arXiv:hep-ph/0007306 26 Jul 2000

Minimal extended flavor groups, matter fields chiral representations, and the flavor question

A. Doff and F. Pisano Departamento de Física, Universidade Federal do Paraná 81531–990 Curitiba, PR, Brazil (July 26, 2000)

Abstract

We show the specific unusual features on chiral gauge anomalies cancellation in the minimal, necessarily 3-3-1, and the largest 3-4-1 weak isospin chiral gauge semisimple group leptoquark–bilepton extensions of the 3-2-1 conventional standard model of nuclear and electromagnetic interactions. In such models a natural explanation for the fundamental question of fermion generation replication arises from the self-consistency of a local gauge quantum field theory, which constrains the number of the QFD fermion families to the QCD color charges.

PACS numbers: 11.30.Hv, 12.15.Cc

Typeset using REVTEX

Flavor question has been a long standing puzzle. It was addressed in the SU(11) and SU(14) generalizations of the SU(5) grand unified theory with three and twelve families, [1] in the minimal supersymmetric model of quarks and leptons preon compositeness, [2] in the 3-3-1 leptoquark-bilepton model, [3–6] [7] and in the Sp(6)×U(1)_Y symplectic gauge group extension. [8] The generation patterns of the reduced four-dimensional spinor fields with repeated copies of the same gauge quantum numbers is also a prediction of the 5- dimensional space-time Kaluza–Klein theory. [9] The anomaly cancellation of a gauge theory in all orders of perturbative expansion, which derives from the renormalizability condition, constrains the fermion representation content. Three perturbative anomalies have been identified [10] for chiral gauge theories in four dimensional space-time: (i) The triangle chiral gauge anomaly [11] must be cancelled to avoid violations of gauge invariance and the renormalizability of the theory; (ii) The global non-perturbative SU(2) chiral gauge anomaly, [12] which must be absent in order for the fermion integral to be defined in a gauge invariant way; (iii) The mixed perturbative chiral gauge gravitational anomaly [13,14] which must be cancelled in order to ensure general covariance. In the standard model, the anomalies were cancelled into each generation of quarks and leptons. This is a very important issue, because in order to cancel anomalies we must sum over all hypercharges of quarks and leptons in each representation. In the standard model the anomaly-free conditions and flavor question do not seem to have any connection. This leads us to a question: Are the anomalies always cancelled automatically only by generation of quarks or leptons? And do the anomaly cancellation conditions have any connection with flavor puzzle? These questions of course cannot be answered within the standard model. It is of interest to find out some models in which these questions can be answered. In this note, we would like to provide some models in which the above questions can be answered. Particularly, we consider the anomaly cancellation and flavor question in the 3-3-1 leptoquark-bilepton model and the 3-4-1 semisimple group generalization where there is a non-trivial very specific anomalyfree representation content. [3,4,15] A bilepton is a boson which couples minimally with dimension four interactions to standard model leptons and can carry lepton number zero or 2. [16] The semisimple chiral gauge groups are

G_{3n1} ≡ SU(3)_c ⊗ SU(n)_L ⊗ U(1)_N (1)

with n = 3, 4, from now on 3-n-1 models and N is the new U(1)_N charge of the Abelian semisimple group factor. For the standard model weak isospin factor, n = 2.

The general anomaly-free condition is X_{representations Tr[{T aL, T bL}T cL − {T aR, T bR}T cR] = 0 (2)} where T^a are the gauge group generators and the a index runs over the dimension of the simple SU(n) group, a = 1, 2, ..., n^2 − 1, with a rank n − 1, and a = 0 for the Abelian factor. The standard model independent families have the following structure under the chiral 3-2-1 gauge group,

f_{iL} ∼ (1_c, 2_L, Y = −1), ℓ_{iR} ∼ (1_c, 1_R, −2) (3a)

for the leptonic sector with the flavor labels ℓ_i = e, μ, τ (i = 1, 2, 3) and

Q_{iL} ∼ (3_c, 2_L, 1/3), u_{iR} ∼ (3_c, 1_R, 4/3), d_{iR} ∼ (3_c, 1_R, −2/3) (3b) for the quark flavors. These symmetry eigenstates are related to the mass eigenstates by three Cabibbo–Kobayashi–Maskawa rotation angles. The electric charge operator is defined as Q e = T_3 + T_0 = T_3 + Y 2 . (4)

with e = g sin θ_W = g0 cos θ_W = 1.602 177 33(49) × 10�^{19} C = 4.803 206 8(15) × 10�^8 esu. [17] The matrices T^a in Eq. (2) will be either a half of the Pauli matrices, τ^a, a = 1, 2, 2^2 − 1, or the weak hypercharge generator T^0 ≡ Y/2 for a = 0 proportional to the n × n identity operator. Since the weak isospin group SU(2) is a safe group, [18] then Tr({τ^a, τ^b}τ^c) = 2δ^{ab}Tr(τ^c) = 0 , (5) but in the case where at least one of the T generators is the hypercharge Y , we have Tr({τ^a, τ^b}Y ) = 2δ^{ab} Tr(Y ) (6) and Tr(τ^aY Y ) ∝ Tr(τ^a). (7) The anomaly contribution in Eq. (6) is proportional to the sum of all fermionic discrete hypercharge values Tr(Y ) = X

lepton

(Y_L + Y_R) + X

quark

(Y_L + Y_R). (8)

The Tr(Y ) in Eq. (8) vanishes for the fermion content in the equations (3a) and (3b),

X_{lepton(YL + YR) = Y (νℓL) + Y (ℓL) + Y (ℓR) = 2Y (fiL) + Y (ℓR) = −4 (9a)} X_{quark(YL + YR) = 3[2Y (QiL) + Y (uiR) + Y (diR)] = +4 (9b)}

where the global factor in the last equation takes into account the number of SU(3)_c color charges. The summations indicated on the left-handed side involve the color, flavor, and the weak hypercharge degrees of freedom. For the case in which all T ’s are the hypercharge U(1)_Y generator, we have from Eq. (4) Tr(Y^3) ∝ Tr(Q^2T_3 − QT^2_3 ) (10) where we used the fact that the electromagnetic vector neutral current vertices do not have anomalies. Thus the right-handed side of Eq. (10) yields to

X_{lepton(Q2T3 − QT 23 ) = [(0)2(1/2) − (0)(1/2)2] + [(−1)2(−1/2) − (−1)(−1/2)2] = −}1_{4 (11a)} and X_{quark(Q2T3 − QT 23 ) =}

3[(2/3)^2(1/2) − (2/3)(1/2)^2 ] + 3[(−1/3)^2(−1/2) − (−1/3)(−1/2)^2 ] = + 1 4 (11b)

which guarantees that the standard fermion assignments turn the 3-2-1 standard theory chiral anomaly free. Taking into account the electric charge operator, the trace of an odd number of Y generator in Eq. (6) and Eq. (10) can be re-written as follows:

Tr(Y ) or Tr(Y^3) ∝ Tr(Q) = X j Q_j. (12)

Two remarks can be considered here. The first one concerns the fact that in the standard model we have anomaly cancellation within each independent family of chiral fermions and not by generations. The other one is that the anomaly cancellation occurs in each chiral sector.

Now, let us consider the following 3-3-1 non-universal fermion representation content

f_{1L} ∼ (1_c, 3_L, 0), Q_{1L} ∼ (3_c, 3_L, 2/3), u_{1R} ∼ (3_c, 1_R, 2/3), (13a) d_{1R} ∼ (3_c, 1_R, −1/3), J_{1R} ∼ (3_c, 1_R, 5/3),

for the first generation and

f_{iL} ∼ (1_c, 3_L, 0), Q_{iL} ∼ (3_c, ¯3_L, −1/3), J_{iR} ∼ (3_c, 1_R, −4/3), (13b) u_{iR} ∼ (3_c, 1_R, 2/3), d_{iR} ∼ (3_c, 1_R, −1/3),

when i = 2, 3 for the second and third generations. The N×N flavor mixing matrix is paremetrized by N(N − 1)/2 rotation angles and (N − 1)(N − 2)/2 phases. Three generations of leptons, f_{iL}, i = 1, 2, 3 transform in the same way, and right-handed flavor singlet fields are not introduced. In the electroweak semisimple group factor of the 3-3-1 gauge symmetry the electric charge operator is defined as Q e = 1 2 (λ_3 − √ 3λ_8) + N (14)

where λ_{3,8} are diagonal Gell-Mann matrices associated to the rank two of the SU(3)_L flavor simple group and N is the new U(1)_N hypercharge, N = √ 3 2 λ_8 + Y 2 (15)

equivalent to the mean electric charge of the fields contained in the multiplet. The electron electric charge in terms of the θ_3�_1 mixing angle of the SU(3)_L and U(1)_N simple and semisimple groups with the associated g and g0 gauge coupling constants is e^2 = g^2 sin^2 θ_3�_1 1 + 3 sin^2 θ_3�_1 = g0^2 cos^2 θ_3�_1 1 + 3 sin^2 θ_3�_1

(16)

and with e^2 = g^2 sin^2 θ_W = g0^2(1 − 4 sin^2 θ_W ) the Eq. (16) becomes

tan^2 θ_3�_1 = sin^2 θ_W 1 − 4 sin^2 θ_W

(17)

with the bound on the Weinberg electroweak angle sin^2 θ_W < 1/4. The SU(n) groups for n > 2 are not safe in the sense of Eq. (5). For n = 3 the generators are proportional to the Gell-Mann matrices, closing among them the Lie algebra structure,

[λ_a, λ_b] = 2if_{abc}λ_c (18a) {λ_a, λ_b} = 4 3 δ_{ab} + 2d_{abc}λ_c, (18b)

where the structure constants f_{abc} are totally antisymmetric and d_{abc} are totally symmetric under the exchange of indices. For any n × n λ-matrices with arbitrary n, f_{abc} = 1 4i Tr([λ_a, λ_b]λ_c) (19a) d_{abc} = 1 4 Tr({λ_a, λ_b}λ_c) , (19b)

in general the anomaly is proportional to d_{abc}. The d_{abc} constants vanish for n = 2 case. When n > 2 the generalization of the anti-commutation relation in Eq. (5) is {λ_a, λ_b} = 4 n δ_{ab} + 2d_{abc}λ_c . (20)

The anomaly-free conditions are

Tr([SU(3)_c]^2[U(1)_N ]) = 0 (21a) Tr([SU(3)_L]^2[U(1)_N ]) = 0 (21b) Tr([U(1)_N ]^3) = 0 (21c) Tr([graviton]^2[U(1)_N ]) = 0. (21d)

Each generation is anomalous. Let us take the condition in Eq. (21c) containing only the Abelian factor. The general cancellation scheme can be found in Ref. [6]. We can see that the N^3 anomaly of the first generation isX

lepton

N_L + X

quark

(N_L + N_R) =

0 + 3 [(2/3) × 3 + 5/3 + 2/3 + (−1/3)] = +12, (22)

and the anomalies of the second or the third generations are

X_{lepton NL +} X_{quark(NL + NR) =}

0 + 3 [(−1/3) + (−4/3) + 2/3 + (−1/3)] = −6. (23)

It is clear that anomalies are not cancelled within each generation as in the standard model. The global factor 3 takes into account the SU(3)_c three color charges. The general condition that, for a given fermionic representation D it holds [19] A(D) = −A(D̄) (24) where A(D̄) is the anomaly of the conjugate representation of D, and the fact that, as can be seen from Eqs. (13), there are the same number of multiplets in 3 and ¯3 representation turn the theory anomaly-free. The anomaly cancellation in this case does not occur by chiral sector.

Now let us display a second representation content which contains heavy leptons. [20] For the first generation f_{1L} ∼ (1_c, 3_L, 0), E_{1R} ∼ (1_c, 1_R, 1), ℓ_{1R} ∼ (1_c, 1_R, −1), Q_{1L} ∼ (3_c, 3_L, 2/3), u_{1R} ∼ (3_c, 1_R, 2/3), (25a) d_{1R} ∼ (3_c, 1_R, −1/3), J_{1R} ∼ (3_c, 1_R, 5/3), and f_{iL} ∼ (1_c, 3_L, 0), E_{iR} ∼ (1_c, 1_R, 1), ℓ_{iR} ∼ (1_c, 1_R, −1), Q_{iL} ∼ (3_c, ¯3_L, −1/3), u_{iR} ∼ (3_c, 1_R, 2/3), (25b) d_{iR} ∼ (3_c, 1_R, −1/3), J_{iR} ∼ (3_c, 1_R, −4/3), for the second and third generations, i = 2, 3. The N^3 anomaly of the first generation is

X_{lepton(NL + NR) +} X_{quark(NL + NR) =}

0 × 3 + (−1) + 1 + 3 [(2/3) × 3 + (5/3) + (2/3) + (−1/3)] = +12 (26a)

and X_{lepton(NL + NR) +} X_{quark(NL + NR) =}

0 × 3 + (−1) + 1 + 3 [(−1/3) × 3 + (−4/3) + (2/3) + (−1/3)] = −6 (26b)

are the anomalies of the second and the third generations and the complete generations N^3 anomaly vanishes again.

Let us now consider the following 3-3-1 fermionic assignments for the first and second generations [4] f_{iL} ∼ (1_c, ¯3_L, −1/3), ℓ_{iR} ∼ (1_c, 1_R, −1), Q_{iL} ∼ (3_c, 3_L, 0), u_{iR} ∼ (3_c, 1_R, 2/3), (27a) d_{iR} ∼ (3_c, 1_R, −1/3), d0_{iR} ∼ (1_c, 1_R, −1/3), i = 1, 2 and f_{3L} ∼ (1_c, ¯3_L, −1/3), ℓ_{3R} ∼ (1_c, 1_R, −1), Q_{3L} ∼ (3_c, ¯3_L, 1/3), u_{3R} ∼ (3_c, 1_R, 2/3), (27b) u0_{3R} ∼ (3_c, 1_R, 2/3), d_{3R} ∼ (3_c, 1_R, −1/3), for the third generation. Such peculiar representation structure contains the same number of flavor triplets and anti-triplets. The anomaly of the first or the second generation is

X_{lepton(NL + NR) +} X_{quark(NL + NR) =}

(−1/3) × 3 + (−1) + 3 [(0) × 3 + (2/3) + (−1/3) + (−1/3)] = −2 (28)

and for the third generationX

lepton

(N_L + N_R) + X

quark

(N_L + N_R) =

(−1/3) × 3 + (−1) + 3 [(1/3) × 3 + (2/3) + (2/3) + (−1/3)] = +4 , (29)

so the N^3 anomalies cancel. Note that we do not have anomaly cancellation by chiral sector.

Finally, we consider the following 3-4-1 fermionic representation content. [15] In the first generation we have a 4-plet of leptons

f_{1L} ∼ (1_c, 4_L, 0) (30a)

which contains all light leptonic degrees of freedom so that we do not need to introduce right-handed singlet fields. The assignments of the quarks are

Q_{1L} ∼ (3_c, 4_L, 2/3), u_{1R} ∼ (3_c, 1_R, 2/3), d_{1R} ∼ (3_c, 1_R, −1/3), u0_{1R} ∼ (3_c, 1_R, 2/3), J_{1R} ∼ (3_c, 1_R, 5/3). (30b)

and the last two families have the following fundamental representation transformation properties under the 3-4-1 gauge group

f_{iL} ∼ (1_c, 4_L, 0), Q_{iL} ∼ (3_c, ¯4_L, −1/3), J_{iR} ∼ (3_c, 1_R, −4/3), (30c) d0_{iR} ∼ (3_c, 1_R, −1/3), u_{iR} ∼ (3_c, 1_R, 2/3), d_{iR} ∼ (3_c, 1_R, 1/3).

In this extension we enlarge the electric charge operator to Q e = 1 2 (λ_3 + 1 √ 3 λ_8 − 2 √ 6 3 λ_{15}) + N0 (31)

where λ_{3,8,15} are diagonal 4×4 matrices whose number is equivalent to the rank of the SU(4) simple group. In the same way as the 3-3-1 fermion representations we can verify that the anomaly cancellation occurs between generations. The anomaly of the first generation is

X_{lepton N0L +} X_{quark(N0L + N0R) =}

0 + 3 [(2/3) × 3 + (2/3) + (−1/3) + (2/3) + (5/3)] = +14 (32a)

and for each of the last two generationsX

lepton

N0_L + X

quark

(N0_L + N0_R) =

0 + 3 [(−1/3) × 3 + (−4/3) + (−1/3) + (2/3) + (−1/3)] = −7 (32b) so that all N^3 Abelian contributions cancel.

It should be emphasized that there is the same number of triplets (4-plets) and antitriplets (¯4-plets) if each quark flavor appears with three color charges, so that the non- Abelian anomalies cancel in all these cases. Contrary to the massive neutrino extensions [21] of the conventional standard model in the 3-3-1 and 3-4-1 leptoquark-bilepton models the electric charge quantization is unavoidable and does not depend on the Dirac, Majorana or Dirac–Majorana [22] character of the neutral fermions. [23] There is always a set of leptonic generations transforming as (1_c, 3_L, 0) or as (1_c, 4_L, 0) with N = N0 = 0 and the electric charge operator is a linear combination of the weak isospin simple group generators whose number is the rank of the group. In the leptonic sector there is the fundamental representation content structure of grand unified theories.

This sort of minimal gauge semisimple group models has became an interesting possibility not only for an extension of the standard model but alternative theoretical possibilities at near energy scales below a few TeV answering several open fundamental questions such as the flavor question and addressing new physics close to the Fermi scale. [24–26] The flavor question has no explanation within the 3-2-1 standard model. The anomaly cancellation in the 3-n-1 leptoquark-bilepton models with n = 3, 4 is possible only if the number of generations of quarks and leptons is equal to the number of color charges. In general, these theories will be anomaly-free if the number of generations is a multiple of the number of colors with the lepton families having identical transformation properties with N = 0 and without right-handed singlets even for massive neutrinos. In fact, the lightest known particles could be the sector in which a symmetry is uncovered, then the lepton sector is the part of the model determining new approximate symmetries. There is a close connection of the fundamental fermions generations, the three color charges, and the self-consistency of a local gauge quantum field theory. It is possible to answer the flavor question offering a connection between the QFD and QCD which is lost in the standard model. In these models the Weinberg angle has a Landau pole and is bounded from above giving an intrinsic limitation on the range of validity of the theory. This is another issue which does not have an equivalent one in the standard model.

ACKNOWLEDGMENTS

We are very grateful to Tuan A. Tran for their kindness and collaboration. A. D. wish to thank the CAPES (Brazil) for full financial support.

REFERENCES

[1] H. Georgi, Nucl. Phys. B156, 126 (1979).

[2] K. S. Babu, Jogesh C. Pati and Hanns Stremnitzer, Phys. Lett. B256, 206 (1991). [3] F. Pisano and V. Pleitez, Phys. Rev. D46, 410 (1992). [4] P. H. Frampton, Phys. Rev. Lett. 69, 2889 (1992). [5] R. Foot et al., Phys. Rev. D47, 4158 (1993); [6] F. Pisano, Mod. Phys. Lett. A11, 2639 (1996).

[7] For the first explorations of the SU(3)_L×U(1)_{L+R} electroweak chiral gauge group see J. Schechter and Y. Ueda, Phys. Rev. D8, 484 (1973); H. Fritzsch and P. Minkowski, Phys. Lett. B63, 99 (1976); P. Langacker and G. Segré, Phys. Rev. Lett. 39, 259 (1977); B. W. Lee and S. Weinberg, Phys. Rev. Lett. 38, 1237 (1977); M. Singer, J. W. F. Valle and J. Schechter, Phys. Rev. D22, 738 (1980); J. W. F. Valle and M. Singer, Phys. Rev. D28, 540 (1983).

[8] Ali A. Bagneid, Phys. Rev. D49, 3755 (1994). [9] J. Polchinski, Int. J. Mod. Phys. A14, 2633 (1999).

[10] C. Q. Geng and R. E. Marshak, Phys. Rev. D39, 693 (1989); J. A. Minahan, P. Ramond and R. C. Warner, ibid. D41, 715 (1990); C. Q. Geng and R. E. Marshak, ibid. D41, 717 (1990); C. Q. Geng, ibid. D41, 1292 (1990); S. Rudaz, ibid. D41, 2619 (1990); E. Golowich and Palash B. Pal, ibid. D41, 3537 (1990).

[11] S. Adler, Phys. Rev. 177, 2426 (1969); J. Bell and R. Jackiw, Nuovo Cim. A51, 47 (1969).

[12] E. Witten, Phys. Lett. B117, 324 (1982).

[13] R. Delbourgo and A. Salam, Phys. Lett. B40, 381 (1972); T. Eguchi and P. Freund, Phys. Rev. Lett. 37, 1251 (1976).

[14] L. Alvarez-Gaumé and E. Witten, Nucl. Phys. B234, 269 (1983). [15] M. B. Voloshin, Sov. J. Nucl. Phys. 48, 512 (1988); J. C. Montero, F. Pisano and V.

Pleitez, Phys. Rev. D47, 2918 (1993); R. Foot, H. N. Long and T. A. Tran, Phys. Rev. D50, R34 (1994); H. N. Long and T. A. Tran, Mod. Phys. Lett. A9, 2507 (1994); F. Pisano and V. Pleitez, Phys. Rev. D51, 3865 (1995); I. I. Cotăescu, Int. J. Mod. Phys. A12, 1483 (1997).

[16] P. H. Frampton, Int. J. Mod. Phys. A11, 1621 (1996); F. Cuypers and M. Raidal, Nucl.

Phys. B501, 3 (1997); F. Cuypers and S. Davidson, Eur. Phys. J. C2, 503 (1998). [17] http://pdg.lbl.gov.

[18] H. Georgi and S. L. Glashow, Phys. Rev. D6, 429 (1972).

[19] H. Georgi, Lie Algebras in Particle Physics (W. A. Benjamin, Reading, Mass., 1984). [20] V. Pleitez and M. D. Tonasse, Phys. Rev. D48, 2353 (1993).

[21] K. S. Babu and R. N. Mohapatra, Phys. Rev. Lett. 63, 938 (1989); Phys. Rev. D41, 271 (1990).

[22] S. Esposito and G. Capone, Zeit. für Physik C70, 55 (1996); S. Esposito and N. Tancredi, Mod. Phys. Lett. A12, 1829 (1997); Eur. Phys. J. C4, 221 (1998); S. Esposito, Int. J. Mod. Phys. A13, 5023 (1998).

[23] A. Doff and F. Pisano, Mod. Phys. Lett. A14, 1133 (1999).

[24] F. Pisano, V. Pleitez and M. D. Tonasse, “Flavor chiral extensions of the standard model” IFT-P.043/1997, www.ift.unesp.br (unpublished).

[25] V. Pleitez and M. D. Tonasse, Phys. Rev. D48, 5274 (1993); P. H. Frampton, P. I.

Krastev and J. T. Liu, Mod. Phys. Lett. A9, 761 (1994); J. T. Liu, Phys. Rev. D50, 542 (1994); J. T. Liu and D. Ng, Phys. Rev. D50, 548 (1994); H. Fujii, Y. Mimura, K. Sasaki and T. Sasaki, Phys. Rev. D49, 559 (1994); D. G. Dumm, F. Pisano and V. Pleitez, Mod. Phys. Lett. A9, 1609 (1994); D. Ng, Phys. Rev. D49, 4805 (1994); L. Epele, H. Fanchiotti, C. García-Canal and D. Gómez Dumm, Phys. Lett. B343, 291 (1995); Palash B. Pal, Phys. Rev. D52, 1659 (1995); H. N. Long, Phys. Rev. D53, 437 (1996); Phys. Rev. D54, 4691 (1996); D. Gómez Dumm, Int. J. Mod. Phys. A11, 887 (1996); P. Jain and S. D. Joglekar, Phys. Lett. B407, 151 (1997); M. B. Tully and G. C. Joshi, Mod. Phys. Lett. A13, 2065 (1998); F. Pisano and S. Shelly Sharma, Phys. Rev. D57, 5670 (1998); S. Shelly Sharma and F. Pisano, Phys. Rev. D60, 098702 (1999); F. Pisano and M. D. Tonasse, Nuovo Cim. B113, 621 (1998); P. H. Frampton and Xiao-hu Guan, Mod. Phys. Lett. A13, 2621 (1998); J. C. Montero, V. Pleitez and M. C. Rodriguez, Phys. Rev. D58, 094026, 097505 (1998); A. A. Machado and F. Pisano, Mod. Phys. Lett. A14, 2223 (1999); H. N. Long and Vo Thanh Van, J. Phys. G: Nucl. Part. Phys. 25, 2319 (1999); G. Tavares-Velasco and J. J. Toscano, Phys. Lett. B472, 105 (2000); V. Pleitez, Phys. Rev. D61, 057903 (2000); P. H. Frampton and Andrija Rasin, Phys. Lett. B482, 129 (2000).

[26] The supersymmetric version of the minimal leptoquark-bilepton model was builded by T. V. Duong and E. Ma, Phys. Lett. B316, 307 (1993); J. Phys G 21, 159 (1995).