Pis’ma v ZhETF, vol. 104, iss. 8, pp. 545 – 546 © 2016 October 25

The Polarization Effects of the Process τ → K^−π^0ν_τ in the Nambu–Jona-Lasinio Model

A.A.Pivovarov^{1)}, O.V.Teryaev

Bogoliubov Laboratory of Theoretical Physics, Joint Institute for Nuclear Research, 141980 Dubna, Russia

Submitted 26 August 2016

DOI: 10.7868/S0370274X16200017

In the present paper we consider the transverse polarization effects of the process τ → K^−π^0ν_τ in the framework of the Nambu–Jona-Lasinio (NJL) model.

The most of the phenomenological models are based on the chiral symmetry of strong interractions and on the vector dominance methods [1–5]. The methods of calculation of angular distributions of the differential widths of the polarized τ-lepton are presented in [6].

The NJL model [7–10] is intended for description of the four meson nonets in the ground states. Its new version, the extended NJL model [10–13] allow one to describe mesons in the first radially-excited states. Unlike other phenomenological models, they include a minimal amount of model parameters and does not require insertion of arbitrary parameters for description of the specific processes.

Recently, several hadronic τ-decays were calculated in the framework of the NJL models, specifically τ → πων_τ [14], τ → (η, η^′)2π [15], τ → (π, π(1300))ν_τ [16], τ → K^−π^0ν_τ [17], τ → (η, η^′)K^−ν_τ [18], τ → K^0K^−ν_τ [19]. However, the polarization effects were not taken into account.

In the present work the process τ → K^−π^0ν_τ is calculated in the framework of the NJL model with considering of the polarization of τ-lepton.

The excited vector meson K^∗(1410) gives insignificant contribution. Therefore, one can to use the standard NJL model. The amplitude for this process was obtained in [17]:

T = − i 2 G_F V_{us}Z_K g_π g_K l^μ × × { g_{μν} + g_{μν} [ q^2 −^3_2 (m_s − m_u)^2 ] − q_μq_ν M^2_K∗ − q^2 − i √ q^2Γ_K∗ } × × (p_K − p_π)^ν , (1)

where G_F = 1.16637 · 10^{−11} MeV^{−2} is the Fermi constant, V_{us} = 0.2252 is the element of the Cabibbo– Kobayashi–Maskawa matrix, l^μ = ν̄_τ γ^μτ is the vector

1)e-mail: tex_k@mail.ru

part of the lepton current, q = p_K + p_π, m_u = 280 MeV and m_s = 420 MeV are the constituent quark masses [13, 20], M_K∗ = 896 MeV and Γ_K∗ = 46 MeV are the mass and the full width of the vector meson [21].

For the purpose of considering the polarization of τ-lepton, one has to use the relation:

u_τ ū_τ → 1 2 [(p_τ γ) + m_τ ] [ 1 − γ^5(aγ) ] , (2)

where a is the polarization vector. One can put |a| = 1.

To estimate the influence of the accounting of polarization on the differential width we calculate the relation: dΓ d^3p_πd^3p_K − dΓ d^3p_πd^3p_K dΓ d^3p_πd^3p_K + dΓ d^3p_πd^3p_K

. (3)

Similar effects in QCD were considered in [22]. The dependence of the relation (3) on the invariant mass of the final mesons and ε =^{επ}_{εK} for the case of transverse polarization providing the maximal asymmetry is shown in Fig. 1.

Fig. 1. (Color online) The asymmetry of the differential width due to transverse polarization of τ -lepton

The resulting asymmetry for transverse polarized lepton is of order 10 % and can be measured in high

6 Письма в ЖЭТФ том 104 вып. 7 – 8 2016 545

546 A.A.Pivovarov, O.V.Teryaev

statistics experiments. It provides the new sensitive test for NJL model.

We are grateful to M.K. Volkov for useful discussions; this work is supported by the Russian Foundation for Basic Research, grant # 14-01-00647.

Full text of the paper is published in JETP Letters journal. DOI: 10.1134/S0021364016200030

1. M. Finkemeier and E. Mirkes, Z. Phys. C 72, 619 (1996). 2. B. A. Li, Phys. Rev. D 55, 1436 (1997).

3. M. Jamin, A. Pich, and J. Portoles, Phys. Lett. B 640, 176 (2006).

4. R. Escribano, S. Gonzalez-Solis, M. Jamin, and P. Roig, JHEP 1409, 042 (2014).

5. X.-W. Kang, B. Kubis, C. Hanhart, and U.-G. Meisner, Phys. Rev. D 89, 053015 (2014).

6. G. I. Gakh, M. I. Konchatnij, and N. P. Merenkov, JETP 122, 78 (2016) [ZETF 149, 93 (2016)].

7. M. K. Volkov, Sov. J. Part. Nucl. 17, 186 (1986) [Fiz.

Elem. Chast. Atom. Yadra 17, 433 (1986)].

8. D. Ebert and H. Reinhardt, Nucl. Phys. B 271, 188 (1986).

9. S. P. Klevansky, Rev. Mod. Phys. 64, 649 (1992).

10. M. K. Volkov and A. E. Radzhabov, Phys. Usp. 49, 551 (2006).

11. M. K. Volkov and C. Weiss, Phys. Rev. D 56, 221 (1997). 12. M. K. Volkov, Phys. Atom. Nucl. 60, 1920 (1997) [Yad.

Fiz. 60, 2094 (1997)].

13. M. K. Volkov and V. L. Yudichev, Phys. Part. Nucl. 31, 282 (2000) [Fiz. Elem. Chast. At. Yadra 31, 576 (2000)].

14. M. K. Volkov, A. B. Arbuzov, and D. G. Kostunin, Phys.

Rev. D 86, 057301 (2012).

15. M. K. Volkov, A. B. Arbuzov, and D. G. Kostunin, Phys.

Rev. C 89, 015202 (2014).

16. A. I. Ahmadov and M. K. Volkov, Phys. Part. Nucl. Lett.

12, 744 (2015).

17. M. K. Volkov and A. A. Pivovarov, Mod. Phys. Lett A 31, 1650043 (2016).

18. M. K. Volkov and A. A. Pivovarov, JETP Lett. 103, 613 (2016) [Pisma v ZETF 103, 697 (2016)].

19. M. K. Volkov and A. A. Pivovarov, Mod. Phys. Lett.

A 31, 1650138 (2016).

20. M. K. Volkov and V. L. Yudichev, Eur. Phys. J. A 10, 109 (2001).

21. K. A. Olive et al. (Particle Data Group), Chin. Phys.

C 38, 090001 (2014); (2015) update.

22. A. V. Efremov and O. V. Teryaev, Sov. J. Nucl. Phys.

36, 140 (1982) [Yad. Fiz. 36, 242 (1982)].

Письма в ЖЭТФ том 104 вып. 7 – 8 2016