{Li}5_{Lj} 10_{Lk} + λ^ν_{ijk}1_{Li}1_{Lj} 1^′_{Lk} +Y^ν_{ij} 1_{Li}5_{Lj} H_u + Y^{ν′}_{ij} 1^′_{Li}5^′_{Lj} H_d + Y^{(H)}_i 1^′_{Li}H_dH_u + μ^′_{5i}5^′_{Li}H_u .

(4.2)

Although the up-quark masses are given by the Yukawa interactions Y^u_{ij} 10_{Li}10_{Lk}⟨H^0_u⟩ , the down-quarks and charged leptons do not have such Yukawa interactions at tree level, so that the mass matrices are given by the seesaw form

(M_{d,e})_{ij} ≃ 1 μ_5μ_{10} λ^{(5,5′)}_{ii}′_k λ^{(10′,10)} jj^′k^′ Y d i^′ j^′ vSk vSk^′ (4.3)

as shown in FIg. 4, where v_{Si} = ⟨1_{Li}⟩. We assume universality of the coupling constants λ^{(5,5′)}_{ijk} = λ^{(10′,10)}_{ijk} ≡ λδ_{ij} δ_{jk} , (4.4) Y^d_{ij} = y_dδ_{ij} . (4.5) Then, we obtain a simple form

(M_{d,e})_{ij} = δ_{ij} λ^2y_d v^2_{Si}v_d μ_5μ_{10}

. (4.6)

Of course, for the scalar parts of the fields 1_{Li}, we assume a similar mechanism to ϕ_i in the Higgs potential (3.3) as discussed in Sec. 3. Then, we obtain the relation (1.2). (At present, we unwillingly obtain the same mass matrix form for the down-quarks, i.e. M_d = M^T_e .)

¯5_{L(+1)}

⟨1_{L(+1)}⟩

5^′_{L(+2)} μ_5

¯5^′_{L(+2)}

⟨H̄_{d(0)}⟩

10^′_{L(+2)} μ_{10}

¯10^′_{L(+2)}

⟨1_{L(+1)}⟩

10_{L(+1)}

Fig. 4 Charged lepton mass generation

For the neutrino mass matrix M_ν , we also obtain a seesaw form

(M_ν )_{ij} ≃ Y^ν_{ii}′ v_u(λ^ν_i′_j′_k v^′_{Sk})^{−1}Y^ν_{jj}′ v_u , (4.7)

through the diagram given in Fig. 5, where v^′_{Si} = ⟨1^′_{Li}⟩. Since v_u ∼ 10^2 GeV, we suppose v^′_S ∼ 10^{14} GeV as well as in the conventional seesaw model.

¯5_{L(+1)}

⟨H_{u(+2)}⟩

1_{L(+1)}

⟨1^′_{L(+2)}⟩

1_{L(+1)}

⟨H_{u(+2)}⟩

¯5_{L(+1)}

Fig. 5 Neutrino mass generation

On the other hand, in order to obtain M_e ∼ 1GeV, we must suppose

v^2_S /μ_5μ_{10} ∼ 10^{−2} , (4.8)

for v_d ∼ 10^2 GeV. If we suppose v_S ∼ 10 GeV, we have to take √ μ_5μ_{10} ∼ 10^2 GeV. However, such a small value means that the additional matter fields of 6 families survive until μ = √ μ_5μ_{10} ∼ 10^{−2} GeV, so that the asymptotic freedom of the color SU(3) is destroyed. Therefore, for example, we put μ_{10} ∼ 10^{16} GeV and μ_5 ∼ 10^{14} GeV, so that we take v_S ∼ 10^{14} GeV. Then, the matter fields affect the RGE effects as follows: 3 + 6 families for μ > M_{GU T} ∼ 10^{16} GeV; 3 families of (5 + 10)_L and 6 families of (5^′ + 5^′) for M_{GU T} > μ ≥ μ_5 ∼ 10^{14} GeV; 3 families of (5 + 10)_L for μ_5 > μ ≥ M_{weak} . Here, our parameter values are summarized as

M_{weak} ∼ v_u ∼ v_d ∼ 10^2 GeV, μ_5 ∼ v_S ∼ v^′_S ∼ 10^{14} GeV, M_{GU T} ∼ μ_{10} ∼ 10^{16} GeV.

(4.9)

For these parameter values, the gauge unification at μ = M_{GU T} is still kept as shown in Fig. 6.

Fig. 6 Evolution of the gauge coupling constants

5. Concluding remarks In conclusion, we have proposed a model which gives the charged lepton mass formula (1.2), where the origin of the mass spectrum is attributed not to the structure of the Yukawa coupling constants, but to a structure of VEVs of flavor-triplet scalars under Z_4 × S_3 symmetries. The model can be described within a framework of the SUSY GUT. (Of course, at present, the form of the scalar potential (3.1) has been given by hand, it is not a logical consequence from the SUSY GUT model.)

However, the choice v_S ∼ 10^{14} GeV does not satisfy the suggestion (C) that the formula (1.2) is valid at the law energy scale. If we adhere to the idea, we must give up the gauge unification. If we assume that only leptonic part of (5^′ + 5^′ + 10^′ + 10^′)_L survive untill μ ∼ μ_5 = μ_5 ∼ 10^2 GeV (we assume a triplet-doublet splitting [15] mechanism similar to that for the Higgs fields), we can choose v_S ∼ 10 GeV without destroying the asymptotic freedom of the color SU(3). In order to get the mass forumula (1.2) at a low enery scale, rather, we should abandon the SUSY GUT senario.

So far, we have not discussed quark mass matrices (and also neutrino mass matrix). In the present model, the up-quark and neutrino mass matrices are generated by the diagrams given in Figs. 4 and 5, respectively. If we assume the universal couplings similar to (4.4) and (4.5), we will obtain diagonal forms of those mass matrices as well as in the charged lepton mass matrix, so that the Cabibbo-Kobayashi-Maskawa (CKM) and Maki-Nakagawa-Sakata (MNS) matrices will become unit matrices. Except for the charged lepton sector, we will have to consider a more general form of the coupling constants which is S_3 invariant. For example, we must consider that Yukawa couplings Y^u_{ij} are given by the form

y^u_{(1)}

1 0 0 0 1 0 0 0 1

+ y^u_{(2)}

0 1 1 1 0 1 1 1 0 , (5.1) and the coupling constants λ^ν_{ijk}v^′_{Sk} which come from the interactions 1_L1_L1^′_L are given by

λ^ν_{(1)} v^′_{S1} 0 0 0 v^′_{S2} 0 0 0 v^′_{S3}

+ λ^ν_{(2)}

0 v^′_{S3} v^′_{S2} v^′_{S3} 0 v^′_{S1} v^′_{S2} v^′_{S1} 0 (5.2)

We must also consider a mechanism which yields M_d ≠ M^T_e . Possibly, the mechanism will be related to the triplet-doublet splitting of the SU(5) 5 (and/or 5) fields.

Thus, the present model has many problems, but the formula (1.2) is too beautiful to be accidental coincidence. (Some of the problems will be solved by abandoning the GUT scenario.) In the present paper, we have investigated a possible model within the framework of an extended seesaw mechanism, but, on the other hand, the radiative mass generation hypothesis is also promising. The idea that the origin of the mass spectrum is attributed not to the structure of the Yukawa coupling constants, but to the structure of the VEVs of flavor-triplet scalars will be worthwhile noticing. It is a future task to seek for a more elegant and simple model which can lead to the mass formula (1.2).

Acknowledgment The author would like to thank Professor A. Rivero for her interst in this topic and helpful comments on this work. He is also grateful to Professors J. Kubo and D. Suematsu, and to young Particle Physics members at Kanazawa University for their enjoyable and helpful discussions.

References

[1] H. Albrecht et al., ARGUS collab., Phys. Lett. B292, 221 (1992); J. Z. Bai et al., BES collab., Phys. Rev. Lett. 69, 3021 (1992); M. Daoudi et al., CLEO collab., a talk given at the XXVI Int. Conf. on High Energy Physics, Dallas, 1992.

[2] S. Eidelman et al. (Particle Data Group), Phys. Lett. B592, 1 (2004).

[3] Y. Koide, Lett. Nuovo Cimento 34, 201 (1982).

[4] Y. Koide, Phys. Rev. D28, 252 (1983)

[5] Y. Koide, Mod. Phys. Lett. A5, 2319 (1990).

[6] R. Foot, hep-ph/9402242.

[7] S. Esposito and P. Santorelli, Mod. Phys. Lett. A10, 3077 (1995), hep-ph/9603369.

[8] N. Li and B.-Q. Ma, Phys. Lett. B609, 309 (2005).

[9] Y. Koide and H. Fusaoka, Z. Phy. C71, 459 (1996).

[10] Y. Koide and M. Tanimoto, Z. Phys. C72, 333 (1996).

[11] Y. Koide, Phys. Rev. D60, 077301 (1999).

[12] The seesaw mechanisum for charged particles is known as the “universal seesaw mechanism”: Z. G. Berezhiani, Phys. Lett. 129B, 99 (1983); Phys. Lett. 150B, 177 (1985); D. Chang and R. N. Mohapatra, Phys. Rev. Lett. 58,1600 (1987); A. Davidson and K. C. Wali, Phys. Rev. Lett. 59, 393 (1987); S. Rajpoot, Mod. Phys. Lett. A2, 307 (1987); Phys. Lett. 191B, 122 (1987); Phys. Rev. D36, 1479 (1987); K. B. Babu and R. N. Mohapatra, Phys. Rev. Lett. 62, 1079 (1989); Phys. Rev. D41, 1286 (1990); S. Ranfone, Phys. Rev. D42, 3819 (1990); A. Davidson, S. Ranfone and K. C. Wali, Phys. Rev. D41, 208 (1990); I. Sogami and T. Shinohara, Prog. Theor. Phys. 66, 1031 (1991); Phys. Rev. D47, 2905 (1993); Z. G. Berezhiani and R. Rattazzi, Phys. Lett. B279, 124 (1992); P. Cho, Phys. Rev. D48, 5331 (1994); A. Davidson, L. Michel, M. L, Sage and K. C. Wali, Phys. Rev. D49, 1378 (1994); W. A. Ponce, A. Zepeda and R. G. Lozano, Phys. Rev. D49, 4954 (1994); Y. Koide and H. Fusaoka, Z. Phys. C71, 459 (1996); Prog. Theor. Phys. 97, 459 (1997).

[13] H. Harari, H. Haut and J. Weyers, Phys. Lett. 78B, 459 (1978) ; T. Goldman, in Gauge Theories, Massive Neutrinos and Proton Decays, edited by A. Perlumutter (Plenum Press, New York, 1981), p.111; T. Goldman and G. J. Stephenson, Jr., Phys. Rev. D24, 236 (1981); Y. Koide, Phys. Rev. Lett. 47, 1241 (1981); Phys. Rev. D28 (1983) 252; 39, 1391 (1989); C. Jarlskog, in Proceedings of the International Symposium on Production and Decays of Heavy Hadrons, Heidelberg, Germany, 1986 edited by K. R. Schubert; P. Kaus, S. Meshkov, Mod. Phys. Lett. A3, 1251 (1988); Phys. Rev. D42 (1990) 1863; L. Lavoura, Phys. Lett. B228, 245 (1989); M. Tanimoto, Phys. Rev. D41, 1586 (1990); H. Fritzsch and J. Plankl, Phys. Lett. B237, 451 (1990); Y. Nambu, in Proceedings of the International Workshop on Electroweak Symmetry Breaking, Hiroshima, Japan, (World Scientific, Singapore, 1992), p.1.

[14] Y. Koide, Mod. Phys. Lett. A8, 2071 (1993).

[15] For example, see, Y. Koide and J. Sato, Phys. Rev. D68, 056004 (2003); Y. Koide, Phys. Lett. B547, 82 (2003); ibid. B595, 475 (2004).