arXiv:1307.0953v1 [hep-ph] 3 Jul 2013

Production of K mesons in exclusive B_c decays

A.V. Luchinsky^{1, ∗} 1Institute for High Energy Physics, Protvino, Russia

The paper is devoted to investigation of K mesons production in exclusive B_c decays B_c → ψ^{(′ )}K^+K^−π^+ and B_c → ψ^{(′)}K^+π^+π^−. In the framework of resonance approximation we obtain theoretical predictions for branching fractions of these decays and present distributions over different kinematical variables.

PACS numbers:

Recently there was a large progress in theoretical and experimental study of B_c mesons. In addition to measurement of its mass and lifetime, which is in excellent agreement with theoretical predictions, the branching fractions of some decays were also determined. One can mention, for example, semileptonic decays B_c → J/ψμν and exclusive decays into vector charmonium and a system of light mesons, i.e. B_c → J/ψπ, B_c → ψ(2S)π, B_c → J/ψ + 3π, etc. Production of K-mesons in exclusive B_c decays, however, was not yet considered. Below we give theoretical analysis of these reactions.

Exclusive B_c meson decays into charmonia and semileptonic pair or a set of light mesons

Figure 1: Feynman diagram for B_c → ψ^{(′ )} + R decay

∗Electronic address: Alexey.Luchinsky@ihep.ru

take special place. On the partonic level in the factorization approximation such processes proceed via weak decay of b quark into c. The virtual W boson afterwards hadronizes into final system of light particles, while cc̄ pair transforms into charmonium meson. Typical diagram of such process is shown in Fig.1. The amplitude of the reaction can be written in the form M ( B_c → ψ^{(′)} + R ) = G_F V_{bc} √ 2 a_1(m_b)H^μϵ^{(R)}_μ , (1) where G_F is the Fermi constant, V_{bc} is the quark mixing matrix element, Wilson coefficient a_1(m_b) ≈ 1.14 describes the effect of final state interaction [1], while vectors H^μ and ϵ^{(R)}_μ describe B_c → ψ^{(′)}W and W → R transitions.

Let us first discuss the first vertex. It is usually written in terms of B_c formfactors and one of popular parameterizations has the form H^μ = 2M_2A_0 ( q^2 ) q^μ (ϵq) q^2

+ (M_1 + M_2) A_1 ( q^2 ) ( ϵ^μ − q^μ (qϵ) q^2 ) − A_2 ( q^2 ) (qϵ) M_1 + M_2 ( p_1 + p_2 −

M^2_1 − M^2_2 q^2 ) − 2iV (q^2) M_1 + M_2 e_{μναβ} ϵ^ν p^α_1 p^β_2 , (2) where p_{1,2} and M_{1,2} are momenta and masses of initial and final heavy quarkonia, q = p_1 −p_2 is the transferred momentum, ϵ_μ is the polarization vector of ψ^{(′)} meson, and A_{0,1,2} (q^2) , V (q^2) are the formfactors. It is clear that these functions cannot be determined from perturbative theory, so some other approach should be used for example QCD sum rules [2–6], different potential quark models [7–11], light-front models [12–14], etc. In our paper we will use formfactors stets presented in papers [5] and [15] (in the following they will be labeled as SR and PM respectively). In table I we show values of these formfactors at different points.

From the presented in this table data it is clear that in the case of B_c → J/ψ transition q^2 dependence and of formfactors are similar for different models, the main difference is in the overall normalization. In the case of B_c → ψ(2S) transition, on the contrary, the form of distribution depends strongly on the choice of the model. This difference is caused by the fact, that the wave function of excited charmonium meson should have a node that is not represented in QCD sum rules results. The role of this node is discussed, for example, in paper [16].

The last factor in eq. (1), i.e. the amplitude of W → R transition, is also nonperturbative. In our paper we shall use resonance approximation that gives good results in the case of

B_c → J/ψ B_c → ψ(2S) SR PM SR PM q^2 = 0 q^2 = q^2_{max} q^2 = 0 q^2 = q^2_{max} q^2 = 0 q^2 = q^2_{max} q^2 = 0 q^2 = q^2_{max} A_0 0.60 1.6 0.42 1.0 0.15 0.28 0.24 0.011 A_1 0.63 1.3 0.5 0.87 0.14 0.21 0.17 −0.0069 A_2 0.69 1.4 0.73 1.3 0.13 0.19 0.14 0.65 V 1.0 2.1 0.49 1.3 0.3 0.44 0.24 −0.33 Table I: B_c → J/ψW formfactors

R B_c → J/ψ + R B_c → ψ(2S) + R SM PM SM PM π 0.17 0.064 0.0066 0.014 Kππ 0.03 0.011 0.011 0.00064 KKπ 0.081 0.03 0.023 0.00073 Table II: Branching fractions of exclusive B_c decays (in %)

B_c → J/ψ + 3π decay [17, 18]. The same method was used later in papers [16, 19, 20] to study some other exclusive decays of B_c meson. In this approach the amplitude of the process is written as an amplitude of subsequent decays of virtual resonances with suitable quantum numbers. For example, in the case of B_c → J/ψ + 3π decay the reaction W → a_1 → ρπ → 3π was used. For reactions considered in the present paper we take into account also contributions of K_1(1270), K_1(1400), and K^∗ mesons.

The branching fractions of B_c decays are often normalized to branching fraction of B_c → ψ^{(′)}π reactions. The latter quantity can easily calculated using presented above expressions with effective polarization vector ϵ^{(π)}_μ equal to

ϵ^{(π)}_μ = f_πk_μδ ( q^2 − m^2_π ) . (3)

Here k_μ and m_π = 140 MeV are momentum and mass of produced pion, while f_π ≈ 130 MeV is its mesonic constant. Numerical values of branching fractions of B_c → ψ^{(′)}π decays for different sets of formfactors are shown in table II.

Let us first consider the B_c → ψ^{(′)} + Kππ decay. In this case typical diagrams for

Figure 2: Typical diagrams for W → Kππ transition

W → Kππ transition are shown in Fig.2. From quantum numbers of virtual resonances one can determine the amplitude of this reaction: ϵ^{(Kππ)} μ = g_{K(1270)ρ}D_{K(1270)}(q)D_ρ(k_1 + k_2)(k_1 − k_2)_μ + g_{K(1270)K}∗ D_{K(1270)}(q)D_K∗ (k_2 + k_3)(k_2 − k_3)_μ + (K_1(1270) → K_1(1400)), (4) where k_{1,2,3} are momenta of π^+, π^− and K^+ mesons respectively and we introduce the shorthand notation for meson propagator D_A(p) = 1 p^2 − M^2_A + iM_AΓ_A

. (5) Coupling constants g_{Kρ}, g_{KK}∗ can be determined from analysis of corresponding decays of K mesons, but we prefer to use directly experimental q^2 distributions from τ → ν_τ + KKπ decay, as it was done for B_c → J/ψ +3π reaction in papers [17, 21]. From the fit of presented in ref.[22] data we obtain the following values of these constants: g_{K(1270)ρ} = −4.14 × 10^{−2} GeV^3, g_{K(1270)K}∗ = 0.17 GeV^3, (6) g_{K(1400)ρ} = 0.13 GeV^3, g_{K(1400)K}∗ = 0.24 GeV^3. (7) Using presented above expressions one can calculate the branching fractions of B_c → ψ^{(′)}K^+π^+π^− decays. Our results for different choice of formfactor set are shown in the third row of table II. After normalization to B_c → ψ^{(′)}π branching fractions we obtain the ratios Br (B_c → J/ψ + Kππ) Br (B_c → J/ψπ) = 0.18,

Br (B_c → ψ(2S) + Kππ) Br (B_c → ψ(2S)π)

= 0.16 (8)

Figure 3: Distribution over m_π+_π− in the case of B_c → J/ψ + Kππ (left figure) and B_c → ψ(2S) + Kππ (right figure) decays. Solid and dashed lines correspond to SR and PM formfactor sets respectively

Figure 4: Distribution over m_K+_π+ in the case of B_c → ψ^{(′)} + Kππ decay. Notations are same as in Fig.3

for SR model of form factors and Br (B_c → J/ψ + Kππ) Br (B_c → J/ψπ) = 0.17,

Br (B_c → ψ(2S) + Kππ) Br (B_c → ψ(2S)π)

= 0.047 (9)

for PM. Distributions over invariant masses of Kπ and ππ pairs are presented in Fig.3, 4, 5. A noticable peak in the last figure is caused by K^∗ meson contribution (see diagram 2b). One can easily see that in the case of J/ψ meson in the final state branching fractions ratio and forms of distributions do not depend on the choice of formfactors model, while in the case of B_c → ψ(2S) + Kππ decays modification of formfactor’s set changes theoretical predictions significantly.

Using the same approach one can consider B_c → ψ^{(′)}K^+K^−π^+ decays. In this case decay chains W → a_1 → KK^∗ → KKπ and W → a_1 → ϕπ → KKπ can give contributions (see

Figure 5: Distribution over m_K+_π− in the case of B_c → ψ^{(′ )} + Kππ decay. Notations are same as in Fig.3

diagrams shown in Fig.6), but the last reaction should be suppressed due to OZI rule and G-parity violation, so we will not take it into account. As for diagram shown in Fig.6(a), the corresponding amplitude can be written as ϵ^{(KKπ)} μ = g_{KKπ}D_{a1} (q)D_K∗ (k_1 + k_3) (k_1 − k_3)_μ ,

where the constant g_{KKπ} was determined from τ → ν_τ + KKπ decay. The branching fractions of B_c → ψ^{(′)} + KKπ decays, obtained using presented above expressions are listed in the last row of table II, and the ratios to Br ( B_c → ψ^{(′)}π ) for different form factor sets are equal to Br (B_c → J/ψ + KKπ) Br (B_c → J/ψπ) = 0.49,

Br (B_c → ψ(2S) + KKπ) Br (B_c → ψ(2S)π)

= 0.34 (10)

for SR set of form factors and Br (B_c → J/ψ + KKπ) Br (B_c → J/ψπ) = 0.47,

Br (B_c → ψ(2S) + KKπ) Br (B_c → ψ(2S)π)

= 0.053 (11)

for PM model. Distributions over invariant masses m_K+_K− , m_K+_π+ and m_K−_π+ are shown in Fig.7, 8, 9.

Let us summarize briefly the results of our note. In the framework of factorization approximation the branching fractions of B_c → ψ^{(′)} + Kππ and B_c → ψ^{(′)} + KKπ decays were calculated. These branching fractions depend on form factors of B_c → ψ^{(′)}W verticies (in our analysis we use FF models presented in papers [5, 15]) and amplitudes of W → Kππ, W → KKπ transitions. The latter amplitudes were written in the resonance approximation with contributions of K_1(1270), K_1(1400), K^∗(890), a_1 and ρ mesons taken into account.

Figure 6: Typical diagrams for W → KKπ transition

Figure 7: Distribution over m_K+_K− in the case of B_c → ψ^{(′)} + KKπ decays. Notations are same as in Fig.3

Figure 8: Distribution over m_K+_π+ in the case of B_c → ψ^{(′)} + KKπ decays. Notations are same as in Fig.3

Figure 9: Distribution over m_K+_π− in the case of B_c → ψ^{(′)} + KKπ decays. Notations are same as in Fig.3

Corresponding coupling constants were determined from analysis of τ lepton decays. We believe that experimental study of discussed in our paper decays can give additional information about both B_c → ψ^{(′)} form factors and physics of light mesons.

The author would like to thank A. Likhoded, I. Belyaev and V. Egorychev for useful and fruitful discussions. The work was financially supported by Russian Foundation for Basic Research (grant #10-00061a), the grant of the President of Russian Federation (grant #MK-3513.2012.2), and FRRC grant.

[1] G. Buchalla, A. J. Buras, and M. E. Lautenbacher, Rev.Mod.Phys. 68, 1125 (1996), hepph/9512380.

[2] T. Huang and F. Zuo, Eur.Phys.J. C51, 833 (2007), hep-ph/0702147. [3] V. Kiselev, A. Likhoded, and A. Onishchenko, Nucl.Phys. B569, 473 (2000), hep-ph/9905359. [4] V. Kiselev, A. Kovalsky, and A. Likhoded (2000), hep-ph/0006104.

[5] V. Kiselev, A. Kovalsky, and A. Likhoded, Nucl.Phys. B585, 353 (2000), hep-ph/0002127. [6] V. Kiselev (2002), hep-ph/0211021.

[7] V. Kiselev, A. Likhoded, and A. Tkabladze, Phys.Atom.Nucl. 56, 643 (1993). [8] S. Gershtein, V. Kiselev, A. Likhoded, and A. a. Tkabladze, Phys.Usp. 38, 1 (1995), hepph/9504319.

[9] S. Gershtein, V. Kiselev, A. Likhoded, A. Tkabladze, A. Berezhnoy, et al. (1997), hepph/9803433.

[10] P. Colangelo and F. De Fazio, Phys.Rev. D61, 034012 (2000), hep-ph/9909423. [11] M. A. Ivanov, J. G. Korner, and P. Santorelli, Phys.Rev. D71, 094006 (2005), hep-ph/0501051. [12] A. Y. Anisimov, P. Y. Kulikov, I. Narodetsky, and K. Ter-Martirosian, Phys.Atom.Nucl. 62, 1739 (1999), hep-ph/9809249.

[13] H.-M. Choi and C.-R. Ji, Phys.Rev. D80, 114003 (2009), 0909.5028. [14] H.-M. Choi and C.-R. Ji, Phys.Rev. D80, 054016 (2009), 0903.0455. [15] D. Ebert, R. Faustov, and V. Galkin, Phys.Rev. D68, 094020 (2003), hep-ph/0306306. [16] A. Luchinsky, Phys.Rev. D86, 074024 (2012), 1208.1398. [17] A. Likhoded and A. Luchinsky, Phys.Rev. D81, 014015 (2010), 0910.3089. [18] R. Aaij et al. (LHCb Collaboration), Phys.Rev.Lett. 108, 251802 (2012), 1204.0079. [19] A. Likhoded and A. Luchinsky, Phys.Rev. D82, 014012 (2010), 1004.0087. [20] A. Berezhnoy, A. Likhoded, and A. Luchinsky, PoS QFTHEP2011, 076 (2011), 1111.5952. [21] J. H. Kuhn and A. Santamaria, Z.Phys. C48, 445 (1990).

[22] M. Lee et al. (Belle Collaboration), Phys.Rev. D81, 113007 (2010), 1001.0083.