arXiv:hep-ph/0702249v2 20 Apr 2007

Study of B → pp̄K^∗ and B → pp̄ρ

C. Q. Geng,^{1, 2} Y. K. Hsiao,^{1, 2} and J. N. Ng^2 1Department of Physics, National Tsing Hua University, Hsinchu, Taiwan 300 2Theory group, TRIUMF, 4004 Wesbrook Mall, Vancouver, B.C., Canada (Dated: April 23, 2007)

Abstract

We study the three-body baryonic B decays of B → pp̄(K^∗, ρ) in the standard model. The baryonic matrix elements are calculated in terms of the SU(3) flavor symmetry and the QCD power counting rules within the the perturbative QCD. We find that the decay branching ratios, angular and direct CP asymmetries of (B^− → pp̄K^{∗−}, B̄^0 → pp̄K^{∗0}, B^− → pp̄ρ^−) are around (6, 1, 30) × 10^{−6} , (13, −27, 11)% and (22, 1, −3)%, which are consistent with the current BaBar and Belle data, respectively. The large values of the branching ratio in B^− → pp̄ρ^− and the direct CP asymmetry in B^± → pp̄K^{∗±} are useful to test the standard model and search for new physics.

PACS numbers: 13.25.Hw, 12.38.Bx, 11.30.Er, 13.87.Fh

I. INTRODUCTION

The three-body baryonic B decays of B̄^0 → Λp̄π^+, B^− → Λp̄γ, B → pp̄K, B^− → pp̄π^− and B^− → ΛΛ̄K^− have been observed by BaBar and Belle Collaborations at the levels of 10^{−6} on the decay branching ratios [1, 2, 3, 4, 5, 6] with near threshold enhancements in the dibaryon invariant mass spectra. On the other hand, it is still inconclusive whether similar threshold enhancements exist in the modes with the vector mesons such as B → pp̄K^∗ due to the large experimental uncertainties in the present data, given by [6, 7]

Br(B^− → pp̄K^{∗−}) = (10.3^{+3.6+1.3}_{−2.8−1.7}) × 10^{−6} (Belle) , = (4.94 ± 1.66 ± 1.00) × 10^{−6} (Babar) , Br(B̄^0 → pp̄K̄^{∗0}) < 7.6 × 10^{−6}, 90% C.L. (Belle) , = (1.28 ± 0.56^{+0.18}_{−0.17}) × 10^{−6} (Babar) . (1)

Theoretically, the dibaryon threshold enhancements in the three-body baryonic B decays were first conjectured in Ref. [8]. Subsequently, various interpretations, including models with a baryon-antibaryon bound state or baryonium [9], exotic glueball states [10, 11], fragmentation [11] and final state interactions [12] have been proposed. Nevertheless, only the approachs of the pole model [13, 14, 15] and the QCD counting rules within the framework of the perturbative QCD (PQCD) [16, 17, 18] lead to consistent and systematic understandings on B → BB̄^′M (B, B^′ = p, Λ and M = D, K, π, γ) [13, 14, 15, 19, 20, 21, 22, 23, 24, 25]. However, for the vector meson mode of B^− → pp̄K^{∗−}, the pole model predicts that a branching ratio smaller than Br(B^− → pp̄K^−), which does not agree with the data as pointed out in Ref. [15], while the corresponding PQCD study has not been done in the literature yet. In this paper, we give a systematic analysis on B → pp̄M_V with M_V = K^∗ and ρ based on the B → pp̄ transition hadronic matrix elements parametrized in Ref. [24].

The paper is organized as followed. In Sec. II, we present the formulation for the decays of B → pp̄M_V in the standard model. We first derive the decay amplitudes via the effective Hamiltonian and parametrize the hadronic matrix elements in terms of various form factors. We then list the formulas for the decay widths as well as the angular and direct CP asymmetries. In Sec. III, we show the numerical analysis and summarize our results in Sec. IV.

II. FORMULATION

From the effective Hamiltonian at the quark level [26, 27], the decay amplitude of B → pp̄M_V is separated into two parts, given by A(B → pp̄M_V ) = C(B → pp̄M_V ) + T (B → pp̄M_V ) ,

C(B → pp̄M_V ) = G_F √ 2 {[ V_{ub}V^∗_{uq}a_2⟨pp̄|(ūu)_{V −A}|0⟩ − V_{tb}V^∗_{tq} ( a_3⟨pp̄|(ūu + d̄d + s̄s)_{V −A}|0⟩ +a_4⟨pp̄|(q̄q)_{V −A}|0⟩ + a_5⟨pp̄|(ūu + d̄d + s̄s)_{V +A}|0⟩ + a_9 2 ⟨pp̄|(2ūu − d̄d − s̄s)_{V −A}|0⟩ )] ⟨M_V |(q̄b)_{V −A}|B⟩ +V_{tb}V^∗_{tq}2a_6⟨pp̄|(q̄q)_{S+P} |0⟩⟨M_V |(q̄b)_{S−P} |B⟩ } , T (B → pp̄M_V ) = G_F √ 2 α_{MV} ⟨M_V |(q̄q^′)_{V −A}|0⟩⟨pp̄|(q̄^′b)_{V −A}|B⟩ , (2) where G_F is the Fermi constant, V_{qiqj} are the CKM matrix elements, (q̄_iq_j )_{V ±A} = q̄_iγ_μ(1 ± γ_5)q_j , (q̄_iq_j)_{S±P} = q̄_i(1 ± γ_5)q_j and a_i = c^{eff}_i + c^{eff}_{i±1}/N_c with the color number N_c for i =odd (even) in terms of the effective Wilson coefficients c^{eff}_i , defined in Refs. [26, 27]. In Eq. (2), q = s(d) and q^′ = u(d) correspond to B → pp̄K^∗ (ρ) and the charged (neutral) modes, and α_{MV} with M_V = K^{∗−}, ρ^−, K̄^{∗0} and ρ^0 are given by α_K∗− = V_{ub}V^∗_{us}a_1 − V_{tb}V^∗_{ts}a_4 , α_ρ− = V_{ub}V^∗_{ud}a_1 − V_{tb}V^∗_{td}a_4 , α¯_K∗0 = −V_{tb}V^∗_{ts}a_4 , α_ρ0 = V_{ub}V^∗_{ud}a_2 + V_{tb}V^∗_{td} ( a_4 − 3 2 a_9 ) , (3)

respectively. We note that we have used the generalized factorization method with the non-factorizable effects absorbed in N^{eff}_c .

To evaluate the amplitude in Eq. (2), we need to know the B → M_V transition form factors and the vector-meson decay constants as well as the time-like baryonic and B → pp̄ transition form factors due to the vector, axial-vector, scalar and pseudoscalar quark currents, denoted as V_μ, A_μ, S and P , respectively.

The mesonic B → M_V transitions have the following structures: ⟨M_V |V_μ|B⟩ = ϵ_{μναβ} ε^{∗ν} p^α_B p^β_{MV} 2V_1 m_B + m_{MV} , (4) ⟨M_V |A_μ|B⟩ = i [ ε^∗_μ − ε^∗ · q q^2 q_μ ] (m_B + m_{MV} )A_1 + i ε^∗ · q q^2 q_μ(2m_{MV} )A_0 − i [ (p_B + p_{MV} )_μ − m^2_B − m^2_{MV} q^2 q_μ ] (ε^∗ · q) A_2 m_B + m_{MV} , ⟨M_V |V_μ|0⟩ = f_{MV} m_{MV} ε^∗_μ , (5) where q = p_B − p_{MV} , V_1 and A_{0,1,2} are the form factors of the B → M_V transition, and ε^∗_μ and f_{MV} are the polarization and the decay constant of the vector meson, respectively.

For the time-like baryonic form factors, we have ⟨pp̄|V_μ|0⟩ = ū { F_1γ_μ +

F_2 m_p + m_{p̄} iσ_{μν} (p_{p̄} + p_p)_μ } v = ū { [F_1 + F_2]γ_μ +

F_2 m_p + m_{p̄}

(p_{p̄} − p_p)_μ } v , ⟨pp̄|A_μ|0⟩ = ū { g_Aγ_μ + h_A m_p + m_{p̄}

(p_{p̄} + p_p)_μ } γ_5v , ⟨pp̄|S|0⟩ = f_Sūv , ⟨pp̄|P |0⟩ = g_P ūγ_5v , (6) where ū and v are the spinors of the baryon pair, while F_1, F_2, g_A, h_A, f_S and g_P are the form factors. Based on the QCD counting rules in the PQCD approach [16, 17, 18, 21], they can be parameterized as

F_1 = 5 3 G_{||} + 1 3 G_{||} , g_A = 5 3 G_{||} − 1 3 G_{||} , g_P = f_S = − 4F_{||} 3 (7) for ⟨pp̄|(ūu)_{V,A,S,P} |0⟩ and F_1 = 1 3 G_{||} + 2 3 G_{||} , g_A = 1 3 G_{||} − 2 3 G_{||} , g_P = f_S = F_{||} 3 (8) for ⟨pp̄|(d̄d)_{V,A,S,P} |0⟩, where G_{||}, G_{||} and F_{||} are the functions of t expanded by G_{||} = C_{||} t^2 [ ln( t Λ^2_0 ) ]_{−γ} , G_{||} = C_{||} t^2 [ ln( t Λ^2_0 ) ]_{−γ} , F_{||} = D_{||} t^2 [ ln( t Λ^2_0 ) ]_{−γ} , (9)

with γ = 2.148, Λ_0 = 300 MeV, where the power expansion of 1/t^2 is due to 2 gluon propagators attaching to valence quarks to form a baryon pair. In Eq. (6), F_2 is suppressed by 1/(tln[t/Λ^2_0]) in comparison with F_1 [28, 29] and therefore can be safely ignored; while h_A is given by

h_A = −

(m_p + m_{p̄})^2 t g_A (10)

by equation of motion.

For B → pp̄ transition form factors, the general forms are given by [24]

⟨pp̄|V_μ|B⟩ = iū[g_1γ_μ + g_2iσ_{μν} p^ν + g_3p_μ + g_4(p_{p̄} + p_p)_μ + g_5(p_{p̄} − p_p)_μ]γ_5v , ⟨pp̄|A_μ|B⟩ = iū[f_1γ_μ + f_2iσ_{μν} p^ν + f_3p_μ + f_4(p_{p̄} + p_p)_μ + f_5(p_{p̄} − p_p)_μ]v , (11)

where p = p_B − p_p − p_{p̄} is the emitted four momentum. By using the SU(3) flavor and SU(2) spin symmetries [20, 24], they are composed of another set of form factors in the QCD counting rules with the relations of

g_1 = 5 3 g_{||} − 1 3 g_{||} , f_1 = 5 3 g_{||} + 1 3 g_{||} , g_j = 4 3 f^j_{||} = −f_j (12) for ⟨pp̄|(ūb)_{V,A}|B^−⟩ and g_1 = 1 3 g_{||} − 2 3 g_{||} , f_1 = 1 3 g_{||} + 2 3 g_{||} , g_j = −1 3 f^j_{||} = −f_j (13)

for ⟨pp̄|(d̄b)_{V,A}|B̄^0⟩, where j = 2, · · · , 5 and g_{||}, g_{||} and f^i_{||} are expressed by

g_{||} = N_{||} t^3 , g_{||} = N_{||} t^3 , f^j_{||} = M^j_{||} t^3

. (14)

We note that the power expansions of g_i, f_j ∝ 1/t^3 are due to the need of three hard gluons in the processes [24]. Two of them are used to create valence quark pairs just like the timelike baryonic form factors, and the third one is responsible for kicking the spectator quark in the B meson [22]. We emphasize that the assumption of the only t-dependence for g_i and f_i in Eqs. (12), (13) and (14) may not be correct. In general, they are also functions of the other independent variable, such as (p_p + p_{MV} )^2 or (p_{p̄} + p_{MV} )^2. To verify our assumption, it is important to measure the baryonic leptonic B decays, such as B^+ → pp̄ℓ^+ν_ℓ [22].

From Eq. (2), the squared amplitude for B → pp̄M_V after summing over all spins is given by

|Ā|^2 =

G^2_F 2 |α_{MV} |^2f^2_{MV} {[ 2m^2_B (4E_pE_{p̄} − t − m^2_{MV} ) + 2m^2_{MV} (2t − 8m^2_p + m^2_{MV} ) ] g^2_1 +24m^2_{MV} m_pm_B (E_{p̄} − E_p)g_1g_2 + 2m_p [ (m^2_B − t)^2 − 2m^2_{MV} (m^2_B + t) ] g_1g_4 +4m_Bm_p(m^2_B − t − 2m^2_{MV} )(E_{p̄} − E_p)g_1g_5 +2m^2_{MV} [ 2m^2_B (4E_pE_{p̄} − t − m^2_{MV} ) − m^2_{MV} (4m^2_p − t − 2m^2_{MV} ) ] g^2 + 4m^2_{MV} m_B t(E_{p̄} − E_p)g_2g_4 +2m^2_{MV} (t − 4m^2_p)(m^2_B − t − 2m^2_{MV} )g_2g_5 + 1 2 t [ (m^2_B − t)^2 − 4m^2_{MV} t ] g^2_4 +2m_B(m^2_B − t)t(E_{p̄} − E_p)g_4g_5 + 2t[m^2_B (E_{p̄} − E_p)^2 + m^2_{MV} (t − 4m^2_p)]g^2_5 +2[m^4_{MV} + m^2_{MV} (m^2_B + 4m^2_p + 2t) + m^2_B (4E_pE_{p̄} − t)]f^2_1 +12m^2_{MV} m_p(m^2_B − t − 2m^2_{MV} )f_1f_2 + 4m_B m_p(m^2_B − t)(E_{p̄} − E_p)f_1f_4 +8m_p [ m^2_B (E_{p̄} − E_p)^2 + m^2_{MV} (t − 4m^2_p) ] f_1f_5 +2m^2_{MV} [ 2m^2_B (4E_pE_{p̄} − t − m^2_{MV} ) + m^2_{MV} (8m^2_p + t + 2m^2_{MV} ) ] f^2_2 +4m^2_{MV} m_B t(E_{p̄} − E_p)f_2f_4 + 2m^2_{MV} (t − 4m^2_p)(m^2_B − t − 2m^2_{MV} )f_2f_5 + 1 2 (t − 4m^2_p) [ (m^2_B − t)^2 − 4m^2_{MV} t ] f^2_4

+2m_B(t − 4m^2_p)(m^2_B − t)(E_{p̄} − E_p)f_4f_5 + 2m^2_B (t − 4m^2_p)(E_{p̄} − E_p)^2f^2_5 } , (15)

where t ≡ (p_p + p_{p̄})^2, E_{p(p̄)} is the energy of the proton (antiproton). We note that in Eq. (15), the terms related to C(B → pp̄M_V ) have been ignored due to their small contributions to the branching ratios (< 1%). Replacing the proton and anti-proton energies E_{p(p̄)} by the angle of θ between the three-momenta of the vector meson and the proton in the dibaryon rest frame, i.e.,

E_{p(p̄)} = m^2_B + t − m^2_p ± β_pλ^{1/2}_t cos θ 4m_B (16)

where β_p = (1 − 4m^2_p/t)^{1/2} and λ_t = m^4_B + m^4_{MV} + t^2 − 2m^2_{MV} t − 2m^2_B t − 2m^2_{MV} m^2_B , we can rewrite Eq. (15) as

|Ā|^2 =

G^2_F 2 |α_{MV} |^2f^2_{MV} (ρ_0 + ρ_θ cos θ + ρ_θ2 cos^2 θ) , (17) where

ρ_0 = 1 2 [ m^4_{MV} + 16m^2_pm^2_{MV} − 2(m^2_B − 3t)m^2_{MV} + (m^2_B − t)^2 ] (g^2_1 + f^2_1 ) − 24m^2_pm^2_{MV} g^2_1 −12m_pm^2_{MV} (m^2_{MV} − m^2_B + t)f_1f_2 + 2[m^4_{MV} − 2(m^2_B + t)m^2_{MV} + (m^2_B − t)^2]g_1g_4 +8m_pm^2_{MV} (t − 4m^2_p)f_1f_5 +m^2_{MV} [16m^2_pm^2_{MV} + (m^2_{MV} − m^2_B )^2 + t^2 − 2m^2_B t](g^2 + f^2_2 ) − 24m^2_pm^4_{MV} g^2 +2m^2_{MV} (t − 4m^2_p)(m^2_B − m^2_{MV} − t)(g_2g_5 + f_2f_5) + 1 2 [m^4_{MV} − 2m^2_{MV} (m^2_B + t) + (m^2_B − t)^2][g^2_4 t + (t − 4m^2_p)f^2_4 ] +2m^2_{MV} (t − 4m^2_p)[tg^2_5 + (t − 4m^2_p)f^2_5 ] ,

ρ_θ = β_pλ^{1/2}_t {2m^2_{MV} [6m_pg_1g_2 + t(g_2g_4 + f_2f_4)] −(m^2_{MV} − m^2_B + t)[2m_p(g_1g_5 + f_1f_4 − 2m_pf_4f_5) + t(g_4g_5 + f_4f_5)]} ,

ρ_θ2 = − 1 2 β^2_p λ_t[g^2_1 + (f_1 − 2m_pf_5)^2 + 2m^2_{MV} (g^2 + f^2_2 ) − t(g^2_5 + f^2_5 )] . (18)

The decay width Γ of B → pp̄M_V is given by [30] Γ = ∫_{+1} −1 d Γ d cos θ d cos θ =

∫_{+1} −1 ∫_{(mB −mMV )}2 4m^2_p β_pλ^{1/2}_t (8πm_B )^3

|Ā|^2 dt d cos θ . (19)

From Eq. (19), we can study the partial decay width dΓ/d cos θ as a function of cos θ, i.e., the angular distribution and define the angular asymmetry by [24, 30]

A_θ(M_V ) ≡

∫_{+1} 0 dΓ d cos θ d cos θ −

∫_0 −1 dΓ d cos θ d cos θ

∫_{+1} 0 dΓ d cos θ d cos θ +

∫_0 −1 dΓ d cos θ d cos θ

, (20)

which is equal to (N_+ − N_−)/(N_+ + N_−), where N_± are the events with cos θ > 0 and cos θ < 0, respectively. From Eqs. (17), (19) and (20), we obtain

A_θ(M_V ) = 1 Γ ∫_{(mB −mMV )}2 4m^2_p

ρ_θ dt . (21)

We can also define the direct CP asymmetry in B → pp̄M_V by [25]

A_{CP} (M_V ) =

Γ(B^− → pp̄M^−_V ) − Γ(B^+ → pp̄M^+_V ) Γ(B^− → pp̄M^−_V ) + Γ(B^+ → pp̄M^+_V )

. (22)

From Eqs. (15) and (19), we get

A_{CP} (M_V ) = |α_{MV} |^2 − |ᾱ_{MV} |^2 |α_{MV} |^2 + |ᾱ_{MV} |^2

, (23)

where ᾱ_{MV} denotes the value of the corresponding antiparticle.

III. NUMERICAL ANALYSIS

In our numerical analysis, the vector-meson decay constants of f_ρ and f_K∗ are taken to be [31]

(f_ρ, f_K∗ ) = (0.205, 0.217) GeV , (24)

and the form factors in the B → M_V transition as functions of t are given by [32]

V_1[A_0](t) =

V_1[A_0](0) (1 − t/M^2_{1[2]})(1 − σ_1t/M^2_{1[2]} + σ_2t^2/M^4_{1[2]}) , A_{1,2}(t) =

A_{1,2}(0) 1 − σ_1t/M^2_2 + σ_2t^2/M^4_2

, (25)

where the values of V (0), A_{0,1,2}(0), σ_{1,2} and M_{1,2} are shown in Table I [32]. From the

TABLE I: Form factors of B → K^∗ (ρ) at t = 0 in Ref. [32] with (M_1, M_2) = (5.37, 5.42) and (5.27, 5.32) GeV for K^∗ and ρ, respectively. B → K^∗ (ρ) V_1 A_0 A_1 A_2 f(0) 0.44 (0.31) 0.45 (0.30) 0.36 (0.26) 0.32 (0.24) σ_1 0.45 (0.59) 0.46 (0.54) 0.64 (0.73) 1.23 (1.40) σ_2 —– —– 0.36 (0.10) 0.38 (0.50)

experimental data in Refs. [1, 33], we obtain the time-like form factor related coefficients of C_{||} , C_{||} and D_{||} in Eq. (9) to be [34]

C_{||} = 93.1^{+6.4}_{−6.9} GeV^4 , C_{||} = −203.8^{+103.6}_{− 84.0} GeV^4 , D_{||} = 189.9^{+13.1}_{−14.1} GeV^4 . (26)

Here, we have assumed that C_{||,||} and D_{||} are real since their imaginary parts are expected to be small [35]. By fitting the measured branching ratios of B^− → pp̄K^{(∗)−} and B̄^0 → pp̄K̄^{∗0} and angular distribution of B^− → pp̄K^− [4, 5, 6, 7], the values of N_{||,||} and M^i_{||} in Eq. (14) are given by [24]

N_{||} = 124.0 ± 26.5 GeV^5, N_{||} = −200.2 ± 51.1 GeV^5, M^2_{||} = −247.0 ± 48.7 GeV^4, M^4_{||} = −22.1 ± 15.7 GeV^4, M^5_{||} = 229.4 ± 22.7 GeV^4 . (27)

Note that there are no terms related to M^3_{||} ( or g_3 and f_3) due to the relation of ε · p_{MV} = 0. To compare the form factors f_i and g_i in Eqs. (12) and (13), we show their central values in Table II, respectively. It is interesting to note that

f_1(B^− → pp̄) ∼ −1.5f_1(B̄^0 → pp̄) , g_1(B^− → pp̄) ∼ 1.5g_1(B̄^0 → pp̄) , f_i(B^− → pp̄) ∼ 4f_i(B̄^0 → pp̄) , (i = 2, 4, 5) , g_i(B^− → pp̄) ∼ −4g_i(B̄^0 → pp̄) , (i = 2, 4, 5) . (28)

In addition, we have

f_2 ∼ −f_5 ≫ (≪)f_4 , g_2 ∼ −g_5 ≪ (≫)g_4 , (29)

for the charged (neutral) B transition.

TABLE II: Central values of f̂_i(ĝ_i) ≡ t^3f_i(g_i) (in units of GeV^4). f̂_1(ĝ_1)/m_p f̂_2(ĝ_2) f̂_4(ĝ_4) f̂_5(ĝ_5) B^− → pp̄ 149.3(291.4) 329.3(-329.3) 29.5(-29.5) -305.9(305.9) B̄0 → pp̄ -98.2(186.4) -82.3,(82.3) -7.3(7.3) 76.5(-76.5)

In Figs. 1a and 1b, we show the differential branching ratios of dBr/dm_{pp̄} and dBr/dcosθ as functions of m_{pp̄} and cosθ which demonstrate the apparent threshold enhancement and angular asymmetry, respectively. The inetrgrated results for the decay branching ratios and the angular and direct CP asymmetries are presented in Table III

Here we have averaged the particle and antiparticle contributions for the branching ratios and angular asymmetries. We note that in the table we have only included the errors from the experimental data of the three-body baryonic B decays, while the others such as those from nonfactorizable effects and CKM matrix elements can be referred to Ref. [25]. In

FIG. 1: Differential branching fractions of (a) dBr/dm_{pp̄} and (b) dBr/dcosθ as functions of m_{pp̄} and cosθ, where the solid, dot and dash lines represent the decays of B^− → pp̄K^{∗−}, B̄^0 → pp̄K^{∗0} and B^− → pp̄ρ^−, respectively.

TABLE III: Decay branching ratios (in units of 10^{−6}) and angular and direct CP asymmetries in B → pp̄M_V (M_V = K^∗, ρ), where the errors are from the experimental data of the three-body baryonic B decays.

M_V Br A_θ(M_V ) A_{CP} (M_V ) K^{∗±} 6.0 ± 1.3 0.13 ± 0.05 0.22 ± 0.01 K^{∗0} 0.9 ± 0.3 −0.27 ± 0.06 0.013 ± 0.001 ρ^± 28.8 ± 2.1 0.11 ± 0.06 −0.029 ± 0.009

addition, we have ignored the imaginary parts of the form factors in our determinations of the direct CP asymmetries.

From Table III, we see that Br(B̄^0 → pp̄K̄^{∗0}) = 0.9 ± 0.3 is consistent with the experimental value in Eq. (1). In addition, we can explain the inequality of Br(B^− → pp̄K^{∗−}) > Br(B̄^0 → pp̄K^{∗0}) in terms of the QCD counting rules illustrated in Eq. (28), which is also demonstrated in Fig. 1a. The large branching ratio of Br(B^− → pp̄ρ^−) ≃ 30 × 10^{−6} can be understood from the ratio of |V_{ub}V^∗_{ud}a_1f_ρ/V_{tb}V^∗_{ts}a_4f_{K∗}|^2 ≃ 4 as the baryonic B → pp̄ transition form factors are the same between B^− → pp̄ρ^− and B^− → pp̄K^{∗−}. It is interesting to point out that if Br(B^− → pp̄K^{∗−}) ∼ 10 × 10^{−6} as indicated by the central value of the Belle result [6] in Eq. (1), we find that Br(B^− → pp̄ρ^−) ∼ 50 × 10^{−6} while Br(B̄^0 → pp̄K̄^{∗0}) ∼ 1.2 × 10^{−6} which is close to the central value of the BaBar data in Eq. (1). Since the main contributions to B̄^0 → pp̄ρ^0 are color suppressed a_2 ≃ a_1/100 with N_c = 3 as seen from Eqs. (2) and (3), the prediction of Br(B̄^0 → pp̄ρ^0) is in the order of 10^{−9}. Even if a_2 ends up around the order of 10^{−1} with N_c = (2, ∞) for possible nonfactorizable effects, it merely shifts to be O(10^{−7}). Although currently there are no data about the branching ratios involving ρ as well as the angular distributions, our predictions, in particular the large decay branching ratio for the charged ρ modes, provide good tests for the PQCD approach in the ongoing and future B factories.

We remark that our results of A_θ(K^{∗−}, ρ) ∼ 10% and |A_θ(K^{∗0})| ∼ 30% are smaller than A_θ(K^−) = 0.59^{+0.08}_{−0.07} measured by Belle [4]. It is interesting to note that the large value of A_{CP} (K^{∗±}) ∼ 22% is in agreement with the BABAR data of (26 ± 19)% as given in Ref. [7]. On the other hand, the direct CP asymmetries in B̄^0 → pp̄K̄^{∗0} and B → pp̄ρ are too small to be measured.

IV. CONCLUSIONS

We have studied the three-body baryonic B decays of B → pp̄M_V in the standard model. The baryonic matrix elements have been calculated in terms of the SU(3) flavor symmetry and the QCD power counting rules within the PQCD. Explicitly, we have found that the decay Brs, A_θ and A_{CP} of (B^− → pp̄K^{∗−}, B̄^0 → pp̄K^{∗0}, B^− → pp̄ρ^−) are around (6, 1, 30) × 10^{−6}, (13, −27, 11)% and (22, 1, −3)%, respectively. Our result of Br(B̄^0 → pp̄K^{∗0}) is consistent with the BaBar and Belle data, while that of Br(B^− → pp̄ρ^−) should be observed by the ongoing B experiments at the current B factories soon. Finally, we remark that our large prediction of A_{CP} (K^{∗±}) can be used to test the standard model and search for new physics. More precise measurements are clearly needed at the current and future B factories.

Acknowledgments

This work is supported in part by the National Science Council of R.O.C. under Contract #s: NSC-95-2112-M-007-059-MY3 and NSC-96-2918-I-007-010 and the Natural Science and Engineering Council of Canada.

[1] M. Z. Wang et al. [Belle Collaboration], Phys. Rev. Lett. 90, 201802 (2003); B. Aubert et al.

[BABAR Collaboration], arXiv:hep-ex/0608020. [2] Y. J. Lee et al., Phys. Rev. Lett. 95, 061802 (2005).

[3] Y. J. Lee et al. [BELLE Collaboration], Phys. Rev. Lett. 93, 211801 (2004). [4] M.Z. Wang et al., Phys. Lett. B617, 141 (2005).

[5] B. Aubert et al., [BABAR Collaboration], Phys. Rev. D72, 051101 (2005). [6] M.Z. Wang et al., [BELLE Collaboration], Phys. Rev. Lett. 92, 131801 (2004). [7] T.B. Hryn’ova, “Study of B meson decays to pp̄h final states,” Ph. D thesis, SLAC-R-810. [8] W.S. Hou and A. Soni, Phys. Rev. Lett. 86, 4247 (2001).

[9] C.B. Dover and M. Goldhaber, Phys. Rev. D15, 1997 (1977); I. S. Shapiro, Phys. Rept. 35, 129 (1978).

[10] C.K. Chua, W.S. Hou and S.Y. Tsai, Phys. Lett. B544, 139 (2002). [11] J.L. Rosner, Phys. Rev. D68, 014004 (2003).

[12] J. Haidenbauer, U. G. Meissner and A. Sibirtsev, Phys. Rev. D74, 017501 (2006). [13] H.Y. Cheng and K.C. Yang, Phys. Rev. D66, 014020 (2002).

[14] H.Y. Cheng and K.C. Yang, Phys. Lett. B 533, 271 (2002); Phys. Lett. B633, 533 (2006). [15] H.Y. Cheng, J. Korean Phys. Soc. 45, S245 (2004); Int. J. Mod. Phys. A 21, 4209 (2006). [16] G. P. Lepage and S. J. Brodsky, Phys. Rev. Lett. 43, 545(1979) [Erratum-ibid. 43, 1625 (1979)].

[17] G. P. Lepage and S. J. Brodsky, Phys. Rev. D22, 2157 (1980). [18] S. J. Brodsky, G. P. Lepage and S. A. A. Zaidi, Phys. Rev. D23, 1152 (1981). [19] C.K. Chua, W.S. Hou and S.Y. Tsai, Phys. Rev. D65, 034003 (2002). [20] C. K. Chua, W. S. Hou and S. Y. Tsai, Phys. Rev. D66, 054004 (2002). [21] C. K. Chua and W. S. Hou, Eur. Phys. J. C29, 27 (2003).

[22] S.Y. Tsai, “Study of Three-body Baryonic B Decays”, Ph. D thesis, National Taiwan University (2005).

[23] C.Q. Geng and Y.K. Hsiao, Phys. Lett. B610, 67; Phys. Lett. B619, 305; Phys. Rev. D72, 037901 (2005).

[24] C.Q. Geng and Y.K. Hsiao, Phys. Rev. D74, 094023 (2006). [25] C.Q. Geng, Y.K. Hsiao and J.N. Ng, Phys. Rev. Lett. 98, 011801 (2007). [26] Y.H. Chen et al., Phys. Rev. D60, 094014 (1999); H. Y. Cheng and K. C. Yang, ibid, D62, 054029 (2000).

[27] A. Ali et al., Phys. Rev. D58, 094009 (1998).

[28] A. V. Belitsky, X. d. Ji and F. Yuan, Phys. Rev. Lett. 91, 092003 (2003).

[29] S. J. Brodsky, C. E. Carlson, J. R. Hiller and D. S. Hwang, Phys. Rev. D69, 054022 (2004). [30] C.H. Chen, C.Q. Geng and I.L. Ho, Phys. Rev. D67, 074029 (2003). [31] P. Ball and R. Zwicky, Phys. Rev. D 71, 014029 (2005). [32] D. Melikhov and B. Stech, Phys. Rev. D 62, 014006 (2000). [33] S. Anderson et al. [CLEO Collaboration], Phys. Rev. Lett. 86, 2732 (2001). [34] C.Q. Geng and Y.K. Hsiao, hep-ph/0606036.

[35] V. Bernard, N. Kaiser and U. G. Meissner, Nucl. Phys. A611, 429 (1996); E. Tomasi- Gustafsson and G. I. Gakh, Eur. Phys. J. A26, 285 (2005); E. Tomasi-Gustafsson, arXiv:nucl-th/0602007.