arXiv:hep-ph/0210102 v2 18 Oct 2002

Charming penguin and direct CP-violation in charmless B decays

T. N. Pham Centre de Physique Théorique, Centre National de la Recherche Scientifique, UMR 7644, Ecole Polytechnique, 91128 Palaiseau Cedex, France

ABSTRACT

In the study of two-body charmless B decays as a mean of looking for direct CP-violation and measuring the CKM mixing parameters in the Standard Model, the short-distance penguin contribution with its absorptive part generated by charm quark loop seems capable of producing sufficient B → Kπ decays rates, as obtained in factorization and QCD-improved factorization models. However there are also long-distance charming penguin contributions which could give rise to a strong phase due to the rescattering D^∗D^∗_s → Kπ etc. In this talk, I would like to discuss recent works on the charming penguin contribution as a different approach to the calculation of these contributions in two-body charmless B decays. We find that the charming penguin contribution is significant for B → Kπ decays and, together with the tree and penguin terms, produces large branching ratios in agreement with data, though the analysis is affected by large theoretical uncertainties. The absorptive part due to the charmed meson intermediate states is found to produce large CP asymmetries for B → Kπ, ππ decays.

PC073.1002 October 2002

† Talk given at the QCD Euroconference 2002, Montpellier 2-9 July 2002

In nonleptonic charmless two-body B decays, the interference between the tree-level and penguin terms make it possible to look for direct CP-violation and to determine the CP-violating weak CKM phase angle γ from these decays [1, 2, 3]. It is known that the top quark penguin amplitude is insufficient to produce a large B → Kπ decay rates. When the effects of charm quark loop are included, the decay rate is enhanced [4, 5, 6, 7, 8] and are in qualitative agreement with data [8, 9, 10, 11]. The effects of charm quark loop is contained in QCD-improved factorization as shown recently [12, 13, 14].

One can also take the view that these charm quark loop contributions are basically long-distance effects, essentially due to charmed meson rescattering processes, such as, e.g. B → D_sD → Kπ. These contributions, first discussed in [15], have been more recently stressed by [16, 17] where they are called the charming penguin contributions. In [18, 19] , we have evaluated these contributions and found that both the absorptive and the real part of the charming penguin are large, comparable to the short-distance part and is capable of generating large CP asymmetries in charmless B decays. In this talk I would like to discuss these calculations and stress the importance of the charming penguin in charmless B decays, especially the large absorptive part generated by the charmed meson rescattering effects and the CP asymmetries obtained. That the charmed meson rescatterings could generate a large charming penguin is easily seen from the unitarity of the S–matrix. For example, the absorptive part of the B → Kπ decays amplitude would get the main contribution from the D_sD and D^∗_s D^∗ intermediate states since the color-favored, Cabibbo-allowed B → D_sD and B → D^∗_s D^∗ decays which are governed by the large coefficient a_2 = 1.03 have branching ratios of the order 10^{−2} compared with the penguin-dominated B → Kπ decays with branching ratios a few 10^{−5}. Without the suppression of the process D_sD → Kπ and D^∗_s D^∗ → Kπ, we would have a very large B → Kπ decay rates.

In the standard model, the effective Hamiltonian for B → Kπ decays are given by H_{eff} = G_F √ 2 [V_{ub}V^∗_{us}(c_1O^u_1 + c_2O^u_2 ) + V_{cb}V^∗_{cs}(c_1O^c_1

+ c_2O^c_2) − V^∗_{tb}V_{ts} 10∑ i=3 c_iO_i + c_gO_g] + h.c. , (1)

where c_i are next-to-leading Wilson coefficients at the normalization scale μ = m_b [5, 7, 20, 21, 22]. V_{ub} etc. are elements of the unitary Cabibbo-Kobayashi-Maskawa (CKM) quark mixing matrix relating the weak interaction eigenstate of d, s, b quark to their mass eigenstate [23]. The CP-violating weak phase γ = arg(−V_{ud}V^∗_{ub}/V_{cd}V^∗_{cb}) produces CP asymmetries in charmless B decays. The tree-level operators O^u_1 , O^u_2 , the penguin operators O_i (i = 3, ..., 10) and the chromomagnetic gluon operator O_g give the short-distance amplitude. The operators O^c_1, O^c_2 contribute to the B → Kπ decay amplitudes only through loop generated by the charmed meson intermediate states with the absorptive part given by the process B → D_sD → Kπ and B → D^∗_s D^∗ → Kπ and the real part by the following expression based on the light-cone expansion [24, 25]

A_{LD} = K⟨K^0π^+| : J_μ(0)Ĵ^μ(0) : |B^+⟩

≈ K ∫ d⃗n 4π ⟨K^0π^+|T (J_μ(x_0)Ĵ^μ(0))|B^+⟩ (2)

with J_μ = b̄γ_μ(1 − γ_5)c and Ĵ_μ = c̄γ_ν (1 − γ_5)s ; a_2 = (c_2 + c_1/3) (= 1.03) c_1 and c_2 are Wilson coefficients, and K =^{GF√}_2 a_2 V^∗_{cb}V_{cs}. x_0 = (0, ⃗n/μ) with |⃗n| = 1 and μ sufficiently large (μ ∼ m_b) so that O(x^2_0) terms become negligible. μ acts as a separation between short-distance physics (in the Wilson coefficients) and the long-distance physics which is dominated by the hadronic states and resonances. We have, A_{LD} = K ∫ d_4q (2π)^4 θ(q^2 + μ^2) T (q) (3)

T (q) = ∫ d^4x e^{+iq·x}⟨K^0π^+|T(J^μ(x)Ĵ_μ(0))|B^+⟩ and the high frequency part has been cutoff from the q integral by θ(q^2 +μ^2) to simplify computations. To compute A_{LD}, we saturate T (q) with the D, D^∗ intermediate states. These pole terms are then obtained in terms of the B → D, D^∗ and D → Kπ and D^∗ → Kπ semi-leptonic decay form factors at each vertex of the pole diagrams and are given by heavy quark effective theory and chiral effective lagrangian with the form factors extrapolated to hard meson momenta. The strong DD^∗π coupling constants with hard pion as in B → Kπ decay can be obtained by a suppression factor relative to the soft pion limit by G_D∗_{Dπ} =^{2mD g}_{fπ} F (|⃗p_π|), F (|⃗p_π|) is normalized by F (0) = 1 and g ≈ 0.4 in the soft pion limit. For |⃗p_π| ≃ m_B/2, F (|⃗p_π|) = 0.065 ± 0.035 in the constituent quark model.

Since the threshold for the D_s, D and D^∗_s , D^∗ production is below the B meson mass, the D_s and D^∗_s pole term for the D, D^∗ → Kπ form factors have an absorptive part. This pole term is in fact a rescattering term via the Cabibbo-allowed B → D_sD decays followed by the strong annihilation process D_sD → Kπ and can be obtained from the unitarity of the B → Kπ decay amplitude. We have, for the D_sD channel,

Disc A_{LD} = − m_D 16π^2m_B √ ω^{∗2} − 1 × ∫ d⃗n A(B-D_sD) A(D_sD → Kπ) , (4) and similar expressions for the D^∗_s D^∗ contribution. To compute the absorptive part, we use factorization model which reproduces well the B → D_sD, B → D^∗_s D^∗ decay rates. A(D_sD → Kπ), A(D^∗_s D^∗ → Kπ) are given by the t-channel D, D^∗ exchange Born terms which are O(G^2_D∗_{Dπ} ). However the rescattering amplitudes A(D_sD → Kπ) and A(D^∗_s D^∗ → Kπ) in the B mass region, being exclusive processes at high energy, should be suppressed. This is taken into account by the suppression factor F (|⃗p_π|) . As said earlier, the A(B → D_sD) and A(B → D^∗_s D^∗) amplitudes are bigger than A(B → Kπ) by a factor a_2/a_6 ≈ 20 in factorization model. Hence the absorptive part due to charmed meson rescattering effects could be large. To find the real part, we compute all Feynman diagrams for T (q) and integrate over the virtual current momentum q up to a cut-off μ = m_b. It is possible to choose a cut-off momentum by a change of variable of variable q = p_B − p_D(∗) to the momentum ℓ defined by the formula

q = p_B − p_D(∗) ≡ (m_B − m_D(∗) )v − ℓ . (5)

Table 1: Theoretical values for A_{T+P} (Tree+Penguin amplitude) and A_{ChP} (Charming Penguin amplitude).

Process A_{T+P} × 10^8 GeV A_{ChP} × 10^8 GeV B^+ → K^0π^+ +1.69 +2.06 + 2.36 i B^+ → K^+π^0 +1.21 − 0.498 i +1.45 + 1.67 i B^0 → K^+π^− +1.32 − 0.634 i +2.06 + 2.36 i B^0 → K^0π^0 −0.921 − 0.0497 i −1.45 − 1.67 i B^+ → π^+π^0 −1.35 − 1.79 i 0 B^0 → π^+π^− −1.85 − 2.16 i −0.576 − 0.648 i B^0 → π^0π^0 +0.0516 + 0.379 i −0.576 − 0.648 i B^+ → K^+η −0.0491 − 0.415 i +0.0830 + 0.0896 i B^+ → K^+η^′ +1.40 − 0.261 i +2.53 + 2.83 i B^0 → K^0η + 0.172 − 0.0418 i +0.0830 + 0.0896 i B^0 → K^0η^′ +1.54 − 0.0269 i +2.53 + 2.83 i

As discussed in [18], the chiral symmetry breaking scale is about 1 GeV and the mean charm quark momentum k for the on-shell D meson is about 300 MeV, the virtual momentum ℓ should be below 0.6 GeV, hence a cut-off μ_ℓ ≈ 0.6 GeV . The real part is then given by a Cottingham formula as follows (the notations are those of [18]) .

ReA_{LD} = i K 2 (2π)^3

∫_μ2_ℓ 0 dL^2 ∫_+^√_L2 − √ L^2 dl_0 √ L^2 − l^2_0 × ∫_1 −1 d cos(θ) i { j^μ_D h_{D μ} p^2_D − m^2_D + ∑ pol j^μ_D∗ h_D∗_μ p^2_D∗ − m^2_D∗ } . (6)

The results of the calculations are shown in Table 1 taken from [19]. The short-distance part A_{T+P} is obtained with c_2 = 1.105, c_1 = −0.228, c_3 = 0.013, c_4 = −0.029, c_5 = 0.009, c_6 = −0.033 [26], γ = 54.8^∘. F^{B M ′}_0 (m^2_M ) ≈ F^{B M ′}_0 (0) = 0.25 (M, M^′ = K, π^±) given by QCD sum rules [27], and is smaller by 20−30% than the lattice and BWS values [8]. As seen from Table 1, the charming penguin term A_{ChP} and its absorptive part are comparable to the short-distance part. The predicted branching ratios for B → Kπ and B → ππ decays are shown in Table 2 with results from Babar[2] and Belle[3]. We note general agreement with data considering various uncertainties on the value for the cut-off μ_ℓ and the suppression factor F (|⃗p_π|) as discussed in [18, 19]. The Kη^′ modes are also enhanced by the charming penguin contribution as shown in Table 1 [19].

The CP asymmetry is A_{CP} = (Γ̄−Γ|)/(Γ̄+Γ). Since Γ̄−Γ is given by 4 Im A_{T+P} Im A_{ChP} which depends only on Im A_{T+P}. and the absorptive part of the charming penguin, the absolute asymmetry |A_{CP}| suffers from less uncertainties than the real part in our calculations. From the Table 1, we obtain for |A_{CP}|, the value 0.16, 0.17 and 0.25 for the mode K^+π^0, K^+π^− and π^+π^−, respectively, This is in contrast with small CP asymmetries predicted by

Table 2: Theoretical values for the CP averaged Branching Ratios (BR). The last two columns are the more recent BR from Babar[2] and Belle Collaboration [3].

Process BR×10^6(T+P) BR×10^6(T+P+ChP) BR×10^6(Babar) BR×10^6(Belle) B^± → K^0π^± ∼ 2.7 18.4 ± 10.8 17.5^{+1.8}_{−1.7} ± 1.3 19.4^{+3.1}_{−3.0} ± 1.6 B^± → K^±π^0 ∼ 1.6 9.5 ± 5.5 12.8^{+1.2}_{−1.1} ± 1.0 13.0^{+2.5}_{−2.4} ± 1.3 B^0 → K^±π^∓ ∼ 1.9 15.3 ± 9.9 17.9 ± 0.9 ± 0.7 22.5^{+1.9}_{−1.8} ± 1.6 B^0 → K^0π^0 ∼ 0.75 7.4 ± 4.8 10.4 ± 1.5 ± 0.8 8.0^{+3.3}_{−3.1} ± 1.6 B^± → π^±π^0 ∼ 4.8 ∼ 4.8 5.5^{+1.0}_{−0.9} ± 1.3 7.4^{+2.3}_{−2.2} ± 0.9 B^0 → π^+π^− ∼ 7.2 9.7 ± 2.3 4.6 ± 0.6 ± 0.2 5.4 ± 0.12 ± 0.5 B^0 → π^0π^0 ∼ 0.06 0.37 ± 0.35 < 3.6 < 6.4

QCD-improved factorization [12, 13, 14] for these decays. Our values are similar to those given in [17, 28] and compatible with the measured asymmetries by Babar[2] and Belle [3] Collaborations who found smaller asymmetries but with large error. One exception is the Babar value A_{CP} = −0.102 ± 0.05 ± 0.016 for the mode K^+π^− which is consistent with the absolute value |A_{CP}| = 0.17 we found.

In conclusion, long-distance and charmed meson rescatterings effects are capable of producing large B → Kπ decay rates and CP asymmetries. More data from Babar and Belle will tell us if these inelastic FSI rescattering effects are indeed present in charmless B decays, a rare situation in nonleptonic decays.

I would like to thank S. Narison and the organisers of QCD02 for the warm hospitality extended to me at Montpellier.

References

[1] S. Chen et al. CLEO Collaboration, Phys. Rev. Lett. 85 (2000) 525.

[2] Babar Collaboration, B. Aubert et al., SLAC-PUB-9317, hep-ex/0207055; Contributions to ICHEP2002. 24-31 July 2002, Amsterdam, SLAC-PUB-9304, hep-ex/0207065 and SLAC-PUB-9310, hep-ex/0207063; Talk at the Conference on Flavor Physics and CP violation, 16-18 May, Philadelphia, SLAC-PUB-9270, hep-ex/0206053.

[3] Belle Collaboration, KEK Preprint 2002-70, hep-ex/0207090.

[4] J.-M. Gérard and W.S. Hou, Phys. Rev. Lett. 62 (1989) 855; Phys. Rev. D43 (1991) 2909 .

[5] R. Fleischer, Z. Phys. C 58, 483 (1993) ;62 (1994) 81.

[6] R. Fleischer and T. Mannel, Phys. Rev. D 57 (1998) 2752. [7] N. G. Deshpande and X. G. He, Phys. Lett. B336 (1994) 471 . [8] A. Ali, G. Kramer, Cai–Dian Lü, Phys. Rev. D 58 (1998) 094009. [9] A. Deandrea, N. Di Bartolomeo, F. Feruglio, R. Gatto and G. Nardulli Phys. Lett B 320 (1993) 170.

[10] N. G. Deshpande, X. G. He, W. S. Hou, and S. Pakvasa, Phys. Rev. Lett. 82 (1999) 2240.

[11] C. Isola and T.N. Pham, Phys. Rev. D 62 (2000) 094002 .

[12] M. Beneke, G. Buchalla, M. Neubert and C.T. Sachrajda, Phys. Rev. Lett. 83, 1914 (1999).

[13] D. Du, D. Yang, G. Zhu, Phys. Lett. B488 (2000) 46.

[14] T. Muta, A. Sugamoto, Mao-Zhi Yang, Ya–Dong Yang, Phys.Rev. D 62 (2000) 094020. [15] P. Colangelo, G. Nardulli, N. Paver and Riazuddin, Z.Phys. C 45 (1990) 575. [16] M. Ciuchini, E. Franco, G. Martinelli and L. Silvestrini, Nucl.Phys. B 501 (1997) 271. [17] M. Ciuchini, E. Franco, G. Martinelli, M. Pierini, and L. Silvestrini, Phys. Lett. B 515 (2001) 33.

[18] C. Isola, M. Ladisa, G. Nardulli, T. N. Pham and P. Santorelli, Phys. Rev. D64 (2001) 014029.

[19] C. Isola, M. Ladisa, G. Nardulli, T. N. Pham and P. Santorelli, Phys. Rev. D65 (2002) 094005.

[20] A. Buras, M. Jamin. M. Lautenbacher, and P. Weisz, Nucl. Phys. B400 (1993) 37; A.

Buras, M. Jamin, and M. Lautenbacher, ibid. B400 (1993) 75.

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

[22] G. Kramer, W. Palmer, and H. Simma, Nucl. Phys. B428 (1994) 77. [23] Y. Nir and H. R. Quinn, Annu. Rev. Nucl. Sci. 42 (1992) 211; [24] K. G. Wilson, Phys. Rev. 179 (1969) 1499.

[25] R. A. Brandt and G. Preparata, Nucl. Phys. B 27 (1971) 541.

[26] A. J. Buras, hep-ph/9806471.

[27] P. Colangelo and P. Santorelli, Phys. Lett.B 327 (1994) 123 ; P. Colangelo, F. De Fazio, P. Santorelli and E. Scrimieri, Phys. Rev. D 53 (1996) 3672 [Erratum-ibid. D 57 (1996) 3186] .

[28] M. Ciuchini, E. Franco, G. Martinelli, M. Pierini and L. Silvestrini, hep-ph/0110022.