arXiv:hep-ph/0609072v2 27 Dec 2006

Two topics for a discussion on the bs̄ and bq̄ systems

P. Colangelo, F. De Fazio and R. Ferrandes^a

aINFN - Sezione di Bari, via Orabona 4, I-71026 Bari, Italy

The analysis of the bs̄ system is an important issue in the Physics programs of the hadron colliders. We discuss two different topics: the structure of the orbitally excited states and prediction of the rates of a class of non leptonic Bs decays.

Experiments at the hadron colliders can analyze different aspects of the heavy meson systems, both in the strong, both in the weak sector. For such systems, predictions are possible using symmetries and the available data. We present two examples of experimental interest: the properties of the orbitally excited bs̄ (bq̄) resonances and the rates of a class of nonleptonic B_s decays.

1. PROPERTIES OF ORBITALLY EX-

CITED bs̄, bq̄ STATES

A theoretical framework to describe the excited bs̄, bq̄ states is the heavy quark chiral effective theory, constructed using the spin-flavour symmetry for hadrons comprising a single heavy quark, in the m_Q → ∞ limit, and the chiral symmetry valid in the massless limit for light quarks [1]. Heavy Qq̄ mesons are classified in doublets according to the angular momentum s_ℓ of the light degrees of freedom: s_ℓ = s_{q̄} + ℓ (s_{q̄} is the light antiquark spin, ℓ the orbital angular momentum of the light degrees of freedom relative to the heavy quark) [2]. For ℓ = 0 the s^P_ℓ =^1_2^− doublet comprises two states with J^P = (0^−, 1^−): P = D_{(s)}(B_{(s)}) and P^∗ = D^∗_{(s)}(B^∗_{(s)}) mesons in case of charm (beauty), respectively. For ℓ = 1 it could be either s^P_ℓ =^1_2^+ or s^P_ℓ =^3_2^+. The two corresponding doublets have J^P = (0^+, 1^+) and J^P = (1^+, 2^+). We denote the J^P_{sℓ} = (0^+, 1^+)_{1/2} states as (P^∗_0 , P^′_1) and the J^P_{sℓ} = (1^+, 2^+)_{3/2} states as (P_1, P^∗_2 ). The negative and positive parity doublets are described by the fields H_a, S_a and T^μ_a (a = u, d, s is a light flavour index): H_a =^{1+}v^/_2 [P^∗_{aμ}γ^μ − P_aγ_5], S_a =^{1+}v^/_2 [ P^{′μ}_{1a} γ_μγ_5 − P^∗_{0a} ] , T^μ_a = 1+v/_2 { P^{∗μν}_{2a} γ_ν − P_{1aν} √_3 2 γ_5 [ g^{μν} −^1_3 γ^ν (γ^μ − v^μ) ]} , with the various operators annihilating mesons of four-velocity v.

The octet of light pseudoscalar mesons is introduced using ξ = e^{iMfπ} and Σ = ξ^2; the matrix M contains π, K and η fields:

M = π^0√

2 +^{η√}_6 π^+ K^+ π^− −^{π0√}_2 +^{η√}_6 K^0

K^− K̄^0 −

√_2 3 η (1)

with f_π = 132 MeV. The effective QCD Lagrangian is constructed imposing invariance under heavy quark spin-flavour transformations and chiral transformations. The kinetic term L = i T r{H̄_bv^μD_{μba}H_a} + f^2_π 8 T r{∂^μΣ∂_μΣ^†} + T r{S̄_b (i v^μD_{μba} − δ_{ba} Δ_S )S_a} + T r{T̄^μ_b (i v^μD_{μba} − δ_{ba} Δ_T )T_{aμ}} (2) (with D_{μba} = −δ_{ba}∂_μ +^1_2 ( ξ^†∂_μξ + ξ∂_μξ^† ) ba and A_{μba} =^i_2 ( ξ^†∂_μξ − ξ∂_μξ^† ) ba) involves the mass splittings Δ_S and Δ_T between positive and negative parity doublets. They can be expressed in terms of the spin-averaged masses: Δ_S = M_S − M_H and Δ_T = M_T − M_H , with M_H = (3M_P ∗ + M_P )/4, M_S = (3M_P ′_1 + M_P ∗_0 )/4 and M_T = (5M_P ∗_2 + 3M_{P1} )/8.

At the leading order in the heavy quark expansion the decays H → H^′M, S → H^′M and T → H^′M (M a light pseudoscalar meson) are 1

Table 1 λ_i parameters, spin-averaged masses and mass splittings Δ_S and Δ_T . cq̄ cs̄ bq̄ bs̄ λ_H (261.1 ± 0.7 MeV)^2 (270.8 ± 0.8 MeV)^2 (247 ± 2 MeV)^2 (252 ± 10 MeV)^2 λ_S (265 ± 57 MeV)^2 (291 ± 2 MeV)^2 λ_T (259 ± 10 MeV)^2 (266 ± 6 MeV)^2 M_H 1974.8 ± 0.4 MeV 2076.1 ± 0.5 MeV 5313.5 ± 0.5 MeV 5404 ± 3 MeV M_S 2397 ± 28 MeV 2424 ± 1 MeV M_T 2445.1 ± 1.4 MeV 2558 ± 1 MeV Δ_S 422 ± 28 MeV 348 ± 1 MeV Δ_T 470.3 ± 1.5 MeV 482 ± 1 MeV

described by the Lagrangian terms:

L_H = g T r[H̄_aH_bγ_μγ_5A^μ_{ba}] L_S = h T r[H̄_aS_bγ_μγ_5A^μ_{ba}] + hc (3)

L_T = h^′ Λ_χ T r[H̄_aT^μ_b (iD_μA̸ + iD̸ A_μ)_{ba}γ_5] + hc where Λ_χ is the chiral symmetry-breaking scale (Λ_χ = 1 GeV). L_S and L_T describe transitions of positive parity heavy mesons with the emission of light pseudoscalars in S and D wave, respectively, with coupling constants h and h^′.

Corrections to the heavy quark limit induce symmetry breaking terms suppressed by increasing powers of m^{−1}_Q [3]. Mass degeneracy between the members of the meson doublets is broken by: L_{1/mQ} = 1 2m_Q { λ_H T r[H̄_aσ^{μν} H_aσ_{μν} ] − λ_S T r[S̄_aσ^{μν} S_aσ_{μν} ] + λ_T T r[T̄^α_a σ^{μν} T^α_a σ_{μν} ] } (4) with λ_{H,S,T} related to the hyperfine mass splittings: λ_H = ( M^2_P ∗ − M^2_P ) /8, λ_S = ( M^2_P ′_1 − M^2_P ∗_0 ) /8, λ_T = 3 ( M^2_P ∗_2 − M^2_{P1} ) /8 .

Other two effects due to spin symmetry-breaking concern the possibility that the members of the s_ℓ =^3_2^+ doublet can also decay in S wave into the lowest lying heavy mesons and pseudoscalars, and that a mixing may be induced between the two 1^+ states belonging to the two positive parity doublets with different s_ℓ. The corresponding terms in the effective Lagrangian are:

L_{D1} = f 2m_QΛ_χ T r[H̄_aσ^{μν} T^α_b σ_{μν} γ^θγ_5(iD_αA_θ

+ iD_θA_α)_{ba}] + hc (5) L_{mix} = g_1 2m_Q T r[S̄_aσ^{μν} T_{μa}σ_{να}v^α] + hc . (6) The mixing angle between the 1^+ states: | |P^{phys}_1 ⟩ = cos θ |P_1⟩ + sin θ |P^′_1⟩ and | |P^{′phys} 1 ⟩ = − sin θ |P_1⟩ + cos θ |P^′_1⟩ can be related to the coupling constant g_1 and to the mass splitting:

tan θ = √ δ^2 + δ^2_g − δ δ_g where δ =

Δ_T − Δ_S 2 and δ_g = − √ 2 3 g_1 m_Q . Some of the parameters in

the effective Lagrangian can be determined using recent measurements on charmed and charmedstrange mesons [4], in particular on two broad states which could be identified as the D^∗_0 and D^′_1 mesons (s^P_ℓ =^1_2^+) [5] and on the two mesons D^∗_{sJ} (2317) and D_{sJ} (2460) [6] which naturally fit in the doublet (D^∗_{s0}, D^′_{s1}) and, being below the DK and D^∗K decay thresholds, are narrow [7].

The two sets of measurements, together with the masses reported by PDG [8] and the B^∗_s mass recently measured by CLEO: m_B∗_s = 5414 ± 1 ± 3 MeV [9], allow to determine some parameters appearing in eqs.(2-6), see Table 1 . For the mixing angle between the two 1^+ states D_1 and D^′_1, considering the Belle’s result θ_c = −0.10 ± 0.03 ± 0.02 ± 0.02 rad in [5] and using Δ_T and Δ_S in Table 1 and m_c = 1.35 GeV, we can determine the coupling g_1 in (6): g_1 = 0.008 ± 0.006 GeV^2. In the beauty system, for m_b = 4.8 GeV, one obtains: θ_b ≃ −0.028 ± 0.012 rad.

Predictions for the masses of excited B mesons,

Table 2 Predicted masses of excited beauty mesons.

B^∗_{(s)0} (0^+) B^′_{(s)1} (1^+) B_{(s)1} (1^+) B^∗_{(s)2} (2^+) bq̄ 5.70 ± 0.025 GeV 5.75 ± 0.03 GeV 5.774 ± 0.002 GeV 5.790 ± 0.002 GeV bs̄ 5.71 ± 0.03 GeV 5.77 ± 0.03 GeV 5.877 ± 0.003 GeV 5.893 ± 0.003 GeV

Table 3 Decay widths and branching fractions of J^P_{sℓ} = (1^+, 2^+) 3_2 beauty mesons obtained using the theoretical masses. To compute the full widths we assume saturation of the two-body modes. Mode Γ(MeV) BR Mode Γ(MeV) BR B^{∗0}_2 → B^+π^− 20 ± 5 0.34 B^{∗0}_{s2} → B^+K^− 4 ± 1 0.37 B^{∗0}_2 → B^0π^0 10.0 ± 2.3 0.17 B^{∗0}_{s2} → B^0K^0 4 ± 1 0.34 B^{∗0}_2 → B^{∗+}π^− 18 ± 4 0.32 B^{∗0}_{s2} → B^{∗+}K^− 1.7 ± 0.4 0.15 B^{∗0}_2 → B^{∗0}π^0 9.3 ± 2.2 0.16 B^{∗0}_{s2} → B^{∗0}K^0 1.5 ± 0.4 0.13 B^{∗0}_2 57.3 ± 13.5 B^{∗0}_{s2} 11.3 ± 2.6 B^0_1 → B^{∗+}π^− 28 ± 6 0.66 B^0_{s1} → B^{∗+}K^− 1.9 ± 0.5 0.54 B^0_1 → B^{∗0}π^0 14.5 ± 3.2 0.34 B^0_{s1} → B^{∗0}K^0 1.6 ± 0.4 0.46 B^0_1 43 ± 10 B^0_{s1} 3.5 ± 1.0

collected in Table 2, can be obtained if the splittings Δ_S and Δ_T are the same for charm and beauty, which is true in the rigorous heavy quark limit; at O(1/m_Q) this corresponds to assuming that the matrix element of the kinetic energy operator is the same for the three doublets. B^∗_{s0} and B^′_{s1} turn out to be below the BK and B^∗K thresholds, therefore they are expected to be narrow [10,7]. Preliminary data are available from Tevatron: M(B_1) = 5734 ± 3 ± 2 MeV and M(B^∗_2 ) = 5738 ± 5 ± 1 MeV (CDF), and M(B_1) = 5720.8 ± 2.5 ± 5.3 MeV and M(B^∗_2 ) − M(B_1) ≃ 25.2 ± 3.0 ± 1.1 MeV (D0), together with M(B^∗_{s2}) = 5839.1 ± 1.4 ± 1.5 MeV (D0) [11]. The B^∗_2 − B_1 mass splitting measured by D0 is compatible with the prediction. The difference between the predicted and the measured masses is of O(Λ^2(^1_{mc} −^1_{mb} )), i.e. of the size of the terms neglected in the calculation.

The couplings h^′ and f in eqs.(3-6) can be obtained from the widths of the two members of the s^P_ℓ =^3_2^+ doublet, D_1 and D^∗_2 , and those of charmed-strange meson transitions: D^{∗+}_{s2} → D^{(∗)+}K^0, D^{(∗)0}K^+ and D^+_{s1} → D^{∗+}K^0, D^{∗0}K^+. We use recent data from Belle Collaboration [5]: Γ(D^{∗0}_2 ) = 45.6 ± 4.4 ± 6.5 ± 1.6 MeV, Γ(D^0_1) =

23.7 ± 2.7 ± 0.2 ± 4.0 MeV, together with h = −0.56 [12], a theoretical estimate coinciding with the value obtained from the width of D^∗_0 .

A further constraint is the Belle measurement of the helicity angle distribution in the decay D_{s1}(2536) → D^{∗+}K^0_S , with the determination of

the ratio R =

Γ_S Γ_S + Γ_D

, Γ_{S,D} being the S and D

wave partial widths, respectively [13]: 0.277 ≤ R ≤ 0.955. Taking into account all the constraints, we get:

h^′ = 0.45 ± 0.05 f = 0.044 ± 0.044 GeV . (7)

The coupling constant f is compatible with zero, indicating that the contribution of the Lagrangian term (5) is small. Since also the coupling g_1 turns out to be small, the two 1^+ states corresponding to the s^P_ℓ =^1_2^+,^3_2^+ practically coincide with the physical states. We obtain Γ(D_{s1}(2536)) = 2.5 ± 1.6 MeV and the widths of excited B_{(s)} mesons in Table 3. A word of caveat is needed here, since these predictions are obtained only considering the heavy quark spin-symmetry breaking terms in the effective Lagrangian; corrections due to spin-symmetric but heavy flavour breaking terms involve addi-

Table 4 SU(3) amplitudes for B^−, B^0 and B^0_s decays to D_{(s)}P , induced by b → cd̄(s) transitions. P is a light pseudoscalar meson. The predicted B^0_s branching fractions are also reported.

B^−, B^0 amplitude BR (exp) B^0_s amplitude BR (th) D^0π^− V^∗_{ud}V_{cb} (C + T ) (4.98 ± 0.29) × 10^{−3} D^+_s π^− V^∗_{ud}V_{cb} T (2.9 ± 0.6) × 10^{−3} D^0π^0 V^∗_{ud}V_{cb}^{(C−E)√}_2 (2.91 ± 0.28) × 10^{−4} D^0K^0 V^∗_{ud}V_{cb} C (8.1 ± 1.8) × 10^{−4} D^+π^− V^∗_{ud}V_{cb} (T + E) (2.76 ± 0.25) × 10^{−3} D^+_s K^− V^∗_{ud}V_{cb} E (3.8 ± 1.3) × 10^{−5} D^0η_8 −V^∗_{ud}V_{cb}^{(C+E)√}_6 D^0η_8 V^∗_{us}V_{cb}^{(2C−E)√}_6 D^0η_0 V^∗_{ud}V_{cb} D D^0η_0 V^∗_{us}V_{cb} D D^0η (2.2 ± 0.5) × 10^{−4} D^0η (2.1 ± 1.2) × 10^{−5} D^0η^′ (1.7 ± 0.4) × 10^{−4} D^0η^′ (9.8 ± 7.6) × 10^{−6} D^0K^− V^∗_{us}V_{cb} (C + T ) (3.7 ± 0.6) × 10^{−4} D^0π^0 −V^∗_{us}V_{cb}^{E√}_2 (1.0 ± 0.3) × 10^{−6} D^0K^0 V^∗_{us}V_{cb} C (5.0 ± 1.4) × 10^{−5} D^+π^− V^∗_{us}V_{cb} E (2.0 ± 0.6) × 10^{−6} D^+K^− V^∗_{us}V_{cb} T (2.0 ± 0.6) × 10^{−4} D^+_s K^− V^∗_{us}V_{cb} (T + E) (1.8 ± 0.3) × 10^{−4}

tional couplings for which no information is currently available, so that they cannot be reliably bounded. The estimated widths turn out to be larger than the preliminary measurements [11]: a discussion of this interesting point requires a confirmation of the experimental data.

2. A CLASS OF B_s DECAYS BY AN

SU(3) ANALYSIS

Coming to weak interaction processes, it is again possible to exploit the idea of using a symmetry and the experimental data to make predictions [15]. In this case, the symmetry is SU(3)_F and the predictions concern the rates of a class of B_s decay modes, an important topic for the B_s physics programs at the Tevatron and at the LHC. We consider the modes induced by the quark transitions b → cūd and b → cūs, namely those collected in Table 4. They are governed, in the SU(3)_F limit, by few independent amplitudes that can be constrained, both in moduli and phase differences, from B decay data. Considering transitions with a light pseudoscalar meson belonging to the octet in the final state, there are three different topologies in decays induced by b → cūd(s), the color allowed topology T , the color suppressed topology C and the W -exchange topology E. The transition in the SU(3) singlet η_0 involves another amplitude D, not related to the previous ones. The identification of the different amplitudes can be done observing that B → DP decays induced by b → cuq (q = d or s) involve a weak Hamiltonian transforming as a flavor octet: H_W = V_{cb}V^∗_{ud}T^{(8)}_{0 1 −1} + V_{cb}V^∗_{us}T^{(8)}_{−1 12 − 12}

(denoting by T^{(μ)}_ν the ν = (Y, I, I_3) component of an irreducible tensor operator of rank (μ)). When combined with the initial B mesons, which form a (3^∗)-representation of SU(3), this leads to (3^∗), (6) and (15^∗) representations. These are also the representations formed by the combination of the final octet light pseudoscalar meson and triplet D meson. Therefore, the three reduced amplitudes are ⟨ϕ^{(μ)}|T^{(8)}|B^{(3∗)}⟩, with μ = 3^∗, 6, 15^∗ [16]. Linear combinations of the reduced amplitudes produce the three topological diagrams.

The four B̄ → Dπ and B̄ → D_sK rates cannot determine C, T , E and their phase differences [17]. B̄ → D_sK only fixes the modulus of E, which is sizeable. Moreover, the presence of E does not allow to directly relate the amplitudes T or C in Dπ and DK. However, all the information on B̄ → Dπ, D_sK and DK can be used to tightly determine T , C and E. In fig.1 the allowed regions in the C/T and E/T planes are depicted. The phase differences between the various amplitudes are large, showing deviation from naive (or generalized) factorization, providing contraints to QCD-based approaches to non leptonic B decays [18] and suggesting sizeable long-distance effects [19]. Fixing |V_{us}/V_{ud}| = 0.226 ± 0.003, we obtain |^C_T | = 0.53 ± 0.10, |^E_T | = 0.115 ± 0.020, δ_C − δ_T = (76 ± 12)^∘ and δ_E − δ_T = (112 ± 46)^∘. With the resulting amplitudes we can predict the

Figure 1. Ratios of SU(3) amplitudes obtained from B data in Table 4, at 68% (continuous), 90% (dashed) and 95% CL (long-dashed contour). The dots are the result of the fit.

rates of B_s decays in Table 4. The uncertainties in the predicted rates are small, even in the W - exchange induced processes B^0_s → D^+π^−, D^0π^0. For the mode B_s → D^−_s π^+, the predicted ra- tio Γ(B_s → D^−_s π^+) Γ(B^0 → D^−π^+)

= 1.05 ± 0.24 can be compared to the measurement

Γ(B_s → D^−_s π^+) Γ(B^0 → D^−π^+) = 1.32 ± 0.18 ± 0.38 [20]. The decays into η or η^′ involve the amplitude D corresponding to the transition in the SU(3) singlet η_0, and the η − η^′ mixing angle θ. Fixing θ = −15.4^0, we obtain |^D_T | = 0.41 ± 0.11 and δ_D − δ_T = −(25 ± 51)^∘, and the rates of corresponding B^0_s modes.

Among other b → cūd(s) induced modes, we consider those into D_{(s)}V , D^∗_{(s)}P , with the same SU(3) decomposition as in Table 4. B decay data are collected in Table 5, including the recently observed W-exchange mode B̄^0 → D^∗_s K^−, together with the predictions for B_s. Present experimental data for other modes induced by the same quark transitions, namely B̄ → D^∗_{(s)}V decays, are not precise enough to constrain the independent SU(3) amplitudes.

SU(3)_F breaking can modify the predictions: its effects are not universal and in general cannot be reduced to well defined and predictable patterns. Its parametrization introduces additional quantities that at present cannot be sensibly bounded since they are obscured by the experimental uncertainties. It will be interesting to investigate its role when other B_s decay rates will be measured and more precise B branching fractions will be available.

Acknowledgments We thank the organizers for kind invitation to this interesting workshop.

REFERENCES

1. M.B.Wise, Phys. Rev. D 45 (1992) R2188;

G.Burdman and J.F.Donoghue, Phys. Lett. B 280 (1992) 287; P.Cho, Phys. Lett. B 285 (1992) 145; H.-Y.Cheng et al., Phys. Rev. D 46 (1992) 1148.

2. N.Isgur and M.B.Wise, Phys. Rev. Lett. 66 (1991) 1130; Phys. Rev. D 43 (1991) 819; U.Kilian, J.G.Körner and D.Pirjol, Phys. Lett. B 288 (1992) 360; A.F.Falk and M.Luke, Phys. Lett. B 292 (1992) 119.

3. A. F. Falk and T. Mehen, Phys. Rev. D 53 (1996) 231.

4. P. Colangelo, F. De Fazio and R. Ferrandes, Phys. Lett. B 634 (2006) 235.

Table 5 Experimental branching fractions of B̄ → D_{(s)}V, D^∗_{(s)}P decays and predictions for B^0_s .

B^−, B^0 BR (exp) B^0_s BR (th) D^0ρ^− (1.34 ± 0.18) × 10^{−2} D^+_s ρ^− (7.2 ± 3.5) × 10^{−3} D^0ρ^0 (2.9 ± 1.1) × 10^{−4} D^0K^{∗0} (9.6 ± 2.4) × 10^{−4} D^+ρ^− (7.7 ± 1.3) × 10^{−3} D_sK^{∗−} < 9.9 × 10^{−4} D^0K^{∗−} (6.1 ± 2.3) × 10^{−4} D^0ρ^0 (0.28 ± 1.4) × 10^{−4} D^0K̄^{∗0} (4.8 ± 1.2) × 10^{−5} D^+ρ^− (0.57 ± 2.8) × 10^{−4} D^+K^{∗−} (3.7 ± 1.8) × 10^{−4} D^+_s K^{∗−} (4.5 ± 3.1) × 10^{−4} D^{∗0}π^− (4.6 ± 0.4) × 10^{−3} D^{∗+}_s π^− (3.2 ± 0.2) × 10^{−3} D^{∗0}π^0 (2.7 ± 0.5) × 10^{−4} D^{∗0}_s K̄^0 (4.7 ± 2.2) × 10^{−4} D^{∗+}π^− (2.76 ± 0.21) × 10^{−3} D^∗_s K^− (2.0 ± 0.6) × 10^{−5} D^{∗0}K^− (3.6 ± 1.0) × 10^{−4} D^{∗0}π^0 (5.7 ± 1.7) × 10^{−7} D^{∗+}π^− (11.5 ± 3.4) × 10^{−7} D^{∗+}K^− (2.0 ± 0.5) × 10^{−4} D^{∗+}_s K^− (1.3 ± 0.2) × 10^{−4}

5. K. Abe et al. [Belle], Phys. Rev. D 69 (2004)

112002. J. M. Link et al. [FOCUS], Phys. Lett. B586 (2004) 11. S. Anderson et al. [CLEO], Nucl. Phys. A663 (2000) 647.

6. B. Aubert et al. [BABAR], Phys. Rev.

Lett. 90 (2003) 242001; Y. Mikami et al. [Belle], Phys. Rev. Lett. 92 (2004) 012002; K. Abe et al., Phys. Rev. Lett. 92 (2004) 012002; D. Besson et al. [CLEO], Phys. Rev. D 68 (2003) 032002; E. W. Vaandering [FOCUS], arXiv:hep-ex/0406044; B. Aubert et al. [BABAR], Phys. Rev. D69 (2004) 031101; P. Krokovny et al. [Belle], Phys. Rev. Lett. 91 (2003) 262002; P. Krokovny [Belle], arXiv:hep-ex/0310053.

7. P. Colangelo, F. De Fazio and R. Ferrandes,

Mod. Phys. Lett. A 19 (2004) 2083.

8. S. Eidelman et al. [Particle Data Group],

Phys. Lett. B 592 (2004) 1.

9. G. Bonvicini et al. [CLEO], hep-ex/0510034. 10. P. Colangelo and F. De Fazio, Phys. Lett. B

570 (2003) 180.

11. I. Kravchenko, arXiv:hep-ex/0605076. 12. P. Colangelo et al., Phys. Rev. D 52 (1995)

6422; P. Colangelo and F. De Fazio, Eur. Phys. J. C 4 (1998) 503.

13. K. Abe et al. [Belle], arXiv:hep-ex/0507030.

14. P. Avery et al. [CLEO], Phys. Lett. B 331 (1994) 236 [Erratum-ibid. B 342 (1995) 453].

15. P. Colangelo and R. Ferrandes, Phys. Lett. B 627 (2005) 77.

16. D. Zeppenfeld, Z. Phys. C 8 (1981) 77;

B. Grinstein and R. F. Lebed, Phys. Rev. D 53 (1996) 6344.

17. M. Neubert and A. A. Petrov, Phys. Lett. B 519 (2001) 50; Z. Z. Xing, High Energy Phys. Nucl. Phys. 26 (2002) 100; H. Y. Cheng, Phys. Rev. D 65 (2002) 094012; L. Wolfenstein, Phys. Rev. D 69 (2004) 016006. Z. z. Xing, Eur. Phys. J. C 28 (2003) 63; C. W. Chiang and J. L. Rosner, Phys. Rev. D 67 (2003) 074013.

18. M. Beneke et al., Nucl. Phys. B 591 (2000) 313. C. W. Bauer et al., Phys. Rev. Lett. 87 (2001) 201806. Y. Y. Keum et al., Phys. Rev. D 69 (2004) 094018.

19. P. Colangelo, F. De Fazio and T. N. Pham, Phys. Lett. B 542 (2002) 71; B 597 (2004) 291. Phys. Rev. D 69 (2004) 054023. H. Y. Cheng et al., Phys. Rev. D 71 (2005) 014030.

20. A. Abulencia et al. [CDF], Phys. Rev. Lett.

96 (2006) 191801.