arXiv:hep-ph/0411211 v3 19 Jul 2005

Polarizations in decays B_{u,d} → V V and possible implications for R-parity violating supersymmetry

Ya-Dong Yang^{1,∗}, Rumin Wang^{1,2}, G.R.Lu^{1,2}

1 Department of Physics, Henan Normal University, XinXiang, Henan 453007, P.R. China 2 Institute of Particle Physics, Huazhong Normal University, Wuhan, Hubei 430070, P.R. China

July 19, 2005

Abstract Recently BABAR and Belle have measured anomalous large transverse polarizations in some pure penguin B → V V decays, which might be inconsistent with the Standard Model expectations. We try to explore its implications for R-parity violating (RPV) supersymmetry. The QCD factorization approach is employed for the hadronic dynamics of B decays. We find that it is possible to have parameter spaces solving the anomaly. Furthermore, we have derived stringent bounds on relevant RPV couplings from the experimental data, which is useful for further studies of RPV phenomena.

PACS Numbers: 12.60.Jv, 12.15.Mm, 12.38.Bx, 13.25.Hw

∗E-mail address: yangyd@henannu.edu.cn

1 Introduction

The study of exclusive nonleptonic weak decays of B mesons provides not only good opportunities to test the standard model (SM) but also powerful means to probe different new physics scenarios beyond the SM. Some important results from BABAR and Belle collaboration on the B decays to two light vector mesons B → V V [1, 2, 3, 4, 5, 6, 7, 8, 9] have caught considerable theoretical interests and have been extensively studied very recently [10, 11, 12, 13, 14, 15, 16].

In B → V V decay modes, both longitudinal and transverse polarization states are possible. It has been known to us for many years that longitudinal polarization fraction is dominant in the SM when both the final vector mesons are light [17]. In the heavy quark limit, dynamics for the situation is analyzed clearly by Kagan [18] and Grossman [11]. Recent BABAR and Belle measurements of decay modes B → ρ^+ρ^−, ρ^0ρ^+ and ρ^0K^{∗+} have confirmed this prediction as the final states are dominated by the longitudinal polarization. However, for the observed B → ϕK^∗ and ρ^+K^{∗0} decays, the transverse polarization fractions are measured to be anomalous as large as 50%, which has posed a challenge to theoretical explanation.

Recent studies have provided some possible resolutions to the anomaly. Kagan [14] has shown it could be solved in the SM by increasing the nonfactorizable contributions of annihilation diagrams, which are formally power suppressed and depend on some poorly known nonperturbative QCD parameters. Later on, using a different factorization approach, Li and Mishima [19] have found that the annihilation contribution is not sufficient to lower the longitudinal fraction in B → ϕK^∗ down to ∼ 50%, although it could help to alleviate the anomaly. It is also shown that the anomaly might be due to large charming penguin contributions and final-state-interactions(FSI) by Colangelo et al. [12] and Ladisa et al. [15]. However, Cheng et al. [16] have found the FSI effects not able to fully account for the anomaly. Hou and Nagashima [20] have given a model where the transverse ϕ descends from the transverse gluon from b → sg^∗. However, it should be noted that ϕ must couple to at least three gluons to neutralize color and conserve relevant quantum number. In this paper, we will explore the opportunity whether the RPV supersymmetry (SUSY) could provide a solution to the polarization anomaly and what kinds of constraints could be derived.

The possible appearance of RPV couplings [21], which will result in lepton and baryon number conservation, has gained full attention in searching for SUSY [22, 23]. The rich phenomenology implied by RPV couplings in B decays have been extensively discussed in [24, 25, 26, 27, 28]. In this paper, we extend these studies to decays B → V V . We use the QCD factorization(QCDF) framework [29] for hadronic dynamics. We show that the polarization anomaly could be solved in the presence of RPV couplings, due to the appearance of q̄(V ± A)qb̄(V + A)s interactions. Compared with the matrix element of ⟨K^∗|b̄(V − A)s|B⟩, the axial parts in ⟨K^∗|b̄(V + A)s|B⟩ have opposite sign, hence induce polarization phenomena different from the SM. Moreover, using the recent experimental data for branching ratios and longitudinal-polarization fractions, we obtain limits on the relevant RPV couplings.

This paper is organized as follows: In Sec. II, we calculate the B → V V decay amplitudes which contain the SM part and RPV effects using the QCDF approach. In Sec. III, we list the theoretical input parameters used in our analysis. Section IV is devoted to the numerical results and discussions, we also display the allowed regions of the parameter space that satisfy all experimental data. Finally, our summary is presented in Sec. V.

2 Amplitudes for B → V V decays in QCD factorization approach

Approaches for calculating amplitudes of B charmless nonleptonic decays always invoke factorization frameworks. Once factorization framework chosen, one can start from the ΔB = 1 effective Hamiltonian of the underlying full electroweak (EW) theory at the renormalization scale μ ∼ m_b, which can be obtained from the full EW theory by integrating out heavy particles with mass larger than m_b using the renormalization group equation. The QCDF [29] developed by Beneke, Buchalla, Neubert and Sachrajda is a powerful approach, which will be employed in this paper. Details of QCDF could be found in papers [29].

2.1 The decay amplitudes in the SM

In the SM, the low energy effective Hamiltonian for the ΔB = 1 transition has the form [30] H^{SM}_{ef f} = G_f √ 2 [v_u(C_1O^u_1 + C_2O^u_2 ) + v_c(C_1O^c_1 + C_2O^c_2) − v_t( 10∑ i=3 C_iO_i + C_{7γ} O_{7γ} + C_{8g}O_{8g})] + H.c., (1) with the effective operators given by

O^u_1 = (b̄_αu_α)_{V −A}(ū_βq_β)_{V −A}, O^u_2 = (b̄_αu_β )_{V −A}(ū_βq_α)_{V −A}, O^c_1 = (b̄_αc_α)_{V −A}(c̄_β q_β)_{V −A}, O^c_2 = (b̄_αc_β )_{V −A}(c̄_β q_α)_{V −A}, O_{3(5)} = (b̄_αq_α)_{V −A} ∑ q^′ (q̄^′_βq^′_β)_{V −A(V +A)}, O_{4(6)} = (b̄_αq_β)_{V −A} ∑ q^′ (q̄^′_βq^′_α)_{V −A(V +A)}, O_{7(9)} =^3_2 (b̄_αq_α)_{V −A} ∑ q^′ e_q′ (q̄^′_βq^′_β)_{V +A(V −A)}, O_{8(10)} =^3_2 (b̄_αq_β)_{V −A} ∑ q^′ e_q′ (q̄^′_βq^′_α)_{V +A(V −A)}, O_{7γ} =^e_{8π2} m_bb̄_ασ^{μν} (1 + γ_5)q_αF_{μν} , O_{8g} =^g_{8π2} m_bb̄_ασ^{μν} (1 + γ_5)T^a_{αβ}q_βG^a_{μν} . (2) Where v_p = V^∗_{pb}V_{pq} are the Cabibbo-Kobayashi-Maskawa (CKM) [31] factors, C_i(μ) are the effective Wilson coefficients and could be found in Ref. [30]; α, β are the SU(3) color indices, (q̄_1q_2)_{V ±A} ≡ q̄_1γ^μ(1 ± γ_5)q_2, q = d, s and q^′ = u, d, s, c, b.

In order to calculate the decay amplitudes and branching ratios for B → V V decays, we need the hadronic matrix element of the local four fermion operators

⟨V_1(λ_1)V_2(λ_2)|(q̄_2q_3)_{V ±A}(b̄q_1)_{V −A}|B⟩, (3)

where λ_1, λ_2 are the helicities of the final-state vector mesons V_1 and V_2 with four-momentum p_1 and p_2, respectively. In the rest frame of B system, since the B meson has spin zero, two vectors have the same helicity therefore three polarization states are possible, one longitudinal (L) and two transverse, corresponding to helicities λ = 0 and λ = ± ( here λ_1 = λ_2 = λ). We use X^{(BV1,V2)} to denote the factorizable amplitude for different chiral currents with the vector meson V_2 being factorized out. Under the naive factorization (NF) approach, we can express it as

X^{(BV1,V2)} ≡ ⟨V_2|(q̄_2γ_μ(1 − aγ_5)q_3)|0⟩⟨V_1|(b̄γ^μ(1 − γ_5)q_1)|B⟩, (4)

here a = +1 or −1 corresponding to (q̄_2q_3)_{(V −A)} or (q̄_2q_3)_{(V +A)} current, respectively.

We write the factorized matrix elements in term of the decay constant and form factors [32] ⟨V (p, ε^∗)|q̄γ_μq^′|0⟩ = f_V m_V ε^∗_μ, (5) ⟨V (p, ε^∗)|b̄γ_μq|B(p_B)⟩ = 2V^{BV} (q^2) m_B + m_V ϵ_{μναβ} ε^{∗ν} p^α_B p^β , (6) ⟨V (p, ε^∗)|b̄γ_μγ_5q|B(p_B)⟩ = i [ ε^∗_μ(m_B + m_V )A^{BV}_1 (q^2) − (p_B + p)_μ(ε^∗ · p_B )

A^{BV}_2 (q^2) m_B + m_V ]

−iq_μ(ε^∗ · p_B ) 2m_V q^2

[A^{BV}_3 (q^2) − A^{BV}_0 (q^2)], (7) where p_B (m_B) is the four-momentum (mass) of the B meson, m_{V1} (ε^∗_1) and m_{V2} (ε^∗_2) are the masses (polarization vectors) of the vector mesons V_1 and V_2, respectively, q = p_B − p is the transferred momentum, and the form factors obey the following exact relations [33]

A_3(0) = A_0(0), A^{BV}_3 (q^2) = m_B + m_V 2m_V A^{BV}_1 (q^2) − m_B − m_V 2m_V A^{BV}_2 (q^2). (8)

One has the factorizable B → V_1V_2 amplitude X^{(BV1,V2)} = −if_{V2} m_{V2} [ (ε^∗_1 · ε^∗_2)(m_B + m_{V1} )A^{BV1}_1 (m^2_{V2} )

−(ε^∗_1 · p_B )(ε^∗_2 · p_B )

2A^{BV1}_2 (m^2_{V2} ) m_B + m_{V1} +iϵ_{μναβ}ε^{∗μ}_2 ε^{∗ν}_1 p^α_B p^β_1 2V^{BV1} (q^2) m_B + m_{V1} ] . (9)

We assume the V_1 (V_2) meson flying in the minus(plus) z-direction carrying the momentum p_1 (p_2), Using the sign convention ϵ^{0123} = −1, we get

X^{(BV1,V2)} = if_{V2} 2m_{V1} [ (m^2_B − m^2_{V1} − m^2_{V2} )(m_B + m_{V1} )A^{BV1}_1 (m^2_{V2} ) −^{4m2B p2c}_{mB +mV1} A^{BV1}_2 (m^2_{V2} ) ] ≡ h_0, if_{V2} m_{V2} [(m_B + m_{V1} )A^{BV1}_1 (m^2_{V2} ) ∓^{2mB pc}_{mB +mV1} V^{BV1} (m^2_{V2} )] ≡ h_±,

(10)

where h_0 for λ = 0 and h_± for λ = ±.

The QCDF approach [29] allows us to compute the nonfactorizable corrections to the hadronic matrix elements ⟨V_1V_2|O_i|B⟩ in the heavy quark limit. The nonfactorizable corrections can be normalized to the factorizable amplitudes, so that they enter the effective parameters a^λ_i as α_s corrections. They are calculated from the vertex corrections, hard spectator interactions, and QCD penguin-type contributions.

In QCDF approach, light-cone distribution amplitudes (LCDAs) play an essential role. The LCDAs of the light vector meson are given in [33]. In general, the light-cone projection operator for vector mesons in momentum space can be divide into two parts

M^V = M^V_‖ + M^V_⊥ . (11)

The longitudinal projector and the transverse projector are given by [33, 34]

M^V_‖ = f_V 4 m_V (ε^∗ · n_+) 2 ̸n_− Φ^V_‖ (u) + f^⊥_V m_V 4 m_V (ε^∗ · n_+) 2E [ − i 2 σ_{μν} n^μ_−n^ν_+h^{(t)V}_‖ (u) −iE ∫_u 0 dv(ϕ^V_⊥(v) − h^{(t)V}_‖ (v))σ_{μν} n^μ_− ∂ ∂k_{⊥ν} + h^{′(s)V}_‖ (u) 2 | | | | |_{k=up′} , (12)

M^V_{δα⊥} = f^⊥_V 4 E/ε^∗_⊥/n_−Φ^V_⊥ (u) + f_V m_V 4 { /ε^∗_⊥g^{(v)V}_⊥ (u) − E ∫_u 0 dv(Φ^V_‖ (v) − g^{(v)V}_⊥ (v))/n_−ε^∗_{⊥μ} ∂ ∂k_{⊥μ} +iϵ_{μνρσ} ε^{∗ν}_⊥ n^ρ_−γ^μγ_5 n^σ_+ g^{′(a)V}_⊥ (u) 8 − E g^{(a)V}_⊥ (u) 4 ∂ ∂k_{⊥σ} }| | | |_{k=up′} . Here we suppose the vector meson moving in the n_− direction, n_± = (1, 0, 0, ±1) is the lightcone vectors, u is the light-cone momentum fraction of the quark in the vector meson, f_V and f^⊥_V are vector and tensor decay constants, respectively, and E is the energy of the vector meson in the B rest system. In the main body of the paper we neglect power-suppressed higher-twist effects, i.e. we identify the meson momentum p^′ ≡ En_− and set ε^∗ · n_− = 0.

In the heavy quark limit, the light-cone projector for B meson can be expressed as [35]

M^B = − if_Bm_B 4 [ (1+ ̸v )γ_5 { Φ^B_1 (ξ)+ ̸n_− Φ^B_2 (ξ) }] , (13)

with v = (1, 0, 0, 0) and the normalization conditions

∫_1 0 dξΦ^B_1 (ξ) = 1,

∫_1 0 dξΦ^B_2 (ξ) = 0, (14)

where ξ is the momentum fraction of the spectator quark in the B meson.

The coefficients of the flavor operators a^λ_i which contain next-to-leading order coefficient and O(α_s) hard scattering corrections can be written as follows:

a^λ_1 = C_1 +

C_2 N_C + α_s 4π C_F N_C C_2 [ f^λ_I (1) + f^λ_{II} (1) ] , a^λ_2 = C_2 +

C_1 N_C + α_s 4π C_F N_C C_1 [ f^λ_I (1) + f^λ_{II} (1) ] , a^λ_3 = C_3 +

C_4 N_C + α_s 4π C_F N_C C_4 [ f^λ_I (1) + f^λ_{II} (1) ] , a^λ_4 = C_4 +

C_3 N_C + α_s 4π C_F N_C C_3 [ f^λ_I (1) + f^λ_{II} (1) ] + α_s 4π C_F N_C { −C_1 [ v_u v_t G^λ(s_u) + v_c v_t G^λ(s_c) ]

+C_3 [ G^λ(s_q) + G^λ(s_b) ] + (C_4 + C_6) b∑ q^′ =u [ G^λ(s_q′ ) − 2 3 ] + 3 2 C_9 [ e_qG^λ(s_q) + e_bG^λ(s_b) ]

+ 3 2 (C_8 + C_{10}) b∑ q^′=u e_q′ [ G^λ(s_q′ ) − 2 3 ] + C_{8g}G^λ_g , a^λ_5 = C_5 +

C_6 N_C − α_s 4π C_F N_C C_6 [ f^λ_I (−1) + f^λ_{II} (−1) ] , a^λ_6 = C_6 +

C_5 N_C , a^λ_7 = C_7 +

C_8 N_C − α_s 4π C_F N_C C_8 [ f^λ_I (−1) + f^λ_{II} (−1) ] − α_e 9π N_C C^λ_e , a^λ_8 = C_8 +

C_7 N_C , a^λ_9 = C_9 +

C_{10} N_C + α_s 4π C_F N_C C_{10} [ f^λ_I (1) + f^λ_{II} (1) ] − α_e 9π N_C C^λ_e ,

a^λ_{10} = C_{10} +

C_9 N_C + α_s 4π C_F N_C C_9 [ f^λ_I (1) + f^λ_{II} (1) ] − α_e 9π C^λ_e , (15)

where C_F = (N^2_C −1)/(2N_C ), s_i = m^2_i /m^2_b , and N_C = 3 is the number of colors. The superscript λ denotes the polarization of the vector meson.

In Eq.(15), f^λ_I (±1) contain the contributions from the vertex corrections, and given by

f^0_I (a) = −12 ln μ m_b − 18 + 6(1 − a) +

∫_1 0 duΦ^{V2}_‖ (u) ( 3 1 − 2u 1 − u ln u − 3iπ ) , (16)

f^±_I (a) = −12 ln μ m_b − 18 + 6(1 − a) +

∫_1 0 du g^{(v)V2}_⊥ (u) ± ag^{′(a)V2}_⊥ (u) 4 ( 3 1 − 2u 1 − u ln u − 3iπ ) . For hard spectator scattering contributions, we use the notation that V_1 is the recoiled meson and V_2 is the emitted meson, explicit calculations for f^λ_{II} yield

f^0_{II} (a) =

4π^2 N_C if_Bf_{V1} f_{V2} h_0

∫_1 0 dξ Φ^B_1 (ξ) ξ ∫_1 0 dv Φ^{V1}_‖ (v) v̄ ∫_1 0 du Φ^{V2}_‖ (u) u , f^±_{II} (a) = −

4π^2 N_C 2if_B f^⊥_{V1} f_{V2} m_{V2} m_Bh_± (1 ∓ 1)

∫_1 0 dξ Φ^B_1 (ξ) ξ ∫_1 0 dv Φ^{V1}_⊥ (v)

v̄^2 × ∫_1 0 du g^{(v)V2}_⊥ (u) − ag^{′(a)V2}_⊥ (u) 4 + 4π^2 N_C 2if_B f_{V1} f_{V2} m_{V1} m_{V2} m^2_Bh_±

∫_1 0 dξ Φ^B_1 (ξ) ξ × ∫_1 0 dvdu g^{(v)V1}_⊥ (v) ± g^{′(a)V1}_⊥ (v) 4 g^{(v)V2}_⊥ (u) ± ag^{′(a)V2}_⊥ (u) 4 u + v̄ uv̄^2 , (17)

with v̄ = 1 − v. In Eq.(17), when the asymptotical form for the vector meson LCDAs adopted, there will be infrared divergences in f^±_{II} . As in [35, 36], we introduce a cutoff of order Λ_{QCD}/m_b and take Λ_{QCD} = 0.5 GeV as our default value.

The contributions of the QCD penguin-type diagrams can be described by the functions

G^0(s) = 2 3 − 4 3 ln μ m_b + 4 ∫_1 0 du Φ^{V2}_‖ (u)g(u, s), (18)

G^±(s) = 2 3 − 2 3 ln μ m_b + 2 ∫_1 0 du (g^{(v)V2}_⊥ (u) ± g^{′(a)V2}_⊥ (u) 4 )g(u, s), (19)

with the function g(u, s) defined as g(u, s) = ∫_1 0 dx xx̄ ln (s − xx̄ū − iϵ). (20)

We have included the leading electro-weak penguin-type diagrams induced by the operators O_1 and O_2 [37]

C^λ_e = [ v_u v_t G^λ(s_u) + v_c v_t G^λ(s_c) ] ( C_2 +

C_1 N_C ) . (21)

To calculate the coefficients a_i in Eq. (15), we have also taken into account the contributions of the dipole operator O_{8g}, which are described by the functions

G^0_g = −

∫_1 0 du 2Φ^{V2}_‖ (u) 1 − u , G^+_g = −

∫_1 0 du g^{(v)V2}_⊥ (u) + g^{′(a)V2}_⊥ (u) 4 1 1 − u ,

G^−_g =

∫_1 0 du ū −ūg^{(v)V2}_⊥ (u) + ūg^{′(a)V2}_⊥ (u) 4 + ∫_u 0 dv ( Φ^{V2}_‖ (v) − g^{(v)V2}_⊥ (v) ) + g^{(a)V2}_⊥ (u) 4 , (22)

here we consider the higher-twist effects k^μ = uEn^μ_− + k^μ_⊥ +^{⃗k2⊥}_{4uE} n^μ_+ in the projector of Eq. (12). The G^−_g = 0 in Eq. (22) if we consider the Wandzura-Wilczek-type relations [38], but we get G^+_g ≠ 0 which is different from Ref. [10, 36].

With the coefficients in Eq. (15), we can obtain the decay amplitudes of the SM part A^{SM} . B → V V decay amplitudes are given in Appendix A.

2.2 R-parity violating SUSY effects in the decays

Flavor changing neutral current (FCNC) is forbidden at tree level in the SM. FCNC processes could happen at one loop level, but are suppressed by Glashow-Iliopoulos-Maiani (GIM) mechanism [39]. New physics effects could be comparable to the SM strength, so that penguin dominated rare B decays are sensitive to new physics. The RPV SUSY is an interesting scenario and its possible effects in B rare nonleptonic decays deserve our studies [22, 23].

The R-parity symmetry was first introduced by Farrar and Fayet [40], which is assumed to forbid gauge invariant lepton and baryon number violating operators [21]. The R-parity of a particle field is given by R_p = (−1)^{L+2S+3B} , where L and B are lepton and baryon numbers, and S is the spin. However, there is no deep theoretical motivation for imposing R-parity. The presence of RPV could give very rich phenomenology. Of course, it will get constraints from its phenomenology. The status of RPV SUSY and constraints on its parameters could be found in the recent reviews [22, 23].

In the most general superpotential of the minimal supersymmetric Standard Model (MSSM), the RPV superpotential is given by [41] W_{R̸} = 1 2 λ_{[ij]k}L̂_iL̂_jÊ^c_k + λ^′_{ijk}L̂_iQ̂_jD̂^c_k + 1 2 λ^{′′}_{i[jk]}Û^c_i D̂^c_j D̂^c_k, (23)

where L̂ and Q̂ are the SU(2)-doublet lepton and quark superfields and Ê^c, Û^c and D̂^c are the singlet superfields, while i, j, and k are generation indices and c denotes a charge conjugate field.

The λ and λ^′ couplings in Eq. (23) break the lepton number, while the λ^{′′} couplings break the baryon number conservation. There are 27 λ^′-type couplings and nine each of the λ and λ^{′′} couplings as λ_{[ij]k} is antisymmetric in i and j, and λ^{′′}_{i[jk]} is antisymmetric in j and k. The antisymmetry of the B-violating couplings, λ^{′′}_{i[jk]} in the last two indices implies that there are no operators generating the b̄ → s̄ss̄ and b̄ → d̄dd̄ transition.

From Eq. (23), we can obtain the following four fermion effective Hamiltonian due to the exchanging of the sleptons: H^{′R̸}_{2u−2d} = ∑ i λ^′_{ijm}λ^{′∗}_{ikl} 2m^2_{ẽLi} η^{−8/β0} (d̄_mγ^μP_Rd_l)_8(ū_kγ_μP_Lu_j )_8, H^{′R̸}_{4d} = ∑ i λ^′_{ijm}λ^{′∗}_{ikl} 2m^2_{ν̃Li} η^{−8/β0} (d̄_mγ^μP_Rd_l)_8(d̄_k γ_μP_Ld_j )_8. (24)

The four fermion Hamiltonian due to the exchange of the squarks can be written as H^{′′R̸}_{2u−2d} = ∑ n λ^{′′}_{ikn}λ^{′′∗}_{jln} 2m^2_{d̃n} η^{−4/β0} {[ (ū_iγ^μP_Ru_j )_1(d̄_k γ_μP_Rd_l)_1 − (ū_iγ^μP_Ru_j )_8(d̄_k γ_μP_Rd_l)_8 ]

− [ (d̄_k γ^μP_Ru_j )_1(ū_iγ_μP_Rd_l)_1 − (d̄_k γ^μP_Ru_j )_8(ū_iγ_μP_Rd_l)_8 ]} , H^{′′R̸}_{4d} = ∑ n λ^{′′}_{nik} λ^{′′∗}_{njl} 4m^2_{ũn} η^{−4/β0} [ (d̄_iγ^μP_Rd_j )_1(d̄_k γ_μP_Rd_l)_1 − (d̄_iγ^μP_Rd_j )_8(d̄_kγ_μP_Rd_l)_8 ] . (25)

Where P_L =^{1−γ5}_2 , P_R =^{1+γ5}_2 , η =^{αs(mf̂i )}_{αs(mb)} and β_0 = 11 −^2_3 n_f . The subscript for the currents (j_μ)_{1,8} represent the current in the color singlet and octet, respectively. The coefficients η^{−4/β0} and η^{−8/β0} are due to the running from the sfermion mass scale m_{f̂i} (100 GeV assumed) down to the m_b scale. Since it is always assumed in phenomenology for numerical display that only one sfermion contributes one time, we neglect the mixing between the operators when we use the renormalization group equation (RGE) to run H^{R̸} down to low scale. The H^{R̸} for the relevant decay modes are written down in Appendix B.

Compared with the operators in the H^{SM}_{ef f} , there are new operators (q̄_2q_3)_{V ±A}(b̄q_1)_{V +A} in the H^{R̸} . We will use the (^′) denote the (q̄_2q_3)_{V ±A}(b̄q_1)_{V +A} current contribution. In the NF approach, the factorizable amplitude can be expressed as

X^{′(BV1,V2)} = ⟨V_2|(q̄_2γ_μ(1 − aγ_5)q_3)|0⟩⟨V_1 |(b̄γ^μ(1 + γ_5)q_1)|B⟩. (26)

Taking the V_1 (V_2) meson flying in the minus (plus) z-direction and using the sign convention ϵ^{0123} = −1, we have

X^{′(BV1,V2)} = −^{ifV2}_{2mV1} [ (m^2_B − m^2_{V1} − m^2_{V2} )(m_B + m_{V1} )A^{BV1}_1 (m^2_{V2} ) −^{2m2B p2c}_{mB +mV1} A^{BV1}_2 (m^2_{V2} ) ] ≡ h^′_0, −if_{V2} m_{V2} [ (m_B + m_{V1} )A^{BV1}_1 (m^2_{V2} ) ±^{2mB pc}_{mB +mV1} V^{BV1} (m^2_{V2} ) ] ≡ h^′_±. (27)

Applying the QCDF approach and supposing V_1 (V_2) is the recoiled (emitted) meson, we obtain the vertex corrections f^{′ λ}_I (a) and hard spectator scattering corrections f^{′ λ}_{II} (a) as follows:

f^{′ 0}_I (a) = 12 ln μ m_b + 18 − 6(1 + a) −

∫_1 0 duΦ^{V2}_‖ (u) ( 3 1 − 2u 1 − u ln u − 3iπ ) , f^{′ ±}_I (a) = 12 ln μ m_b + 18 − 6(1 + a) −

∫_1 0 du g^{(v)V2}_⊥ (u) ± ag^{′(a)V2}_⊥ (u) 4 ( 3 1 − 2u 1 − u ln u − 3iπ ) ,

f^{′ 0}_{II} (a) =

4π^2 N_C if_Bf_{V1} f_{V2} h^′_0

∫_1 0 dξ Φ^B_1 (ξ) ξ ∫_1 0 dv Φ^{V1}_‖ (v) v̄ ∫_1 0 du Φ^{V2}_‖ (u) u , f^{′ ±}_{II} (a) = − 4π^2 N_C 2if_Bf^⊥_{V1} f_{V2} m_{V2} m_Bh^′_± (1 ± 1)

∫_1 0 dξ Φ^B_1 (ξ) ξ ∫_1 0 dv Φ^{V1}_⊥ (v)

v̄^2 × ∫_1 0 du g^{(v)V2}_⊥ (u) + ag^{′(a)V2}_⊥ (u) 4 + 4π^2 N_C 2if_B f_{V1} f_{V2} m_{V1} m_{V2} m^2_Bh^′_±

∫_1 0 dξ Φ^B_1 (ξ) ξ × ∫_1 0 dvdu g^{(v)V1}_⊥ (v) ∓ g^{′(a)V1}_⊥ (v) 4 g^{(v)V2}_⊥ (u) ± ag^{′(a)V2}_⊥ (u) 4 u + v̄ uv̄^2 , (28)

Since we are considering the leading effects of RPV, we need only evaluate the vertex corrections and the hard-spectator scattering. The R-parity violating contribution to the decay amplitudes A^{R̸} can be found in Appendix C.

2.3 The polarized fraction and branching ratio

With the QCDF approach, we can get the total decay amplitude

A_λ = A^{SM}_λ + A^{R̸}_λ . (29)

The expressions for the SM amplitude A^{SM}_λ and the RPV amplitude A^{R̸}_λ are presented in Appendices A and C. From the amplitude in Eq. (29), the branching ratio reads Br(B → V V ) = τ_B|p_c| 8πm^2_B (|A_0|^2 + |A_+|^2 + |A_−|^2), (30)

where τ_B is the lifetime of B meson, p_c is the center of mass momentum, and given by |p_c| = 1 2m_B √ [m^2_B − (m_{V1} + m_{V2} )^2][m^2_B − (m_{V1} − m_{V2} )^2]. (31)

In order to compare the size of helicity amplitudes, we express the longitudinal polarization fraction Γ_L Γ = |A_0|^2 |A_0|^2 + |A_+|^2 + |A_−|^2

. (32)

The ratios of Γ_L/Γ measure the relative strength of longitudinally polarizations in the decay.

3 Input Parameters

A. Wilson coefficients To proceed we use the next-to-leading Wilson coefficients calculated in the naive dimensional regularization (NDR) scheme and at m_b scale [30]:

C_1 = 1.082, C_2 = −0.185, C_3 = 0.014, C_4 = −0.035, C_5 = 0.009, C_6 = −0.041, C_7/α_e = −0.002, C_8/α_e = 0.054, C_9/α_e = −1.292, C_{10}/α_e = 0.263, C_{8g} = −0.143.

B. The CKM matrix element As for the CKM matrix elements, we will use the Wolfenstein parametrization [42]: V_{ud} V_{us} V_{ub} V_{cd} V_{cs} V_{cb} V_{td} V_{ts} V_{tb} = 1 − λ^2/2 λ Aλ^3(ρ − iη) −λ 1 − λ^2/2 Aλ^2 Aλ^3(1 − ρ − iη) −Aλ^2 1 . (33)

We shall use the values [43]

|V_{cb}| = 0.0413, λ = 0.22, ρ̄ = 0.20, η̄ = 0.33,

where ρ̄ = ρ(1 −^{λ2}_2 ) and η̄ = η(1 −^{λ2}_2 ).

C. Masses and lifetime For quark masses, which appear in the penguin loop corrections with regard to the functions G^λ(s), we take

m_u = m_d = m_s = 0, m_c = 1.47 GeV, m_b = 4.8 GeV.

To compute the branching ratio, the lifetime of B meson and masses of meson are also taken from [43]

τ_{Bu} = 1.671 ps, m_{Bu} = 5279 MeV, τ_{Bd} = 1.536 ps, m_{Bd} = 5279 MeV , m_K∗± = 892 MeV, m_ϕ = 1019 MeV, m_K∗0 = 896 MeV, m_ρ = 776 MeV.

D. The LCDAs of the vector meson For the LCDAs of the vector meson, we use the asymptotic form [33]

Φ^V_‖ (x) = Φ^V_⊥(x) = g^{(a)V}_⊥ = 6x(1 − x), g^{(v)V}_⊥ (x) = 3 4 [1 + (2x − 1)^2]. (34)

As for the two B meson wave functions in Eq. (13), we consider only the Φ^B_1 (ξ) contribution to the nonfactorizable corrections as done in the literature [29, 44], since Φ^B_2 (ξ) is power suppressed. We adopt the moments of the Φ^B_1 (ξ) defined in Ref. [29, 44] for our numerical evaluation:

∫_1 0 dξ Φ^B_1 (ξ) ξ = m_B λ_B , (35) with λ_B = 0.46 GeV [45]. The quantity λ_B parameterizes our ignorance about the B meson distribution amplitudes and thus brings considerable theoretical uncertainty.

E. The decay constant and form factors The decay constant and form factors are nonperturbative parameters. They are available from the experimental data or estimated with theories, such as lattice calculations, QCD sum rules, etc. For the decay constant, we take the latest light-cone QCD sum rule results (LCSR) [32] in our calculations:

f_K∗ = 217 MeV, f_ρ = 205 MeV, f_ϕ = 231 MeV f^⊥_K∗ = 156 MeV, f^⊥_ρ = 147 MeV, f^⊥_ϕ = 183 MeV, and f_{Bu(d)} = 161 MeV. For the form factors involving the B → K^∗ and B → ρ transition, we adopt the results given by [32] A^{Bu(d)K∗} 1 (0) = 0.292, A^{Bu(d)K∗}_2 (0) = 0.259, V^{Bu(d)K∗} (0) = 0.411, A^{Bu(d)ρ} 1 (0) = 0.242, A^{Bu(d)ρ}_2 (0) = 0.221, V^{Bu(d)ρ}(0) = 0.323.

4 Numerical results and Analysis

In this section we will give our estimations in the SM and compare with the relevant experimental data, then we show the RPV effects to the branching ratios and longitudinal polarization fractions. With the RPV effects we can do two things. First, it is possible to have small longitudinal polarization fractions for the pure penguin processes completely different from the SM predictions. Second, one can obtain more stringent bounds on the product combinations of RPV couplings if the measured values of the decay modes are consistent with the SM predictions.

In the numerical analysis, we assume that only one sfermion contributes one time with a mass of 100 GeV. So for other values of the sfermion masses, the bounds on the couplings in this paper can be easily obtained by scaling them by factor f̃^2 ≡ (^{mf̃}_{100GeV} )^2. We consider all possible sfermion contributions when we obtain the bounds on the couplings.

4.1 B^0 → ϕK^{∗0} and B^+ → ϕK^{∗+}

B^0 → ϕK^{∗0} and B^+ → ϕK^{∗+} decays are induced by the underlying quark transition b̄ → s̄ss̄ at one loop level. In the SM, these decays are called pure penguin processes. However, they could happen at tree level in SUSY models with RPV. Our estimations in the SM and recent data from the BABAR and Belle collaborations are presented in the Table I and II.

From Table.I and II, we can see that the predictions from the two factorization framework are very similar. It is also noted that the latest LCSR [32] results for factors are smaller than their pervious values [46]. With the form factors, we find that the SM predictions for the branching ratios are smaller that the BABAR [1, 7] and Belle [5, 8] measurements, and the

Table I: Branching ratios of B → ϕK^∗ decay modes.

Mode BABAR(×10^6) Belle(×10^6) Average(×10^6) QCDF in SM(×10^6) B^+_u → ϕK^{∗+} 12.7^{+2.2}_{−2.0} + 1.1 [1] 6.7^{+2.1+0.7}_{−1.9−1.0} [5] 9.5 ± 1.7 4.60 B^0_d → ϕK^{∗0} 9.2 ± 0.9 ± 0.5 [7] 10.0^{+1.6+0.7}_{−1.5−0.8} [5] 9.4 ± 0.9 4.21

Table II: The longitudinal polarization fractions of B → ϕK^∗ decay modes.

Mode BABAR Belle Average QCDF in SM B^+_u → ϕK^{∗+} 0.46 ± 0.12 ± 0.03 [1] 0.51 ± 0.08 ± 0.03 [8] 0.49 ± 0.07 0.861 B^0_d → ϕK^{∗0} 0.52 ± 0.05 ± 0.02 [7] 0.45 ± 0.05 ± 0.02 [8] 0.49 ± 0.04 0.861

longitudinal polarizations are as large as ∼ 90% in contrast to ∼ 50% measured by BABAR and Belle.

Now we turn to RPV effects which may give a possible solution to the polarization anomaly. Using the formula derived in previous sections, we can calculate RPV effects. The RPV effects to the branching ratios and longitudinal polarization fractions of the B → ϕK^∗ decays are displayed by curves in the Fig.1. We find that the λ^′_{i22}λ^{′∗}_{i32} term could not enhance transverse polarization because the corresponding current has a structure s̄γ_μ(1 + γ_5)sb̄γ^μ(1 − γ_5)s. Its matrix element is the same as the SM one, since ⟨ϕ|s̄γ_μγ_5s|0⟩ = 0. However, the λ^′_{i23}λ^{′∗}_{i22} term could provide a solution to the polarization anomaly because its current has the structure s̄γ_μ(1 − γ_5)sb̄γ^μ(1 + γ_5)s. The right handed (b̄s) current will flip the signs of the axial parts of the matrix ⟨K^∗|b̄γ^μ(1 − γ_5)s|B⟩ appearing in the SM contributions. We also find that |λ^′_{i23}λ^{′∗}_{i22}| < 3.0 × 10^{−3}ν̃^2_{Li} by the branching ratios; however, there is a much stronger bound from the polarization ratios.

Combining both the branching ratios and the polarization ratios which we get by QCDF (the same as follow), the resolution is obtained in a very narrow parameter interval |λ^′_{i23}λ^{′∗}_{i22}| ∈ [1.5×10^{−3}ν̃^2_{Li}, 2.1×10^{−3}ν̃^2_{Li}]. Fortunately, the parameter space is not ruled out yet, the existing upper limit is |λ^′_{i23}λ^{′∗}_{i22}| < 2.3×10^{−3} [22, 24]. We note that similar strength of the RPV couplings is also needed in the recent studies to solve the CP problem in B → ϕK [47] and the η′ puzzle in B → η′K [25].

Figure 1: The branching ratios and the longitudinal polarization fractions for B → ϕK^∗ as functions of the RPV couplings λ^′λ^{′∗}. The solid curves represent our theoretical results by QCDF. The dash lines are the predictions by NF for comparisons. The horizontal solid lines are the experimental data and the SM predictions with QCDF as labelled respectively. The horizontal dot lines represent the 1σ error-bar of the measurements.(The same in Fig.2 and 3).

4.2 B^+_u → ρK^∗ decays

B^+_u → ρK^∗ decays are due to b̄ → ūus̄ or b̄ → d̄ds̄ transitions at the quark level. The B^+_u → ρ^+K^{∗0} decay is a pure penguin process in the SM. Its longitudinal polarization fraction were measured to be unexpected low ∼ 0.5 very recently by Belle [9], which is inconsistent with the SM prediction. While the B^+_u → ρ^0K^{∗+} has both tree and penguin amplitude, experimental measurements by BABAR [1] have shown the decay dominated by longitudinal polarization, which is consistent with the SM predictions.

For comparison, our estimations in the SM and recent data from experiments are presented in the Table III and IV.

Table III: Branching ratios of B → ρK^∗ decay modes.

Mode BABAR (×10^6) Belle(×10^6) QCDF in SM(×10^6) B^+_u → ρ^0K^{∗+} 10.6^{+3.0}_{−2.6} ± 2.4 [1] · · · 2.58 B^+_u → ρ^+K^{∗0} · · · 6.6 ± 2.2 ± 0.8 [9] 3.79

Table IV: The longitudinal polarization fractions of B → ρK^∗ decay modes.

Mode BABAR Belle QCDF in SM B^+_u → ρ^0K^{∗+} 0.96^{+0.04}_{−0.15} ± 0.04 [1] · · · 0.906 B^+_u → ρ^+K^{∗0} · · · 0.50 ± 0.19^{+0.05}_{−0.07} [9] 0.905

From Table III, we can see the SM predictions for the branching ratios are smaller than the measurement by BABAR and Belle. As shown in Table IV, for the longitudinal polarization fraction in the tree dominant decay B^+ → ρ^0K^{∗+}, the SM prediction agrees with the BABAR measurement very well. However, for the pure penguin process B^+ → ρ^+K^{∗0}, the SM predicts dominant longitudinal polarization, which is in contrast to Belle measurement [9].

In the B^+_u → ρ^0K^{∗+} decay, since the quark content of ρ^0 is (uū − dd̄)/ √ 2, the decay could be induced by superpartners of both up-type and down-type fermions. For example, b̄ → d̄ds̄ could be induced by sneutrino, while b̄ → ūus̄ could be induced by slepton with the same λ^′_{i13}λ^{′∗}_{i12} product. We take^{λ′i13λ′∗i12}_{m2ẽi} and^{λ′i13 λ′∗i12}_{m2ν̃i} contribute to b̄ → ūus̄ and b̄ → d̄ds̄ at the same time, so the effects of λ^′_{i13}λ^{′∗}_{i12} will be eliminated if taking m_{ẽi} = m_{ν̃i} .

Our results for the RPV contributions to B^+_u → ρK^∗ are summarized in Fig.2. We can get a lot of information from this figure. We find that the longitudinal polarization in B^+_u → ρ^0K^{∗+} is sensitive to |λ^{′′}_{131}λ^{′′∗}_{121}| and |λ^{′′}_{i31}λ^{′′∗}_{i21}| arising from exchanging d̃ and ũ_i between the quark currents ūγ_μ(1 + γ_5)u ⊗ b̄γ^μ(1 + γ_5)s and d̄γ_μ(1 + γ_5)d ⊗ b̄γ^μ(1 + γ_5)s, respectively, and insensitive to the effect from exchanging ν̃_i between the quark currents d̄γ_μ(1 + γ_5)d ⊗b̄γ^μ(1 − γ_5)s. However, the pure penguin process B^+_u → ρ^+K^{∗0} is sensitive to the RPV couplings |λ^{′′}_{i31}λ^{′′∗}_{i12}| and |λ^′_{i23}λ^{′∗}_{i11}| which associate with operators d̄γ_μ(1 + γ_5)s ⊗ b̄γ^μ(1 + γ_5)d and d̄γ_μ(1 − γ_5)s ⊗ b̄γ^μ(1 + γ_5)d, respectively.

Figure 2: The branching ratios and longitudinal polarization fractions for B → ρK^∗ as functions of the RPV couplings λ^′λ^{′∗} and λ^{′′}λ^{′′∗}.

From Fig.2, the polarization problem in B^+_u → ρ^0K^{∗+} could be solved by RPV effects. However, combining the constraints from polarization fraction and branching ratios of B^+_u → ρK^∗ , we obtain very narrow parameters spaces for relevant coupling constants. It implies that these couplings could be pinned down or ruled out by refined measurements in the very near future at BABAR and Belle. Our constraints are listed in Table V.

For comparison, we have also listed existing bounds on these quadric coupling constant products. We can see that the product |λ^{′′}_{131}λ^{′′∗}_{121}| is severely constrained by double nucleon decay [23]. Our bounds on |λ^′_{i11}λ^{′∗}_{i32}| is weaker than that by Δm_K [48]. These couplings also contribute to B → Kπ decays. In an interesting study [27], constraints on these couplings have been derived from the experiment measurement of branching ratios of B → Kπ. As shown in Table V, our bounds are lower than theirs [27]. However, in view of new data from BABAR and Belle, it would be interesting to investigate whether the RPV couplings could solve the

Table V: Bounds on the quadric coupling constant products. For comparison, the exiting bounds are listed in last column.

Couplings Bounds Process Previous bounds |λ^′_{i21}λ^{′∗}_{i31}|^{≤5.1×10−3ν̃2Li} ≤2.5×10^{−3}ν̃^2_{Li} for λ^′_{i21}λ^{′∗}_{i31}<0 for λ^′_{i21}λ^{′∗}_{i31}>0 B + u → ρ^0K^{∗+} 8.2 × 10^{−4} [23] |λ^{′′}_{i31}λ^{′′∗}_{i21}|^{≤4.1×10−3ũ2i} [4.0×10^{−3}ũ^2_i ,8.3×10^{−3}ũ^2_i ]and≤1.1×10^{−3}ũ^2_i for λ^{′′}_{i31}λ^{′′∗}_{i21}<0 for λ^{′′}_{i31}λ^{′′∗}_{i21}>0 B + u → ρ^0K^{∗+} 1.0 × 10^{−2} [27] |λ^{′′}_{131}λ^{′′∗}_{121}|^{≤1.8×10−2d̃2} [1.6×10^{−2}d̃^2 ,3.8×10^{−2}d̃^2]and≤4.7×10^{−3}d̃^2 for λ^{′′}_{131}λ^{′′∗}_{121} >0 for λ^{′′}_{131}λ^{′′∗}_{121} <0 B + u → ρ^0K^{∗+} 2 × 10^{−8} [23] |λ^′_{i23}λ^{′∗}_{i11}|^{≤1.5×10−3ν̃2Li} [1.6×10^{−3}ν̃^2_{Li} ,4.0×10^{−3}ν̃^2_{Li} ]and≤1.2×10^{−3}ν̃^2_{Li} for λ^′_{i23}λ^{′∗}_{i11}>0 for λ^′_{i23}λ^{′∗}_{i11}<0 B + u → ρ^+K^{∗0} 2.1 × 10^{−3} [27] |λ^′_{i11}λ^{′∗}_{i32}|^{≤1.4×10−3ν̃2Li} ≤4.1×10^{−3}ν̃^2_{Li} for λ^′_{i11}λ^{′∗}_{i32}<0 for λ^′_{i11}λ^{′∗}_{i32}>0 B + u → ρ^+K^{∗0} 4.7 × 10^{−4} [48] |λ^{′′}_{i31}λ^{′′∗}_{i21}|^{≤2.5×10−3ũ2i} ≤6.3×10^{−3}ũ^2_i for λ^{′′}_{i31}λ^{′′∗}_{i21}<0 for λ^{′′}_{i31}λ^{′′∗}_{i21}>0 B + u → ρ^+K^{∗0} 1.0 × 10^{−2} [27]

known πK puzzle [49, 50].

4.3 B → ρρ decays

Recent measurements of tree dominated vector-vector charmless modes B^+_u → ρ^0ρ^+ and B^0_d → ρ^+ρ^− by BABAR [1, 4] and Belle [2] have shown that the decays are dominated by longitudinal polarizations, which are just as the SM expectations.

Our estimations in the SM and recent data from the BABAR and Belle collaborations are presented in Table VI and VII. We find that the SM predictions for both branching ratios and longitudinal polarization fractions agree with the BABAR and Belle measurements very well. Therefore, these decays could give strong constraints on relevant RPV couplings.

The RPV contributions are presented in Fig.3. From the figure, we can know that longitudinal polarization fractions for B → ρρ are not sensitive to the RPV couplings since they are tree dominated decay in the SM. By the decay B^+_u → ρ^0ρ^+, we get the bounds on |λ^′_{i11}λ^{′∗}_{i31}|: |λ^′_{i11}λ^{′∗}_{i31}| ∈^{[6.3×10−3ν̃2Li , 8.0×10−3ν̃2Li ] for λ′i11λ′∗i31>0} [8.6×10^{−4}ν̃^2_{Li} , 2.5×10^{−3}ν̃^2_{Li} ] for λ^′_{i11}λ^{′∗}_{i31}<0 by B + u → ρ^0ρ^+. (36)

The existing bounds on the products by B → ππ decays are |λ^′_{i11}λ^{′∗}_{i31}| < 1.6 × 10^{−2} [27]. The parameter spaces constrained by B^+_u → ρ^0ρ^+ are very narrow, which could be closed easily be future refined measurements if the tight bounds from branching ratio and polarization ratio do not overlap. This could not be done by the B → P P, P V decays. We see again the rich phenomena of B → V V decays and its power for bounding new physics.

Table VI: Branching ratios of B → ρρ decay modes.

Mode BABAR(×10^6) Belle(×10^6) Average(×10^6) QCDF in SM(×10^6) B^+_u → ρ^0ρ^+ 22.5^{+5.7}_{−5.4} ± 5.8 [1] 31.7 ± 7.1^{+3.8}_{−6.7} [2] 26.2 ± 6.2 15.30 B^0_d → ρ^+ρ^− 30 ± 4 ± 5 [4] · · · 25.75 Table VII: The longitudinal polarization fractions of B → ρρ decay modes.

Mode BABAR Belle Average QCDF in SM B^+_u → ρ^0ρ^+ 0.97^{+0.03}_{−0.07} ± 0.04 [1] 0.948 ± 0.106 ± 0.021 [2] 0.964 ± 0.056 0.941 B^0_d → ρ^+ρ^− 0.99 ± 0.03^{+0.04}_{−0.03} [4] · · · 0.935

Figure 3: The branching ratios and longitudinal polarizations for B → ρρ as a function of the RPV couplings λ^′λ^{′∗} and λ^{′′}λ^{′′∗}.

We note that RPV coupling λ^{′′}_{132}λ^{′′∗}_{112} is eliminated because the factorizable amplitudes X^{′(B+u ρ0,ρ+)} = X^{′(B+u ρ+ ,ρ0)} and cancelled each other. The effect of λ^′_{i13}λ^{′∗}_{i11} also is eliminated for the same reason in B^+_u → ρ^0K^{∗+}.

The decay B^0_d → ρ^+ρ^− give constraint λ^{′′}_{132}λ^{′′∗}_{112} ∈ [9.3 × 10^{−4}s̃^2, 1.1 × 10^{−3}s̃^2]. However, this parameter space is already ruled out in previous studies [22, 23]. Again, we see the standard model works well for tree dominant B decays.

Through the numerical analysis in this section, we can conclude that the experimental value of the polarization anomaly in pure penguin decays can be solved with RPV effects; however, the solution parameter spaces are always very narrow.

5 Conclusions

Motivated by the polarization anomaly observed recently by BABAR and Belle, we have studied B → V V modes with QCD factorization approach both in the SM and in RPV SUSY theories. We have found a set of RPV couplings can give possible solution to the polarization anomaly. However, the windows of the RPV couplings intervals are found to be always very narrow. It implies that these couplings might be pinned down from the rich polarization phenomena in these decays. However, it also implies the window could be closed easily with refined measurements from BABAR and Belle in the near future.

Since the hadronic dynamics for B nonleptonic decays are generally tangled with nonperturbative dynamics, we need to known how to separate perturbative and nonperturbative dynamics; of course, we also need to know the value for the parameters of nonperturbative dynamics to give reliable predictions based on electroweak theories. At the present stage, QCDF is a working scheme. Generally, we can believe that QCDF calculations for polarization fractions could be much more accurate than that for branching ratios, since many uncertainties could be cancelled in the fractions. Therefore the constraints from polarization measurements would be more well-founded than those from branching ratio measurements.

Comparing our prediction with the recent experimental data, we have obtained bounds on the relevant products of RPV couplings. We find that many bounds are stronger than the existing limits [22, 24], which may be useful for further studying the RPV SUSY.

In conclusion, we have shown that RPV SUSY could give possible solution to the polarization anomaly in pure penguin decays B → ϕK^∗ and B^+ → ρ^+K^{∗0} observed by BABAR and Belle.

Acknowledgments

We thank Alex Kagan for helpful communications and comments on this paper. The work is supported in part by National Science Foundation under contract No.10305003, Henan Provincial Foundation for Prominent Young Scientists under contract No.0312001700 and in part by the project sponsored by SRF for ROCS, SEM.

Appendix

A . The amplitudes in the SM

A^{SM}_λ (B^+_u → ϕK^{∗+}) = − G_F √ 2 V^∗_{tb}V_{ts}[a^λ_3 + a^λ_4 + a^λ_5 − 1 2 (a^λ_7 + a^λ_9 + a^λ_{10})]X^{(B+u K∗+,ϕ)}, (37)

A^{SM}_λ (B^0_d → ϕK^{∗0}) = − G_F √ 2 V^∗_{tb}V_{ts}[a^λ_3 + a^λ_4 + a^λ_5 − 1 2 (a^λ_7 + a^λ_9 + a^λ_{10})]X^{(B0d K∗0,ϕ)}, (38)

A^{SM}_λ (B^+_u → ρ^0K^{∗+}) = G_F 2 { [V^∗_{ub}V_{us}a^λ_2 − V^∗_{tb}V_{ts} 3 2 (a^λ_7 + a^λ_9 )]X^{(B+u K∗+,ρ0)}

+[V^∗_{ub}V_{us} a^λ_1 − V^∗_{tb}V_{ts}(a^λ_4 + a^λ_{10})]X^{(B+u ρ0,K∗+)} } , (39)

A^{SM}_λ (B^+_u → ρ^+K^{∗0}) = − G_F √ 2 V^∗_{tb}V_{ts}[a^λ_4 − 1 2 a^λ_{10}]X^{(B+u ρ+ ,K∗0)}, (40)

A^{SM}_λ (B^+_u → ρ^0ρ^+) = G_F 2 { V^∗_{ub}V_{ud} [ a^λ_1 X^{(B+u ρ0,ρ+)} + a^λ_2 X^{(B+u ρ+ ,ρ0)} ]

−V^∗_{tb}V_{td} [ 3 2 ( a^λ_7 + a^λ_9 + a^λ_{10} ) X^{(B+u ρ0 ,ρ+)} ]} , (41)

A^{SM}_λ (B^0_d → ρ^+ρ^−) = G_F √ 2 [V^∗_{ub}V_{ud}a^λ_1 − V^∗_{tb}V_{td}(a^λ_4 + a^λ_{10})]X^{(B0dρ− ,ρ+)}. (42)

where we neglected the annihilation matrix element contributions.

B . The Hamiltonian for RPV

H^{R̸}_{ef f} (B^+_u → ϕK^{∗+}) = λ^′_{i23}λ^{′∗}_{i22} 2m^2_{ν̂Li} η^{−8/β0} (s̄γ^μP_Ls)_8(b̄γ_μP_Rs)_8 + λ^′_{i22}λ^{′∗}_{i32} 2m^2_{ν̂Li} η^{−8/β0} (s̄γ^μP_Rs)_8(b̄γ_μP_Ls)_8,

H^{R̸}_{ef f} (B^0_d → ϕK^{∗0}) = λ^′_{i23}λ^{′∗}_{i22} 2m^2_{ν̂Li} η^{−8/β0} (s̄γ^μP_Ls)_8(b̄γ_μP_Rs)_8 + λ^′_{i22}λ^{′∗}_{i32} 2m^2_{ν̂Li} η^{−8/β0} (s̄γ^μP_Rs)_8(b̄γ_μP_Ls)_8,

H^{R̸}_{ef f} (B^+_u → ρ^0K^{∗+}) = λ^{′′}_{131}λ^{′′∗}_{121} 2 √ 2m^2_{d̂} η^{−4/β0} { [(ūγ^μP_Ru)_1(b̄γ_μP_Rs)_1 − (ūγ^μP_Ru)_8(b̄γ_μP_Rs)_8]

−[(ūγ^μP_Rs)_1(b̄γ_μP_Ru)_1 − (ūγ^μP_Rs)_8(b̄γ_μP_Ru)_8] }

− λ^{′′}_{i31}λ^{′′∗}_{i21} 4 √ 2m^2_{ûi} η^{−4/β0} [(d̄γ^μP_Rd)_1(b̄γ_μP_Rs)_1 − (d̄γ^μP_Rd)_8(b̄γ_μP_Rs)_8]

+ ( λ^′_{i13}λ^{′∗}_{i12} 2 √ 2m^2_{êLi} (ūγ^μP_Lu)_8(b̄γ_μP_Rs)_8 − λ^′_{i13}λ^{′∗}_{i12} 2 √ 2m^2_{ν̂Li} (d̄γ^μP_Ld)_8(b̄γ_μP_Rs)_8 − λ^′_{i21}λ^{′∗}_{i31} 2 √ 2m^2_{ν̂Li} (d̄γ^μP_Rd)_8(b̄γ_μP_Ls)_8 ) η^{−8/β0} , H^{R̸}_{ef f} (B^+_u → ρ^+K^{∗0}) = λ^{′′}_{i31}λ^{′′∗}_{i12} 4m^2_{ûi} η^{−4/β0} [(d̄γ^μP_Rs)_1(b̄γ_μP_Rd)_1 − (d̄γ^μP_Rs)_8(b̄γ_μP_Rd)_8] + λ^′_{i23}λ^{′∗}_{i11} 2m^2_{ν̂Li} η^{−8/β0} (d̄γ^μP_Ls)_8(b̄γ_μP_Rd)_8 + λ^′_{i11}λ^{′∗}_{i32} 2m^2_{ν̂Li} η^{−8/β0} (d̄γ^μP_Rs)_8(b̄γ_μP_Ld)_8,

H^{R̸}_{ef f} (B^+_u → ρ^0ρ^+) = λ^{′′}_{132}λ^{′′∗}_{112} 2 √ 2m^2_ŝ η^{−4/β0} { [(ūγ^μP_Ru)_1(b̄γ_μP_Rd)_1 − (ūγ^μP_Ru)_8(b̄γ_μP_Rd)_8]

−[(ūγ^μP_Rd)_1(b̄γ_μP_Ru)_1 − (ūγ^μP_Rd)_8(b̄γ_μP_Ru)_8] }

+ ( λ^′_{i13}λ^{′∗}_{i11} 2 √ 2m^2_{êLi} (ūγ^μP_Lu)_8(b̄γ_μP_Rd)_8 − λ^′_{i13}λ^{′∗}_{i11} 2 √ 2m^2_{ν̂Li} (d̄γ^μP_Ld)_8(b̄γ_μP_Rd)_8 − λ^′_{i11}λ^{′∗}_{i31} 2 √ 2m^2_{ν̂Li} (d̄γ^μP_Rd)_8(b̄γ_μP_Ld)_8 ) η^{−8/β0} , H^{R̸}_{ef f} (B^0_d → ρ^+ρ^−) = − λ^{′′}_{132}λ^{′′∗}_{112}

2m^2_ŝ η^{−4/β0} [(ūγ^μP_Rd)_1(b̄γ_μP_Ru)_1 − (ūγ^μP_Rd)_8(b̄γ_μP_Ru)_8],

C . The amplitudes for RPV

A^{R̸}_λ (B^+_u → ϕK^{∗+}) = λ^′_{i23}λ^{′∗}_{i22} 8N_C m^2_{ν̂Li} η^{−8/β0} [ 1 + α_s 4π C_F N_C ( f^{′λ}_I (1) + f^{′λ}_{II} (1) ) ] X^{′(B+u K∗+,ϕ)} + λ^′_{i22}λ^{′∗}_{i32} 8N_C m^2_{ν̂Li} η^{−8/β0} [ 1 − α_s 4π C_F N_C ( f^λ_I (−1) + f^λ_{II} (−1) ) ] X^{(B+u K∗+,ϕ)}, A^{R̸}_λ (B^0_d → ϕK^{∗0}) = λ^′_{i23}λ^{′∗}_{i22} 8N_C m^2_{ν̂Li} η^{−8/β0} [ 1 + α_s 4π C_F N_C ( f^{′λ}_I (1) + f^{′λ}_{II} (1) ) ] X^{′(B+u K∗0,ϕ)} + λ^′_{i22}λ^{′∗}_{i32} 8N_C m^2_{ν̂Li} η^{−8/β0} [ 1 − α_s 4π C_F N_C ( f^λ_I (−1) + f^λ_{II} (−1) ) ] X^{(B+u K∗0,ϕ)}, A^{R̸}_λ (B^+_u → ρ^0K^{∗+}) = λ^{′′}_{131}λ^{′′∗}_{121} 8 √ 2m^2_{d̂} η^{−4/β0} [ 1 − 1 N_C − α_s 4π C_F N_C ( f^{′ λ}_I (−1) + f^{′λ}_{II} (−1) ) ] X^{′(B+u K∗+ ,ρ0)} − λ^{′′}_{131}λ^{′′∗}_{121} 8 √ 2m^2_{d̂} η^{−4/β0} [ 1 − 1 N_C − α_s 4π C_F N_C ( f^{′ λ}_I (−1) + f^{′λ}_{II} (−1) ) ] X^{′(B+u ρ0 ,K∗+)} − λ^{′′}_{i31}λ^{′′∗}_{i21} 16 √ 2m^2_{ûi} η^{−4/β0} [ 1 − 1 N_C − α_s 4π C_F N_C ( f^{′ λ}_I (−1) + f^{′λ}_{II} (−1) ) ] X^{′(B+u K∗+ ,ρ0)} + η^{−8/β0} N_C √ 2 ( λ^′_{i13}λ^{′∗}_{i12} 8m^2_{êLi} − λ^′_{i13}λ^{′∗}_{i12} 8m^2_{ν̂Li} ) [ 1 + α_s 4π C_F N_C ( f^{′ λ}_I (1) + f^{′λ}_{II} (1) ) ] X^{′(B+u K∗+,ρ0)} − λ^′_{i21}λ^{′∗}_{i31} 8N_C √ 2m^2_{ν̂Li} η^{−8/β0} [ 1 − α_s 4π C_F N_C ( f^λ_I (−1) + f^λ_{II} (−1) ) ] X^{(B+u K∗+ ,ρ0)},

A^{R̸}_λ (B^+_u → ρ^+K^{∗0}) = λ^{′′}_{i31}λ^{′′∗}_{i12} 16m^2_{ûi} η^{−4/β0} [ 1 − 1 N_C − α_s 4π C_F N_C ( f^{′ λ}_I (−1) + f^{′λ}_{II} (−1) ) ] X^{′(B+u ρ+ ,K∗0)} + λ^′_{i23}λ^{′∗}_{i11} 8N_C m^2_{ν̂Li} η^{−8/β0} [ 1 + α_s 4π C_F N_C ( f^{′λ}_I (1) + f^{′λ}_{II} (1) ) ] X^{′(B+u ρ+,K∗0 )} + λ^′_{i11}λ^{′∗}_{i32} 8N_C m^2_{ν̂Li} η^{−8/β0} [ 1 − α_s 4π C_F N_C ( f^λ_I (−1) + f^λ_{II} (−1) ) ] X^{(B+u ρ+,K∗0)}, A^{R̸}_λ (B^+_u → ρ^0ρ^+) = λ^{′′}_{132}λ^{′′∗}_{112} 8 √ 2m^2_ŝ η^{−4/β0} [ 1 − 1 N_C − α_s 4π C_F N_C ( f^{′ λ}_I (−1) + f^{′λ}_{II} (−1) ) ] X^{′(B+u ρ+ ,ρ0)} − λ^{′′}_{132}λ^{′′∗}_{112} 8 √ 2m^2_ŝ η^{−4/β0} [ 1 − 1 N_C − α_s 4π C_F N_C ( f^{′ λ}_I (−1) + f^{′λ}_{II} (−1) ) ] X^{′(B+u ρ0 ,ρ+)} + η^{−8/β0} N_C √ 2 ( λ^′_{i13}λ^{′∗}_{i11} 8m^2_{êLi} − λ^′_{i13}λ^{′∗}_{i11} 8m^2_{ν̂Li} ) [ 1 + α_s 4π C_F N_C ( f^{′λ}_I (1) + f^{′λ}_{II} (1) ) ] X^{′(B+u ρ+,ρ0 )} − λ^′_{i11}λ^{′∗}_{i31} 8N_C √ 2m^2_{ν̂Li} η^{−8/β0} [ 1 − α_s 4π C_F N_C ( f^λ_I (−1) + f^λ_{II} (−1) ) ] X^{(B+u ρ+ ,ρ0)}, A^{R̸}_λ (B^0_d → ρ^+ρ^−) = − λ^{′′}_{132}λ^{′′∗}_{112} 8m^2_ŝ η^{−4/β0} [ 1 − 1 N_C − α_s 4π C_F N_C ( f^{′ λ}_I (−1) + f^{′λ}_{II} (−1) ) ] X^{′(B0dρ−,ρ+)}, References

[1] B. Aubert et al. (BABAR Collaboration), Phys. Rev. Lett. 91, 171802(2003), hep-ex/0307026.

[2] J. Zhang et al. (Belle Collaboration), Phys. Rev. Lett. 91, 221801(2003), hep-ex/0306007.

[3] B. Aubert et al. (BABAR Collaboration), Phys. Rev., D69, 031102(2004), hep-ex/0311017.

[4] B. Aubert et al. (BABAR Collaboration), Phys. Rev. Lett. 93, 231801(2004), hep-ex/0404029.

[5] K. F. Chen et al. (Belle Collaboration), Phys. Rev. Lett. 91, 201801(2003), hep-ex/0307014.

[6] B. Aubert et al. (BABAR Collaboration), contributed to ICHEP 2004, hep-ex/0408093.

[7] B. Aubert et al. (BABAR Collaboration), Phys. Rev. Lett. 93, 231804(2004), hep-ex/0408017.

[8] K. F. Chen et al. (Belle Collaboration), hep-ex/0503013.

[9] J. Z. Zhang et al. (Belle Collaboration), presented at ICHEP04 Beijing, China, 16-22 Aug 2004, (http://ichep04.ihep.ac.cn) heavy quark section.

[10] A. Kagan, Phys. Lett. B601, 151(2004), hep-ph/0405134. [11] Y. Grossman, Int. J. Mod. Phys. A19, 907(2004). hep-ph/0310229. [12] P. Colangelo, F. De Fazio and T. N. Pham, Phys. Lett. B597, 291(2004). [13] E. Álvarez et al. Phys. Rev. D70, 115014(2004), hep-ph/0410096. [14] A. L. Kagan (2004), hep-ph/0407076.

[15] M. Ladisa et al., Phys. Rev. D70, 114025(2004), hep-ph/0409286. [16] H.Y. Cheng, C.K. Chua, A. Soni, Phys. Rev. D71, 014030(2005), hep-ph/0409317. [17] A. Ali, J.G. Körner and G. Kramer, Z. Phys. C1, 269(1979); J.G. Köner and G.R.

Goldstein, Phys. Lett. B89, 105(1979).

[18] A. L. Kagan, www.phys.hawaii.edu/∼superb04/talks/Kagan.pdf. [19] H.n. Li and S. Mishima, hep-ph/0411146. [20] W.S. Hou and M. Nagashima, hep-ph/0408007.

[21] S. Weinberg, Phys. Rev. D26, 287(1982); N. Sakai and T. Yanagida, Nucl. Phys. B197, 533(1982); C. Aulakh and R. Mohapatra, Phys. Lett. B119, 136(1982).

[22] See, for examaple, R. Barbier et al., hep-ph/9810232, hep-ph/0406039, and references therein; M. Chemtob, Prog. Part. Nucl. Phys. 54, 71(2005), hep-ph/0406029.

[23] B. C. Allanach et al., hep-ph/9906224, and references therein.

[24] G. Bhattacharyya and A. Raychaudhuri, P hys. Rev. D57, R3837(1998); D. Guetta, Phys. Rev. D58, 116008(1998); G. Bhattacharyya and A. Datta, Phys. Rev. Lett. 83, 2300(1999); G. Bhattacharyya, A. Datta and A. Kundu, Phys. Lett. B514, 47(2001); D.

Chakraverty and D. Choudhury, Phys. Rev. D63, 075009(2001); D. Chakraverty and D. Choudhury, Phys. Rev. D63, 112002(2001); J.P. Saha and A. Kundu, Phys. Rev. D66, 054021(2002); D. Choudhury, B. Dutta and A. Kundu, Phys. Lett. B456, 185(1999); G. Bhattacharyya, A. Datta and A. Kundu, hep-ph/0212059.

[25] B. Dutta, C.S. Kim and S. Oh, Phys. Rev. Lett. 90, 011801(2003). [26] C. Dariescu, M.A. Dariescu, N.G. Deshpande and D.K. Ghosh, Phys. Rev. D69, 112003(2004).

[27] D. K. Ghosh, X. G. He, B. H. J. McKellar and J.Q. Shi, JHEP 0207, 067(2002). [28] S. Bar-Shalom, G. Eilam and Y.D. Yang, Phys. Rev. D67, 014007(2003); Y.D. Yang, Eur. Phys. J. C34, 291(2004).

[29] M. Beneke, G. Buchalla, M. Neubert and C. T. Sachrajda, Phys. Rev. Lett. 83, 1914(1999); Nucl. Phys. B591, 313(2000); Nucl. Phys. B606, 245(2001).

[30] G. Buchalla, A. J. Buras and M. E. Lauteubacher, Rev Mod. Phys. 68, 1125(1996). [31] N. Cabibbo, Phys. Rev. Lett. 10, 531(1963); M. Kobayashi and T. Maskawa, Prog. Theor.

Phys. 49, 652(1973).

[32] P. Ball and R. Zwicky, Phys. Rev. D71, 014029(2005). [33] P. Ball and V. M. Braun, Nucl. Phys. B543, 201(1999). [34] M. Beneke and T. Feldmann, Nucl. Phys. B592, 3(2001).

[35] M. Beneke, G. Buchalla, M. Neubert and C. T. Sachrajda, Nucl. Phys. B606, 245(2001). [36] P. Kumar Das and Kwei-Chou Yang, hep-ph/0412313. [37] A. Ali and C. Greak, Phys. Rev. D57, 2996(1998). [38] P. Ball et al., Nucl. Phys. B529, 323(1998).

[39] S.L. Glashow, J.C. Iliopoulos and L. Maiani, Phys. Rev. D2, 1258(1970).

[40] G. Farrar and P. Fayet, Phys. Lett. B76, 575(1978). [41] S. Weinberg, Phys. Rev. D26, 287(1982). [42] L. Wolfenstein, Phys. Rev. Lett. 51, 1945(1983). [43] S. Eidelman, et al. Phys. Lett. B592, 1(2004). [44] M. Beneke and M. Neubert, Nucl. Phys. B675, 333(2004).

[45] V. M. Braun, D. Yu. Ivanov and G. P. Korchemsky, Phys. Rev. D69, 034014(2003). [46] P. Ball and V.M. Braun, Phys. Rev. D58, 094016(1998). [47] A. Datta, Phys. Rev. D66, 071702(R)(2002). [48] G. Bhattacharyya and Raychaudhuri, in [24].

[49] A.J. Buras, R. Fleischer, Eur. Phys. J. C16, 97(2000). A.J. Buras, R. Fleischer, S.

Recksiegel, F. Schwab, hep-ph/0410407, Eur. Phys .J . C3245, 2003; Phys. Rev. Lett. 92101804, 2004.

[50] M. Gronau and J.L. Rosner, Phys. Lett. B572, 43(2003); Y. Grossman, M. Neubert and A. Kagan, JHEP9910, 029(1999).