arXiv:hep-ph/0011296 v2 7 Feb 2001

Neutrino masses through a type II seesaw mechanism at TeV scale^�

J. C. Montero, C. A. de S. Pires and V. Pleitez, Instituto de Física Teórica Universidade Estadual Paulista Rua Pamplona, 145 01405-900– São Paulo, SP Brazil

Abstract

In this work we show that we can generate neutrino masses through the type II seesaw mechanism working at TeV scale in the context of a 331 model. PACS numbers: 14.60.Lm; 12.60.-i; 12.60.Cn 14.60.Pq

Typeset using REVTEX

∗To appear in Phys. Lett.B

The explanation of the smallness of the neutrino masses and the profile of their mixing as required by recent experiments have being taken as a great puzzle in particle physics. This is so true that in the past three years a great amount of papers have been devoted to its solution. Despite the volume of papers, we still dispose of few basic ideas to explore the puzzle [1]. In the context of the electroweak SU(2)_L ⊗ U(1)_Y model a very attractive idea is centered on a very heavy Higgs-triplet Δ [2].

With this scalar triplet, Δ, it is possible to implement the spontaneously breakdown of the total lepton number and generate neutrino majorana masses [3]. Its main consequence was the existence of a Goldstone-boson named the majoron-triplet. This Goldstone boson has many implications in collider, astro-particle, and cosmo-particle physics, so that the model received great attention until it was ruled out by LEP data [4].

In order to save the idea a term that violates explicitly the lepton number,

M^′ϕ^T Δ^†ϕ, (1)

was considered in the scalar potential. If we decouple the Higgs-triplet of the electro-weak scale taking it as a very heavy triplet, the majoron gains a mass getting safe from LEP data, and the vacuum expectation value (VEV) of Δ develops a tiny value. To see this, consider below the potential with the term that violates explicitly the lepton number:

V (ϕ, Δ) = −M^2Δ^†Δ − μ^2ϕ^†ϕ + λ_ϕ(ϕ^†ϕ)^2 + λ_Δ(Δ^†Δ)^2 λ_{Δϕ}Δ^†Δϕ^†ϕ + M^′ϕ^T Δ^†ϕ. (2)

From the condition that the neutral component of the Higgs-triplet develops a VEV, we find the following relation among the vacua of the model:

v_Δ ∼ v^2_ϕ M ≪ v_ϕ. (3)

To find the relation above the condition M ∼ M^′ ≫ v_ϕ was used. Choosing v_ϕ = 10^2 GeV and M = 10^{14} GeV, we get v_Δ = 0.1 eV. This mechanism was labeled type II seesaw and when used in conjunction with some additional global symmetries, in order to generate the wanted entries in the neutrino mass matrices, is the main ingredient of various interesting extensions of the standard model [5].

In Refs. [6] it was shown that the Higgs-triplet appears in the minimal version of the 331 models [7] embedded in a scalar sextet S. To recognize the triplet we must know that when the 331 symmetry breaks to the SU(3)_C ⊗ SU(2)_L ⊗ U(1)_Y (321) symmetry, the sextet S decomposes under 321 as follows: S → Δ_(1_,3_{,−2)} + Φ_{3(1,2,1)} + H^{++}_{2(1,1,4)} [6]. As in the triplet majoron scheme, when the neutral component of the triplet Δ develops a VEV, we have the spontaneous breaking of the total lepton number, and therefore, the model develops a majoron-triplet too [6]. However, in the present model the majoron-triplet can be safe under LEP data [8]. In view of this a natural step further in the development of the 331 model is to add to its scalar potential a term that is equivalent to that one that gave rise the type II seesaw mechanism in the standard electroweak model with the triplet Δ.

The scalar sector of the minimal 331 model is composed by three triplet and a sextet of scalars:

η = η^0 η^−_1 η^+_2 , ρ = ρ^+ ρ^0 ρ^{++} , χ = χ^− χ^{−−} χ^0 , S = σ^0_1^h

�_{2√} 2 h+1 √ 2 h�_{2√} 2 H^{−−}_1^{σ02√}_2 h+1 √ 2 σ02√ 2 H^{++}_2

. (4)

After the breaking of the 331 symmetry to the standard 321 symmetry, the sextet above will decompose under 3 − 2 − 1 in the following triplet, doublet and singlet of scalars:

Δ = σ^0_1^h

�_{2√} 2 h�_{2√} 2 H^{−−}_1

, Φ_3 = 1 √ 2 h^+_1 σ_2

, H^{++}_2 . (5)

With all those scalar multiplets in (4) we have the following potential which is invariant under the 331 gauge symmetry [6,9]:

V (η, ρ, χ, S) = μ^2_ηη^†η + μ^2_ρρ^†ρ + μ^2_χχ^†χ + μ^2_S T r(S^†S) + λ_1(η^†η)^2 + λ_2(ρ^†ρ)^2 + λ_3(χ^†χ)^2 +(η^†η) ( λ_4(ρ^†ρ) + λ_5(χ^†χ) ) + λ_6(ρ^†ρ)(χ^†χ) + λ_7(ρ^†η)(η^†ρ) + λ_8(χ^†η)(η^†χ) +λ_9(ρ^†χ)(χ^†ρ) + λ_{10}T r(S^†S)^2 + λ_{11} ( T r(S^†S) )_2 + ( λ_{12}(η^†η) + λ_{13}(ρ^†ρ) ) T r(S^†S)

+λ_{14}(χ^†χ)T r(S^†S) + ( λ_{15}ϵ^{ijk}(χ^†S)_iχ_j η_k + h.c ) + ( λ_{16}ϵ^{ijk}(ρ^†S)_iρ_j η_k + h.c )

+ ( λ_{17}ϵ^{ijk}ϵ^{lmn}η_nη_kS_{li}S_{mj} + h.c ) + λ_{18}χ^†SS^†χ + λ_{19}η^†SS^†η + λ_{20}ρ^†SS^†ρ. (6)

In this work, for the sake of simplicity, we impose to the scalar potential the symmetry χ → −χ in order to avoid other trilinear terms besides one that will generate the seesaw mechanism.

The scalar potential above is not the total potential permitted by the 331 gauge symmetry. It permits more four terms which violate explicitly the lepton number, but for what concern us here we just will consider one of them:

M^′η^T S^†η, (7)

since it contains, after the decomposition (5), the term (1) which generates the seesaw mechanism in the Gelmini-Roncadelli scheme. The other terms will not change the results found here [10].

Adding the term (7) to the potential in (6), we find the following minimum condition to that the scalar field σ^0_1 develops a VEV: v_{σ1} ( μ^2_S + λ_{10}v^2_{σ2} + λ_{12} 2 v^2_η + λ_{13} 2 v^2_ρ + λ_{14} 2 v^2_χ + λ_{19} 2 v^2_η ) + M^′v^2_η + λ_{11} 2 v^3_{σ1} + λ_{10}v^3_{σ1} = 0. (8)

Considering that v_χ is dominant over the other vacua, which is a plausible consideration since this VEV is the only responsible by the breaking of the 331 symmetry, and taking also natural values for the parameters λ‘s, i.e., λ^′s ∼ O(1), we find the following expression to the VEV of the field σ^0_1 v_{σ1} ∼ M^′ v^2_η v^2_χ

. (9)

From the minimum condition to the scalar fields σ^0_2 and η^0 develop a VEV we have more two constraints over the vacua of the model: v_η ( μ^2_η + λ_4 2 v^2_ρ + λ_5 2 v^2_χ + λ_{12}( v^2_{σ1} 2 + v^2_{σ2} 2 ) −λ_{17}v^2_{σ2} + λ_{19} 2 v^2_{σ1} )

+ v_{σ2} 2 √ 2 (λ_{15}v^2_χ − λ^2_{16}v^2_ρ) + λ_1v^3_η = 0, v_{σ2} ( μ^2_S + λ_{10}v^2_{σ1} + λ_{12} 2 v^2_η + λ_{13} 2 v^2_ρ + λ_{14} 2 v^2_χ − λ_{17}v^2_η + λ_{18} 4 v^2_χ + λ_{20} 4 v^2_ρ )

+ λ_{15} 2 √ 2 v_ηv^2_χ − λ_{16} 2 √ 2 v_ηv^2_ρ + λ_{11} 2 v^3_{σ2} + λ_{10}v^3_{σ2} = 0, (10)

which give, by using the same approximations used to obtain (9), the following relation among v_{σ2} and v_η:

v_η ∼ v_{σ2} . (11)

The result above is interesting because, together with Eq. (9), provides a relation among the VEVs of the two neutral components of the sextet: v_{σ1} ∼ M^′ v^2_{σ2} v^2_χ

. (12)

As the two vacua v_{σ1} and v_{σ2} have the same origin, the sextet, we could expect that they have the same order of magnitude. But we know that v_{σ1} should be of the order of eV to explain the neutrino mass. However if we take v_{σ2} of the order of eV we can not explain the charged lepton masses. As the field σ^0_2 only contributes to the charged lepton masses it should develop a VEV around the scale of GeV. We can wonder if the scalar potential, with the VEVs above and the required λ’s, is bounded from below. Although we have not done a detailed analysis we note that this condition can be assured by the λ_3χ^†χ term in (6) with λ_3 > 0.

Next we are going to discuss the values of the parameters M^′ , v_{σ2} and v_χ which could better explain the neutrino and charged lepton masses. In the minimal 331 model the neutrinos and the leptons obtain their masses from the following Yukawa interactions [11] L^Y_l = 1 2 (Ψ_{aL})^cG_{ab}Ψ_{bL} S + ϵ^{ijk}(Ψ_{iaL})^cF_{ab}Ψ_{jbL}η^∗_k , (13)

where Ψ_{aL} = (ν_a, l_a, l^c_a)^T_L ; a = e, μ, τ ; and we have omitted SU(3) indices. After the scalar fields σ^0_1 , σ^0_2 and η^0 develop their VEVs the interactions above generate the following mass terms to the neutrinos and charged leptons L^Y_l = v_{σ1} 2 √ 2 (ν_{aL} )^cG_{ab} ν_{bL} + l_{aL} ( v_{σ2} 4 G_{ab} + v_η √ 2 F_{ab} ) l_{bR}, (14) with the matrix F_{ab} being anti-symmetric [11].

Using the relations (11) and (12) in (14), we find the following expressions to the masses of the neutrinos and charged leptons m^ν_{ab} = G_{ab}M^′v^2_{σ2} 2 √ 2v^2_χ , m^l_{ab} = ( G_{ab} 4 + F_{ab} √ 2 ) v_{σ2} . (15)

The best choice for the set of parameters M^′, v_{σ2} and v_χ, in order to explain the smallness of the neutrinos masses and also the charged lepton masses, is : M^′ = v_{σ2} = 1 GeV and v_χ = 10 TeV. With these values we have the following mass matrices to both sectors:

m^ν =

G_{11} G_{12} G_{13} G_{12} G_{22} G_{23} G_{13} G_{23} G_{33} eV,

m^l = G11 12 G12 12 +^{F12√}_2^{G13}_{12} +^{F13√}_2 G21 12 −^{F12√}_2^{G22}_{12}^{G23}_{12} +^{F23√}_2 G31 12 −^{F13√}_2^{G23}_{12} −^{F23√}_2^{G33}_{12} GeV. (16)

The texture of the neutrino mass matrices is a question of try to put extra global symmetries in order to generate the wanted entries [12]. That is not the intention in this work. Nevertheless, we can conclude from the matrices above that the minimal 331 model prefers textures where the charged lepton matrix is not diagonal, unless we find some symmetry to justify the fine-tuning G_{ab} = −G_{ba} =^{12√}_2 F_{ab}, a ≠ b.

Now let us briefly analyze the scenario where the sextet is very heavy, i.e., considering μ_S ∼ M^′ ≫ v_χ, as in the conventional type II seesaw mechanism. In this scenario the minimum condition in (8) give us the following expression to the vacuum of the field σ^0_1 : v_{σ1} ∼ v^2_η μ_S . (17)

Choosing μ_S = 10^{14} GeV and v_η = 10^2 GeV we have v_{σ1} ∼ 0.1 eV, which is completely similar to the conventional case. However, from the minimum condition to the field σ^0_2 in (11) we find the following expression to its VEV v_{σ2} ∼ v_χv^2_η μ^2_S

. (18)

Choosing v_χ = 10 TeV and v_η = 10^2 GeV we have v_{σ2} = 10^{−20} GeV. With this value to v_{σ2} only η is responsible by the charged lepton masses. However we already know that η alone is not sufficient to generate the correct charged lepton masses [11]. Then to have a type II seesaw mechanism with a very heavy sextet we should extent the model in order to generate the correct charged lepton masses. In this case a minimal extension, for example, is one where two fermions transforming like singlet under the 331 symmetry, E_L ∼ (1, 1, 1) and E_R ∼ (1, 1, 1), are added to the model, as suggested by Duong and Ma [13] and developed in Ref. [14].

In conclusion, in this work we analyzed the type II seesaw mechanism for generating neutrino masses in 331 models. The main result found here is that in the minimal version of the models the mechanism works in a situation where the higher scale of energy involved is the scale of the breaking of the symmetry 331, which is of the order of few TeV’s. This is a very interesting result because only few models are able to explain the neutrino puzzle at the tree level without resort to very high scale of energy.

After this work was almost concluded we found that a similar idea was pointed out in Ref. [15].

ACKNOWLEDGMENTS

This work was supported by Fundação de Amparo à Pesquisa do Estado de São Paulo (FAPESP), Conselho Nacional de Ciência e Tecnologia (CNPq) and by Programa de Apoio a Núcleos de Excelência (PRONEX).

REFERENCES

[1] S. M. Barr and I. Dorsner, Nucl. Phys. B585 (2000) 79.

[2] R. N. Mohapatra and G. Senjanovic, Phys. Rev. D23 (1981) 165; C. Wetterich, Nucl.

Phys. B187 (1981) 343; E. Ma and U. Sarkar, Phys. Rev. Lett. 80 (1998) 5716. [3] G. B. Gelmini and M. Roncadelli, Phys. Lett. B99 (1981) 411. [4] M. C. Gonzalez-Garcia and Y. Nir, Phys. Lett. B232 (1989) 83. [5] A. S. Joshipura, hep-ph/9808261; A. S. Joshipura and S. D. Rindani, hep-ph/9811252;

R. N. Mohapatra, A. Perez-Lorenzana and C. A. de S. Pires, Phys. Lett. B474 (200) 355.

[6] J. C. Montero, C. A. de S. Pires and V. Pleitez, Phys. Rev. D60 (1999) 115003; J. C.

Montero, C. A. de S. Pires and V. Pleitez, Phys. Rev. D60 (1999) 098701. [7] F. Pisano and V. Pleitez, Phys. Rev. D46, (1992) 410; P. H. Frampton, Phys. Rev.

Lett. 69, (1992) 2889.

[8] J. C. Montero, C. A. de S. Pires and V. Pleitez, hep-ph/0003284. [9] J. T. Liu and D. Ng, Phys. Rev. D50 (1994) 548; D. G. Dumm, Int. J. Mod. Phys.

A9 (2994) 887; M. D. Tonasse, Phys. Lett. B381 (1996) 191; N. T. Anh, N. A. Ky and H. N. Long, Int. J. Mod. Phys. A15 (2000) 283; M. B. Tully and G. C. Joshi, hep-ph/9810282; N. T. Anh, N. A. Ky and H. N. Long, hep-ph/0011201.

[10] Those terms were first used in a context where the fine-tuning v_Δ = 0 was took in order to neutrinos develop masses only by radiative corrections: P. H. Frampton, P. I. Krastev and J. T. Liu, Mod. Phys. Lett. A9 (1994) 761.

[11] R. Foot, O. F. Hernández, F. Pisano and V. Pleitez, Phys. Rev. D47 (1993) 4158. [12] For some works in the 331 model that fixes the entries through additional global symmetries see: Y. Okamoto and M. Yasue, Phys.Lett. B 466 (1999) 267; T. Kitabayashi and M. Yasue, hep-ph/0006040; T. Kitabayashi and M. Yasue, hep-ph/0011153.

[13] T. V. Duong and E. Ma, Phys. Lett. B316 (1993) 307. [14] J. C. Montero, C. A. de S. Pires and V. Pleitez, paper in preparation. [15] M. B. Tully and G. C. Joshi, hep-ph/0011172.