ON THE τ ! V P ν_τ DECAYS

K.R.Nasriddinov, T.A.Merkulova^∗, Institute of Nuclear Physics, Academy of Sciences of Uzbekistan, pos. Ulugbek, Tashkent,702132 Uzbekistan

The τ ! V P ν_ø decays of τ -lepton are studied using the method of phenomenological chiral Lagrangians(PCL). The expressions of weak hadronic currents between pseudoscalar and vector meson states and strong interaction Lagrangian between axial-vector, vector and pseudoscalar mesons are obtained. Calculated partial widths for these decays are compared with the available theoretical and experimental data.

In this paper the τ → V P ν_τ decays of τ-lepton are studied using the method of phenomenological chiral Lagrangians (PCL) [1]. Such decay channels are unique ”laboratory” for verification of weak hadron currents between pseudoscalar and vector meson states. Main uncertainty in study of these decays is connected with this weak hadron current and so investigation of these decays are of interest. Note that the hadron decays of τ-lepton up to three pseudoscalar mesons in final state have been studied also in the framework of this method [2,3].

In the PCL, the weak- interaction Lagrangian has the form

L_W = G_F √ 2 J^h_μ l^+_μ + h.c., where G_F ≃ 10^{−5}/m^2_P is the Fermi constant,

l_μ = ū_lγ_μ(1 + γ_5)u_{νl} is the lepton current, and hadron currents have the form [1] J^h_μ = J^{1+i2}_μ cos Q_c + J^{4−i5}_μ sin Q_c, where Θ_c is the Cabibbo angle,

Weak hadron currents between pseudoscalar and vector meson states are obtained by including the gauge fields of these mesons in covariant derivatives [4]. The weak hadron currents we obtained in this way have the form J^i_μ = F_πgv^a_μφ^bf_{abi}, (1) where F_π = 93 MeV, g is the ”universal” coupling constant, that is fixed from experimental ρ → ππ decay width: g^2 4π ≃ 3.2, v^a_μ and φ^b represent the fields of the 1^− and 0^− - mesons, respectively.

Axial-vector and vector meson currents are defined as

J^i_μ = m^2_v g v^i_μ + m^2_a g a^i_μ, where m_v and m_a are the masses of vector and axial-vector mesons, respectively.

The strong interaction Lagrangian of axial-vector mesons with vector and pseudoscalar mesons is obtained also by this way and has the form

L_S (1^+, 1^−, 0^−) = −F_πg^2f_{klm}a^k_μv^l_μφ^m. (2) The decay amplitudes for these channels can be written as [5]

M (τ → V P ν_τ ) = G_F ϵ^λ_μŪ(k_v)γ_μ[f_1 + g_1γ_5 + p̂ (f_2 + g_2γ_5) + +p̂_1 (f_3 + g_3γ_5)]U(k_τ ), where ϵ^λ_μ is the polarization vector of 1^±- mesons, f_i and g_i are the form factors that depend on the final state momenta; q = p − p_1; k_l, k_v are the lepton 4-momenta (p̂_i ≡ p_{iμ}γ^μ).

Using these Lagrangians we calculated the partial widths of τ → V P ν_τ decays by means of the TWIST code TWIST [6]. The results are shown in the table 1. In columns I and II are listed, respectively, the results without and with the spin-1 meson contributions.

Table 1 shows that the calculated branching ratios of τ^− → K^{∗0}K^−ν_τ and τ^− → K̄^{∗0}π^−ν_τ decays are in a good agreement with available experimental data [7]. Note that according to (1) the branching ratio of the τ^− → ωπ^−ν_τ decay is equal to zero in the PCL method; as in [8], this channel can be realized via effects of secondary importance.

Thus, the obtained expressions (1) and (2) by including the gauge fields of axial-vector and vector mesons in covariant derivatives allow to describe τ → V P ν_τ decays in satisfactory agreement with the available experimental data. We hope that the new level of precision of future measurements will allow us to evaluate the status of this method and clarify the problems related to weak interactions of hadrons.

We would like to express our deep gratitude to M.M.Musakhanov and B.N.Kuranov for usefull discussions.

* JINR, Dubna, Russia.

References

[1] Weinberg S.// Phys.Rev.Lett.-1967.-18.-P.188-191;

Coleman S., Wess I., Zumino B.// Phys.Rev.-1969.-177.-P.2239-2247; Gasiorowics S., Geffen D.A.// Rev.Mod.Phys.-1969.-41.-P.531-573; Volkov M.K., Pervushin V.N. Essentially nonlinear quantum theories, dynamical symmetries and meson physics (Atomizdat,Moscow,1978).

[2] Nasriddinov K.R.// Yad.Fiz.-1994.-57.-P.1141-1146.

[3] Nasriddinov K.R., Dzhuraev Sh.Kh.// Ukr.Phys.Journal. -1996.-41.- P.143-145.

[4] Kalinovsky Yu.L. et al.// Particles and Nuclei.-1988. -19.-P.111-138. [5] Kalinovsky Yu.L., Nasriddinov K.R. et al.// Phys.lett. B.-1988.-211.- P.350-354.

[6] Takhtamyshev G.G.Preprint JINR I-80-640. Dubna.1980. [7] Particle Data Group.// Phys.Rev.D.-1996.-54.-P.268. [8] Castro L.// Phys.Rev.D.-1996.-54.-P.4400-4402.

Table 1. The partial widths (in10^9sec^{−1}) for the τ → V P ν_τ decays.

Decays I II Experiment [7] τ^− → ρ^0π^−ν_τ 0.22 × 10^2 0.153 × 10^2 − − − τ^− → ρ^−π^0ν_τ 0.22 × 10^2 0.88 × 10^1 − − − τ^− → K^{∗0}K^−ν_τ 5.69 8.27 6.9 ± 1.7 ± 1.4 τ^− → K̄^{∗0}π^−ν_τ 0.48 2.5 8.6 ± 3.4 ± 1.7 τ^− → K^{∗−}π^0ν_τ 0.24 0.58 − − − τ^− → ρ^−K̄^0ν_τ 0.23 0.34 − − − τ^− → ρ^0K^−ν_τ 0.12 0.17 − − − τ^− → ωK^−ν_τ 0.32 0.47 − − −