arXiv:0908.2320v1 [hep-ph] 17 Aug 2009

B → Kπ decays

T. N. Pham Centre de Physique Théorique, CNRS Ecole Polytechnique, 91128 Palaiseau, Cedex, France (Dated: August 18, 2009)

Though QCD Factorization(QCDF) could produce sufficiently large B → Kπ branching ratios close to experiments, the predicted direct CP asymmetry in B̄^0 → K^+π^− decay is however still quite below experiment, even with a large negative phase in the annihilation term, according to existing calculations. This suggests the presence of an additional strong phase in the decay amplitude which could come from the long-distance final state interactions(FSI) like charming penguin. In this paper, we show that, by adding to the B → Kπ decay QCDF amplitude, a real part and an absorptive part with a strength 10% and 30% of the penguin amplitude, respectively, we could bring the B → Kπ branching ratios and the B̄^0 → K^−π^+ CP asymmetry close to the measured values. We also find that the color-allowed electroweak penguin is appreciable and that from the QCDF electroweakstrong penguin interference terms and the measured B^− → K̄^0π^− we obtain (9.0 ± 0.3) × 10^{−6} for the B̄^0 → K̄^0π^0 branching ratio, a bit lower than experiment. Similarly, the predicted value for B^− → K^−π^0 in terms of the B̄^0 → K^−π^+ branching ratio agrees well with experiment. This suggests that the measured value for B̄^0 → K̄^0π^0 in fact should be lower than the current measured value.

PACS numbers: 13.25Hw, 12.38.Bx

I. INTRODUCTION

Existing calculations of the penguin-dominated B → Kπ decays in QCD Factorization(QCDF) [1, 2, 3] seem to produce B → Kπ branching ratios mre or less in agreement with experiments, with a moderate annihilation contribution, but the predicted direct CP asymmetry in B̄^0 → K^−π^+ decay is smaller than experiment by a factor of 2 or more, even with a large negative strong phase for the annihilation terms as in scenario S4 [2]. In fact in QCDF, and also in naive Factorization model [4], the absorptive part(the imaginary part) of the short-distance Wilson coefficients in the non leptonic decay effective Hamiltonian are negative and of the same sign as the real part, the direct CP asymmetry for B̄0 → π+π− and B̄0 → K−π+ are negative and positive, respectively, in opposite sign with measurements[5]. To reverse the sign of the CP asymmetry and to produce a large CP asymmetry, one would need a large annihilation term with a large negative phase. Another possibility is a long-distance final state interaction(FSI) term, probably mainly absorptive, to generate a large strong phase, but not to overestimate the branching ratios, like charming penguin due to B → D_sD → Kπ and B → D^∗_s D^∗ → Kπ inelastic FSI effect [6, 7, 8, 9] which are CKM-favored, color-allowed processes and could produce a large absorptive part in B → Kπ decays. In this paper, we show that by adding to the QCDF amplitude, a penguinlike amplitude with a real and absorptive part with a strength 10% and 30%, respectively, of the penguin amplitude, we could obtain the B → Kπ branching ratios and the B̄^0 → K^−π^+ CP asymmetry close to experiments. We also find that the color-allowed electroweak penguin(EW) from the operators O_7 and O_9 contribute appreciably through the strong penguin-EW penguin interference terms in B^− → K^−π^0 and B̄^0 → K̄^0π^0 decays. Then using only the QCDF expressions for the color-allowed tree-penguin(T-P), color-suppressed treepenguin(C-P), color-allowed electroweak-penguin(EW- P) interference terms and the measured B(B^− → K̄^0π^−) and B(B̄^0 → K^−π^+), we could predict B(B^− → K^−π^0) and B(B̄^0 → K̄^0π^0). We find that the predicted B(B^− → K^−π^0) agrees well with experiment while the predicted B(B̄^0 → K^0π^0) is below the measured value. This strongly suggests that the measured B(B̄^0 → K̄^0π^0) is a bit too high as shown in the following. In the next section we will present numerical results for the B → Kπ branching ratios and CP asymmetry in QCDF factorization with the addition of a small penguin-like amplitude to generate a CP asymmetry for B̄^0 → K^−π^+ decay. We then give prediction for B(B^− → K^−π^0) and B(B̄^0 → K^0π^0) from the electroweak penguin and strong penguin interference terms.

II. B → Kπ DECAY IN QCD FACTORIZATION

The B → M_1M_2 decay amplitude in QCDF is given by [1, 2]:

A(B → M_1M_2) = G_F √ 2 ∑ p=u,c V_{pb}V^∗_{ps} × ( − 10∑ i=1 a^p_i ⟨M_1M_2|O_i|B⟩_H + 10∑ i f_B f_{M1} f_{M2} b_i ) , (1)

where the QCD coefficients a^p_i contain the vertex corrections, penguin corrections, and hard spectator scattering contributions, the hadronic matrix elements ⟨M_1M_2|O_i|B⟩_H of the tree and penguin operators O_i are given by factorization model [4, 10], b_i are annihilation contributions. The values for a^p_i ,p = u, c , computed from the expressions in [1, 2] at the renormalization scale μ = m_b, with m_b = 4.2 GeV, are :

a^c_4 = −0.033 − 0.013 i + 0.0009 ρ_H exp(iϕ_H ), a^u_4 = −0.027 − 0.017 i + 0.0009 ρ_H exp(iϕ_H ), a^c_6 = −0.045 − 0.003 i, a^u_6 = −0.042 − 0.013 i, a^c_8 = −0.0004 − 0.0001 i, a^u_8 = 0.0004 − 0.0001 i, a^c_{10} = −0.0011 − 0.0001 i − 0.0006 ρ_H exp(iϕ_H ), a^u_{10} = −0.0011 + 0.0006 i − 0.0006 ρ_H exp(iϕ_H ). (2)

for i = 4, 6, 8, 10. For other coefficients, a^u_i = a^p_i = a_i :

a_1 = 1.02 + 0.015 i − 0.012 ρ_H exp(iϕ_H ), a_2 = 0.156 − 0.089 i + 0.074 ρ_H exp(iϕ_H ), a_3 = 0.0025 + 0.0030 i − 0.0024 ρ_H exp(iϕ_H ), a_5 = −0.0016 − 0.0034 i + 0.0029 ρ_H exp(iϕ_H ), a_7 = −0.00003 − 0.00004 i − 0.00003 ρ_H exp(iϕ_H ) a_9 = −0.009 − 0.0001 i + 0.0001 ρ_H exp(iϕ_H ). (3)

where the complex parameter ρ_H exp(iϕ_H ) represents the end-point singularity contribution in the hard-scattering corrections X_H = (1 + ρ_H exp(iϕ_H )) ln(^{mB}_{Λh} ) [1, 2].

For the annihilation terms, we have :

b_2=−0.0041 −0.0071ρ_A exp(iϕ_A) − 0.0019(ρ_A exp(iϕ_A))^2, b_3=−0.0071 −0.016ρ_A exp(iϕ_A) − 0.0093(ρ_A exp(iϕ_A))^2, b^{ew}_3 =−0.00012 − 0.00016 ρ_A exp(iϕ_A)

+0.000003 (ρ_A exp(iϕ_A))^2. (4)

where b_i are evaluated with the factor f_Bf_{M1} f_{M2} included and normalized relative to the factor f_K F^{Bπ}_0 (m^2_B − m^2_π) in the factorisable terms, and ρ_A , like ρ_H , appears in the divergent annihilation term X_A = (1 + ρ_A exp(iϕ_A)) ln(^{mB}_{Λh} ).

The B → Kπ decay amplitude with the factorisable part [4] and the annihilation term [1, 2, 11] are:

A(B^− → K^−π^0) = −i G_F 2 f_K F^{Bπ}_0 (m^2_K )(m^2_B − m^2_π)

(V_{ub}V^∗_{us}a_1 + (V_{ub}V^∗_{us} + V_{cb}V^∗_{cs})[a_4 + a_{10} + (a_6 + a_8)r_χ]) −i G_F 2 f_πF^{BK}_0 (m^2_π)(m^2_B − m^2_K ) × ( V_{ub}V^∗_{us}a_2 + (V_{ub}V^∗_{us} + V_{cb}V^∗_{cs}) × 3 2 (a_9 − a_7) )

−i G_F 2 f_Bf_K f_π × [V_{ub}V^∗_{us}b_2 + (V_{ub}V^∗_{us} + V_{cb}V^∗_{cs}) × (b_3 + b^{ew}_3 )] (5)

A(B^− → K̄^0π^−) = −i G_F √ 2 f_K F^{Bπ}_0 (m^2_K )(m^2_B − m^2_π) +(V_{ub}V^∗_{us} + V_{cb}V^∗_{cs}) [ a_4 − 1 2 a_{10} + (a_6 − 1 2 a_8)r_χ ]

−i G_F √ 2 f_Bf_K f_π × [V_{ub}V^∗_{us}b_2 + (V_{ub}V^∗_{us} + V_{cb}V^∗_{cs}) × (b_3 + b^{ew}_3 )] (6) and for B̄^0 :

A(B̄^0 → K^−π^+) = −i G_F √ 2 f_K F^{Bπ}_0 (m^2_K )(m^2_B − m^2_π) ( V_{ub}V^∗_{us}a_1 +(V_{ub}V^∗_{us} +V_{cb}V^∗_{cs})[a_4 +a_{10} +(a_6 + a_8)r_χ] )

−i G_F √ 2 f_B f_K f_π [ (V_{ub}V^∗_{us} + V_{cb}V^∗_{cs}) × (b_3 − b^{ew}_3 2 ) ] (7) A(B̄^0 → K̄^0π^0) = i G_F 2 f_K F^{Bπ}_0 (m^2_K )(m^2_B − m^2_π) ×(V_{ub}V^∗_{us} + V_{cb}V^∗_{cs}) [ a_4 − 1 2 a_{10} + (a_6 − 1 2 a_8)r_χ ]

−i G_F 2 f_πF^{BK}_0 (m^2_π)(m^2_B − m^2_K ) ( V_{ub}V^∗_{us}a_2 + (V_{ub}V^∗_{us} + V_{cb}V^∗_{cs}) × 3 2 (a_9 − a_7) )

+i G_F 2 f_B f_K f_π [ (V_{ub}V^∗_{us} + V_{cb}V^∗_{cs}) × (b_3 − b^{ew}_3 2 ) ] (8) where r_χ =^{2m2K}

(m_b−m_d)(m_d+m_s) is the chirally-enhanced

terms in the penguin O_6 matrix element. We also need the B^− → π^−π^0 amplitude:

A(B^− → π^−π^0) = −i G_F 2 f_πF^{Bπ}_0 (m^2_π )(m^2_B − m^2_π) ( V_{ub}V^∗_{ud}(a_1 + a_2) + (V_{ub}V^∗_{ud} + V_{cb}V^∗_{cd}) × 3 2 (a_9 − a_7 + a_{10} + a_8r_χ) ) (9) We see that the B → Kπ decay amplitudes consist of a QCD penguin(P) a_4 + a_6r_χ , a color-allowed tree(T) a_1, a color-suppressed tree(C) a_2 , a color-allowed electroweak penguin(EW) a_9 − a_7, a color-suppressed electroweak penguin(EWC) a_{10} + a_8r_χ terms. Because of the relative large Wilson coefficients, the QCD penguin, the color-allowed tree and the color-allowed electroweak contributions give the major contribution in B → Kπ decays.

For the CKM matrix elements, since the inclusive and exclusive data on |V_{ub}| differ by a large amount and the higher inclusive data exceeds the unitarity limit for R_b = |V_{ud}V^∗_{ub}|/|V_{cd}V^∗_{cb}| with the current value sin(2β) = 0.681±0.025 [12], we shall determine |V_{ub}| from the more precise |V_{cb}| data. We have [13]: |V_{ub}| = |V_{cb}V^∗_{cd}| |V^∗_{ud}| | sin β √ 1 + cos^2 α sin^2 α

. (10)

With α = (99^{+13}_{−9} )^∘ [12] and |V_{cb}| = (41.78±0.30±0.08)× 10^{−3} [14], we find

|V_{ub}| = 3.60 × 10^{−3}. (11)

in good agreement with the exclusive data in the range |V_{ub}| = 3.33 − 3.51 [14] . A recent UT fit also gives

|V_{ub}| = (3.60 ± 0.12) × 10^{−3} [15]. The measurements of the B_s − B̄_s mixing also allow the extraction of |V_{td}| from B_d − B̄_d mixing data. The current determination [16] gives |V_{td}/V_{ts}| = (0.208^{+0.008}_{−0.006}) which in turn can be used to determined the angle γ from the unitarity relation [13]: |V_{td}| = |V_{cb}V^∗_{cd}| |V^∗_{tb}| | sin γ √ 1 + cos^2 α sin^2 α

. (12)

with |V_{tb}| = 1, we find γ = 66^∘ which implies an angle α = 91.8^∘, in good agreement with the value found in the current UT-fit value of (88 ± 16)^∘ [17]. In the following in our B → Kπ decay calculations, we shall use the unitarity triangle values for |V_{ub}| and γ. For other hadronic parameters we use the values in Table 1 of [2] and take m_s(2 GeV) = 80 MeV. For the B → π and B → K transition form factor, we use the current light-cone sum rules central value [18] :

F^{Bπ}_0 (0) = 0.258, F^{BK}_0 (0) = 0.33 (13)

The computed branching ratios and direct CP asymmetries, with ρ_H = 1, ϕ_H = 0 and ϕ_A = −55^∘ as in scenario S4 of [2] are shown in Fig.1 and Fig.2 as function of ρ_A. For convenience we also give in Table I and Table II the computed values at ρ_A = 1 as in S4 with and without the additional penguin-like contribution δP .

Modes δP = 0 δP ≠ 0 Exp [19] B^− → π^−π^0 5.7 5.7 5.59 ± 0.4 B^− → K^−π^0 10.3 12.7 12.9 ± 0.6 B^− → K̄^0π^− 18.1 22.7 23.1 ± 1.0 B̄^0 → K^−π^+ 15.5 19.7 19.4 ± 0.6 B̄^0 → K̄^0π^0 6.8 8.8 9.8 ± 0.6

TABLE I: The CP-averaged B → Kπ Branching ratios in in unit of 10^{−6} in QCDF with and without additional penguinlike contribution δP and with ρA = 1.0, ϕA = −55^∘

Modes δP = 0 δP ≠ 0 Exp [19] B^− → π^−π^0 0.0 0.0 0.06 ± 0.05 B^− → K^−π^0 0.02 −0.06 0.05 ± 0.025 B^− → K̄^0π^− 0.004 0.01 −0.009 ± 0.025 B̄^0 → K^−π^+ −0.01 −0.08 −0.098^{+0.012}_{−0.010} B̄^0 → K̄^0π^0 −0.02 0.01 −0.01 ± 0.0.10

TABLE II: The direct B → Kπ CP asymmetries in QCDF with and without additional penguin-like contribution δP and with ρA = 1.0, ϕA = −55^∘

As can be seen, without the additional penguin contribution, the computed branching ratios are slightly below experiments, but the CP asymmetries for B̄^0 → K^−π^+ is much smaller than the measured values. Considering various theoretical uncertainties, one could say that the real part of the B → Kπ decay amplitudes is more or less well described by QCDF, but the absorptive part of the amplitude needs some additional contribution to account for the observed CP asymmetries. As mentioned earlier, the factorisable contribution in the QCDF amplitude give the wrong sign for the CP asymmetries in B̄^0 → K^−π^+, one needs a sizeable absorptive part to reverse the sign of the asymmetries. As shown in Fig.1 and Fig.2, we would need an annihilation term with a very large ρ_A to produce correct B → Kπ branching ratios and B̄^0 → K^−π^+ asymmetry. This leaves us with charming penguin, as mentioned earlier, as a possible contribution to the large strong phase in B → Kπ decays. This possibility is considered in this paper by adding to the QCD penguin a small term:

δP = (ra_4 + ra_6r_χ)(d_1 + id_2) (14)

where ra_4 and ra_6 are the real part of a_4 and a_6, respectively. We note a previous fit with charming penguin for B → P P, P V in [20]. The results shown above are obtained with d_1 = 0.08 , d_2 = −1/3. We see that the branching ratios for B̄^0 → K^−π^+, B^− → K^−π^0 and B^− → K̄^0π^− and the CP asymmetry for B̄^0 → K^−π^+ are in good agreement with experiment. The B(B̄^0 → K̄0π0) is slightly below the measured value. Our results seem reasonable, as the predicted B(B^− → π^−π^0) which is sensitive F^{Bπ}_0 (0) agrees well with the measured value.

Thus QCDF with mainly absorptive additional penguin contribution seems to describe rather well the B → Kπ observed branching ratios and the B̄^0 → K^−π^+ direct CP asymmetry. As all the B → Kπ branching ratios have been measured with an accuracy at the level of O(10^{−6}), one could look at the difference in branching ratios to test QCDF predictions for the electroweak and tree-level contributions. The color-favored electroweak penguin is CKM-favored, so its interference with the strong-penguin terms is about the same size as that of the color-favored tree and penguin interference. For example, from Eq.(5-8), one sees that the differences 2Γ(B^− → K^−π^0) − Γ(B̄^0 → K^−π^+) and 2Γ(B̄^0 → K̄^0π^0) − Γ(B^− → K̄^0π^−) are essentially given by the color-allowed electroweak and strong penguin interference term, so with QCDF expression for the interference term, one could predict B(B̄^0 → K̄^0π^0) in terms of B(B^− → K̄^0π^−) or vice versa. We have:

B(B̄^0 → K̄^0π^0) = [B(B^− → K̄^0π^−)r_b + δB_1]/2 (15) B(B^− → K^−π^0) = [B(B̄^0 → K^−π^+) + δB_2]/2r_b (16) B(B̄^0 → K^−π^+) = [B(B^− → K̄^0π^−)r_b + δB_3] (17)

and where δB_1, δB_2, δB_3 are respectively the computed difference 2B(B̄^0 → K̄^0π^0) − r_bB(B^− → K̄^0π^−), 2 r_bB(B^− → K^−π^0) − B(B̄^0 → K^−π^+), B(B̄^0 → K^−π^+) − r_bB(B^− → K̄^0π^−) and r_b = τ_B0 /τ_B− . We find, in unit of 10^{−6}, with ρ_A = 1, ϕ_A = −55^∘ as with

FIG. 1: The computed and measured CP average branching ratios. The horizontal line are the measured values [19] with the gray areas represent the experimental errors. (a), (b), (c), (d) in the left and right figure represent the values for B^− → K^−π^0, B^− → K̄^0π^−, B̄^0 → K^−π^+ and B̄^0 → K̄^0π^0 respectively. The curves (a1)-(d1) and (a2)-(d2) are the corresponding QCDF predicted values for ϕA = −55^∘, without and with additional penguin contribution respectively.

FIG. 2: The same as in Fig.1 but for the computed CP asymmetries.

the computed values in Table I and Table II (only leading terms are shown):

δB_1 = −3.52 [−3.84(EW) + 1.42 cos(γ)(C)] (18) δB_2 = 3.97 [3.84(EW) − 1.42 cos(γ)(C)] (19) δB_3 = −1.52 [−5.53 cos(γ)(TP) −0.65 cos(γ)(TA) + 0.69(EWC) + 0.36(TT)] (20)

In the above expressions, the main contributions are from the interference of the color-allowed tree, colorsuppressed tree, and electroweak penguin with the strong penguin terms and are shown inside the brackets in the above expressions. Then from Eq.(15-17), we obtain (in unit of 10^{−6})

B(B̄^0 → K̄^0π^0) = 9.0 ± 0.3, (21) B(B^− → K^−π^0) = 12.5 ± 0.3. (22) B(B̄^0 → K^−π^+) = 20.0 ± 0.6, (23)

which agrees with experiment, to within the current accuracy. In particular the agreement with experiment for B(B^− → K^−π^0) shows that the electroweak-penguin interference observed in B → Kπ decay rates difference is well described by QCDF. The predicted B(B̄^0 → K̄^0π^0) is a bit lower than experiment, but this prediction is on firm ground since dB_1 ≈ −dB_2 and the predicted B(B^− → K^−π^0) in terms of dB_2 agrees well with experiment, as mentioned above. In fact the discrepancy between experiment and the above prediction for B(B̄^0 → K̄0π0) could be understood in the following way : First of all, Eqs.(18-20) shows that the electroweak-penguin as well as the color-suppressed tree with the strong penguin interference terms in B(B^− → K^−π^0) and in B(B̄^0 → K̄^0π^0) are essentially the same in magnitude but opposite in sign. This can be seen from the decay amplitudes given in Eqs.(5 -8). Then these interference terms cancel out leaving only the color-allowed tree-penguin interference term in the sum of Γ(B^− → K^−π^0) and Γ(B̄^0 → K̄^0π^0). Since the color-allowed tree-penguin interference terms, the penguin and annihilation terms are essentially the same in the sum 2(Γ(B^− → K^−π^0) + Γ(B̄^0 → K̄^0π^0) and (Γ(B^− → K̄^0π^− + Γ(B̄^0 → K^−π^+)), by neglecting small quadratic term in tree and electroweak penguin contributions, we obtain the approximate relation:

2[B(B^− → K^−π^0)r_b + B(B̄^0 → K̄^0π^0)] = [B(B^− → K̄^0π^−)r_b + B(B̄^0 → K^−π^+)] (24)

This relation has been first given in [21, 22], but was derived independently in [23] from the isospin B → Kπ amplitudes: Δ = { Γ(B^− → K̄^0π^−) + Γ(B̄^0 → K^−π^+) − 2 [ Γ(B^− → K^−π^0) + Γ(B̄^0 → K̄^0π^0) ]} τ_B0 = [ − 4 3 |B_3|^2 − 8 √ 3 Re(B^∗_3 B_1e^{iδ} ) ] (Cτ¯_B0 ) (25)

where B_1, B_3 are respectively the isospin I = 1/2 and I = 3/2 tree-level B → Kπ amplitudes. With the measured branching ratios, we get (43.69 ± 2.4) × 10^{−6} and (40.9 ± 2.0) × 10^{−6} for the l.h.s and r.h.s of Eq.(24), and a difference 2.72×10^{−6} between the two values. Ignoring the errors, we see that this difference is rather large, of the size of the tree-penguin interference term, while, theoretically, it should be of O(10^{−6}) or less and has a value given by δB_1 + δB_2 = 0.43 × 10^{−6}. The problem, we suspect, seems to be the measured B(B̄^0 → K̄^0π^0) which has been lowered over the years. It was (11.5±1.0)×10^{−6} [24] and exceeds the upper limit of (10.8±0.3)×10^{−6} in 2005, as shown in Eq.(15) (the old Kπ puzzle). With our value for B(B̄^0 → K̄^0π^0) , the difference would be reduced to 0.9 × 10^{−6} and becomes consistent with Eq.(24), within the present accuracy. We thus expect the experimental value for B(B̄^0 → K̄^0π^0) would be lower than the current value and is close to our predicted value 9.0 ± 0.3 × 10^{−6}. (The Belle value is in fact (9.2 ± 0.7^{+0.6}_{−0.7}) × 10^{−6} [19]).

III. CONCLUSION

By adding a mainly absorptive, penguin-like contribution to the B → Kπ decay QCDF amplitude, we show that QCDF could successfully predict the B → Kπ branching ratios. We obtain the correct magnitude and sign for the B̄^0 → K^−π^+ CP asymmetry. The B^− → K^−π^0 CP asymmetry is predicted to be of the same sign and magnitude as that of B̄^0 → K^−π^+ which should be checked against more precise data. We also show that QCDF describes well the electroweak penguin contribution in the B^− → K^−π^0 and B̄^0 → K̄^0π^0 branching ratios and show that the B̄^0 → K̄^0π^0 measured branching ratio should be lower than the current value.

Acknowledgments

I would like to thank Hsiang-nan Li, Hai-Yang Cheng, Chuan-Hung Chen and the members of the Institute of Physics, Academia Sinica, Taiwan, for the warm hospitality and support for my stay at the Institute where part of the work was done. Also thanks to P. Colangelo and F. De Fazio for the warm hospitality and support at INFN, Bari, Italy. This work was supported in part by the EU contract No. MRTN-CT-2006-035482, ”FLAVIAnet”.

[1] M. Beneke, G. Buchalla, M. Neubert and C. T. Sachrajda, Nucl. Phys. B 606 , 245 (2001).

[2] M. Beneke and M. Neubert, Nucl. Phys. B 675, 333 (2003).

[3] D. S. Du, J. F. Sun, D. S. Yang and G. H. Zhu, Phys.

Rev. D 67, 014023 (2003);

[4] A. Ali, G. Kramer, and C. Lü, Phys. Rev. D 58, 094009 (1998).

[5] This is pointed out by H. Y. Cheng, H. Y. Cheng, private communication.

[6] C. Isola, M. Ladisa, G. Nardulli, T. N. Pham, and P.

Santorelli, Phys. Rev. D 64 014029 (2001), ibid., Phys. Rev. D 65 014005 (2001).

[7] T. N. Pham, Proceedings of the QCD 02, Montpellier, Nucl.Phys. (Proc. Suppl.)B 121 267 (2003).

[8] M. Ciuchini, E. Franco, G. Martinelli, L. Reina, and L.

Silvestrini, Phys. Lett. B 316 127 (1993); M. Ciuchini, E. Franco, G. Martinelli, and L. Reina, Nucl. Phys. B 415 403 (1994).

[9] H. Y. Cheng, C. K. Chua and A. Soni, Phys. Rev. D 71, 014030 (2005).

[10] B. Dutta, C. S. Kim, S. Oh, and G. H. Zhu, Eur. Phys.

J. C 37, 273 (2004).

[11] D. S. Du, H. Gong, J. F. Sun, D. S. Yang and G. H. Zhu, Phys. Rev. D 65 074001 (2002).

[12] Particle Data Group, Review of Particle Physics, Phys.

Lett. B 667, 1 (2008).

[13] T.N. Pham, in 2nd Workshop on the CKM Unitarity Triangle, Durham, April 2003, eConf C034052, WG415 (2003), arXiv:hep-ph/0306271.

[14] E. Barberio, Talk at the XXIII International Symposium on Lepton and Photon Interactions at High Energy, Aug 13-18 2007, Daegu, Korea.

[15] M. Bona et al.[UTfit Collaboration], Summary of results at “http://www.utfit.org/”.

[16] A. Abulencia et al, [CDF Collaboration], hep-ex/0606027, quoted in Ref.[12].

[17] D. Brown, Talk at the XXIII International Symposium on Lepton and Photon Interactions at High Energy, Aug 13-18 2007, Daegu, Korea.

[18] P. Ball and R. Zwicky, Phys. Rev. D 71, 014015 (2005). [19] Heavy Flavor Averaging Group, E. Barberio et al, arXiv:0808.1297 [hep-ex].

[20] N. de Groot, W. N. Cottingham and I. B. Whittingham, Phys. Rev. D 68 113005 (2003).

[21] H. Lipkin, Phys. Lett. B 445 403 (1999). [22] M. Gronau and J. L. Rosner, Phys. Rev. D 59 113002 (1999).

[23] C. Isola and T. N. Pham, Phys. Rev. D 62 094002 (2000). [24] Heavy Flavor Averaging Group, E. Barberio et al, hep-ex/0603003.