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Abstract

Motivated by the R(∗)
D

anomalies in semileptonic B meson decay which can be explained by adding a 

single vector leptoquark U3(3, 3, 
2

3
) to the Standard Model, we further analyse the New Physics effects of 

vector leptoquark to the heavy baryon �b → �cτ
−ν̄τ decay. Using the best-fit solutions for Wilson coeffi-

cients of operators resulted from experimental measurement R(∗)
D

anomalies and the form factors resulted 
from relativistic quark model, we study the contributions of the leptoquark to several observables, such as 
differential branching ratio, ratio of differential branching ratio, lepton-side forward-backward asymmetry, 
longitudinal polarization fraction of �c baryon and τ lepton as well as the convexity parameter of this 
decay with the helicity amplitude formalism. We find that the contributions of vector leptoquark to differ-
ential branching ratio, ratio of differential branching ratio and convexity parameter are significant which 
show deviations at high level from the corresponding Standard Model predictions. Nevertheless, the ob-
servables lepton-side forward-backward asymmetry, longitudinal polarization fraction of �c baryon and τ
lepton have the same behaviours in vector leptoquark as that in the Standard Model which displays the three 
observables are not sensitive to the New Physics effects of vector leptoquark.
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1. Introduction

The effects of lepton flavour universality violation (LFUV) have been observed in rare B 
meson semileptonic decays which may imply the indirect hints for New Physics (NP) in the 
flavour sector. In particular, the deviations between the experimental measurements for the ratios 
of charged current b → clν̄τ decays as well as neutral current b → sll̄ decays and their Standard 

Model (SM) predictions, respectively. For the ratios R(∗)
D = Br(B→R

(∗)
D τ−ν̄τ )

Br(B→R
(∗)
D l−ν̄l )

, with l = e, μ have 

been measured by BaBar [1,2], Bell [3–5] and LHCb [6,7] collaborations. These measurements 
provide the average ratios [8]:

RD = 0.407 ± 0.039 ± 0.024,

R∗
D = 0.304 ± 0.013 ± 0.007, (1)

which reveal significant deviations at 1.9σ and 3.3σ level from their relevant SM predictions, 
respectively. Similarly, another significant deviations from the SM prediction have also been 

reported for the ratios of R(∗)
K = Br(B→K(∗)μ+μ−)

Br(B→K(∗)e+e−)
[9,10]:

RK = 0.745+0.090
−0.074 ± 0.036 q2 ∈ [1,6] GeV2,

R∗
K(low) = 0.66+0.11

−0.07 ± 0.03 q2 ∈ [0.045,1.1] GeV2,

R∗
K(high) = 0.69+0.11

−0.07 ± 0.05 q2 ∈ [1.1,6] GeV2, (2)

which deviate from their SM predictions at 2.6σ , 2.1σ and 2.4σ level, correspondingly. Recently, 
LHCb reported a new anomaly about ratio [11]:

RJ/� = Br(B+ → J/�τ+ντ )

Br(B+ → J/�μ+μτ )
= 0.71 ± 0.17 ± 0.18, (3)

which deviates from the SM prediction at more than 2σ level [12,13], although the error are too 
large at present to reach a definitive conclusion.

The deviations between the experimental measurements R(∗)
D and SM predictions have at-

tracted a great deal of attention in the particle physics and many theoretical studies have been 
done to look for the explanation in different NP models, among which Ref. [14] has resolved 

the anomalies through adding a single vector leptoquark (LQ) transforming as (3, 3, 
2

3
) to the 

SM. Combining the constraints from the experimental measurements of R(∗)
D anomalies and the 

contributions of vector LQ to B → D(∗)τ ν̄τ decays, the two best-fit solutions denoted as RA

and RB for the Wilson coefficients of operators are given in Ref. [15]. Additional, NP effects 
of R(∗)

D anomalies on �b → �clν̄l decays [16–21] and B → J/�lν̄l decays [13,22–24] have 
been researched. The weak and semileptonic decay of heavy baryons are very important not only 
in obtaining information about their internal structure, precise calculation of the main ingredi-
ents of SM such as Cabibbo–Kobayashi–Maskawa (CKM) matrix elements and answering to 
some fundamental questions like nature of the CP violation, but also in looking for NP beyond 
the SM [25]. Inspired by these advantages of baryon semileptonic decays as well as the works 
about explanations for R(∗)

D anomalies and NP effects on analogous b → clν̄l decays, we further 
study the heavy baryon decay �b → �cτ ν̄τ using the helicity amplitude formalism and the form 
factors resulted from relativistic quark model within the SM explored with a single vector lep-
toquark (LQ) which can successfully resolve the R(∗) anomalies. Many works have been done 
D
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for �b → �clν̄l decays [26–32]. The NP effects of scalar LQ to the heavy baryon semileptonic 
�b → �ll̄ also have been researched in Ref. [33]. Ref. [32] has discussed the NP effects of vec-
tor and scalar type contributions to this transition in the model independent way. Nevertheless, 

we decide to study this decay in a specific vector LQ U3(3, 3, 
2

3
) model. In this case, the numer-

ical results depend on not only the couplings between LQ and quarks(leptons), but also the mass 
of the LQ. We report the contributions of vector LQ to several observables, such as differential 
branching ratio DBR(q2), ratio of differential branching ratio R�c(q

2), lepton-side forward-
backward asymmetry AFB(q2), longitudinal polarization fraction of �c baryon P�c(q

2) and τ
lepton Pτ (q

2) as well as the convexity parameter CF (q2) relevant to this decay and contrast our 
results with SM predictions. It should be taken notice that we introduce additional observable 
P�c(q

2) which is absent in Ref. [32]. The observable R�c(q
2) is so important that we hope it 

will be detected on high energy collider in the future. Once it is measured, this could be rec-
ognized as the continuity of NP effects implied in R(∗)

D which may further clarify the existence 
of NP. All of these observables are q2 dependent which will be introduced in detail within the 
section 3.

The paper is organized as follows. In section 2, we briefly introduce the SM extended by a 
vector LQ U3(3, 3, 23 ) which can generate purely left-handed current with quarks and leptons. 
In section 3, we give the helicity amplitudes and introduce several observables for the baryon 
semileptonic �b → �cτ ν̄τ decay. In section 4, the contributions of vector LQ to the several 
observables DBR(q2), R�c(q

2), AFB(q2), P�c(q
2), Pτ (q

2) and CF (q2) are reported. Finally, 
we give the conclusion in section 5.

2. The vector LQ U3(3, 3, 23 )

Ref. [14] has extended the SM by a vector SU(2)L triplet LQ generating purely left-handed 
currents with quarks and leptons which can successfully resolve the R(∗)

D anomalies. The vec-
tor triplet Uμ

3 having the charge arrangement (3, 3, 23) under the SM gauge group couples to a 
leptoquark current with (V–A) structure:

L = gij Q̄iγ
μτAUA

3μLj + h.c., (4)

where τA (A = 1, 2, 3) are the Pauli matrices in the SU(2)L space, and Qi and Lj (i, j =
1, 2, 3 generation) indicate the quarks and left-handed leptons SU(2)L doublet, respectively. For 
simplicity, gij is real and defined as the couplings of the Q = 2/3 component of the triplet, U2/3

3μ , 

to d̄Li and lLj . Expending other SU(2)L components U5/3
3μ and U−1/3

3μ , the Lagrangian Eq. (4)
written in mass basis changes to eigencharge state as:

LU3 = U
2/3
3μ

[
(VgU)ij ūiγ

μPLνj − gij d̄iγ
μPLlj

]
+ U

5/3
3μ (

√
2Vg)ij ūiγ

μPLlj

+ U
−1/3
3μ (

√
2gU)ij d̄iγ

μPLνj + h.c., (5)

where V denotes the CKM matrix and U denotes the PontecorvoMaki–Nakagawa–Sakata 
(PMNS) matrix.
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The semileptonic decay b → cτ ν̄τ proceed via exchange of vector multiplet Uμ
3 at three level. 

Combining the SM contribution and LQ correction, the effective weak Hamiltonian is written 
as [14]

Heff = 2GF Vcb√
2

[CV (τ̄γμPLντ )(c̄γ
μb) − CA(τ̄γμPLντ )(c̄γ

μγ5b)], (6)

where CV and CA represent the Wilson coefficients for both SM and NP contributions of the op-
erators coming from vector and pseudo-vector type of interactions, respectively. At the matching 
scale μ = MU , they are written as:

CV = CA = 1 +
√

2g∗
bτ (Vg)cτ

2GF VcbM
2
U

, (7)

where we can see that the vector LQ only generates (V–A) couplings.
Direct searches for LQs have pushed model independent lower limits on their masses up to 

a TeV scale. Taking into account the constraints on the vector LQ mass by CMS collaboration 
[34,35], in our numerical results, we assume that the mass of vector LQ MU is 1 TeV. The vector 
LQ Uμ

3 could explain the R(∗)
D and R(∗)

K simultaneously [14]. Although R(∗)
D anomalies also can 

be explained by mediating W ′, ATLAS [36] and CMS [37] have already constrained the W ′
mass down to 500 GeV and 300 GeV, respectively. Ref. [38] has the conclusion that the mass 
range 250 ∼ 700 GeV for W ′ can be probed at 5σ level with special values of couplings. We 
can see that the collider research limits for masses of LQ and W ′ is distinguished. Fitting to the 
measurement results of R(∗)

D and accompanying the acceptable q2 spectra, two best-fit solutions 
RA and RB are resulted in this scenario [15]:

g∗
bτ (Vg)cτ =

{
0.18 ± 0.04 RA

−2.88 ± 0.04 RB,

where we take MU = 1TeV as a benchmark in the calculation.

3. Form factors and observables for �b → �cτ ν̄τ decay

3.1. Form factors

Before computing the observables of �b → �cτ ν̄τ transition mode, we need to parametrize 
the hadronic matrix elements of the vector and axial vector currents between the two spin half 
baryons. Hadronic matrix elements parametrized in form of various form factors can be written 
as [20,21]:

〈�c,λ2|V μ|�b,λ1〉 = ū�c (p2, λ2)[f1(q
2)γμ + if2(q

2)σμνq
ν + f3(q

2)qμ]u�b
(p1, λ1),

〈�c,λ2|Aμ|�b,λ1〉 = ū�c (p2, λ2)[g1(q
2)γμ + ig2(q

2)σμνq
ν + g3(q

2)qμ]γ5u�b
(p1, λ1),

(8)

where q = p1 −p2, σμν = i
2 (γμγν −γνγμ), λ1 and λ2 denote the helicity of �b and �c baryons, 

respectively. It is convenient to parametrize the hadronic matrix elements in terms of four-vector 
velocities vμ and v′μ when both baryons are heavy,
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〈�c,λ2|V μ|�b,λ1〉 = ū�c (p2, λ2)[F1(ω)γμ + F2(ω)vμ + F3(ω)v′
μ]u�b

(p1, λ1),

〈�c,λ2|V μ|�b,λ1〉 = ū�c (p2, λ2)[G1(ω)γμ + G2(ω)vμ + G3(ω)v′
μ]γ5u�b

(p1, λ1),

ω = υ · υ ′ = m2
1 + m2

2 − q2

2m1m2
, (9)

where m1 and m2 represent the mass of �b and �c baryons, respectively. The relationship be-
tween two sets of form factors can be expressed as the follows [32]:

f1(q
2) = F1(q

2) + (m1 + m2)

[
F2(q

2)

2m1
+ F3(q

2)

2m2

]
,

f2(q
2) = F2(q

2)

2m1
+ F3(q

2)

2m2
,

f3(q
2) = F2(q

2)

2m1
− F3(q

2)

2m2
,

g1(q
2) = G1(q

2) − −(m2 − m1)

[
G2(q

2)

2m1
+ G3(q

2)

2m2

]
,

g2(q
2) = G2(q

2)

2m1
+ G3(q

2)

2m2
,

g3(q
2) = G2(q

2)

2m1
− G3(q

2)

2m2
. (10)

We use the form factors resulting from relativistic quark model which have been shown more 
explicitly in Ref. [26]. The equations related to our calculation are:

F1(ω) = ζ(ω) +
(

�̄

2mb

+ �̄

2mc

)
[2χ(ω) + ζ(ω)],

G1(ω) = ζ(ω) +
(

�̄

2mb

+ �̄

2mc

)[
2χ(ω) + ω − 1

ω + 1
ζ(ω)

]
,

F2(ω) = G2(ω) = − �̄

2mc

2

ω + 1
ζ(ω),

F3(ω) = − G3(ω) = − �̄

2mb

2

ω + 1
ζ(ω), (11)

where �̄ = m1 − mb is the difference of �b baryon and the heavy quark mass in the infinitely 
heavy quark limit mb → ∞. ζ(ω) is the leading order Isgur-wise function and additional function 
χ(ω) appeared for the sake of the kinetic energy term in 1/mb correction to the heavy quark 
effective theory (HQET) Lagrangian. Near the zero recoil point of the final baryon ω = 1, these 
functions can be approximated by

ζ(ω) = 1 − ρ2
ζ (ω − 1) + cζ (ω − 1)2,

χ(ω) = ρ2
χ (ω − 1) + cχ (ω − 1)2, (12)

where ρ2
ζ = −[dζ(ω)/dω]ω=1 is the solpe and 2cζ = [d2ζ(ω)/d2ω]ω=1 is the curvature of the 

Isgur-wise function. All of these parameters will be given numerical values in the next section.
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3.2. Observables

We now need to introduce the helicity amplitudes which have been defined by Refs. [17,21]

H
V (A)
λ2,λW

= ε†μ(λW )〈�c,λ2|V (A)μ|�b,λ1〉,
Hλ2,λW

= HV
λ2,λW

− HA
λ2,λW

, (13)

where λ2 and λW denote the helicity of the �c baryon and W−
off−shell, respectively. The helicity 

amplitudes can be written in form of form factors and the NP couplings as follows:

HV
1/2,0 = CV

√
(m1 − m2)2 − q2√

q2
[(m1 + m2)f1(q

2) − q2f2(q
2)],

HA
1/2,0 = CA

√
(m1 + m2)2 − q2√

q2
[(m1 − m2)g1(q

2) + q2g2(q
2)],

HV
1/2,1 = CV

√
2[(m1 − m2)2 − q2][−f1(q

2) + (m1 + m2)f2(q
2)],

HA
1/2,1 = CA

√
2[(m1 + m2)2 − q2][−g1(q

2) − −(m1 − m2)g2(q
2)],

HV
1/2,t = CV

√
(m1 + m2)2 − q2√

q2
[(m1 − m2)f1(q

2) + q2f3(q
2)],

HA
1/2,t = CA

√
(m1 − m2)2 − q2√

q2
[(m1 + m2)g1(q

2) − q2g3(q
2)],

HV
λ2,λW

= HV−λ2,−λW
,

HA
λ2,λW

= −HA−λ2,−λW
. (14)

The differential angular distributions for �b → �clν̄l decay can be written as [17,21]

d�(�b → �clν̄l)

dq2d cos θl

= G2
F |Vcb|2q2| �p�c |

512π3m2
1

(
1 − m2

l

q2

)2 [
A1 + m2

l

q2 A2

]
, (15)

with

A1 = 2 sin2 θl(H
2
1/2,0 + H 2−1/2,0) + (1 − cos θl)

2H 2
1/2,1 + (1 + cos θl)

2H 2−1/2,−1,

A2 = 2 cos2 θl(H
2
1/2,0 + H 2−1/2,0) + sin2 θl(H

2
1/2,1 + H 2−1/2,−1) + 2(H 2

1/2,t + H 2−1/2,t )

− 4 cos θl(H1/2,tH1/2,0 + H−1/2,tH−1/2,0),

| �p�c | =
√

(m2
1)

2 + (m2
2)

2 + (q2)2 − 2(m2
1m

2
2 + m2

2q
2 + m2

1q
2)

2m1
, (16)

where | �p�c | is the momentum of the baryon �c and θl denotes the angle between the outgoing 
baryon �c and the lepton three momentum vector in the q2 rest frame. We can easily perceive 
that the vector LQ only generates (V–A) couplings from Eq. (4) and (5). There is only vector 
type operator but no scalar or tensor operators in the contributions of vector LQ so that only the 
vector type contributions are concluded in these expressions.
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Then we can obtain the q2 dependent DBR(q2) by integrating out cosθl from Eq. (15), i.e.,

DBR(q2) =
(∫ 1

−1

d�(�b → �clν̄l)

dq2d cos θl

d cos θl

)
/�tot . (17)

The ratio of differential branching ratio can be written as:

R(q2) = DBR(q2)(�b → �cτ ν̄τ )

DBR(q2)(�b → �clν̄l)
. (18)

Other q2 dependent observables such as AFB(q2), P�c(q
2), Pτ (q

2) and CF (q2) have the for-
malisms as:

AFB(q2) =
∫ 1

0
d�

dq2d cos θl

d cos θl − ∫ 0
−1

d�

dq2d cos θl

d cos θl

∫ 1
0

d�

dq2d cos θl

d cos θl + ∫ 0
−1

d�

dq2d cos θl

d cos θl

,

P�c(q
2) = d�λ2=1/2/dq2 − d�λ2=−1/2/dq2

d�λ2=1/2/dq2 + d�λ2=−1/2/dq2 ,

Pτ (q
2) = d�λτ =1/2/dq2 − d�λτ =−1/2/dq2

d�λτ =1/2/dq2 + d�λτ =−1/2/dq2 ,

CF (q2) = 1

Htot

d2W(θl)

d(cos θl)2 , Htot =
∫

W(θl)d cos θl, W(θl) = A1 + m2
l

q2 A2,

d2W(θl)

d(cos θl)2 = 3

4

(
1 − m2

l

q2

)[
H 2

1/2,1 + H 2−1/2,−1 − 2(H 2
1/2,0 + H 2−1/2,0)

]
, (19)

where d�λτ =1/2/dq2 and d�λτ =−1/2/dq2 represent the differential branching ratio of positive 
and negative helicity for τ lepton as well as d�λ2=1/2/dq2 and d�λ2=−1/2/dq2 are the same 
meaning for �c baryon. The detail formalism of them can be found in Ref. [18].

4. Numerical results and discussions

In this section, we study the NP contributions of vector LQ to the aforementioned observ-
ables which may produce deviations from the corresponding SM predictions at high level. To 
obtain numerical results, we first present all the inputs relevant to our calculation in Table 1. 
For the form factors, we use the results from relativistic quark model calculated by Ref. [26]. 
The relevant parameters for the form factors are given in Table 2. We consider the uncertainty 
of NP parameters (within 1σ range of the central values), form factors (10% of the central val-
ues) and Vcb (10% of the central values) when we calculate all the observables for �b → �cτ ν̄τ

decay. The mass of LQ is taken as MU = 1 TeV. Now we show our predictions for the several 
observables both in SM and vector LQ scenarios by figures. In Fig. 1(a)–(c), we display the pre-
dictions in SM and vector LQ scenarios for the q2 dependences of DBR(q2), the ratio R�c(q

2)

and CF (q2), respectively. In Fig. 1(a), the gray band represents the SM predictions for DBR(q2)

whereas the lightblue band and red band represent the contributions of vector LQ to DBR(q2)



138 J. Zhang et al. / Nuclear Physics B 938 (2019) 131–142
Table 1
Input parameters of SM used in our numerical analysis [39].

mb(mb) = 4.18 GeV mc(mc) = 1.28 GeV
m1 = 5.7919 GeV m2 = 2.46787 GeV
τ�b

= 1.479 × 10−12 s |Vcb| = 0.0409
me = 0.510998928 × 10−3 GeV mμ = 0.10565 GeV
GF = 1.166378 × 10−5 GeV−2 mτ = 1.77682 GeV

Table 2
Parameters of form factors for �b → �cτ ν̄τ decay.

�̄ GeV ρ2
ζ cζ ρ2

χ cχ

0.970 2.27 3.87 0.045 0.036

Fig. 1. q2 dependence of observables DBR(q2) (a), R�c (q
2) (b) and CF (q2) (c) within SM and vector LQ scenario. 

The uncertainty of form factors, Vcb and NP parameters are all included. (For interpretation of the colours in the figure(s), 
the reader is referred to the web version of this article.)

in RA and RB cases, respectively. We can see that the effects of vector LQ to the observable 
DBR(q2) is prominent and induce large deviation from the SM predictions. Comparing to the 
SM predictions, the values of DBR(q2) are enhanced by about 28% both in RA and RB cases for 
all the reasonable q2. Another Obvious feature is that the lightblue band and red band are nearly 
complete overlapped, because of the approximate results given by RA and RB cases. In order to 
comprehend this, we should notice that there is only (V–A) couplings in vector LQ contributions 
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and corresponding to the best-fit solutions RA and RB cases, the numerical results of effective 
coefficients CV and CA are given, respectively, as:

CV = CA =
{

1.133 ± 0.030 RA

−1.135 ± 0.030 RB,

we can obtain that CV and CA have almost the same absolute values for the two solutions RA

and RB . In Fig. 1(b), similarly, the gray line represents the SM predictions for R�c(q
2) whereas 

the lightblue band and red band represent the contributions of vector LQ to the ratio R�c(q
2) in 

RA and RB cases, respectively. Different from the contributions of vector LQ to the DBR(q2), 
the numerical results of R�c(q

2) are the rising trend with the increasing q2. The lightblue band 
and red band are also overlapped due to the same essence of two solutions RA and RB . We also 
see that the effects of vector LQ to the ratio R�c(q

2) is apparent and have large deviation from 
the SM predictions. We hope this observable will be detected on the high energy collider in the 
future which may also again pronounce the sign of NP. The numerical results of SM and vector 
LQ contributions to observable CF (q2) are displayed in Fig. 1(c). The line and bands have the 
same meaning as that in Fig. 1(b). The numerical results of CF (q2) are also sensitive to the 
contributions of vector LQ which show large deviation from the SM predictions. The numerical 
results of CF (q2) can be enhanced by about 22% in both RA and RB cases for all the reasonable 
q2 spectra. The values of CF (q2) are all under zero which agree with the results of them in 
Ref. [32]. It is worthwhile to note that the observable CF (q2) is only dependent of the new 
vector couplings [17], but not of other scalar couplings. Thus, once experimental measurement 
of this observable is achieved, the NP effects coming from vector type of interactions will be 
verified which can distinguish between the vector and scalar type of interactions. In conclusion, 
the observables DBR(q2), R�c(q

2) and CF (q2) are all sensitive to the NP effects of vector LQ. 
We hope that if they are observed on high energy collider in the future, our theory analysis will 
provide guidance and evidence for discriminating the possible NP signal.

The contributions of SM and vector LQ to q2 dependences of AFB(q2), P�c(q
2) and Pτ (q

2)

are displayed in Fig. 2(a)–(c), correspondingly. We can see that these observables possess one 
common feature, i.e., the numerical results in SM or vector LQ scenario are the same. The every 
only line in Fig. 2(a)–(c) dedicates the contributions coming from either SM or vector LQ sce-
nario. Because the NP effects of vector LQ are eliminated exclusively for the sake of effective 
coefficient CV and CA of (V–A) couplings appearing both in the numerator and denominator 
of these ratios. In Fig. 2(a), we can see that the numerical results of AFB(q2) increase with the 
increasing of q2 and achieve the maximum at q2 ∼ 10 GeV2. The rising tendency of numerical 
results of P�c(q

2) with the increasing of q2 are shown in Fig. 2(c), whereas Pτ (q
2) have de-

scendent tendency with the increasing of q2 in Fig. 2(b). There are a zero crossing both in the 
numerical results of AFB(q2) and Pτ (q

2). In conclusion, all these three observables are insensi-
tive to the contributions of vector LQ and have nearly the same behaviour as that in the SM.

5. Summary and conclusion

The deviations of R(∗)
D , R(∗)

K and RJ/� between the experimental measurements and corre-
sponding SM predictions indicate the lepton flavor universality violation. These anomalies may 
reveal the existence of NP. It is necessary to further explore the NP effects of these B meson 
decay anomalies. We choose the baryon semileptonic decay �b → �cτ ν̄τ as the target object. 
This is because on one hand, study of �b → �cτ ν̄τ decay may provide new viewpoints to com-
prehend R(∗) anomalies and be the continuity of NP signal. On the other hand, it is useful to 
D
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Fig. 2. q2 dependence of observables AFB(q2) (a), Pτ (q2) (b) and P�c (q
2) (c) within SM and vector LQ scenarios. 

The only band in (a)–(c) represents the contributions of SM or vector LQ scenario. The uncertainty of form factors, Vcb

and NP parameters are all included.

precise calculation of the main ingredients of SM such as CKM matrix and exploring the nature 

of CP violation. The SM with a single vector LQ U3(3, 3, 
2

3
) can resolve the R(∗)

D anomalies 

which have been verified by Ref. [14]. In order to further explore the NP effects of R(∗)
D anoma-

lies, in this paper, we investigate the NP effects of vector LQ U3(3, 3, 
2

3
) to baryon semileptonic 

�b → �cτ ν̄τ decay.
Using the helicity amplitude formalism and the form factors resulted from relativistic quark 

model, we discuss the observables such as differential branching ratio DBR(q2), ratio of differ-
ential branching ratio R�c(q

2), lepton-side forward-backward asymmetry AFB(q2), longitudinal 
polarization fraction of �c baryon P�c(q

2) and τ lepton Pτ (q
2) as well as the convexity param-

eter CF (q2) behaving as the functions of q2 in SM as well as RA and RB cases of vector LQ 
scenarios. The numerical results of these observables are reported in SM as well as two best-fit 
solutions RA and RB of vector LQ scenario which have been shown in Fig. 1 and Fig. 2. The 
numerical results of the observables DBR(q2), R�c(q

2) and CF (q2) in Fig. 1(a)–(c) display 
that they are sensitive to the NP effects of vector LQ and have significant deviations from their 
corresponding SM predictions. RA and RB cases of vector LQ scenario have nearly the same re-
sults (the lightblue and red bands are almost overlapped) because the identical essence of them. 
In all the acceptable q2 spectra, the numerical results of DBR(q2) can be enhanced by about 
28% in both RA and RB cases, nevertheless, the numerical results of CF (q2) can be enhanced 
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by about 22% in both RA and RB cases within all the reasonable q2 spectra. If NP exist, the ratio 
R�c(q

2) may have the same character with R(∗)
D . We hope that the precise measurement of it will 

give new viewpoints to the comprehension of R(∗)
D anomalies and our analysis will provide the 

theory guidance for experimental searching. The observable CF(q2) is useful for distinguishing 
the NP effects coming from vector or scalar type interactions. As a conclusion, the contributions 
of vector LQ to the observables DBR(q2), R�c(q

2) and CF (q2) are prominent and we hope 
they will be measured on high energy collider in the future. The numerical results of observables 
AFB(q2), Pτ (q

2) and P�c(q
2) in Fig. 2(a)–(c) is not sensitive to the NP effects of vector LQ 

because the Wilson coefficients affected by the NP contributions of vector LQ appear both in nu-
merator and denominator. In this case, the NP effects are cancelled and these three observables 
have the same behaviour of that in the SM.

Even though there is no direct evidence for existence of NP, both theoretical and experimental 
researches of baryon �b → �cτ ν̄τ decay are important for the sake of outstanding R(∗)

D and RJ/�

anomalies. If the experimental measurements of the observables DBR(q2), R�c(q
2) and CF (q2)

have deviations from their corresponding SM predictions, we can consider that this follows the 
step of NP effects accompanying with R(∗)

D and RJ/� anomalies as well as further verifies the 
existence of NP. Additional, more precise measurement of the branching ratio of �b → �clν̄l

decay and more precise calculation of the form factors for �b → �c may determinate the CKM 
matrix element |Vcb| more accurately.
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