arXiv:1301.6246v2 [hep-ph] 3 Feb 2013

Semileptonic decays B → D^{(∗)}lν in the perturbative QCD factorization approach

Ying-Ying Fan, Wen-Fei Wang, Shan Cheng and Zhen-Jun Xiao^a

Department of Physics and Institute of Theoretical Physics, Nanjing Normal University, Nanjing, Jiangsu 210023, People’s Republic of China (Dated: February 5, 2013)

Abstract

Motivated by the recent BaBar measurements of B → D^{(∗)}l^−ν̄_l semileptonic decays and the resulted 3.4σ discrepancy of the measured values of R(D^{(∗)}) from the standard model (SM) predictions, we calculate the branching ratios B(B → D^{(∗)}l^−ν̄_l) and the ratios R(D^{(∗)}) by employing the perturbative QCD (pQCD) factorization approach. We find that the pQCD predictions are R(D) = 0.429 ± 0.023 and R(D^∗) = 0.301^{+0.012}_{−0.015}: the BaBar’s discrepancy of 2.0σ for R(D) and 2.7σ for R(D^∗) are therefore reduced significantly to 0.2σ and 1.0σ respectively. We provide successfully the first SM interpretation for the BaBar’s R(D^{(∗)}) anomaly.

PACS numbers: 13.25.Hw, 12.38.Bx, 14.40.Nd

a xiaozhenjun@njnu.edu.cn

Very recently, the BaBar collaboration reported their measurements for the ratios of the branching ratios of the semileptonic decay B → D^{(∗)}τ^−ν̄_τ and B → D^{(∗)}l^−ν̄_l with l^− = (e^−, μ^−) [1]: R(D) ≡ B(B → Dτ^−ν̄_τ ) B(B → Dl^−ν̄_l) = 0.440 ± 0.072, R(D^∗) ≡ B(B → D^∗τ^−ν̄_τ ) B(B → D^∗l^−ν̄_l) = 0.332 ± 0.030, (1)

where the isospin symmetry relations R(D^0) = R(D^+) = R(D) and R(D^{∗0}) = R(D^{∗+}) = R(D^∗) have been imposed, and the statistical and systematic uncertainties have been combined in quadrature. These BaBar results are surprisingly larger than the standard model (SM) predictions[2–5]:

R(D)^{SM} = 0.296 ± 0.016 [2], R(D^∗)^{SM} = 0.252 ± 0.003 [2], R(D)^{SM} = 0.316 ± 0.014 [4], R(D)^{SM} = 0.315 [5], R(D^∗)^{SM} = 0.260 [5]. (2)

The combined BaBar results disagree with the SM predictions by 3.2σ [4] or 3.4σ [1].

Since the report of BaBar measurements, this R(D^{(∗)}) anomaly has been studied intensively by many authors, for example, in Refs. [4–12]. Some authors treat this 3.4σ deviation as the first evidence for new physics (NP) in semileptonic B meson decays to τ lepton [6–10], such as the NP contributions from the charged Higgs bosons in the Two-Higgs-doublet models [7]. Some other physicists, however, try to revisit the SM prediction for R(D^{(∗)}) by employing the relativistic quark model[5], by using the form factors computed in unquenched lattice QCD [4], or by maximally employing the experimental information on the relevant form factors from the data of B → Dlν̄_l with l = (e^−, μ^−) [13], but they all failed to explain the BaBar’s R(D^{(∗)}) anomaly.

In this paper, we will calculate the decay rates of the semileptonic B → D^{(∗)}l^−ν̄_l decays and the six R(X)-ratios: the four isospin-unconstrained ratios R(D^0),R(D^{∗0}),R(D^+) and R(D^{∗+}), as well as the two isospin-constrained ratios R(D) and R(D^∗) in the framework of the SM by employing the pQCD factorization approach [14]. We will compare the pQCD predictions with other theoretical predictions [2, 4–6] in the framework of the SM, and the measured values of BaBar Collaboration [1].

In the pQCD approach, the lowest order Feynman diagrams for B → D^{(∗)}l^−ν̄_l decays are displayed in Fig.1. In the B meson rest frame, we define the B meson momentum P_1, the D^{(∗)} momentum P_2 in the light-cone coordinates as

P_1 = m_B √ 2 (1, 1, 0_⊥), P_2 = rm_B √ 2 (η^+, η^−, 0_⊥), (3)

where the ratio r = m_D/m_B or m_D∗ /m_B, while ϵ_L = (η^+, −η^−, 0_⊥)/ √ 2 and ϵ_T = (0, 0, 1) denotes the longitudinal and transverse polarization of the D^∗ meson respectively. The factors η^± = η ± √ η^2 − 1 is defined in terms of the parameter η =^1_{2r} [ 1 + r^2 −^{q2}_{m2B} ] [15].

The momenta of the spectator quarks in B and D^{(∗)} mesons are parameterized as k_1 = (0, x_1^{mB√}_2 , k_{1⊥}) and k_2 =^{mB√}_2 (x_2rη^+, x_2rη^−, k_{2⊥}).

FIG. 1. The lowest order Feynman diagrams for the semileptonic decays B → D^{(∗)}l^−ν̄_l in the pQCD approach, the winding curves are gluons.

For the B meson wave function, we make use of the same one as being used in Refs.[16– 18]. We adopted the B-meson distribution amplitude widely used in the pQCD approach

ϕ_B (x, b) = N_B x^2(1 − x)^2exp [ − M^2_B x^2 2ω^2_B − 1 2 (ω_Bb)^2 ] , (4)

where N_B is the normalization factor, f_B is decay constant. For parameter ω_B , one usually take ω_B = 0.4 ± 0.04 GeV for B^0 and B^± mesons based on currently available data.

For the pseudoscalar D meson and the vector D^∗ meson, their wave function can be chosen as [19]

Φ_D(p, x) = i √ 6 γ_5(p/_D + m_D)ϕ_D(x), (5)

Φ_D∗ (p, x) = −i √ 6 [ ϵ/_L(p/_D∗ + m_D∗ )ϕ^L_D∗ (x) + ϵ/_T (p/_D∗ + m_D∗ )ϕ^T_D∗ (x) ] . (6)

For the distribution amplitudes of D^{(∗)} meson, we adopt the one as defined in Ref. [19]

ϕ_D(∗) (x) = f_D(∗) 2 √ 6 6x(1 − x) [1 + C_D(∗) (1 − 2x)] exp [ − ω^2b^2 2 ] . (7)

From the heavy quark limit, we here assume that f^L_D∗ = f^T_D∗ = f_D∗ , ϕ^L_D∗ = ϕ^T_D∗ = ϕ_D∗ , and set C_D = C_D∗ = 0.5, ω = 0.1 GeV as Ref. [19].

The form factors F_{0,+}(q^2) for B → D transitions are defined in the same way as in Ref.[18]. In terms of f_1(q^2) and f_2(q^2), they can be written as

F_+(q^2) = 1 2 [ f_1(q^2) + f_2(q^2) ] , F_0(q^2) = 1 2 f_1(q^2) [ 1 + q^2 m^2_B − m^2_D ] + 1 2 f_2(q^2) [ 1 − q^2 m^2_B − m^2_D ] , (8)

where q = p_1 −p_2 is the momentum of the lepton pair. Following the same procedure as in

Ref. [18], we calculate and obtain the B → D form factors f_1(q^2) and f_2(q^2) as following,

f_1(q^2) = 8πm^2_BC_F ∫ dx_1dx_2 ∫ b_1db_1b_2db_2ϕ_B (x_1, b_1)ϕ_D(x_2, b_2) × { [2r (1 − rx_2)] · h_1(x_1, x_2, b_1, b_2) · α_s(t_1) · exp [−S_{ab}(t_1)] + [ 2r(2r_c − r) + x_1r ( −2 + 2η + √ η^2 − 1 − 2η √ η^2 − 1 + η^2 √ η^2 − 1 )]

·h_2(x_1, x_2, b_1, b_2) · α_s(t_2) · exp [−S_{ab}(t_2)] } , (9)

f_2(q^2) = 8πm^2_B C_F ∫ dx_1dx_2 ∫ b_1db_1b_2db_2ϕ_B(x_1, b_1)ϕ_D(x_2, b_2) × { [2 − 4x_2r(1 − η)] · h_1(x_1, x_2, b_1, b_2) · α_s(t_1) · exp [−S_{ab}(t_1)] + [ 4r − 2r_c − x_1 + x_1 √ η^2 − 1

(2 − η) ] · h_2(x_1, x_2, b_1, b_2) · α_s(t_2) · exp [−S_{ab}(t_2)] } , (10)

where C_F = 4/3 is a color factor, r_c = m_c/m_B with m_c is the mass of c-quark. The hard functions h_{1,2}(x_i, b_i) come form the Fourier transform and can be written as h_1(x_1, x_2, b_1, b_2) = K_0(β_1b_1) {θ(b_1 − b_2)I_0(α_1b_2)K_0(α_1b_1) +θ(b_2 − b_1)I_0(α_1b_1)K_0(α_1b_2)} · S_t(x_2), h_2(x_1, x_2, b_1, b_2) = K_0(β_2b_1) {θ(b_1 − b_2)I_0(α_2b_2)K_0(α_2b_1) +θ(b_2 − b_1)I_0(α_2b_1)K_0(α_2b_2)} · S_t(x_2), (11) where K_0 and I_0 are modified Bessel functions, while the parameters α_1 = m_B √ x_2rη^+, α_2 = m_B √ x_1rη^+ − r^2 + r^2_c and β_1 = β_2 = m_B √ x_1x_2rη^+ with r = m_D(∗) /m_B. The threshold resummation factor S_t(x_i) is adopted from [20]. The Sudakov factor S_{ab}(t) = S_B (t) + S_M (t) can be written as [20, 21],

S_B (t) = s ( x_1 m_B √ 2 , b_1 ) + 2 ∫_t 1/b_1 dμ̄ μ̄ γ_q(α_s(μ̄)),

S_M (t) = s ( x_2 m_B √ 2 rη^+, b_2 ) + s ( (1 − x_2) m_B √ 2 rη^+, b_2 ) + 2 ∫_t 1/b_2 dμ̄ μ̄ γ_q(α_s(μ̄)), (12)

with the quark anomalous dimension γ_q = −α_s/π. The explicit expressions of the functions s(Q, b) can be found for example in Appendix A of Ref. [21]. The hard scales t_i in Eqs.(9,10,12) are chosen as the largest scale of the virtuality of the internal particles in the hard b-quark decay diagram,

t_1 = max{m_B √ x_2rη^+, 1/b_1, 1/b_2}, t_2 = max{m_B √ x_1rη^+ − r^2 + r^2_c , 1/b_1, 1/b_2}.(13) With F_+(q^2) and F_0(q^2), the differential decay widths of the semileptonic decays B → Dlν̄_l can be written as [22] dΓ(b → clν̄_l) dq^2 = G^2_F |V_{cb}|^2 192π^3m^3_B ( 1 − m^2_l q^2

)_2

λ^{1/2}(q^2) 2q^2 · { 3m^2_l ( m^2_B − m^2_D

)_2

|F_0(q^2)|^2 + ( m^2_l + 2q^2 ) λ(q^2)|F_+(q^2)|^2 } , (14) where m_l is the mass of the charged leptons, and λ(q^2) = (m^2_B + m^2_D − q^2)^2 − 4m^2_B m^2_D is the phase space factor.

For the B → D^∗ transitions, the hadronic matrix elements of the vector and axialvector currents are described by four QCD form factors V (q^2) and A_{0,1,2}(q^2) [22]. By employing the pQCD approach, we calculate and find the form factors V (q^2) and A_{0,1,2}(q^2) for B → D^∗ transitions:

V (q^2) = 8πm^2_BC_F ∫ dx_1dx_2 ∫ b_1db_1b_2db_2ϕ_B(x_1, b_1)ϕ^T_D∗ (x_2, b_2) · (1 + r) × { [1 − rx_2] · h_1(x_1, x_2, b_1, b_2) · α_s(t_1) · exp [−S_{ab}(t_1)] + [ r + x_1 2 √ η^2 − 1 ] · h_2(x_1, x_2, b_1, b_2) · α_s(t_2) · exp [−S_{ab}(t_2)] } , (15)

A_0(q^2) = 8πm^2_BC_F ∫ dx_1dx_2 ∫ b_1db_1b_2db_2ϕ_B (x_1, b_1)ϕ^L_D∗ (x_2, b_2) × { [1 + r − rx_2(2 + r − 2η)] · h_1(x_1, x_2, b_1, b_2) · α_s(t_1) · exp [−S_{ab}(t_1)] + [ r^2 + r_c + x_1 2 + ηx_1 2 √ η^2 − 1 + rx_1 2 √ η^2 − 1 ( 1 − 2η(η + √ η^2 − 1) ) ]

·h_2(x_1, x_2, b_1, b_2) · α_s(t_2) · exp [−S_{ab}(t_2)] } , (16)

A_1(q^2) = 8πm^2_B C_F ∫ dx_1dx_2 ∫ b_1db_1b_2db_2ϕ_B(x_1, b_1)ϕ^T_D∗ (x_2, b_2) · r 1 + r × { 2[1 + η − 2rx_2 + rηx_2] · h_1(x_1, x_2, b_1, b_2) · α_s(t_1) · exp[−S_{ab}(t_1)]

+ [2r_c + 2ηr − x_1] · h_2(x_1, x_2, b_1, b_2) · α_s(t_2) · exp[−S_{ab}(t_2)] } , (17)

A_2(q^2) =

(1 + r)^2(η − r)

2r(η^2 − 1)

· A_1(q^2) − 8πm^2_B C_F ∫ dx_1dx_2 ∫ b_1db_1b_2db_2ϕ_B(x_1, b_1)

·ϕ^L_D∗ (x_2, b_2) ·

1 + r η^2 − 1 × { [(1 + η)(1 − r) − rx_2(1 − 2r + η(2 + r − 2η))]

·h_1(x_1, x_2, b_1, b_2) · α_s(t_1) · exp [−S_{ab}(t_1)] + [ r + r_c(η − r) − ηr^2 + rx_1η^2 − x_1 2 (η + r) + x_1 ( ηr − 1 2 ) √ η^2 − 1 ]

· h_2(x_1, x_2, b_1, b_2) · α_s(t_2) exp [−S_{ab}(t_2)] } , (18)

where r = m_D∗ /m_B , while C_F and r_c is the same as in Eqs.(9,10). And the hard function h(x_i, b_i), hard scales t_{1,2} and Sudakov factors S_{ab}(t_i) have been given in Eqs. (11-13).

For B → D^∗lν̄_l decays, the differential decay widths can be written as [23] dΓ_L(B → D^∗lν̄_l) dq^2 = G^2_F |V_{cb}|^2 192π^3m^3_B ( 1 − m^2_l q^2

)_2 λ^{1/2}(q^2) 2q^2 · { 3m^2_l λ(q^2)A^2_0(q^2)

+ m^2_l + 2q^2 4m^2 · [ (m^2_B − m^2 − q^2)(m_B + m)A_1(q^2) − λ(q^2) m_B + m

A_2(q^2)

]_2 }

, (19)

dΓ_±(B → D^∗lν̄_l) dq^2 = G^2_F |V_{cb}|^2 192π^3m^3_B ( 1 − m^2_l q^2

)_2

λ^{3/2}(q^2) 2 × (m^2_l + 2q^2) [ V (q^2) m_B + m ∓ (m_B + m)A_1(q^2) √ λ(q^2) ]_2 , (20)

where m = m_D∗ , and λ(q^2) = (m^2_B + m^2_D∗ − q^2)^2 − 4m^2_B m^2_D∗ is the phase space factor. The combined transverse and total differential decay widths are defined as dΓ_T dq^2 = dΓ_+ dq^2 + dΓ_− dq^2 , dΓ dq^2 = dΓ_L dq^2 + dΓ_T dq^2 . (21)

In the numerical calculations we use the following input parameters (here masses and decay constants in units of GeV)[18, 24]: m_D0 = 1.865, m_D+ = 1.870, m_D∗0 = 2.007, m_D∗+ = 2.010, m_B = 5.28, m_τ = 1.777, m_c = 1.35 ± 0.03, f_B = 0.21 ± 0.02, f_D = 0.223, τ_B± = 1.641 ps, τ_B0 = 1.519 ps, |V_{cb}| = (41.2^{+1.1}_{−0.5}) × 10^{−3}, Λ^{(f=4)}_{M̄S} = 0.287 and f_D∗ = f_D √ m_D/m_D∗ . By using the expressions as given in Eqs.(9,10,15-18) and the definitions in Eq. (8) we calculate the values of the form factors F_{0,+}(q^2), V (q^2) and A_{0,1,2}(q^2) for given value of q^2 in the range of m^2_l ≤ q^2 ≤ (m_B − m)^2 with m = m_D or m_D∗ ). Since the pQCD predictions for the considered form factors are reliable only for small values of q^2 (i.e. the large recoil regime), one has to make an extrapolation for them from the lower q^2 region to large q^2 region. In this work we make the pQCD calculations for the form factors in the lower q^2 region m^2_e ≤ q^2 ≤ m^2_τ , and then make the extrapolation to the range of m^2_τ < q^2 ≤ (m_B − m)^2 by using the formula as given in Ref. [23]

F (q^2) =

F (0)

1 − a^{q2}_{m2B} + b (_{q2} m^2_B

)_2 . (22)

where F stands for the form factors F_{0,+}, V and A_{0,1,2}, and a, b are the parameters to be determined by the fitting procedure. In Table I, we list the pQCD predictions for all relevant form factors for B → D and B → D^∗ transitions at the scale q^2 = 0 and q^2 = m^2_τ , respectively. The theoretical error of the form factors as shown in Table I is the total error: a combination of the two major theoretical errors from ω_B = 0.40 ± 0.04 GeV and f_B = 0.21 ± 0.02 GeV.

After making numerical integrations, we find the pQCD predictions for the branching ratios of the eight B → D^{(∗)}l^−ν̄_l decays as listed in Table II, where the individual theoretical errors have been added in quadrature. In order to show the relative size of the

TABLE I. The pQCD predictions for the form factors of the B → (D, D^∗) transitions at lower q^2 region for q^2 = 0 and q^2 = m^2_τ .

F_0(0) F_+(0) F_0(m^2_τ ) F_+(m^2_τ ) B → D 0.56^{+0.13}_{−0.11} 0.56^{+0.13}_{−0.11} 0.69^{+0.15}_{−0.13} 0.75^{+0.17}_{−0.14} V (0) A_0(0) A_1(0) A_2(0) B → D^∗ 0.63^{+0.13}_{−0.12} 0.50^{+0.10}_{−0.09} 0.52^{+0.11}_{−0.10} 0.54^{+0.12}_{−0.10} V (m^2_τ ) A_0(m^2_τ ) A_1(m^2_τ ) A_2(m^2_τ ) B → D^∗ 0.85^{+0.16}_{−0.15} 0.66^{+0.12}_{−0.11} 0.62^{+0.12}_{−0.11} 0.71^{+0.14}_{−0.13}

errors, we here present the pQCD predictions for B(B^− → D^{0,∗0}τ^−ν̄_τ ) with the errors:

B(B^− → D^0τ^−ν̄_τ ) = (1.17^{+0.41}_{−0.31}(ω_B )^{+0.23}_{−0.21}(f_B )^{+0.06}_{−0.03}(V_{cb})^{+0.01}_{−0.01}(m_c))%, (23) B(B^− → D^{∗0}τ^−ν̄_τ ) = (1.82^{+0.35}_{−0.36}(ω_B )^{+0.36}_{−0.33}(f_B )^{+0.10}_{−0.04}(V_{cb})^{+0.09}_{−0.10}(m_c))%, (24)

where the four major theoretical errors come from the uncertainties of the input parameters ω_B = 0.40 ± 0.04 GeV, f_B = 0.21 ± 0.02 GeV, |V_{cb}| = (41.2^{+1.1}_{−0.5}) × 10^{−3} and m_c = 1.35 ± 0.03 GeV. From the numerical results in Table II, where the errors of the pQCD predictions have been added in quadrature, one can see that since the theoretical errors are still large, around 35% in size, the pQCD predictions for the branching ratios agree with the measured values as given by BaBar Collaboration[1] or quoted from PDG-2012 [24] within one standard deviation.

TABLE II. The pQCD predictions for the branching ratios of B → D^{(∗)}τ^−ν̄_τ and B → D^{(∗)}l^−ν̄_l decays where l^− stands for e^− or μ^−. The world averages from PDG 2012 [24], and the BaBar measured values as given in Ref. [1, 25, 26].

Channel pQCD(%) PDG(%)[24] BaBar(%)[1, 25, 26] B̄^0 → D^+τ^−ν̄_τ 1.07^{+0.44}_{−0.34} 1.1 ± 0.4 1.01 ± 0.22 B̄0 → D+l−ν̄_l 2.51^{+1.17}_{−0.86} 2.18 ± 0.12 2.15 ± 0.08 B^− → D^0τ^−ν̄_τ 1.17^{+0.47}_{−0.38} 0.77 ± 0.25 0.99 ± 0.23 B^− → D^0l^−ν̄_l 2.71^{+1.26}_{−0.93} 2.26 ± 0.11 2.34 ± 0.14 B̄0 → D∗+τ −ν̄_τ 1.67^{+0.48}_{−0.46} 1.5 ± 0.5 1.74 ± 0.23 B̄0 → D∗+l−ν̄_l 5.56^{+1.83}_{−1.62} 4.95 ± 0.11 4.69 ± 0.34 B^− → D^{∗0}τ^−ν̄_τ 1.82^{+0.52}_{−0.50} 2.04 ± 0.30 1.71 ± 0.21 B^− → D^{∗0}l^−ν̄_l 6.03^{+1.97}_{−1.75} 5.70 ± 0.19 5.40 ± 0.22

Since the theoretical errors of the pQCD predictions will be greatly canceled in the ratios of the corresponding branching ratios, we also define the six R(X)-ratios in the same way as Ref. [1] and compare our pQCD predictions with those reported by the BaBar measurements [1]. For the two isospin-constrained ratios R(D) and R(D^∗), for example, we find R(D) ≡ B(B̄^0 → D^+τ^−ν̄_τ ) + B(B^− → D^0τ^−ν̄_τ ) B(B̄^0 → D^+l^−ν̄_l) + B(B^− → D^0l^−ν̄_l)

= 0.429^{+0.017}_{−0.019}(ω_B)^{+0.016}_{−0.013}(m_c), (25) R(D^∗) ≡ B(B̄^0 → D^{∗+}τ^−ν̄_τ ) + B(B^− → D^{∗0}τ^−ν̄_τ ) B(B̄^0 → D^{∗+}l^−ν̄_l) + B(B^− → D^{∗0}l^−ν̄_l)

= 0.301^{+0.011}_{−0.014}(ω_B)^{+0.005}_{−0.004}(m_c), (26)

where the major theoretical errors come from the uncertainties of ω_B = 0.40 ± 0.04 GeV and m_c = 1.35 ± 0.03 GeV. The theoretical errors of the pQCD predictions for the branching ratios induced by the variations of f_B and |V_{cb}| are canceled completely in the ratios of the branching ratios. It is easy to see that the theoretical errors of the pQCD predictions for R(X)-ratios are reduced significantly when compared with those for branching ratios, from around 35% to ∼ 5% only.

TABLE III. The pQCD predictions for the six R(X)-ratios, other SM predictions [2, 4, 5], and the measured values from BaBar Collaboration [1].

Ratio pQCD SM [2] SM[4] SM[5] BaBar [1] R(D^0) 0.432^{+0.021}_{−0.024} −− −− −− 0.429 ± 0.097 R(D^+) 0.426^{+0.025}_{−0.022} −− −− −− 0.469 ± 0.099 R(D^{∗0}) 0.302^{+0.011}_{−0.016} −− −− −− 0.322 ± 0.039 R(D^{∗+}) 0.300^{+0.012}_{−0.015} −− −− −− 0.355 ± 0.044 R(D) 0.429 ± 0.023 0.296 ± 0.016 0.316 ± 0.014 0.315 0.440 ± 0.072 R(D^∗) 0.301^{+0.012}_{−0.015} 0.252 ± 0.003 −− 0.260 0.332 ± 0.030

In Table III, we list the pQCD predictions for all six R(X)-ratios, the SM predictions as given in Refs. [2, 4, 5] respectively, and the measured values as reported by BaBar Collaboration [1]. From the numerical results one can see that

(i) Due to the strong cancelation of the theoretical errors in the ratios of the corresponding branching ratios, the error of the pQCD predictions for both R(D) and R(D^∗) is ∼ 5% only, similar in size with other two SM predictions [2, 4].

(ii) In Refs. [4, 5], the authors calculated the ratios by using the hadronic form factors computed in unquenched lattice QCD[4] or by employing the relativistic quark model[5], but as shown by the numerical results in Table III, they all failed to explain the BaBar’s anomaly of R(D(∗)).

(iii) For the four isospin-unconstrained ratios R(D^0), R(D^+), R(D^{∗0}) and R(D^{∗+}), the pQCD predictions agree well with the BaBar measured values within one standard deviation.

(iv) For the two isospin-constrained ratios R(D) and R(D^∗), the pQCD predictions are R(D) = 0.429 ± 0.023 and R(D^∗) = 0.301^{+0.012}_{−0.015}, the BaBar’s anomaly of R(D^{(∗)}) are therefore explained successfully in the framework of the SM by employing the pQCD factorization approach.

In summary, we studied the semileptonic decays B → D^{(∗)}l^−ν̄_l in the framework of the SM by employing the pQCD factorization approach. We firstly evaluated the relevant form factors F_{0,+}(q^2), V (q^2) and A_{0,1,2}(q^2), and then calculated the branching ratios B(B → D^{(∗)}l^−ν̄_l) and the six R(X) ratios. From the numerical calculations and phenomenological analysis we found that

(i) The pQCD predictions for B(B → D^{(∗)}l^−ν̄_l) agree well with the measured values within one standard deviation.

(ii) For the isospin-constrained ratios R(D) and R(D^∗), the pQCD predictions are R(D) = 0.429 ± 0.023 and R(D^∗) = 0.301^{+0.012}_{−0.015}, the BaBar’s discrepancy of 2.0σ for R(D) and 2.7σ for R(D^∗) are reduced significantly to 0.2σ and 1.0σ, respectively. We provide successfully the first SM interpretation for the BaBar’s R(D^{(∗)}) anomaly by employing the pQCD approach.

ACKNOWLEDGMENTS

We wish to thank Hsiang-nan Li, Wei Wang and Xin Liu for valuable discussions. This work was supported by the National Natural Science Foundation of China under Grant No.10975074 and 11235005.

[1] J.P. Lees , et al. (BABAR Collaboration), Phys. Rev. Lett. 109, 101802 (2012). [2] S. Fajfer, J.F. Kamenik, and I. Nisandzic, Phys. Rev. D 85, 094025 (2012). [3] J.F. Kamenik and F. Mescia, Phys. Rev. D 78, 014003 (2008). [4] J.A. Bailey et al., Phys. Rev. Lett. 109, 071802 (2012). [5] R.N. Faustov, V.O. Galkin, Mod. Phys. Lett. A 27, 1250183 (2012). [6] S. Fajfer, J.F. Kamenik, I. Nisandzic, and J. Zupan, Phys. Rev. Lett. 109, 161801 (2012). [7] A. Crivellin, C. Greub, and A. Kokulu, Phys. Rev. D 86, 054014 (2012). [8] A. Celis, M. Jung, X.Q. Li and A. Pich, JHEP 01, 054 (2013); [9] A. Datta, M. Duraisamy, and D. Ghosh, Phys. Rev. D 86, 034027 (2012); [10] D. Choudhury, D.K. Ghosh, A. Kundu, Phys. Rev. D 86, 114027 (2012). [11] S. Fajfer and I. Nisandzic, talk given at CKM 2012, Cincinnati, USA, Sept.28 - Oct.2, 2012;

Conference: C12-09-28; arXiv:1301.1167 [hep-ph].

[12] A. Pich, arXiv:1301.4474 [hep-ph]; G. Ricciardi, arXiv:1301.4389 [hep-ph]; S. Stone, Conference: C12-07-04, arXiv:1212.6374[hep-ph].

[13] N. Kosnik, D. Becirevic, and A. Tayduganov, talk given at Xth Quark Confinment and the Hadron Spectrum,Oct.8-12, 2012, Munich, Germany; arXiv:1301.4037 [hep-ph].

[14] H.N. Li, Prog.Part. & Nucl. Phys. 51, 85 (2003) and references therin. [15] T. Kurimoto, H.N. Li and A.I. Sanda, Phys. Rev. D 67, 054028 (2003); [16] Z.J. Xiao, W.F. Wang, and Y.Y. Fan, Phys. Rev. D 85, 094003 (2012); [17] X. Liu, H.N. Li, and Z.J. Xiao, Phys. Rev. D 86, 011501(R) (2012). [18] W.F. Wang and Z.J. Xiao, Phys. Rev. D 86, 114025 (2012). [19] R.H. Li, C.D. Lü, and H. Zou, Phys. Rev. D 78, 014018 (2008). [20] T. Kurimoto, H. N. Li and A. I. Sanda, Phys. Rev. D 65, 014007 (2001).

[21] C.D. Lü, K. Ukai, M.Z. Yang, Phys. Rev. D , 63, 074009 (2001). [22] R.H. Li, C.D. Lü, W. Wang, and X.X. Wang, Phys. Rev. D 79, 014013 (2009). [23] W. Wang, Y.L. Shen, and C.D. LÜ, Phys. Rev. D 79, 054012 (2009). [24] J. Beringer et al. (Particle Data Group), Phys. Rev. D 86,010001 (2012). [25] B. Aubert et al. (BABAR Collaboration), Phys. Rev. D 79, 012002 (2009). [26] B. Aubert et al. (BABAR Collaboration), Phys. Rev. D 77, 032002 (2008).