arXiv:hep-ph/0509028 v1 4 Sep 2005

DSF-22/2005

QUARK-LEPTON SYMMETRY AND COMPLEMENTARITY

D. Falcone Dipartimento di Scienze Fisiche, Università di Napoli, Via Cintia, Napoli, Italy

We argue that the difference between the observed approximate quark-lepton complementarity and the theoretical prediction based on realistic quark-lepton symmetry within the seesaw mechanism may be adjusted by means of a triplet contribution in the seesaw formula.

I. INTRODUCTION

It is well known that the (type I) seesaw mechanism [1] is able to explain the smallness of neutrino mass. In fact, for a single fermion generation, the effective neutrino mass m_ν is given by m_ν ≃ (m_D/m_R)m_D, where the Dirac mass m_D is of the order of the quark (or charged lepton) mass, and the right-handed Majorana mass m_R is of the order of the unification or intermediate mass scale. As a result, the effective mass comes out very small with respect to the Dirac mass.

The (type I) seesaw mechanism may as well explain the existence of some large lepton mixings [2]. In fact, for three fermion generations, the effective neutrino mass matrix M_ν is given by the formula

M_ν ≃ M^T_D M^{−1}_R M_D, (1)

so that large neutrino mixing can be generated from a nearly diagonal M_D by means of a strong mass hierarchy or large offdiagonal elements in M_R [2, 3, 4, 5]. A small contribution to lepton mixing from the charged lepton mass matrix M_e is also expected and could be important to understand the deviation from maximal mixing [6, 7].

On the other hand, the triplet contribution to the seesaw formula, leading to the so called type II seesaw mechanism [8], is probably present (see for example [9]). The type I seesaw mechanism is based on the introduction, within the standard model, of three heavy right-handed neutrinos. However, small neutrino masses can be generated also by the inclusion of a heavy Higgs triplet [8, 10]. In this case, the neutrino mass matrix is given by M_ν = M_L = Y_Lv_L, where Y_L is a Yukawa matrix and v_L is the v.e.v. of the triplet, which can be written as v_L = γv^2/m_T , with v the v.e.v. of a standard Higgs doublet, m_T the triplet mass, and γ a coefficient related to the coupling between the doublet and the triplet. Then, v_L is small with respect to v, but large mixing in M_ν is achieved by hand. Instead, from the type I seesaw formula we get M_ν ≃ Y^T_D M^{−1}_R Y_Dv^2, so that large mixing can be generated from the structure of both matrices Y_D and M_R. Therefore, we can write the type II seesaw formula by adding to the usual type I term the triplet (or type II) term, so that

M_ν ≃ M^T_D M^{−1}_R M_D + M_L. (2)

The triplet contribution by alone can explain the smallness of neutrino mass but not the existence of large lepton mixings. Nevertheless, it can produce important effects on such mixings within the type II seesaw.

It has also been suggested that the generation of maximal mixings by means of the type I seesaw mechanism could be natural [11]. Then, the realistic quark-lepton symmetry [12] is not consistent with the approximate quark-lepton complementarity which is observed in quark and lepton mixings [13], that is θ_{12} + ϑ_{12} ≃ π 4 , (3) where θ_{12} is the 1-2 quark mixing angle (the Cabibbo angle) and ϑ_{12} is the 1-2 lepton mixing angle (the solar neutrino mixing angle). The central point of our paper is that the triplet contribution in the type II seesaw formula can indeed correct such a disagreement. We perform an SO(10) inspired study, where both the realistic quark-lepton symmetry and the relation between M_L and M_R are well motivated.

II. FRAMEWORK

Quark mixing and lepton mixing are quite different from each other. The quark mixing matrix V is called the CKM matrix, the lepton mixing matrix U is called the MNS matrix. Now, for the quark mixing we have [14] V_{12} = 0.221 − 0.227 V_{23} = 0.039 − 0.044 V_{13} = 0.0029 − 0.0045 and for the lepton mixing [14] U_{12} = 0.48 − 0.62 U_{23} = 0.58 − 0.84 U_{13} < 0.22.

Therefore, the largest quark mixing is smaller or at most similar to the smallest lepton mixing. As we said, the seesaw mechanism could be the origin of this different behaviour.

Quark and lepton mixings come out from the diagonalization of quark and lepton mass matrices. A typical expression for the quark mass matrices is given by [15, 16]

M_u ≃ 0 λ^6 λ^6 λ^6 λ^4 λ^4 λ^6 λ^4 1 m_t, (4)

M_d ≃ 0 λ^3 λ^3 λ^3 λ^2 λ^2 λ^3 λ^2 1 m_b, (5) where λ ≃ 0.2 and coefficients (not written) are close to one. According to the quarklepton symmetry, as within the SO(10) model, M_e ∼ M_d, M_D ∼ M_u, and including the −3 factor of Georgi and Jarlskog [12], which gives better the charged lepton masses, we get the following lepton mass matrices,

M_e ≃ 0 λ^3 λ^3 λ^3 −3λ^2 λ^2 λ^3 λ^2 1 m_b, (6)

M_D ≃ 0 λ^6 λ^6 λ^6 −3λ^4 λ^4 λ^6 λ^4 1 m_t, (7)

where M_D is the Dirac neutrino mass matrix. The −3 factor is due to the contribution of the 126 representation. The other entries are due to the 10 representation.

It was noted some years ago [5] that in the case of normal hierarchy of neutrinos the inverse of the neutrino mass matrix has all entries of the same order of magnitude. Then, by inverting the type I seesaw formula, M_R ≃ M_D M^{−1}_ν M^T_D , we can determine the (Majorana) mass matrix of the right-handed neutrinos, and we yield

M_R ≃ λ^{12} λ^{10} λ^6 λ^{10} λ^8 λ^4 λ^6 λ^4 1 m_R. (8)

By applying again the direct seesaw formula we obtain the effective neutrino mass matrix

M^I_ν ≃ λ^4 λ^2 λ^2 λ^2 1 1 λ^2 1 1 m^2_t m_R . (9)

These mass matrices form our framework for the type I seesaw mechanism. In the next section we are going to study its prediction and include the type II term.

III. ANALYSIS

In order to explore the consequences of the foregoing framework, we should consider the following form of the type I term

M^I_ν ≃ λ^4 λ^2 λ^2 λ^2 1 +^A_2 1 −^A_2 λ^2 1 −^A_2 1 +^A_2 m^2_t m_R . (10)

In fact, the matrix (9) is of course approximate, and may provide different values for the mixing angles. Nevertheless, we first assume maximal 2-3 mixing, and then the bimaximal mixing matrix U_ν (that is the 1-2 mixing also maximal) is obtained for A = λ^4. When we include the effect of the charged lepton mass matrix on the mixing, U^†_e U_ν , we get

U_{12} ≃ 1 √ 2 + λ 6 (11)

U_{23} ≃ 1 √ 2 − λ^2 √ 2 (12)

U_{13} ≃ λ 3 √ 2 (13)

so that U_{12} is out of the experimental range and in particular is not consistent with the quark-lepton complementarity relation (3).

However, we have also to include the impact of the triplet term M^{II}_ν = M_L, and we would like to take M_L proportional to M_R, so that

M^{II}_ν = M_L = m_L m_R M_R. (14)

This relation is indeed present in left-right models (see for example [17]), including the SO(10) model (see [9]). In fact, both M_R and M_L are generated by the 126 representation. We set m^{II}_ν /m^I_ν = k, the ratio between the overall scales or the type I and type II terms, k = m_Lm_R m^2_t = γ m_R m_T . (15)

Then we get U_ν from the diagonalization of M^I_ν + M^{II}_ν , and again U_e from the diagonalization of M_e.

The effect of M^{II}_ν is that to decrease the mixings [18] in such a way that, with the contribution from U_e, for a certain range of k, U_{12} falls again within the experimental range (the impact on U_{23} and U_{13} of our triplet term is almost negligible). The range of k we found is in fact 0.08 < k < 0.18. (16)

For larger k, U_{12} is too small, and for smaller k, U_{12} is too large. We predict ϑ_{23} nearly maximal, and ϑ_{13} ≃ θ_{12}/3 √ 2 ≃ 0.05, which can be checked by future experiments.

IV. CONCLUSION

We have proposed that a contribution from the triplet term in the type II seesaw mechanism is important to reconcile the observed quark-lepton complementarity (3) with the realistic quark-lepton symmetry. We have assumed that the type I term gives the bimaximal neutrino mixing and the triplet term is proportional to the right-handed neutrino mass matrix. This framework is well compatible with the unified SO(10) model. Our study is in some sense the opposite of the one performed in Ref.[17], where the bimaximal mixing comes from the type II term. Also other choices of the two seesaw terms have been considered, see for example Ref.[19]. Finally we note that the esplicit inclusion of phases in the charged lepton mass matrix has an impact on the quark-lepton complementarity [20], thus the contribution of the triplet term may be reduced or enhanced by this presence.

[1] P. Minkowski, Phys. Lett. B 67 (1977) 421

M. Gell-Mann, P. Ramond and R. Slansky, in Supergravity, eds. P. van Nieuwenhuizen and D. Freedman (North Holland, Amsterdam, 1979) T.Yanagida, in P roceedings of the W orkshop on Unified T heories and Baryon Number in the Universe, eds. O. Sawada and A. Sugamoto (KEK, Tsukuba, 1979) S.L. Glashow, in Quarks and Leptons, eds. M. Levy et al. (Plenum, New York, 1980) R.N. Mohapatra and G. Senjanovic, Phys. Rev. Lett. 44 (1980) 912 [2] A.Yu. Smirnov, Phys. Rev. D 48 (1993) 3264 [3] M. Jezabek and Y. Sumino, Phys. Lett. B 440 (1998) 327 [4] G. Altarelli, F. Feruglio and I. Masina, Phys. Lett. B 472 (2000) 382 [5] D. Falcone, Phys. Lett. B 479 (2000) 1 [6] M. Jezabek and Y. Sumino, Phys. Lett. B 457 (1999) 139 [7] C. Giunti and M. Tanimoto, Phys. Rev. D 66 (2002) 053013 [8] M. Magg and C. Wetterich, Phys. Lett. B 94 (1980) 61

G. Lazarides, Q. Shafi and C. Wetterich, Nucl. Phys. B 181 (1981) 287 R.N. Mohapatra and G. Senjanovic, Phys. Rev. D 23 (1981) 165 [9] B. Bajc, G. Senjanovic and F. Vissani, Phys. Rev. D 70 (2004) 093002 [10] E. Ma, Phys. Rev. Lett. 81 (1998) 1171 [11] N. Haba and H. Murayama, Phys. Rev. D 63 (2001) 053010 [12] H. Georgi and C. Jarlskog, Phys. Lett. B 86 (1979) 297

J.A. Harvey, P. Ramond and D.B. Reiss, Phys. Lett. B 92 (1980) 309 [13] J. Ferrandis and S. Pakvasa, Phys. Lett. B 603 (2004) 184 [14] T. Ohlsson, hep-ph/0506094 and references therein [15] R.G. Roberts et al., Nucl. Phys. B 615 (2001) 358 [16] S. Antusch, S.F. King and R.N. Mohapatra, Phys. Lett. B 618 (2005) 150 [17] W. Rodejohann, Phys. Rev. D 70 (2004) 073010 [18] W. Rodejohann, Eur. Phys. J. C 32 (2004) 235 [19] S. Antusch and S. King, Nucl. Phys. B 705 (2005) 239

W. Rodejohann and Z. Xing, Phys. Lett. B 601 (2004) 176 W. Guo, Phys. Rev. D 70 (2004) 053009 [20] S. Antusch and S.F. King, hep-ph/0508044