arXiv:hep-ph/0209122 v1 11 Sep 2002

The process μ → ν_eeν_μ in the 2HDM with flavor changing neutral currents.

Rodolfo A. Diaz, R. Martinez and Nicanor Poveda Universidad Nacional de Colombia, Departamento de Fisica. Bogota, Colombia.

(Dated: September 12, 2002)

We consider the process μ → νeeνμ in the framework of a two Higgs doublet model with flavor changing neutral currents (FCNC). Since FCNC generates in turn flavor changing charged currents in the lepton sector, this process appears at tree level mediated by a charged Higgs boson exchange. From the experimental upper limit for this decay, we obtain the bound |ξμe/m_H± | ≤ 3.8 × 10^{−3} where ξμe refers to the mixing between the first and second lepton generations, and m_H± denotes the mass of the charged Higgs boson. This bound is independent on the other free parameters of the model. In particular, for m_H± ≃ 100GeV we get |ξeμ| ≲ 0.38

PACS numbers: 12.15.-y, 13.35.Bv, 13.10.+q

Flavor Changing Neutral Currents (FCNC) are processes highly suppressed by some underlying principle still unknown. However, the observation of new phenomena like oscillation of neutrinos [1] coming from the sun and the atmosphere, seem to indicate the existence of such rare couplings. Neutrino oscillations can be explained by introducing mass terms for these particles, in whose case the mass eigenstates are different from the interaction eigenstates. It should be emphasized that the oscillation phenomenon implies that the lepton family number is violated, and such fact leads us in turn to consider the existence of physics beyond the standard model (SM), because in SM neutrinos are predicted to be massless and lepton flavor violating mechanisms are basically absent. These considerations motivate the study of scenarios with Lepton Flavor Violation (LFV) and Family Lepton Flavor Violation (FLFV).

The original motivation for the introduction of neutrino oscillations comes from the first experiment designed to measure the flux of solar neutrinos [2], such measurement was several times smaller than the value expected from the standard solar model, so ref [3] suggested the neutrino oscillation mechanism as a possible explanation of the neutrino deficit problem. In addition, models of neutrino oscillations in matter [4] arose to solve the neutrino deficit confirmed by SuperKamiokande [5]. Since then, further evidence of solar neutrino oscillations has been found by SuperKamiokande and SNO [6]. Besides, this phenomenon can be inferred from experiments with atmospheric neutrinos as well [7].

On the other hand, since neutrino oscillations imply FLFV in the neutral lepton sector, it is generally expected to find out FLFV processes involving the charged lepton sector as well, searches for these processes have provided some upper limits for several decays involving these exotic mechanisms, some examples are μ − e conversion in nuclei [8], μ → eee [9], μ → eγ [10], and μ^− → ν_ee^−ν_μ[11]. In addition, the search for FLFV can also be made by analyzing semileptonic processes, upper bounds from FLFV meson decays have been estimated, some examples are K^0_L → μ^+e^− [12], and K^0_L (K^+) → π^0 (π^+) μ^+e^− [13]. Moreover, the phenomenon of LFV has been widely studied from the theoretical point of view in different scenarios such as Two Higgs Doublet Models, Supersymmetry, and Grand Unification [14].

With these motivations in mind, we shall study the FLFV decay μ^− → ν_ee^−ν_μ which provides information about the mixing between the first and second lepton family. We examine this process in the framework of one of the simplest extension of the standard model that generates FLFV at tree level, the so called Two Higgs Doublet Model type III (2HDM (III)). This model consists of adding a second doublet to the SM with the same quantum numbers of the first, and considering all type of Yukawa couplings. Some bounds on lepton flavor violating couplings involving the mixings μ − τ, e − τ, and τ − τ have been considered recently [15] by taking into account the g − 2 muon factor and some of the leptonic decays cited above. Ref [15] considers processes with Flavor Changing Neutral Currents (FCNC) to study LFV. Instead, the process μ^− → ν_ee^−ν_μ to be study in this brief report, involves Flavor Changing Charged Currents (FCCC) and the mixing between the first and second lepton family.

The Lepton sector in the Yukawa Lagrangian type III reads

− £_Y = E [ g 2M_W M^{diag}_E ] E ( cos αH^0 − sin αh^0 )

+ 1 √ 2 Eξ^E E ( sin αH^0 + cos αh^0 )

+ ϑξ^E P_REH^+ + i √ 2 Eξ^E γ_5EA^0 + h.c. (1)

where H^0, h^0 denote the heaviest and lightest scalar Higgs bosons respectively. A^0 is a pseudoscalar Higgs boson, and E, (ϑ) refers to the three charged, (neutral) leptons i.e. E ≡ (e, μ, τ )^T , ϑ ≡ (ν_e, ν_μ, ν_τ )^T . The matrices M_E , ξ_E describe the lepton masses and the flavor changing vertices respectively. Finally, α is the mixing angle in the scalar Higgs bosons sector. We shall deal with a parametrization in which only one of the doublets acquires a vacuum expectation value.

2 From Lagrangian (1) we see that the matrix elements ξ^E_{ij} that generates FCNC automatically generates FCCC which are strongly suppress in the leptonic sector. Consequently, by constraining flavor changing charged currents we are indirectly constraining flavor changing neutral currents as well. In the case of the 2HDM (III), interactions involving FCCC at tree level only contains the contribution from the charged Higgs boson, reducing the free parameters to manage.

In this note, we shall extract a bound for the quotient ξ_{eμ}/m_H+ based on the constraints on the three body decay μ^− → ν_ee^−ν_μ mediated by a charged Higgs, this decay produces FLFV. The corresponding decay width is given by

Γ ( μ → ν_ee^−ν_μ ) = m^5_μ 24 576π^3 ( ξ_{12} m_H )_4 (2) and taking the current upper bound for this decay [16] Γ ( μ^− → ν_ee^−ν_μ ) ≤ 3. 6 × 10^{−21}GeV, (3) the following constraint is gotten | | | | ξ_{eμ} m_H+ | | | | ≤ 3.8 × 10^{−3}GeV^{−1}. (4)

Despite this constraint is not so strong, it is interesting since it does not depend on the other free parameters of the model, because the calculation does not involve neutral Higgs bosons nor mixing angles. This is a good motivation to improve the experimental upper limit for processes involving FCCC in the leptonic sector.

In conclusion, we can constrain flavor changing neutral currents in the 2HDM (III) also by examining flavor changing charged currents. The study of the latter at tree level in the 2HDM (III) depend on a less number of free parameters since only one scalar particle is exchanged, and the Higgs boson involved does not couple through a mixing angle. As a manner of example, for m_H± ≃ 100 GeV we obtain |ξ_{eμ}| ≲ 0.38 without any further assumption.

This work was supported by COLCIENCIAS and Fundación Banco de la República.

[1] Beshtoev Kh. M. arXiv:hep-ph/0204324 and references therein [2] Davis R. et. al., Phys. Rev. Lett 20, 1205 (1968) [3] Gribov V., Pontecorvo B. M., Phys. Lett B28, 493 (1969) [4] Mikheyev S. P., Smirnov A. Yu., Nuovo Cimento 9, 17 (1986); Wolfenstein L. Phys. Rev. D17, 2369 (1978).

[5] Hirata K.S. et. al., Phys. Rev. Lett. 63, 16 (1989) [6] Kameda J., Proceedings of ICRC 2001, August 2001, Hamburg (Germany) p. 1057; Ahmad Q. R. arXiv:nuclex/0106015 [7] Y. Fukuda, et. al., Phys. Rev. Lett. 81, 1562 (1998) [8] C. Dohmen et. al. Phys. Lett. B317, 631 (1993) [9] U. Bellgardt et. al., Nucl. Phys. B299, 1 (1998). [10] R. D. Bolton, et. al., Phys. Rev. D38, 2077 (1983); M.

L. Brooks, et. al., Phys. Rev. Lett. 83, 1521 (1999). [11] Y. Okada, K. Okumura, Y. Shimizu, Phys. Rev. D61 , 094001 (2000) [12] K. Arisaka, et. al., Phys. Rev. Lett. 70, 1049 (1993). [13] K. Arisaka, et. al., Phys. Lett. B432, 230 (1993); A. M.

Lee, et. al., Phys. Rev. Lett. 64, 165 (1990).

[14] Marc Sher and Yao Yuan, Phys. Rev. D44, 1461 (1991);

D. Atwood, L. Reina and A. Soni, Phys. Rev. D55, 3156 (1997); Phys. Rev. Lett. 75, 3800 (1995); G. Lopez Castro, R. Martinez and J. H. Muñoz, Phys. Rev. D58 (1998) 033003; Rodolfo A. Diaz, R. Martinez and J.- Alexis Rodriguez, Phys. Rev. D63 (2001) 095007; S.K. Kang, and K.Y. Lee, Phys. Lett B521 (2001) 61; E. Ma, and M. Raidal, Phys. Rev. Lett. 87 (2001) 011802; Rodolfo A. Diaz, R. Martinez and J.-Alexis Rodriguez, Phys Rev D64 (2001) 033004; J. E. Kim, B. Kyae, and H. M. Lee, Phys. Lett. B520 (2001) 298; S. P. Martin, and J. D. Wells, Phys. Rev. D64 (2001) 035003; H. Baer et. al., Phys. Rev. D64 (2001) 035004.

[15] Rodolfo A. Diaz, R. Martinez and J.-Alexis Rodriguez;

arXiv: hep-ph/0208117 submitted to Phys. Lett. B. [16] D.E. Groom et. al., Review of Particle Physics, The European Physical Journal C15 (2000) 1, and references therein