arXiv:hep-ph/0609006 v1 1 Sep 2006

KEK TH-1101

Implications of new data in charmless B decays

Yue-Liang Wu^a,^∗ Yu-Feng Zhou^b,^† and Ci Zhuang^{a‡}

(a) Kavli Institute for Theoretical Physics China (KITPC) at the Chinese Academy of Sciences Institute of theoretical physics, Chinese Academy of Science, Beijing 100080, China (b) Theory Group, KEK, Tsukuba 305-0801, Japan (Dated: September 1, 2006)

Abstract

Based on the latest experimental data of B → ππ and πK modes, a model-independent analytical analysis is presented. The CP-averaged branching ratio difference ΔR = R_c − R_n in B → πK decays with R_c = 2Br(π^0K^−)/Br(π^−K̄^0) and R_n = Br(π^+K^−)/2Br(π^0K̄^0) is reduced though it remains larger than the prediction from the standard model(SM) as both measured R_n and R_c are enhanced, which indicates that a room for new physics becomes smaller. The present data of ππ decay reduce the ratio |C/T | from the previous value of |C/T | ≃ 0.8 to |C/T | ≃ 0.65, which is still larger than the theoretical estimations based on QCD factorization and pQCD. Within SM and flavor SU(3) symmetry, the current πK data also diminish the ratio |C^′/T^′| from the previous value |C^′/T^′| ≃ 2 to |C^′/T^′| ≃ 1.16 with a large strong phase δ_C′ ≃ −2.65, while its value remains much larger than the one extracted from the ππ modes. The direct CP violation A_{CP} (π^0K̄^0) is predicted to be A_{CP} (π^0K̄^0) = −0.15 ± 0.03, which is consistent with the present data. Two kinds of new effects in both strong and weak phases of the electroweak penguin diagram are considered. It is found that both cases can reduce the ratio to |C^′/T^′| = 0.40 ∼ 0.80 and lead to roughly the same predictions for CP violation in π^0K^0.

PACS numbers: 13.25.Hw,11.30.Er, 11.30.Hv

∗Electronic address: ylwu@itp.ac.cn †Electronic address: zhou@post.kek.jp ‡Electronic address: zhuangc@itp.ac.cn

I. INTRODUCTION

The measurements of hadronic charmless B decays at the two B-factories become more and more accurate. Currently, all the branching ratios of B → ππ and πK modes have been measured with good accuracy[1, 2] and a large direct CP violation has well been established in π^+K^− mode [3, 4]. Recently, the BaBar and Belle collaborations have reported their updated results which show a better agreement with the Standard Model[2]. The new world average is summarized in Table.I. In ππ and πK decay modes, one can define the following ratios:

R_{00} =

2Br(π^0π^0) Br(π^+π^−)

, (1) and R_c =

2Br(π^0K^−) Br(π^−K̄^0)

, R_n =

Br(π^+K^−) 2Br(π^0K̄^0)

. (2)

A relatively large R_{00} and R_n or R_c deviating significantly from unity are usually referred to ππ and πK puzzles respectively. Their implications have been investigated by many groups[5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19]. Compared to the old data which give R_{00} = 0.67±0.14, R_n = 0.82±0.08 and R_c = 1.00±0.06, the latest data indicate a reduction of R_{00} and enhancement of R_n and R_c, i.e., R_{00} = 0.50±0.08, R_n = 1.00±0.07 and R_c = 1.11 ± 0.08. Namely R_{00} and R_n are moving closer to the SM estimation. On the contrary, R_c deviates from unity now. The ratio difference ΔR = R_c − R_n is reduced in comparison with the previous result, but it is still puzzling since the ratio difference in the SM is of the order O(|P_{EW} /P |^2) ≃ O(10^{−2} ). Within the SM, both the ππ and πK puzzles can be accounted for by large color suppressed tree diagrams C and C^′. However, the previous analysis showed that |C/T | ≃ 0.7 in ππ decays, while in πK decays, |C^′/T^′| ≃ 2.0. Such a large |C^′/T^′| may either indicate a breakdown of SU(3) symmetry or new physics from electroweak penguin sector[19].

In light of the latest data, it is interesting to make an updated analysis within the framework of quark flavor topology. Our results show that in both ππ and πK modes, the values of |C/T | and |C^′/T^′| are reduced and closer to the theoretical estimations. Numerically, it is found that |C/T | ≃ 0.65 and |C^′/T^′| ≃ 1.16 respectively. We also make predictions for the direct CP asymmetry and mixing induced CP asymmetry of B → π^0K̄^0 and compare them with the preliminary data of Babar and Belle. In our previous paper[8], it has been shown that the weak phase γ can well be determined to be remarkably consistent with the global standard model fit, which gives γ = 1.08^{+0.17}_{−0.21} [20]. In the present paper, we shall take the CKM phase γ as an input parameter in analytical analysis.

modes Br(×10^{−6}) A_{CP} S π^+π^− 5.2 ± 0.2 0.39 ± 0.07 −0.58 ± 0.09 π^0π^0 1.31 ± 0.21 0.36^{+0.33}_{−0.31} π^−π^0 5.7 ± 0.40 0.04 ± 0.05 π^+K^− 19.7 ± 0.6 −0.093 ± 0.015 π^0K̄^0(K_S ) 10.0 ± 0.6 −0.12 ± 0.11 (+0.33 ± 0.21) π^−K̄^0 23.1 ± 1.0 0.009 ± 0.025 π^0K^− 12.8 ± 0.6 0.047 ± 0.026

TABLE I: The latest world average data of Charmless B decays[1, 2] . II. ANALYSIS WITH DIAGRAMMATIC DECOMPOSITION

The general diagrammatic decomposition of the decay amplitudes for B → ππ(πK) decays can be expressed as (see, e.g. [21]):

Ā(π^+π^−) = − [ λ_u(T + E − P − P_A − 2 3 P^C_{EW} ) − λ_c(P + P_A + 2 3 P^C_{EW} ) ] , Ā(π^0π^0) = − 1√ 2 [ λ_u(C − E + P + P_A − P_{EW} − 1 3 P^C_{EW} ) − λ_c(−P − P_A + P_{EW} + 1 3 P^C_{EW} ) ] , Ā(π^0π^−) = − 1√ 2 [ λ_u(T + C − P_{EW} − P^C_{EW} ) − λ_c(P_{EW} + P^C_{EW} ) ] , (3)

with λ_u = V_{ub}V^∗_{ud} = Aλ^3(ρ − iη)(1 − λ^2/2), λ_c = V_{cb}V^∗_{cd} = −Aλ^3 and:

Ā(π^+K^−) = − [ λ^s_u(T^′ − P^′ − 2 3 P^{C′}_{EW} ) − λ^s_c (P^′ + 2 3 P^{C′}_{EW} ) ] , Ā(π^0K^0) = − 1√ 2 [ λ^s_u(C^′ + P^′ − P^′_{EW} − 1 3 P^{C′}_{EW} ) − λ^s_c (−P^′ + P^′_{EW} + 1 3 P^{C′}_{EW} ) ] , Ā(π^−K^0) = λ^s_u(A^′ − P^′ + 1 3 P^{C′}_{EW} ) − λ^s_c (P^′ − 1 3 P^{C′}_{EW} ), (4)

Ā(π^0K^−) = − 1√ 2 [ λ^s_u(T^′ + C^′ + A^′ − P^′ − P^′_{EW} − 2 3 P^{C′}_{EW} ) − λ^s_c (P^′ + P^′_{EW} + 2 3 P^{C′}_{EW} ) ] , with λ^s_u = V_{ub}V^∗_{us} = Aλ^4(ρ − iη), and λ^s_c = V_{cb}V^∗_{cs} = Aλ^2(1 − λ^2/2). Note that in the πK modes |λ^s_u| is much smaller than |λ^s_c |. Taking V_{ub} = (3.82 ± 0.15) × 10^{−3} and V_{cb} = (41.79 ± 0.63) × 10^{−3} [20], we have |λ^s_u/λ^s_c | = 0.021 ± 0.001.

The effective Hamiltonian for ΔS = 0(1) non-leptonic B decays is given by H_{ef f} = G_F √ 2 ∑ q=u,c λ^{(s)}_q ( C_1O^q_1 + C_2O^q_2 + 10∑ i=3 C_iO_i ) , (5)

where O^{u(c)}_{1,2} , O_{3,...,6} and O_{7,...,10} are related to tree, QCD penguin and electro-weak penguin sectors respectively and C^′_is are the corresponding short distance Wilson coefficients.

In the SM, from the isospin structure of the effective Hamiltonian, the ratio between electroweak penguin and tree diagrams are fixed through [22] R_{EW} = P_{EW} + P^C_{EW} T + C = 3 2 · C_9 + C_{10} C_1 + C_2

= −(1.25 ± 0.12) × 10^{−2}, (6)

for ππ modes. Where T , C, P_{EW} and P^C_{EW} are diagrams with CKM matrix elements factorized out. C_is stand for the short distance Wilson coefficients at the scale of μ ≃ m_b. A direct consequence from this relation is that no direct CP violation occurs in the B → π^−π^0 decay, namely

A_{CP} (B → π^−π^0) ≃ 0, SM (7) A_{CP} (B → π^−π^0) ≫ 0.1, new physics (8)

as long as isospin symmetry holds at a few percent level. The latest average data is A_{CP} (B → π^−π^0) = 0.04 ± 0.05 which is not precise enough to draw a robust conclusion. However, in the factorization approach, it has been demonstrated that the SU(3) symmetry breaking effects are small either because of the cancellation between two combining factors of the decay constants and form factors, namely f_K f^{B→π}_0 ≃ f_πf^{B→K}_0 , or the suppression by the heavy bottom meson mass (m^2_K − m^2_π)/m^2_B ≪ 1[22]. The typical corrections are less than 10%. Thus in flavor SU(3) limit, the relation of eq.(6) should still hold in a good approximation in πK system, i.e., R^′_{EW} ≃ R_{EW} [23]. This relation is free from hadronic uncertainties and survives under elastic final state interactions (FSIs) and inelastic FSIs through low isospin states such as B → DD_s → ππ(K). It can directly confront the experiments and allows us to explore new physics in hadronic charmless B decays.

The current average data give the following results for the ratios R_c and R_n in πK system:

R_c = 1.11 ± 0.08, R_n = 1.00 ± 0.07, (9)

which shows that R_c and R_n are all enhanced in comparison with the previous values, the difference of two ratios is ΔR = R_c − R_n = 0.11 ± 0.10 which is diminished in comparison with the previous result ΔR = 0.18 ± 0.10. As shown in ref. [19] that ΔR is dominated by |P^′_{EW} /P^′|^2, a large deviation from the small value ΔR ≃ 0.02 may indicate signal of new physics beyond SM. In general, the ratio difference ΔR is a sensitive probe for new physics. Note that the Belle collaboration reported almost the same R_n and R_c:

R_c = 1.08 ± 0.06 ± 0.08, R_n = 1.08 ± 0.08^{+0.09}_{−0.08}, (Belle) (10)

the central values are consistent with the SM estimation but the uncertainty is still large. Meanwhile the BaBar collaboration reported the following results,

R_c = 1.11 ± 0.07 ± 0.07, R_n = 0.94 ± 0.07 ± 0.05, (BaBar) (11)

From the present experiments, one can not yet rule out the possibility of new physics.

III. ENHANCED COLOR-SUPPRESSED AMPLITUDES FROM B → ππ

We now discuss B → ππ decays. Using the diagrammatic method, the CP-averaging branching ratios have the following forms:

Br(π^+π^−) ≃ |λ_u|^2|T |^2 + (|λ_u|^2 + |λ_c|^2 − 2 cos γ|λ_u||λ_c|)|P |^2 +2|λ_u||P ||T | cos δ_T (|λ_c| cos γ − |λ_u|), Br(π^0π^0) ≃ 1 2 [|λ_u|^2|C|^2 + (|λ_u|^2 + |λ_c|^2 − 2 cos γ|λ_u||λ_c|)|P − P_{EW} |^2] −2|λ_u||P − P_{EW} ||C| cos δ_C (|λ_c| cos γ − |λ_u|), 1 τ Br(π^−π^0) ≃ 1 2 |λ_u|^2|T + C|^2, (12)

where τ = τ^−_B /τ^0_B = 1.086 reflecting the life-time difference. Here we have neglected the subleading diagrams P^C_{EW} , E and P_A for simplicity. δ_C , δ_T and δ_{EW} are the strong phases of C, T and P_{EW} respectively. The strong phase of P is fixed to be zero as an overall phase. The CP violation parameters S and C in B → π^+π^− decays are introduced through the time-dependent decay rate difference:

A_{CP} (t) =

Γ(B̄^0 → π^+π^−) − Γ(B^0 → π^+π^−) Γ(B̄^0 → π^+π^−) + Γ(B^0 → π^+π^−) ≃ −a_ϵ + (a_ϵ + a_ϵ′ ) cos (Δm_B · t) + a_{ϵ+ϵ}′ sin (Δm_B · t), ≃ S · sin (Δm_B · t) − C · cos (Δm_B · t), (13)

Δm_B is the neutral B meson mass difference. The CP-violating quantities are defined as: S = Im λ 1 + |λ|^2

= a_{ϵ+ϵ}′ , and C = 1 − |λ|^2 1 + |λ|^2

= −A_{CP} = −(a_ϵ + a_ϵ′ ) (14)

with λ = e^{−2iβ}(Ā/A). Where the rephase-invariant quantities a_ϵ, a_ϵ′ and a_{ϵ+ϵ}′ [24] represent indirect, direct and mixing-induced CP violations respectively. As a_ϵ ≪ 1 for neutral B system, we have A_{CP} ≃ a_ϵ′ which characterizes direct CP violation.

With the above equations, we can get the explicit expressions of A_{CP} (π^+π^−) · Br(B → π^+π^−) and S_π+_π− as: A_{CP} (B → π^+π^−) · Br(B → π^+π^−) ≃ 2|λ_uλ_c| sin γ|T ||P | sin δ_T , S_π+_π− ≃

2κ cos 2(β + γ) cos δ_T sin γ − sin 2(β + γ)(1 + 2κ sin δ_T sin γ) 1 + 2κ sin δ_T sin γ + 2κ^2 sin^2 γ

, (15)

with κ = |λ_cP |/|λ_u T |. Noticing the fact that |P | ≪ |T | and 2|λ^d_u|(|λ^d_c | cos γ − |λ^d_u|) ≃ 0.4|λ^d_u|^2 and considering the error of data, we can safely ignore the cross term in branching ratio of B → π^+π^−. Similarly, we can also ignore the cross term in the branching ratio of π^0π^0 and obtain in a good approximation the following relations: R_{−0} (1 − R_{00}) ≃ 1 + |C/T |^2 + 2|C/T | cos (δ_T − δ_C ) 1 − |C/T |^2 (16) with R_{−0} ≡ 2Br(π^−π^0)/Br(π^+π^−). Taking the experimental data for the three branching ratios and considering the possible range for cos (δ_T − δ_C ) ∈ [1, −1], we arrive at the following constraint for the ratio |C|/|T |: 0.60 ≤ |C| |T | ≤ 0.97. (17)

Using the three precise observed data points of Br(π^+π^−), A_{CP} (π^+π^−), S_π+_π− and taking the latest experimental result for sin (2β) as an input parameter[1], we get:

|P | = 0.10 ± 0.03, |T | = 0.58 ± 0.05, δ_T = 0.60 ± 0.10 (18)

Noticing the positivity of the quantity: (|λ_u|^2 + |λ_c|^2 − 2 cos γ|λ_u||λ_c|)|P |^2 + 2|λ_u||P ||T | cos δ_T (|λ_c| cos γ − |λ_u|) > 0. (19) The above inequality holds for |P/T | ≥ 0.1 which is true from the above analysis, i.e., Br(π^+π^−)/τ_B > |λ_u|^2|T |^2. We then yield a more strong constraint for the ratio: |C| |T | ≤ √ R_0 ≡ √ 2Br(π^0π^0) Br(π^+π^−)

≃ 0.70 (20)

Combining the above two constraints, we have 0.6 ≤ |C|/|T | ≤ 0.7 (21) Note that the above numerical bounds are obtained by simply taking the central values of the experimental data. When taking into account the experimental errors, the allowed range could be enlarged by (10 ∼ 20)%. The result is still larger than the theoretical estimations |C/T | ≃ 0.1 ∼ 0.2 calculated from both the QCD factorization approach[25] and perturbative QCD approach[26]. Although the next to leading order contributions calculated recently in QCD factorization show some enhancement of C, it is still difficult to meet the current data[27]. Also a large color suppressed tree diagram is independently favored by πK and Kη^{(′)} data [9, 15, 28].

IV. IMPLICATIONS FROM NEW EXPERIMENTAL RESULTS OF B → Kπ DECAYS

The latest averaged data give A_{CP} (π^+K^−) = −0.098 ± 0.015, A_{CP} (π^0K̄^0) = −0.12 ± 0.11 and A_{CP} (π^0K^−) = 0.05 ± 0.03. All these preliminary measurements are more precise. However, there still exists significant differences between two experiments. We shall make, basing on the new data, a model-independent analysis to determine the hadronic amplitudes and see whether there is any implication for new physics beyond the SM.

In the πK system, there are now five established experimental observables, including four branching ratios and one direct CP as of B → π^+K^−. Using the diagrammatic language and neglecting the small contributions from P^{C′}_{EW} , A^′, E^′, there are seven free parameters, four magnitudes and three relative strong phases. Keeping isospin relation in Eq.(6) within the SM, only five free parameters are left, namely three magnitudes

FIG. 1: Allowed range for |C^′/T^′| with δ_C′ by using five measured πK data.

|T^′|, |C^′|, |P^′| and two relative strong phases δ_T ′ and δ_C′ , where we take the strong phase of P^′ as an overall phase. In this case, the data are enough to extract all these parameters. In fact, by taking three data points of Br(B → π^−K^0), Br(B → K^+π^−) and A_{CP} (K^+π^−), one can extract |T^′|, |P^′| and δ_T ′ . The numerical results are found to be

|T^′| = 0.87 ± 0.18, δ_T ′ = 0.33 ± 0.07, |P^′| = 0.12 ± 0.02. (22)

The other two data points are used to determine the color suppressed tree amplitude and it’s strong phase.

In the first step, we shall work within SM. Neglecting the color suppressed EW penguin, and taking Br(B → π^0K̄^0) and Br(B → π^0K^−) within 1σ error, we find the allowed region for δ_C′ and |C^′/T^′|. The results are plotted in Fig.1. In obtaining the figure, we let

FIG. 2: Allowed range for A_{cp}(π^0K̄^0) and A_{cp}(π^0K^−) as function of δ_C′ by using five measured πK data.

δ^′_C vary in the range [−π, π] and |C^′/T^′| in [0, 10]. The result indicates that a large strong phase of the color suppressed tree diagram is necessary to explain the experiments and there exists two allowed regions with opposite signs of δ_C′ but similar size of |C^′| around 2.0 ∼ 3.0. As for the ratio |C^′/T^′|, the minimal value is about |C^′/T^′| ≃ 1 with δ_C′ ≈ ±π, the whole allowed range is from 1.0 to 2.4. So the large C^′ puzzle is still there though the minimal value can be reduced to about unity. When only taking the latest data from the Belle collaboration, the ratio |C^′/T^′| can be further reduced and the minimal size can reach |C^′/T^′| ≃ 0.74 which is still large.

The CP asymmetry in πK decays can be expressed as follows

A_{CP} (B → π^+K^−) · Br(B → π^+K^−) ≃ −2|λ^s_uλ^s_c | sin γ|T^′||P^′| sin δ_T ′ , A_{CP} (B → π^0K̄^0) · Br(B → π^0K̄^0) ≃ |λ^s_uλ^s_c | sin γ|C^′|[|P^′| sin δ_C′ + |P^′_{EW} | sin (δ_C′ − δ_{EW} ′ )], (23) 1 τ A_{CP} (B → π^0K^−) · Br(B → π^0K^−) ≃ −|λ^s_uλ^s_c | sin γ · [|T^′|(|P^′| sin δ_T ′ − |P^′_{EW} | sin (δ_T ′ − δ_{EW} ′ )) +|C^′|(|P^′| sin δ_C′ − |P^′_{EW} | sin (δ_C′ − δ_{EW} ′ ))] The expression of mixing-induced CP-violating parameter S_{πKS} is

S_π0_{KS} ≃ sin (2β) + 2r^′_C cos (2β) cos δ_C′ sin γ − 2r^{′2}_C sin (2β) sin^2 γ −r^{′2}_C cos (2β) cos (2δ_C′ ) sin (2γ) − 2r^′_C r^′_{EW} cos (2β) cos (δ_C′ + δ_{EW} ′ ) sin γ,(24)

where r^′_C ≃ |λ^s_u/λ^s_c ||C^′/P^′| and r^′_{EW} = |P^′_{EW} /P^′|. The corresponding predictions for A_{CP} (π^0K̄^0) and A_{CP} (π^0K^−) are given in Fig.2. It shows that there are two solutions corresponding to the sign of δ_C′

for δ_C′ < 0 :

−0.08 < A_{CP} (π^0K^−) < 0.39, −0.50 < A_{CP} (π^0K̄^0) < 0, for δ_C′ > 0 :

−0.34 < A_{CP} (π^0K^−) < −0.10, 0 < A_{CP} (π^0K̄^0) < 0.35, (25)

where A_{CP} (π^0K̄^0) and A_{CP} (π^0K^−) almost have opposite signs. In Fig.3, the mixing induced CP asymmetry S_{πKS} as function of strong phase δ_C′ is given. One finds that for both positive or negative δ_C′ , the resulting mixing CP violation S_{πKS} is the same, because it depends only on cos δ_C′

S_π0_{KS} = 0.55 ± 0.07 (26)

From the above discussions, we see that from the measured five data, there is still significant uncertainties in determining the magnitude of |C^′/T^′| and predicting for the direct CP violation. In order to tighten the constraints, we try to add another data point of A_{CP} (π^0K^−). Note that the preliminary result show that the Babar and Belle’s results are consistent with each other, A_{CP} (π^0K^−) = 0.016 ± 0.041 ± 0.010(Babar) and

FIG. 3: The allowed range for mixing induced CP asymmetry S_π0_{KS} as a function of strong phase δ_C′ by using five measured πK data.

A_{CP} (π^0K^−) = 0.07 ± 0.03 ± 0.01(Belle). With this extra data point included, a very strong constraint on |C^′/T^′| is found. The allowed region for δ_C′ and |C^′/T^′| are given in Fig.4, where we scan all the possible solutions to meet six data points within the region of δ_C′ ∈ [−π, π] and |C^′/T^′| ∈ [0, 10]. average data within 1σ error. The figure shows that |C^′/T^′| and δ_C′ can be well determined with |C^′/T^′| = 1.16 ± 0.08, δ_C′ = −2.65 ± 0.10. The positive δ_C′ solution is excluded completely, and there is no two-fold ambiguity in the prediction of CP asymmetry for π^0K̄^0

A_{CP} (π^0K̄^0) = −0.15 ± 0.03, S_π0_{KS} = 0.55 ± 0.03. (27)

The prediction coincides with the preliminary data at 1σ error and also the results obtained by using the sum rules in πK system[29]. Although |C^′/T^′| is moving towards the SM value, a large value around unity with a large negative strong phase δ_C′ ≃ −2.65 is still inevitable. Obviously, the obtained ratio |C^′/T^′| ≃ 1.2 is much larger than the theoretical estimation using QCD factorization or pQCD method [25, 26, 27]. It is almost twice as large as |C/T | extracted from ππ system, which may indicate a breakdown of flavor SU(3) symmetry. Unlike in the pQCD and QCD factorization calculations, the soft collinear effective theory (SCET) shows that the color suppressed amplitudes can be of similar size to the tree amplitudes in [30, 31], which may provide a dynamic QCD explanation for large C ∼ T , but it depends on two unknown parameters ζ_J and ζ, and the predicted strong phase is smaller than the one obtained directly from the data, as shown in ref.[17], it also overshoots the bound of the B → ρ^0ρ^0 branch ratio and deteriorates the predictions for B → πK direct CP violations .

FIG. 4: The allowed range for |C^′/T^′| and δ_C′ by using five measured πK data and the preliminary data of A_{cp}(π^0K^−)

V. NEW PHYSICS EFFECTS

In this section, we consider two kinds of phase effects in the presence of new physics, i.e., there is a new CP phase or a new strong phase in electroweak penguin sector, but the magnitude of P^′_{EW} remains to be unchanged |P^′_{EW} | = |R^′_{EW} ||T^′ + C^′|. For the case with an enhanced electroweak penguin amplitude has widely been discussed, we shall not discuss its effects here, it is referred to the recent papers in refs.[5, 6, 8, 9, 19]. For the scenario with a new CP violating phase, we add ϕ_{N P} to P^′_{EW} , i.e., P^′_{EW} = |P^′_{EW} |e^{i(δEW ′ +ϕN P )}, the corresponding expressions of branching ratios and CP asymmetries are changed accordingly. For example, in π^0K̄^0 mode:

A_{CP} (B → π^0K̄^0) · Br(B → π^0K̄^0) ≃ |λ^s_uλ^s_c|[sin γ|C^′P^′| sin δ_C′ + sin (γ + ϕ_{N P} )|C^′P^′_{EW} | sin (δ_C′ − δ_{EW} ′ )] −[|λ^s_u|^2 + |λ^s_c|^2 + 2|λ^s_uλ^s_c |] sin ϕ_{N P} sin δ_{EW} ′ |P^′P^′_{EW} |. (28)

We use the whole six data points and scan all the allowed values of ϕ_{N P} and δ_C′ which meet the data within 1σ error. The allowed region of |C^′/T^′| is found to be [0.40, 2.40] with δ_C′ = −1.5 ± 0.7. For a large weak phase ϕ_{N P} ≈ ±(2.6 ± 0.4) , the ratio |C^′/T^′| can be strongly reduced to the range 0.40 ∼ 0.80 which is similar to the result of |C/T | obtained in the ππ system. The corresponding CP asymmetries in this case are:

A_{CP} (π^0K̄^0) = −0.22 ± 0.12, S_π0_{KS} = 0.60 ± 0.20. (29)

In ref. [32], the authors introduced such a new CP phase as a new physics scenario in electroweak penguin sector, and found that ϕ_{N P} ≃ ±π/2 is needed to meet the B → πK data. Here we adopt the latest experimental data and find that a much larger ϕ_{N P} ≈ ±(2.6 ± 0.4) is required to give a consistent explanation for the data when keeping SU(3) symmetry.

In the other scenario, we add a new strong phase δ_{N P} ′ to P^′_{EW} , namely the isospin relation will be broken by an extra phase factor, P^′_{EW} = R^′_{EW} (T^′ +C^′)e^{iδN P ′} . By redefining it as P^′_{EW} = |R^′_{EW} (T^′+C^′)|e^{iδEW ′} , similar results can be obtained as introducing a new CP phase in P^′_{EW} . It is interesting to find that a new strong phase δ_{EW} ′ = −2.70 ± 0.30 can also reduce |C^′/T^′| to 0.40 ∼ 0.80. As a consequence, the CP asymmetries are predicted to be

A_{CP} (π^0K̄^0) = −0.10 ± 0.10, S_π0_{KS} = 0.57 ± 0.12. (30)

Thus we find that either a new weak phase or a new isospin relation broken strong phase in electroweak penguin diagrams can significantly reduce the ratio |C^′/T^′| to be close to the ratio |C/T | in ππ system and meet all the present experimental data well within 1σ error. While |C^′/T^′| ≃ 0.40 ∼ 0.80 is still 2 ∼ 3 times larger than the theoretical evaluation calculated by using QCD factorization and PQCD methods, also a large weak phase or strong phase around ±(2 ∼ 3) is necessary. Nevertheless, the predictions for the direct CP asymmetry of B → π^0K̄^0 is consistent with the averaged data though BaBar and Belle did not give very consistent values and the errors are still large A_{CP} (π^0K̄^0) = −0.20 ± 0.16 ± 0.03(BaBar) and A_{CP} (π^0K̄^0) = −0.05 ± 0.14 ± 0.05(Belle)[2]. As for S_{πKS} , in both cases, a large value around 0.6 is obtained in comparison with the experimental result 0.33 ± 0.21, they are consistent within 1.5σ error. It is noted that both cases can bring out similar effects: a) reducing the ratio |C^′/T^′| to a reasonable value where SU(3) symmetry holds; b) leading to almost the same prediction for S_π0_{KS} ≈ 0.60 and a consistent prediction for A_{CP} (π^0K̄^0). However, adding a new strong phase in P_{EW} will lead to a nonzero A_{CP} (π^−π^0) at a few percent level, which can be used to distinguish the two type of scenarios in the future.

VI. CONCLUSIONS

In summary, we have presented a model-independent analytical analysis for B → ππ and πK decays based on the latest data. We obtained the ratio between color suppressed tree diagram and tree diagram 0.6 ≤ |C/T | ≤ 0.7 in ππ system through modelindependent analysis and found that the latest data makes it move closer to the SM estimation, but was still large. We made an similar analysis in πK system and found |C^′/T^′| ≈ 1.16 in comparison with the previous value |C^′/T^′| ≈ 2.0 and a large negative strong phase δ_C′ ≃ −2.65. The predictions for CP asymmetries in π^0K^0 are A_{CP} (π^0K̄^0) = −0.15 ± 0.03 and S_π0_{KS} = 0.55 ± 0.03, which are consistent with the present data within 1σ and 1.5σ respectively. We also considered two kinds of new physics scenarios with a new CP phase and a new strong phase in electroweak penguin sector. In our present analysis with the latest experiment data, we found that with a new CP phase ϕ_{N P} = ±(2.2 ∼ 3.0), the ratio |C^′/T^′| could be reduced to 0.40 ∼ 0.80 that was similar to that in ππ system, and the strong phase δ_C′ could also be reduced to about −1.5. Alternatively , an extra strong phase in electroweak penguin sector which breaks the isospin symmetry in phase could also reduce the ratio |C^′/T^′| to about 0.40 ∼ 0.80 and coincided with the data well. Thus, new physics may help to explain the discrepancy between |C/T | and |C^′/T^′| in ππ and πK systems. Recently, it has been shown that new physics effects in P^′_{EW} can be effectively reparameterized into C^′[33], thus a large |C^′/T^′| may also be a consequence of new physics. The two kinds of scenarios lead to a consistent prediction for A_{CP} (π^0K̄^0) and similar for S_{πKS} ≃ 0.60 which is consistent with the data within 1.5σ error. A more precise measurement of A_{CP} (π^−π^0) may not only help us to signal out new physics but also distinguish these two kinds of new scenarios in the near future.

Acknowledgments

This work is supported in part by the National Science Foundation of China (NSFC) under the grant 10475105, 10491306, and the Project of Knowledge Innovation Program (PKIP) of Chinese Academy of Sciences. YFZ is supported by JSPS foundation.

[1] Heavy Flavor Averaging Group, updated in http://www.slac.stanford.edu/xorg/hfag. [2] E.Di.Marco, presented at ICHEP06, Moscow,USSR, July 26-August 2,2006. Yuuji.Unno,presented at ICHEP06, Moscow,USSR, July 26-August 2,2006.

[3] K. Abe et al. [Belle Collaboration], Phys. Rev. Lett. 93, 021601 (2004). [4] B. Aubert et al. [BaBar Collaboration], Phys. Rev. Lett. 93, 131801 (2004). [5] A.J. Buras, R. Fleischer, S. Recksiegel, and F. Schwab, Phys. Rev. Lett. 92, 101804 (2004);

Nucl. Phys. B697, 133 (2004).

[6] T. Yoshikawa, Phys. Rev. D 68, 054023 (2003); S. Mishima and T. Yoshikawa, Phys. Rev.

D70, 094024 (2004);

[7] S. Nandi and A. Kundu, hep-ph/0407061.

[8] Y. L. Wu and Y. F. Zhou, Phys. Rev. D 71, 021701 (2005) [arXiv:hep-ph/0409221]. [9] Y. L. Wu and Y. F. Zhou, Phys. Rev. D 72, 034037 (2005) [arXiv:hep-ph/0503077]. [10] H-n. Li, S. Mishima, and A.I. Sanda, Phys. Rev. D72 114005 (2005). [11] M. Gronau and J.L. Rosner, Phys. Lett. B 572, 43 (2003); Phys.Rev. D71 074019 (2005) [12] Y.Y. Charng and H-n. Li, Phys. Rev. D 71, 014036 (2005). [13] X.G. He and B. McKellar, hep-ph/0410098.

[14] C.W. Chiang, M. Gronau, J.L. Rosner and D.A. Suprun, Phys. Rev. D 70 034020 (2004) [15] S. Baek, P. Hamel, D. London, A. Datta and D.A. Suprun, Phys. Rev. D 71 057502 (2005) [16] M. Imbeault, A. Datta, D. London, hep-ph/0603214 [17] H.N. Li and S. Mishima, Phys. Rev. D73 114014 (2006).

[18] R. Arnowitt, B. Dutta, B. Hu and S. Oh, Phys. Lett. B 633, 748 (2006) arXiv:hep-ph/0512268. C. S. Kim, S. Oh and C. Yu, Phys. Rev. D 72, 074005 (2005) W. S. Hou, M. Nagashima, G. Raz and A. Soddu, S.Baek, hep-ph/0605094.

[19] Y. L. Wu, Y. F. Zhou and C. Zhuang, arXiv:hep-ph/0606035. [20] CKMfitter, http://ckmfitter.in2p3.fr/.

[21] Y. L. Wu and Y. F. Zhou, Phys. Rev. D 62, 036007 (2000) [arXiv:hep-ph/0002227].

Y. L. Wu and Y. F. Zhou, Eur. Phys. J. directC 5, 014 (2003) [arXiv:hep-ph/0210367]. (2004),[arXiv:hep-ph/0210367].

[22] M. Neubert and J. L. Rosner, Phys. Lett. B441 403 (1998). M. Neubert, JHEP 9902, 014 (1999). Y. Grossman, M. Neubert and A. L. Kagan, JHEP 9910, 029 (1999). Y.F. Zhou,

Y.L. Wu, J.N. Ng and C.Q. Geng, Phys. Rev. D 63, 054011 (2001).

[23] X.G. He, Eur. Phys. J. C9 443 (1999); X.G. He et al. Phys. Rev. D64 034002 (2001); G.

Paz, hep-ph/0206312 [24] W.F. Palmer and Y.L. Wu, Phys. Lett. B350 245 (1995) [25] M. Beneke, G. Buchalla, M. Neubert, and C. T. Sachrajda, Phys. Rev. Lett. 83, 1914 (1999); Nucl. Phys. B579, 313 (2000). D. s. Du, H. u. Gong, J. f. Sun, D. s. Yang and G. h. Zhu, Phys. Rev. D 65, 074001 (2002) M. Beneke and M. Neubert, Nucl. Phys. B 675, 333 (2003).

[26] H. n. Li and H. L. Yu, Phys. Rev. Lett. 74, 4388 (1995); Phys. Lett. B 353, 301 (1995);

Y. Y. Keum, H. n. Li, and A. I. Sanda, Phys. Rev. D 63, 054008 (2001). [27] X. Q. Li and Y. D. Yang, Phys. Rev. D 72, 074007 (2005). M. Beneke and S. Jager, arXiv:hep-ph/0512351.

[28] Y. F. Zhou, Eur. Phys. J. C 46, 713 (2006) [arXiv:hep-ph/0507126]. [29] M.Gronau, Jonathan L. Rosner and J.Zupan, hep-ph/0608085.

[30] Christian W. Bauer, Dan Pirjol, Ira Z. Rothstein, and Iain W. Stewart, Phys.Rev.D70:054015(2004).

[31] Christian W. Bauer, Ira Z. Rothstein, and Iain W. Stewart, hep-ph/0510241. [32] A.J. Buras, R. Fleischer, S. Recksiegel, and F. Schwab, Eur.Phys.J. C45 701 (2006). [33] M. Imbeault, D. London, C. Sharma, N. Sinha and R. Sinha, arXiv:hep-ph/0608169.