arXiv:hep-ph/0511044 v1 4 Nov 2005

B DECAYS INTO ππK AND KK̄K: LONG DISTANCE AND FINAL-STATE EFFECTS

B. LOISEAU^∗ Laboratoire de Physique Nucléaire et de Hautes Énergies^†, Groupe Théorie, Univ. P. & M. Curie, 4 Pl. Jussieu, F-75252 Paris, France E-mail: loiseau@lpnhep.in2p3.fr

A. FURMAN, R. KAMIŃSKI, L. LEŚNIAK Department of Theoretical Physics, The Henryk Niewodniczański Institute of Nuclear Physics, Polish Academy of Sciences, 31-342 Kraków, Poland

The interplay of strong and weak decay amplitudes for B → ππK and B → KK̄K, with the ππ and KK̄ pairs interacting in isospin-0 S-wave, is analyzed for ππ effective mass from threshold to 1.2 GeV. To improve agreement with experiment of a factorization approach with some QCD corrections, addition of long-distance contributions, called charming penguins is necessary.

1. Introduction

Hadronic two- and three-body B-meson weak decays are a rich source of information to study CP violation within the Standard Model (and beyond). On Dalitz plots, many resonances are distinguishable but with entangled interference patterns. Moreover the understanding of the final state interactions is weighty to attain accurate values of the Cabibbo-Kobayashi-Maskawa (CKM) matrix elements. We report here on our recent study1 (FKLL) of B → ππK and B → KK̄K decays. We consider the ππ or KK̄ pairs, denoted by (ππ)_S or (KK̄)_S , to interact in isospin-0 S-wave in the m_{ππ} effective mass range from threshold to 1.2 GeV. We extend to the f_0(980) case the approach of Gardner and Meißner2 (GM) who have examined the effect of the f_0(600) (or σ) on the B^0 → π^+π^−π^0 decays. The decay amplitudes are calculated within the QCD factorization approach. Due to cancellations between penguin amplitudes, the B → f_0(980)K branching fractions are too small compared to data. We add long-distance contributions, called charming penguins. Expressions for the B decay amplitudes and description of the final state interactions, are given in section II. Comparison of our results to the data and some conclusions are presented in section III.

∗Invited talk at the Third Asia-Pacific Conference on Few-Body Problems in Physics (APFB05), Nakhon Ratchassima, Thaïland, July 26-30, to be publised by the Scientific World Publishing Co. †Unité de Recherche des Universités Paris 6 et Paris 7, associée au CNRS 1

2. B decay amplitudes and final state interactions

From the effective weak Hamiltonian, H_{eff} , and the operator product expansion, the B decay amplitude into mesons M_1 and M_2 is3 (l stands for quarks d or s) ⟨M_1M_2|H_{eff} |B⟩ = G_F √ 2 ∑ q=u,c V^{CKM} q,l [_{10} ∑ k=1 C_k(μ)⟨M_1M_2|O^{q,l}_k (μ)|B⟩] ] . (1)

In (1) G_F = 1.66 × 10^{−5} GeV^{−2} is the Fermi constant, V^{CKM}_{q,l} represents the CKM matrix-element factors and μ is a renormalization scale. The perturbative Wilson coefficients C_k(μ) characterize the short-distance physics. The non-perturbative hadronic matrix elements ⟨M_1M_2|O^{q,l}_k (μ)|B⟩ describe the long-distance physics. The local operators O^{q,l}_k (μ) ”effectively” govern the decay. The main task of the theory is to compute these matrix elements in a reliable way. Beneke, Buchalla, Neubert and Sachrajda4 have developed the following QCD factorization formula, ⟨M_1M_2|O^{q,l}_k (μ)|B⟩ ∼ ⟨M_1|J_1|0⟩⟨M_2|J_2|B⟩ [ 1 + ∑ n r_nα^n_s + O(Λ_{QCD}/m_b) ] . (2)

In (2) J_1 and J_2 are bilinear quark currents, ⟨M_1|J_1|0⟩ is the meson M_1 decay constant and ⟨M_2|J_2|B⟩ represents the transition form factor of the meson B into the meson M_2. The radiative corrections r_n have been calculated to order n = 1, α_s being the strong coupling constant. The term O(Λ_{QCD}/m_b) in Eq. (2) represents power corrections and if set to zero, together with r_n, one recovers the naive factorization formula as applied by Bauer, Stech and Wirbel5.

The possible quark line diagrams for the B^− → (ππ)_S K^− and B^− → (KK̄)_S K^− are shown in Fig. 1 of FKLL1. For the B^0 decays there is no tree diagram (a), only penguin diagrams similar to (b) or (c) diagrams exist. Within the QCD factorization framework, just reminded above, the B^− → (π^+π^−)_S K^− decay amplitude is ⟨(π^+π^−)_S K^−|H_{eff} |B^−⟩ = G_F √ 2 √ 2 3 { χ [P (m_{ππ} )(U_a + U_b) + C(m_{ππ} )] Γ^{n∗}_1 (m_{ππ} ) +

+ [Q(m_{ππ} )U_c + χC(m_k)] Γ^{s∗}_1 (m_{ππ} ) } . (3)

The constant χ, to be fitted to reproduce the averaged branching fraction B[B^± → f_0(980)K^±], is estimated to 30 GeV^{−1} from the f_0(980) decay properties1. The non-strange and strange pion scalar form factors Γ^n_1 (m_{ππ} ) and Γ^s_1(m_{ππ} ) describe the final-state interactions. In (3) P (m_{ππ} ) corresponds to the product of the kaon decay constant f_K times the transition form factor of B into (ππ)_S , F^{B→(ππ)S}_0 (M^2_K ),

P (m_{ππ} ) = f_K (M^2_B − m^2_{ππ} )F^{B→(ππ)S}_0 (M^2_K ). (4)

The function Q(m_{ππ} ) is proportional to the product of the (ππ)_S ”decay constant” times the transition form factor of B into K, F^{B→K}_0 (m^2_{ππ} ), and reads1^,2,

Q(m_{ππ} ) = 2 √ 2B_0 m_b − m_s ( M^2_B − M^2_K ) F^{B→K} 0 ( m^2_{ππ} ) , (5) with B_0 = −⟨0|qq̄|0⟩/f^2_π = m^2_π /(m_u + m_d).

The functions U_a, U_b and U_c, given in terms of the coefficients4^,6^,7^,8 a_i of the decay operators, are calculated from the Wilson coefficients. They correspond to the contributions of Figs. 1(a), 1(b) and 1(c) of FKLL1, respectively. One has U_a = V_{ub}V^∗_{us}a_1, U_b = V_{ub}V^∗_{us} (a^u_4 − a^u_6 r) + V_{cb}V^∗_{cs} (a^c_4 − a^c_6r) = V_{ub}V^∗_{us} [a^u_4 − a^c_4 + (a^c_6 − a^u_6 ) r] + V_{tb}V^∗_{ts} (a^c_6r − a^c_4) and U_c = −V_{ub}V^∗_{us}a^u_6 − V_{cb}V^∗_{cs}a^c_6 = V_{ub}V^∗_{us} (a^c_6 − a^u_6 ) + V_{tb}V^∗_{ts}a^c_6. We have used the unitarity of the CKM matrix elements, V_{ub}V^∗_{us} + V_{cb}V^∗_{cs} + V_{tb}V^∗_{ts} = 0. In the reduction of the four-quark operators, split into product of two-matrix elements (Eq. (2)), a Fierz transformation is needed for the penguin diagrams in order to match the flavor quantum numbers of the quark currents to those of the hadrons6. The chiral factor r is equal to 2M^2_K /[(m_b+m_u)(m_s +m_u)]. Here and in Eq. (5), quark masses appear as one makes use of the Dirac equation. The a_1 and a^{u,c}_{4,6} coefficients at next-to-leading order in α_s are given in Eq. (35) of Beneke and Neubert7 (BN). In the numerical calculations we take the values of table III of de Groot, Cottingham and Whittingham8 (GCW) at the scale μ = 2.1 GeV. We do not include the small contributions from hard spectator interactions7, annihilation and electroweak diagrams.

To improve their fit to charmless hadronic two-body B decays with pseudoscalarpseudoscalar and pseudoscalar-vector decays, GCW8, following Ciuchini et al.9, introduce the charming penguin term C(m), the parametrization of which is reminded in Eq. (6) of FKLL1. Expressions for the other B → (ππ)_S K and for the B → (KK̄)_S K amplitudes are given in FKLL1. If one neglects the penguin contraction terms (see Eq. (35), (39) and (41) of BN7) then a^u_{4,6} = a^c_{4,6} = a_{4,6} and our amplitude (3) is similar to that of the B^− → σπ^− decay2 (see their Eq. (25)). Note the near cancellation1 in the b → s transition of the two penguin contributions as r ∼ 1 and a^c_4 ∼ a^c_6.

The Γ^{n,s}_1 (m) obey unitary ππ and KK̄ coupled channel equations1. We use the solution A of the two-body scattering matrix of Kamiński, Leśniak and Loiseau10. Below the KK̄ threshold Γ^{n,s∗}_1 (m) = R^{n,s}_1 (m) cos δ_{ππ} (m)e^{iδππ (m)}. |Γ^{n,s}_1 | is maximum for δ_{ππ} ≃ 180^∘, which corresponds to the f_0(980) production. The R^{n,s}_1 (m), depicting the formation of mesons prior to rescattering, have been obtained by Meißner and Oller11.

3. Results and conclusions

Our results with the charming-penguin C(m) terms of GCW8, model I, and of Ciuchini, Franco, Martinelli, Masiero, Pierini and Silvestrini12 (CFMMPS), model II, are compared to the data13^,14^,15^,16 in Table 1. Values of all parameters used are given in FKLL1. The effective m_{ππ} mass distribution for B^± → π^+π^−K^± of our model II is compared with Belle13 in Fig. 1. The sharp maximum near 1 GeV is from the f_0(980). Near 0.5 GeV the broad bump is related to the f_0(600). Events near 0.8 GeV are due to the B^± → ρ^0K^± decay not considered in our model. Similar agreement with m_{ππ} effective mass distributions of BaBar and Belle

Figure 1. Comparison of our model II with Belle data13

Table 1. Average branching fractions B in units of 10^{−6}, direct asymmetries A_{CP} , A and S parameters of our model compared to data. Model errors come from C(m) parameters fitted by GCW8, model I, and CFMMPS12, model II. For a qualitative comparison we give in parenthesis the experimental B → KK̄K decay observables obtained by considering the full range of the KK̄ invariant mass rather than the upper limit1 of 1.1 GeV. For data14^,16 we only quote statistical errors.

Average Model I Model II B decay mode HFAG’s values^{15} χ = 33.5 GeV^{−1} χ = 23.5 GeV^{−1}

B^± → f_0(980)K^±, B 8.49^{+1.35}_{−1.26} 8.49 (fit) 8.46 (fit) f_0 → π^+π^− A_{CP} −0.02 ± 0.07 −0.52 ± 0.12 0.20 ± 0.20 B^0 → f_0(980)K^0, B 6.0 ± 1.6 5.9 ± 1.6 5.8 ± 2.8 f_0 → π^+π^− A −0.14 ± 0.22 0.01 ± 0.10 0.0004 ± 0.0010 S −0.39 ± 0.26 −0.63 ± 0.09 −0.77 ± 0.0004 B^± → ( K^+K^− ) S K^± B < 2.9^{13} 1.8 ± 0.4 1.7 ± 0.7 A_{CP} no data −0.44 ± 0.12 0.29 ± 0.21 B no data 1.1 ± 0.3 1.2 ± 0.5

B^0 → ( K^+K^− ) S K^0_S A (−0.09 ± 0.10) 0.01 ± 0.10 0.001 ± 0.001 S (−0.55 ± 0.22)^{14} −0.64 ± 0.09 −0.77 ± 0.0006 (−0.74 ± 0.27)^{16} B no data 1.1 ± 0.3 1.2 ± 0.5 B^0 → ( K^0_S K^0_S ) S K^0_S A (0.41 ± 0.21) 0.01 ± 0.10 0.001 ± 0.001 S (−0.26 ± 0.34) −0.64 ± 0.09 −0.77 ± 0.0006

for charged and neutral B decays can be seen in the figures shown in FKLL1.

To conclude, our effective mass distributions and branching fractions compare well with data. The long distance contribution C(m) is important. If C(m) = 0,

B(B^0 → π^+π^−K^0_S ) is too small by a factor ∼ 18 and B(B^± → π^+π^−K^±) by a factor ∼ 4. If charming penguins are included the agreement with data is good with a χ compatible with the f_0(980) properties. The recent determination15 of A_{CP} = −0.02 ± 0.07 for B^± → f_0(980)K^±, f_0 → π^+π^−, should help to determine better the charming-penguin C(m) parameters. In progress we are adding the P - wave contribution which will allow us to describe the ρ-meson region.

Acknowledgments

We acknowledge good advices from B. El-Bennich. This work benefits from IN2P3- Polish Laboratories Convention (project N^0 99-97).

References 1. A. Furman, R. Kamiński, L. Leśniak and B. Loiseau, Phys. Lett. B622, 207 (2005), Long-distance effects and final state interactions in B → ππ and B → KK̄K decays.

2. S. Gardner and U.-G. Meißner, Phys. Rev. D65, 094004 (2002), Rescattering and chiral dynamics in B → ρπ decay.

3. The BABAR Physics Book: Physics at an Asymmetric B Factory by BABAR collaboration, P. F. Harrison and H. R. Quinn, Editors, report SLAC-R-504, Oct. 1998 (see in particular chapters 2 and 10).

4. M. Beneke, G. Buchalla, M. Neubert and C. T. Sachrajda, Phys. Rev. Lett. 83, 1914 (1999), QCD factorization for B → ππ decays: strong phases and CP violation in the heavy quark limit;

5. M. Bauer, B. Stech and M. Wirbel, Z. Phys. C34, 103 (1987), Exclusive non-leptonic decays of D−, Ds− and B− mesons.

6. A. Ali, G. Kramer and C.-D. Lü, Phys. Rev. D58, 094009 (1998), Experimental tests of factorization in charmless non leptonic two-body B decays.

7. M. Beneke, M. Neubert, Nucl. Phys. B675, 333 (2003), QCD factorization for B → P P and B → P V decays.

8. N. de Groot, W. N. Cottingham and I. B. Whittingham, Phys. Rev. D68, 113005 (2003), Factorization fits and the unitarity triangle in charmless two-body B decays.

9. M. Ciuchini, E. Franco, G. Martinelli and L. Silvestrini, Nucl. Phys. B501, 271 (1997), Charming penguins in B decays.

10. R. Kamiński, L. Leśniak and B. Loiseau, Phys. Lett. B413, 130 (1997), Three channel model of meson-meson scattering and scalar meson spectroscopy.

11. U.-G. Meißner and J . A. Oller, Nucl. Phys. A679, 671 (2001), J/ψ → ϕππ(KK̄) decays, chiral dynamics and OZI violation.

12. M. Ciuchini, E. Franco, G. Martinelli, A. Masiero, M. Pierini and L. Silvestrini, talk at Rencontre de Moriond, March 2004, hep-ph/0407073, Two-Body noleptonic B decays in the Standard Model and beyond.

13. A. Garmash et al., Belle Collaboration, Phys. Rev. D71, 092003 (2005), Dalitz analysis of the three-body charmless decays B^+ → K^+π^+π^− and B^+ → K^+K^+K^−.

14. B. Aubert et al., BaBar Collaboration, Phys. Rev. D71, 091102(R) (2005), Measurement of CP asymmetries in B^0 → ϕK^0 and B^0 → K^+K^−K^0_S decays.

15. J. Alexander et al., The Heavy Flavor Averaging Group (HFAG),

http://www.slac.stanford.edu/xorg/hfag/index.html.

16. K.-F. Chen et al., Belle Collaboration, Phys. Rev. D72, 012004 (2005), Timedependent CP -violating asymmetries in b → sqq transitions.