arXiv:1211.0348v1 [hep-ph] 2 Nov 2012

B decays with τ-leptons in non-universal left-right models

Xiao-Gang He^∗ INPAC, SLKPPC and Department of Physics, Shanghai Jiao Tong University, Shanghai, China Department of Physics, National Tsing Hua University, and National Center for Theoretical Sciences, Hsinchu, Taiwan CTS, CASTS and Department of Physics, National Taiwan University, Taipei, Taiwann German Valencia^† Department of Physics and Astronomy, Iowa State University, Ames, IA 50011, USA (Dated: November 5, 2012)

Abstract

Recent measurements of semileptonic B-meson decays into τ-leptons are somewhat higher than expected in the standard model. Although the deviations are less than 3σ, they suggest the possibility of new physics affecting primarily the τ-lepton. In this paper we examine these results within the context of non-universal left-right models. We find that strong constraints from b → sγ on W −W^′ mixing lead to a prediction of approximately equal enhancements for the B → Dτν and the B → D^⋆τν modes. The model predicts approximately the same enhancement for the inclusive semileptonic rate B̄ → X_cτν as well as for the leptonic decay B^−_c → τ^−ν. An enhancement in the leptonic decay B^− → τ^−ν is also possible but is not uniquely correlated with the other modes. For this explanation to be viable, the mass of the non-universal W^′ would be below 1 TeV, within LHC reach.

∗Electronic address: hexg@phys.ntu.edu.tw †Electronic address: valencia@iastate.edu

I. INTRODUCTION

Recent measurements of B decay modes involving τ-leptons have shown hints of deviations from the standard model (SM). In particular, for the semileptonic b → cτν modes, for which BaBar has reported recently that [1] R(D) = B(B̄ → Dτ^−ν̄_τ ) B(B̄ → Dℓ^−ν̄_ℓ) = 0.440 ± 0.072

R(D^⋆) =

B(B̄ → D^⋆τ^−ν̄_τ ) B(B̄ → D^⋆ℓ^−ν̄_ℓ) = 0.332 ± 0.030 (1)

The corresponding numbers from Belle are [2] R(D) = B(B̄ → Dτ^−ν̄_τ ) B(B̄ → Dℓ^−ν̄_ℓ) = 0.35 ± 0.11

R(D^⋆) =

B(B̄ → D^⋆τ^−ν̄_τ ) B(B̄ → D^⋆ℓ^−ν̄_ℓ) = 0.43 ± 0.08 (2)

Both the BaBar and Belle results are a bit high compared to the SM expectation [3, 4],

R(D) = 0.297 ± 0.017 R(D^⋆) = 0.252 ± 0.003 (3)

At the same time the discrepancy between theory and experiment for the leptonic B → τν rate appears to be getting smaller, with the latest Belle result with hadronic tags being 0.72^{+0.27}_{−0.25} ±0.11)×10^{−4} [5]. Below we quote Belle’s combination of this result with their result based on semileptonic tags [5], as well as BaBar’s number [6] and a recent SM prediction by the CKMfitter group [7]. B(B → τν)_{Belle} = (0.96 ± 0.26) × 10^{−4} B(B → τν)_{BaBar} = (1.79 ± 0.48) × 10^{−4} B(B → τν)_{SM} = (0.719^{+0.115}_{−0.076}) × 10^{−4}. (4)

The apparent discrepancy in the semileptonic modes has inspired their examination within two Higgs doublet models. The data disfavors type II models [8] where it is not possible to simultaneously accommodate the enhancements in R(D) and R(D^⋆) [1]. Type III 2HDM have been also studied and are consistent with the data [9]. 2HDM models are also discussed in this context in Ref. [10]. The results have also been discussed in the context of R-parity violation [11] and more generally with the aim of making further predictions [12]. They have also inspired new calculations of the form factors [13].

In this paper we consider another new physics possibility to address this enhancement. In the context of non-universal left-right (LR) models [15], these modes receive additional contributions from the right-handed charged currents that are suppressed or absent for modes involving the first two generation leptons. The model contains one light right-handed neutrino that would ultimately be responsible for the enhancements in the semileptonic B-meson decays by adding the channel τν_R to the possible final states.

II. NON-UNIVERSAL LR MODEL

The model we consider is a variation of LR models [14], and we have detailed it previously [15]. Here we review the salient features relevant for our discussion. The gauge group is the usual SU(3)_C × SU(2)_L × SU(2)_R × U(1)_{B−L}. With this gauge group there are two charged gauge bosons, W_L and W_R for SU(2)_L and SU(2)_R, respectively. In general they mix with each other and the mass eigenstates W (light) and W^′ (heavy) are a mixture of W_L and W_R. This mixing can be parameterized as

W_L = cos ξ_W W − sin ξ_W W^′ , W_R = sin ξ_W W + cos ξ_W W^′ . (5)

The mass splitting between W and W^′ in this model is achieved by introducing the Higgs multiplets H_L : (1, 2, 1)(−1) and H_R : (1, 1, 2)(−1), and by letting their vacuum expectation values (vev) v_L and v_R be different. In our notation for the quantum numbers of the multiplets, the three numbers in the first bracket are the representations under SU(3)_C , SU(2)_L and SU(2)_R respectively. The number in the second bracket is for B − L. The W_L − W_R mixing can be induced by a bi-doublet scalar ϕ : (1, 2, 2)(0) in which both of the diagonal fields in ϕ have non-zero vev v_{1,2}.

The non-universal version of the L-R model we consider here is the one proposed in Ref. [15]. In this model, only the third generation interacts with W_R, and the first two generations have SM like interactions. The first two generations (indicated by the superscript) thus transform under the gauge group as

Q^{1,2}_L : (3, 2, 1)(1/3) , U^{1,2}_R : (3, 1, 1)(4/3) , D^{1,2}_R : (3, 1, 1)(−2/3) , L^{1,2}_L : (1, 2, 1)(−1) , E^{1,2}_R : (1, 1, 1)(−2) . (6)

The third generation is different, as its right handed particles also transform under SU(2)_R. The transformation of the third generation under the gauge group is given by

Q^3_L : (3, 2, 1)(1/3) , Q^3_R : (3, 1, 2)(1/3) , L^3_L : (1, 2, 1)(−1) , L^3_R : (1, 1, 2)(−1) . (7)

This model is anomaly free. It accommodates an enhanced interaction between third generation fermions that becomes of electroweak strength for process that involve a fermion pair from the first two generations and one from the third generation. Its phenomenology has been studied in detail, with the most stringent bounds on the Z^′ arising from LEP2 [15] and most recently from the study of pp → τ^+τ^− at the LHC^1 [16]. We are not aware of any LHC searches for non-universal W^′ bosons so far, but this paper would be an additional motivation to conduct them.

In the mass eigenstate basis the quark-gauge-boson interactions are given by,

L_W = − g_L √ 2 Ū_Lγ^μV_{KM} D_L(cos ξ_W W^+_μ − sin ξ_W W^{′+}_μ ) − g_R √ 2 Ū_Rγ^μV_RD_R(sin ξ_W W^+_μ + cos ξ_W W^{′+}_μ ) + h. c., (8)

1 Analysis of this data within our model is not finished but we expect a constraint on the Z^′ mass around 1 TeV, of the same order as those quoted by CMS for other Z^′ models.

where U = (u, c, t), D = (d, s, b), V_{KM} is the Kobayashi-Maskawa mixing matrix and V_R = (V_{Rij} ) = (V^{u∗}_{Rti}V^d_{Rbj} ) with V^{u,d}_{Rij} the unitary matrices which rotate the right handed quarks u_{Ri} and d_{Ri} from the weak eigenstate basis to the mass eigenstate basis. The model contains FCNC and their phenomenology has also been studied in detail, it is summarized in Ref. [17].

To have an acceptable neutrino mass spectrum and mixing, additional fields need to be introduced. For this purpose we introduce the Higgs triplet representations, Δ_L : (1, 3, 1)(2) and Δ_R : (1, 1, 3)(2). For our model to be interesting for semileptonic B decays, it must have a light right-handed neutrino. This implies that the vevs v^L_Δ and v^R_Δ for the two Δ_L and Δ_R fields need to be small. In particular v^R_Δ is not as large as in the usual Left-Right seesaw models. The neutrinos obtain Majorana masses from v^{L,R}_Δ in addition to the Dirac masses induced by the non-zero vev of ϕ. The resulting neutrino mass eigenstates (ν^m_L , (ν^m_{R3})^c) are related to the weak eigenstates (ν_L, ν^c_{R3}) by

ν_L ν^c_{R3} = U_L U_{RL} U_{LR} U_R ν^m_L (ν^m_{R3})^c . (9) Note that ν_L and ν^m_L have three components.

Since only the third generation has a right-handed neutrino, U_L = (U_{Lij}) is a 3 × 3 matrix determined by the Majorana mass term for left-handed neutrinos. U_{RL} = (U_{RLi3}) and U_{LR} = (U_{LR3i}) are 3 × 1 and 1 × 3 matrices, respectively, determined by the Dirac mass terms for neutrinos, and U_R = (U_{R33}) is a 1 × 1 matrix from the Majorana mass term for the right-handed neutrino.

As already mentioned, we consider the scenario where the new right-handed neutrino is very light (even though it has a Majorana mass), as this is the only case relevant for B decays. If the third generation neutrino is mostly Dirac type, the elements in U_{LR,RL} can be large, of order one. In this case ν^c_{L3} is dominated by the weak eigenstate ν_{R3}. If the right-handed neutrino is Majorana, U_R can be large. If the right-handed neutrino has a mass negligible compared with the τ mass, these two cases give the same results for our purposes.

In general the charged leptons will also mix with each other, and their weak and mass eigenstates are related by: ℓ_{L,R} = V^ℓ_{L,R}ℓ^m_{L,R} with ℓ = (e, μ, τ)^T . Here V^ℓ_{L,R} are the unitary matrices which diagonalize the charged lepton mass matrix. In the lepton mass eigenstate basis (dropping the superscript “m” on the fields), we have

L_W = − g_L √ 2 (ν̄_Lγ^μU^{ℓ†}ℓ_L + ν̄^c_{R3}γ^μU^{ℓ∗}_{RLj3}ℓ_{Lj} )W^+_μ (cos ξ_W W^+_μ − sin ξ_W W^{′+}_μ ) − g_R √ 2 (ν̄^c_{Li}γ^μU^ℓ_{LRij} ℓ_{Rj} + ν̄_{R3}γ^μU^ℓ_{R3j} ℓ_{Rj} )(sin ξ_W W^+_μ + cos ξ_W W^{′+}_μ ) + h. c., (10)

where

U^{ℓ†} = U^†_LV^ℓ_L , U^{ℓ∗}_{RLj3} = (U^∗_{RLi3}V^ℓ_{Lij} ) , U^ℓ_{LRij} = U_{LR3i}V^ℓ_{R3j} , U^ℓ_{R3j} = U_{R33}V^ℓ_{R3j} . (11)

U^ℓ is approximately the PMNS matrix.

In B meson decays the final neutrino flavor is not identified so it must be summed. For the processes involving left- and right-handed charged leptons, neglecting neutrino masses compared with the charged lepton masses, the final decay rates into a charged lepton ℓ_j are proportional to For ℓ_{Lj} : ∑ i |U^ℓ_{ij} |^2 + |U^ℓ_{RLj3}|^2 = ∑ i |U^∗_{Lli}V^ℓ_{Llj}|^2 + |U^∗_{RLl3}V^ℓ_{Llj} |^2 = ( ∑ i |U^∗_{Lli}|^2 + |U^∗_{RLl3}|^2)|V^ℓ_{Llj}|^2 = ∑ l |V^ℓ_{Llj}|^2 = 1 ,

For ℓ_{Rj} : ∑ i |U^ℓ_{LRij} |^2 + |U^ℓ_{R3j} |^2 = ∑ i |U_{LR3i}V^ℓ_{R3j} |^2 + |U_{R33}V^ℓ_{R3j} |^2 = ( ∑ i |U_{LR3i}|^2 + |U_{R33}|^2)|V^ℓ_{R3j} |^2 = |V^ℓ_{R3j}|^2 . (12)

In obtaining these results we used the unitarity of U: ∑ i |U^∗_{Lli}|^2 + |U^∗_{RLl3}|^2 = 1, ∑ i |U_{LR3i}|^2 + |U_{R33}|^2 = 1 and the unitarity of V^ℓ_{L,R}.

All this implies that within this model, the leptonic and semileptonic decay modes of the B meson involving τ-leptons will turn out to depend on the following combinations of parameters (two for each case q = u, c and for each lepton ℓ):

F^q_W ′ = 1 + ( g_RM_W g_LM_W ′ )_4 |V^ℓ_{R3ℓ}|^2|V_{Rqb}|^2 |V_{qb}|^2 F^q_{Mix} = ξ_W g_R g_L Re ( V^⋆_{qb}V_{Rqb} ) |V_{qb}|^2 ( 1 − ( M_W M_W ′ )_2) 1 + ( g_RM_W g_LM_W ′ )_2 |V^ℓ_{R3ℓ}|^2 . (13) The first term arises from direct W^′ contributions and the second term appears through W − W^′ mixing contributions. In the next section we summarize our results in terms of the combinations of Eq. 13.

III. LEPTONIC AND SEMILEPTONIC B-MESON DECAY MODES INTO τ-

LEPTONS

A. Inclusive semileptonic B decay

The inclusive semileptonic decay rate is easily calculated to first order in the W − W^′ mixing parameter ξ_W using the free quark model. The differential distribution with respect to the dimensionless momentum transfer z = M^2_{ℓν} /m^2_b , M^2_{ℓν} = (p_b − p_c)^2 = (p_ℓ + p_ν )^2, can be written in terms of the combinations defined in Eq. 13 as dΓ(b → qℓ^−ν̄_τ ) dz = G^2_F m^5_b 192π^3 |V_{qb}|^2 √ λ(1, r^2_q , z) [ F^q_W ′ 2(z − r^2_ℓ )^2

z^3 · ( z(r^4_q + r^2_q (z − 2) − 2z^2 + z + 1) − r^2_ℓ (z^2 + z(1 + r^2_q ) − 2(1 − r^2_q )^2) )

− 24 F^q_{Mix} r_q

(z − r^2_ℓ )^2 z ] (14) in terms of the usual kinematic function

λ(x, y, z) = x^2 + y^2 + z^2 − 2(xy + xz + yz), (15)

and of the ratios r_q = m_q/m_b and r_ℓ = m_ℓ/m_b. For electrons and muons, where the lepton mass can be neglected, this can be easily integrated to obtain the total decay rate, Γ(b → qℓ^−ν̄) = G^2_F m^5_b 192π^3 |V_{qb}|^2 [ F^q_W ′ F ( m^2_q m^2_b ) + 1 2 F^q_{Mix} G ( m^2_q m^2_b )] (16)

where F (r) and G(r) are the known kinematic functions given by

F (r) = 1 − 8r + 8r^3 − r^4 − 12r^2 ln r G(r) = −8 √ r ( 1 + 9r − 9r^2 − r^3 + 6r(1 + r) ln r ) . (17)

Notice that the term proportional to W −W^′ mixing behaves as an anomalous cbW coupling. In the M_W ′ >> M_W limit it corresponds to κ^R_{cb} = g_R g_L V^R_{cb} V_{cb} ξ_W (18)

in the notation of Ref. [21].^2

It follows from Eq. 16 that, in the limit where W − W^′ mixing is negligible, the CKM angles extracted from inclusive b decay are modified as follows

V^{eff}_{qb} = V_{qb} 1 + ( g_RM_W g_LM_W ′ )_4 |V^ℓ_{R3ℓ}|^2|V^R_{qb} |^2 |V_{qb}|^2 1 2 (19)

and would be different in decays into electrons or muons according to the mixing angle V^ℓ_{R3ℓ}. This would need to be taken into account in a global fit using our model. Since there is no evidence of a difference in V_{qb} as extracted from electron or muon modes we will take V^ℓ_{R3e} = V^ℓ_{R3μ}. Also, we are interested in new physics that affects mostly the τ-lepton, so we will assume for now that V^ℓ_{R3e} = V^ℓ_{R3μ} ≈ 0, so that V^ℓ_{R3τ} ≈ 1.

For decays into τ-leptons, ℓ = τ, the kinematics is more complicated but Eq. 14 can be integrated to give

Γ(b → qτ^−ν̄_τ ) =

G^2_F m^5_b 192π^3 |V_{qb}|^2 [ F^q_W ′ F̃ (r^2_q , r^2_τ ) − 4 F^q_{Mix} G̃(r^2_q , r^2_τ ) ] (20)

in terms of the kinematic form factors F̃ (x, y) = √ λ ( 1 − 7(x + y) − 7(x^2 + y^2) + x^3 + y^3 + xy(12 − 7(x + y)) )

+ 12 [ x^2Log ( (1 + x − y + √ λ)^2 4x ) + y^2Log ( (1 + y − x + √ λ)^2 4y )

2 There is an error in Eq. 18 of Ref. [21]. Instead of 2G it should say G/2 and this leads to −0.015 ≤ Re(κ^R_{cb}) ≤ +0.088.

−x^2y^2Log ( (1 − x − y + √ λ)^2 4xy )]

G̃(x, y) = √x [√ λ ( 1 + x^2 + 10x − 5y(1 + x) − 2y^2 )

+ 6x(x + (1 − y)^2)Log ( (1 − y)(1 − y − √ λ) − x(1 + y) x(1 − x + y − √ λ) )

− 6y^2(1 − x)Log ( (1 − x + y − √ λ)^2 4y )] (21)

where we have used λ as a shorthand notation for λ(1, x, y) as defined in Eq. 15. The g_R → 0 limit of Eq. 21 agrees with the known SM result [18, 19]. Corrections to the free-quark decay model, of order O(1/m^2_b ) have been calculated in the literature for the SM case [19] and can be added to our results for detailed comparisons with experiment.

For our later estimates it will be useful to have the numerical results for the kinematic form factors. Taking m_c = 1.25 and m_b = 4.2 we obtain F̃ = 0.069 and G̃ = 0.014.

B. Leptonic decay B^± → ℓ^±ν_ℓ

The rate for the leptonic decay B^±_q → τ^±ν_τ (q = u, c) is given in terms of the B_q-meson decay constant f_{Bq} defined by < 0|q̄γ^μγ_5b|B_q(p) > = −if_{Bq} p^μ (22) as Γ(B^± → ℓ^±ν_ℓ) =

G^2_F 8π f^2_{Bq} m^2_ℓ m_{Bq} ( 1 − m^2_ℓ m^2_{Bq} )_2

|V_{qb}|^2 (F^q_W ′ − 2 F^q_{Mix}) (23)

For the leptonic decay only the axial-vector current contributes. In the limit of no W −W^′ mixing, Eq. 23 reflects that there is no interference between the W and W^′ contributions due to the different Dirac structure in the lepton leg.

C. Semileptonic decay B → Dτν

To calculate the exclusive semileptonic decay rate for B → Dτν we use the standard parameterization for the form factors with q = p − p^′

< D(p^′)|c̄γ^μ b|B̄(p) > = f_+(q^2)(p + p^′)^μ + f_−(q^2)(p − p^′)^μ. (24)

In terms of these form factors and the kinematic function of Eq. 15, the differential decay rate can be written as dΓ(B → Dτν) dz = G^2_F m^5_B 192π^3 √ λ(1, r^2_D, z)(z − r^2_ℓ )^2

2z^3 [ f^2_+ ( 2λ(1, r^2_D, z)z + r^2_ℓ ( λ(1, r^2_D, z) + 3(1 − r^2_D) )) + f^2_−(3r^2_ℓ z^2) − f_+f_−(6(r^2_D − 1)r^2_ℓ z ] |V_{qb}|^2 (F^q_W ′ + 2 F^q_{Mix}) (25) where z = M^2_{ℓν} /M^2_B = q^2/M^2_B, r_D = M_D/M_B and r_ℓ was defined above.

It is interesting that this expression, Eq. 25, is proportional to the SM result. This occurs because the decay is only sensitive to the vector form factor which has the same sign for both W and W^′ contributions. This result allows us to write the decay rate in this case as Γ(B → Dτν) = Γ(B → Dτν)_{SM} (F^q_W ′ + 2 F^q_{Mix}) (26) and no further knowledge of the form factors Eq. 24 is needed in order to compare with the experimental results.

D. Semileptonic decay B → D^⋆τν

To calculate the exclusive semileptonic decay rate for B → D^⋆τν we use one of the standard form factor parameterizations [20], modified so that all the form factors are dimensionless: < D^⋆(p^′)|c̄γ^μγ_5 b|B̄(p) > = −iM_B f(z)ϵ^{⋆μ} − i ϵ^⋆ · p M_B (a_+(z) (p + p^′)^μ + a_−(z) (p − p^′)^μ) < D^⋆(p^′)|c̄γ^μ b|B̄(p) > = g(z) M_B ϵ^{μναβ} ϵ^⋆_ν (p + p^′)_α(p − p^′)_β. (27)

In terms of the dimensionless variables z = M^2_{ℓν} /M^2_B = q^2/M^2_B , r_D⋆ = M_D⋆ /M_B and r_ℓ = M_ℓ/M_B we obtain dΓ(B → D^⋆τν) dz = G^2_F m^5_B 192π^3

|V_{qb}|^2 [F^q_W ′ (F_V + F_A) + 2 F^q_{Mix} (F_V − F_A)] (28)

where the two kinematic form factors are now given by

F_V = g(z)^2 λ^{3/2} z^2

(2z + r^2_ℓ ) (r^2_ℓ − z)^2

F_A = λ^{1/2}(r^2_ℓ − z)^2

8r^2_D⋆ z^3 [ 2 ( z ( λ + 12r^2_D⋆ z ) + 2r^2_ℓ ( λ + 3r^2_D⋆ z )) f(z)^2

+ 3λr^2_ℓ z^2 a_−(z)^2 + λ ( 2λz + r^2_ℓ ( λ + 3(r^2_D⋆ − 1)^2 )) a_+(z)^2 + 6λr^2_ℓ z ( (r^2_D⋆ − 1) a_+(z) a_−(z) − f(z) a_−(z) ) − 2λ ( 2z ( r^2_D⋆ + z − 1 ) + r^2_ℓ ( 4r^2_D⋆ + z − 4 )) f(z) a_+(z) ] (29)

where λ in this expression is short for λ(1, r^2_D⋆ , z). This expression indicates that for this mode the new physics is not simply proportional to the SM because the contributions from the vector and axial-vector form factors enter with different signs in the term arising from W -W^′ mixing.

To judge the relative importance of the two terms: W^′ contribution vs W − W^′ mixing contribution, we provide a rough numerical estimate for their respective contributions to the decay rate: Γ(B → D^⋆τν) = G^2_F m^5_B 192π^3

|V_{qb}|^2 (0.062 F^q_W ′ − 0.11 F^q_{Mix}) (30)

To obtain this estimate we converted the form factors to the usual HQET parameterization [20] and used ξ(w) = 1 for the Isgur-Wise function over the full w = v_B · v_D⋆ range.

IV. NUMERICAL RESULTS AND CONCLUSIONS

The data on semileptonic B decay into τ leptons Eqs. 1, 2 can be fit to our model in terms of the two combinations of constants defined in Eq. 13. For example, if we use the central value of each experiment we obtain

BaBar ⇒ F^c_W ′ = 1.40, F^c_{Mix} = 0.043 Belle ⇒ F^c_W ′ = 1.46, F^c_{Mix} = −0.14 (31)

If instead we use the more precise BaBar result at the one sigma level we find 1.2 <∼ F^c_W ′ <∼ 1.6 0.009 <∼ F^c_{Mix} <∼ 0.08 (32)

To see whether these numbers can be produced in our model let us recall the existing constraints. The model described earlier is geared for an enhanced ratio of right-handed to left-handed couplings g_R/g_L. The constraints that LEP2 data impose on this ratio can be roughly summarized by the relation [15] g_R g_L <∼ M^{W ′} M_W , (33)

whereas the requirement that the new gauge interaction (SU(2)_R) remains perturbative implies that g_R <∼ 10 g_L.

The FCNC generated in this model have also been studied in detail and summarized in Ref. [17]. There, an ansatz was produced to understand the smallness of the observed FCNC, and this ansatz gives us specific predictions for the quark-mixing angles that appear in Eq. 13. Specifically, we found that V^d_{Rbi} ∼ δ_{bi}, V^u_{Rtc} ∼ V_{cb}, V^u_{Rtu} ∼ V_{ub} (34) which then lead to V_{Rub} ∼ V_{ub} V_{Rcb} ∼ V_{cb}. (35) Finally, as mentioned earlier, we will assume that the charged lepton mixing matrix is nearly diagonal so that V^ℓ_{R3τ} ≈ 1. Under these conditions the fit of Eq. 32 requires 0.7 <∼^{gRMW}_{gLMW ′} <∼ 0.9 0.005 <∼ ξ_W^{gR}_{gL} <∼ 0.06 (36)

The first of these conditions can be satisfied within the constraint Eq. 33 and the requirement that the new interaction remains perturbative provided M_W ′ <∼ 1 TeV. This is a range that should be accessible to LHC, providing new motivation to search for a non-universal W^′.

The second condition requires that we re-examine bounds on W −W^′ mixing, in particular the combination ξ_{eff} = ξ_W g_R/g_L. This combination is constrained by b → sγ [15, 22] and we applied this constraint to our model in ref. [15]. We can update that result using a recent

HFAG average B(b → X_sγ) = (3.55 ± 0.25) × 10^{−4} [23] for the experimental number and a recent NNLL SM calculation that gives B(b → X_sγ) = (3.15 ± 0.23) × 10^{−4} [24]. Assuming that the new physics interferes constructively with the SM, at the 3σ level the allowed range becomes − 1.3 × 10^{−3} <∼ ξ_{eff} <∼ 2.7 × 10^{−3} (37) For destructive interference between the new physics and the SM there is a second, narrow, allowed range near ξ_{eff} = −0.028. We see that the constraint from b → sγ limits the effect of mixing to be somewhat lower than what is required for the fit Eq. 32 at 1σ.

Our conclusion from this study is that our model can accommodate an enhancement in the ratios R(D) and R(D^⋆) of the order reported by BaBar and Belle (through F^c_W ′ ), but that it predicts approximately the same enhancement for both ratios once we incorporate the constraint from b → sγ on F^c_{Mix}.

Our model also leads to predictions for related modes. For the leptonic B → τν decay we find Γ(B^− → τ^−ν) Γ(B^− → τ^−ν_τ )_{SM}

= F^u_W ′ − 2 F^u_{Mix}. (38)

With the constraints discussed above, this implies that a number as large as implied by the BaBar data in Eq. 4 is possible. However, the mixing angles involved are different, in this case V_{Rub} instead of V_{Rcb}, so this enhancement is not necessarily equal to the one occurring for R(D) and R(D^⋆) although it is expected to be of the same order.

The inclusive semileptonic decay b → cτ^−ν can also be enhanced Γ(b → cτ^−ν) Γ(b → cτ^−ν)_{SM} = F^c_W ′ − 0.8 F^c_{Mix} (39)

and the constraints described above from b → sγ restrict this factor to be approximately the same as the one occurring in the exclusive modes.

Finally, the model also leads to a correlation between the enhancement observed in R(D, D^⋆) and the leptonic decay of B^−_c

Γ(B^−_c → τ^−ν) Γ(B^−_c → τ^−ν_τ )_{SM}

= F^c_W ′ − 2 F^c_{Mix}. (40)

Acknowledgments

The work of X.G.H. was supported in part by NSC of ROC, NNSF(grant No:11175115) and Shanghai science and technology commission (grant No: 11DZ2260700) of PRC. The work of G. V. was supported in part by DOE under contract number DE-FG02-01ER41155. We thank Jusak Tandean and Alper Hayreter for useful discussions.

[1] J. P. Lees et al. [BaBar Collaboration], Phys. Rev. Lett. 109, 101802 (2012) [arXiv:1205.5442

[hep-ex]].

[2] A. Bozek et al. [Belle Collaboration], Phys. Rev. D 82, 072005 (2010) [arXiv:1005.2302 [hepex]].

[3] J. F. Kamenik and F. Mescia, Phys. Rev. D 78, 014003 (2008) [arXiv:0802.3790 [hep-ph]]. [4] S. Fajfer, J. F. Kamenik and I. Nisandzic, Phys. Rev. D 85, 094025 (2012) [arXiv:1203.2654 [hep-ph]].

[5] I. Adachi et al. [Belle Collaboration], arXiv:1208.4678 [hep-ex]. [6] J. P. Lees et al. [BABAR Collaboration], arXiv:1207.0698 [hep-ex].

[7] CKMfitter Group (J. Charles et al.), Eur. Phys. J. C41, 1-131 (2005) [hep-ph/0406184], updated results and plots available at: http://ckmfitter.in2p3.fr [8] M. Tanaka and R. Watanabe, Phys. Rev. D 82, 034027 (2010) [arXiv:1005.4306 [hep-ph]]. [9] A. Crivellin, C. Greub and A. Kokulu, arXiv:1206.2634 [hep-ph]. [10] A. Celis, M. Jung, X. -Q. Li and A. Pich, arXiv:1210.8443 [hep-ph]. [11] N. G. Deshpande and A. Menon, arXiv:1208.4134 [hep-ph].

[12] S. Fajfer, J. F. Kamenik, I. Nisandzic and J. Zupan, arXiv:1206.1872 [hep-ph]; A. Datta, M. Duraisamy and D. Ghosh, Phys. Rev. D 86, 034027 (2012) [arXiv:1206.3760 [hep-ph]]; D. Becirevic, N. Kosnik and A. Tayduganov, Phys. Lett. B 716, 208 (2012) [arXiv:1206.4977 [hep-ph]].

[13] R. N. Faustov and V. O. Galkin, arXiv:1207.5973 [hep-ph].

[14] R.N. Mohapatra and J.C. Pati, Phys. Rev. D11, 566(1975); Phys. Rev. D11, 2558(1975);

R.N. Mohapatra and G. Senjanovic, Phys. Rev. D12, 1502(1975); P. Langacker and S. Uma Sankar, Phys. Rev. D 40, 1569 (1989).

[15] X. G. He and G. Valencia, Phys. Rev. D 66, 013004 (2002) [Erratum-ibid. D 66, 079901 (2002)] [arXiv:hep-ph/0203036]; X. G. He and G. Valencia, Phys. Rev. D 68, 033011 (2003) [arXiv:hep-ph/0304215].

[16] S. Chatrchyan et al. [CMS Collaboration], Phys. Lett. B 716, 82 (2012) [arXiv:1206.1725 [hep-ex]].

[17] X. -G. He and G. Valencia, Phys. Lett. B 680, 72 (2009) [arXiv:0907.4034 [hep-ph]]. [18] J. L. Cortes, X. -Y. Pham and A. Tounsi, Phys. Rev. D 25, 188 (1982); [19] A. F. Falk, Z. Ligeti, M. Neubert and Y. Nir, Phys. Lett. B 326, 145 (1994) [hep-ph/9401226]. [20] A. V. Manohar and M. B. Wise, Camb. Monogr. Part. Phys. Nucl. Phys. Cosmol. 10, 1 (2000). [21] X. -G. He, J. Tandean and G. Valencia, Phys. Rev. D 80, 035021 (2009) [arXiv:0904.2301

[hep-ph]].

[22] K. S. Babu, K. Fujikawa and A. Yamada, Phys. Lett. B 333, 196 (1994) [hep-ph/9312315]. [23] Y. Amhis et al. [Heavy Flavor Averaging Group Collaboration], arXiv:1207.1158 [hep-ex]. [24] M. Misiak, H. M. Asatrian, K. Bieri, M. Czakon, A. Czarnecki, T. Ewerth, A. Ferroglia and P. Gambino et al., Phys. Rev. Lett. 98, 022002 (2007) [hep-ph/0609232].