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Abstract

Recent measurements on the semi-leptonic b → c�ν̄� and b → s�+�− decays imply possible hints of 
Lepton Flavor Universality (LFU) violation and therefore have attracted much attention. In this paper, mo-
tivated by these anomalies, we analyze the Bs → Dsτ ν̄ decay in some New Physics (NP) models, such 
as the Supersymmetry with R-parity violation (RPV SUSY) model, the W ′ model, the vector leptoquark 
model and the aligned two-Higgs-doublet model (A2HDM). Using the parameter spaces obtained from 
various flavor constraints, we calculate the branching fraction B(Bs → Dsτ ν̄) and the ratio RDs

of this 
decay process, and also show the effects of NP models on the differential branching fraction dB

dq2 , the dif-

ferential ratio RDs
(q2), the lepton-side forward-backward asymmetry AFB(q2), the convexity parameter 

Cτ
F

(q2) and the τ polarization fraction P τ
L

(q2). We find that: (i) the effects of NP models are significant for 
B(Bs → Dsτ ν̄), but RDs

is only sensitive to the effect of A2HDM; (ii) both dB
dq2 and RDs

(q2) in the four 

NP models show obvious deviations from the SM predictions; (iii) for AFB(q2), Cτ
F

(q2) and P τ
L

(q2), only 
the A2HDM presents obvious effect because the scalar type interactions can be generated in such model.
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1. Introduction

Although there is no direct evidences for physics beyond the Standard Model (SM) found for 
now, some possible hints of new physics (NP) have been observed in the semi-leptonic B meson 

decays [1,2]. For the lepton flavor universality (LFU) violation, the ratios RD(∗) = B(B→D(∗)τ ν̄)

B(B→D(∗)�ν̄)

with � = e, μ have been measured first by the BaBar Collaboration [3,4]. After that, the 
Belle [5–9] and LHCb [10,11] Collaborations also reported their results. The latest averaged 
results obtained by Heavy Flavor Averaging Group (HFAG) are [12]

RD = 0.340 ± 0.027 ± 0.013, RD∗ = 0.299 ± 0.013 ± 0.008 . (1)

Comparing with the SM predictions of RD(∗) [13,14]

RD = 0.299 ± 0.011, RD∗ = 0.252 ± 0.003 , (2)

it can be found that the divergence is at the level of 3.1σ .
Besides RD(∗) , the LFU ratio RJ/ψ has also been measured by LHC [15],

RJ/ψ = B(Bc → J/ψτ ν̄)

B(Bc → J/ψ�ν̄)
= 0.71 ± 0.17 ± 0.18 , (3)

which exceeds the SM prediction by 2σ .
In recent years, the anomalies mentioned above have been widely studies within the SM and 

its extensions [16–57], and it is found that the effects of some NP models are very significant 
for the observables of B meson semi-leptonic decays. In this paper, we would like to pay our 
attention to the Bs → Dsτ ν̄ decay, which is also induced by b → cτ ν̄ transition at quark level 
and has been discussed based on some model-independent approaches [58–73]. In this work, 
we will discuss the effects of some NP models, such as the RPV SUSY model [74,75], the W ′
model [76], the leptoquark model [77] and A2HDM [78] on some observables of this decay 
process.

Our paper is organized as follows. In the next section, we introduce the SM theoretical frame-
work for Bs → Dsτ ν̄ transition. The four NP models have been discussed in sec. 3. In sec. 4, we 
present the numerical analyses. Finally, the main conclusions are summarized in sec. 5.

2. Theoretical framework

2.1. Effective Lagrangian

Considering the contributions of NP and neglecting the contributions of the right-handed neu-
trinos and the tensor operator, the effective Lagrangian for b → cτ ν̄ transition can be written as 
[79,80]

Leff = −4GF√
2

Vcb

{
(1 + VL)τ̄LγμνLc̄Lγ μbL + VRτ̄LγμνLc̄Rγ μbR

+SLτ̄RνLc̄RbL + SRτ̄RνLc̄LbR

} + h.c., (4)

where, GF is the Fermi constant, and Vcb is the Cabibbo-Kobayashi-Maskawa (CKM) matrix 
element.
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Assuming all of NP Wilson coefficients (WCs) are real, eq. (4) can be further written as [81]

Leff = −GF√
2

Vcb

{
GV τ̄γμ(1 − γ5)ντ c̄γ

μb − GAτ̄γμ(1 − γ5)ντ c̄γ
μγ5b

+GSτ̄ (1 − γ5)ντ c̄b − GP τ̄(1 − γ5)ντ c̄γ5b
} + H.c., (5)

where, GV = 1 + VL + VR , GA = 1 + VL − VR , GS = SL + SR and GP = SL − SR .

2.2. Transition form factors

For the semi-leptonic Bs → Dsτ ν̄ decay, the hadronic matrix elements of vector and scalar 
currents can be parameterized in terms of two form factors as [82]

〈Ds(PDs ) | c̄γ μb | Bs(PBs )〉 = f+(q2)
[
p

μ
Bs

+ p
μ
Ds

− m2
Bs

− m2
Ds

q2 qμ
]

+ f0(q
2)

m2
Bs

− m2
Ds

q2 qμ,

〈Ds(PDs ) | c̄b | Bs(PBs )〉 = f0(q
2)

m2
Bs

− m2
Ds

mb(μ) − mc(μ)
, (6)

where, qμ = p
μ
Bs

− p
μ
Ds

is the four momentum transfer.
Using the BCL parameterization approach, the expressions of form factors can be written as 

[83]

P0(q
2)f0(q

2) =
J−1∑
j=0

a
(0)
j zj , P+(q2)f+(q2) =

J−1∑
j=0

a
(+)
j [zj − (−1)j−J j

J
zJ ], (7)

where,

z(q2) =
√

t+ − q2 − √
t+ − t0√

t+ − q2 + √
t+ − t0

, t+ = (MBs + MDs )
2,

t0 = (MBs − MDs )
2, P0,+ = 1 − q2

M2
0,+

. (8)

Here, P0,+ are Blaschke factors, M0 = 6.42 ± 0.10 and M+ = 6.330 ± 0.009 are the resonance 
masses. The values of the coefficients aj have been given in ref. [82].

2.3. Observables

The differential angular distribution for Bs → Dsτ ν̄ decay is [81]

d2�(Bs → Dsτ ν̄)

dq2d cos θ
= G2

F |Vcb|2q2| �pDs |
128π3m2

Bs

(1 − m2
τ

q2 )2

× [
G2

V H 2
0 sin2 θ + m2

τ

2 [H0GV cos θ − HtS]2] , (9)

q
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where | �pDs | =
√

λ(m2
Bs

,m2
Ds

, q2)/2mBs is the Ds momentum in the Bs rest frame, λ(a, b, c) =
a2 + b2 + c2 − 2(ab + bc + ca), and θ is the angle between the three momentum of τ and that 
of Ds in the τ − ν̄τ rest frame. The auxiliary functions, Hi , are written as

H0 = 2mBs | �pDs |√
q2

f+(q2), Ht = m2
Bs

− m2
Ds√

q2
f0(q

2),

HS = m2
Bs

− m2
Ds

mb(μ) − mc(μ)
f0(q

2), HtS = HtGV +
√

q2

mτ

HSGS. (10)

From eq. (9), integrating out cosθ , one can obtain the differential decay rate written as

d�(Bs → Dsτ ν̄)

dq2 = G2
F |Vcb|2q2| �pDs |

96π3m2
Bs

(1 − m2
τ

q2 )2[G2
V H 2

0 (1 + m2
τ

2q2 ) + 3m2
τ

2q2 H 2
tS

]
. (11)

The corresponding differential branching fraction is defined as

dB(Bs → Dsτ ν̄)

dq2 = τBs

d�(Bs → Dsτν)

dq2 , (12)

where τBs is the lifetime of Bs meson.
Then, using the formulas given above, one can obtain the differential and integrated LFU 

ratios defined as

RDs (q
2) = d�(Bs → Dsτ ν̄)/dq2

d�(Bs → Ds�ν̄)/dq2 , (13)

RDs = B(Bs → Dsτ ν̄)

B(Bs → Ds�ν̄)
. (14)

The lepton-side forward-backward asymmetry is defined as

AFB(q2) =
∫ 0
−1 d cos θ(d2�/dq2d cos θ) − ∫ 1

0 d cos θ(d2�/dq2d cos θ)∫ 1
0 d cos θ(d2�/dq2d cos θ) + ∫ 0

−1 d cos θ(d2�/dq2d cos θ)
. (15)

The convexity parameter is defined as

Cτ
F (q2) = 1

d�/dq2

d2

d cos2 θ

( d2�

dq2d cos θ

)
. (16)

The τ polarization fraction is obtained via

P τ
L(q2) = d�λτ =1/2/dq2 − d�λτ =−1/2/dq2

d�λτ =1/2/dq2 + d�λτ =−1/2/dq2 , (17)

where d�λτ =1/2/dq2, d�λτ =−1/2/dq2 are written as

d�λτ =1/2

dq2 = G2
F |Vcb|2| �pDs |m2

τ

192π3m2
Bs

(1 − m2
τ

q2 )2[G2
V H 2

0 + 3H 2
tS

]
,

d�λτ =−1/2

dq2 = G2
F |Vcb|2q2| �pDs |

96π3m2 (1 − m2
τ

q2 )2G2
V H 2

0 . (18)

Bs
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3. Brief review of NP models

In this section, we review briefly four types of NP models, which are the RPV SUSY 
model [74,75], W ′ model [76], the vector leptoquark model [77] and A2HDM [78].

3.1. RPV SUSY model

The most general R-parity violating superpotential are written as [74,75],

WRPV = μiLiHu + 1

2
λijkLiLjEk + λ′

ijkLiQjDk + 1

2
λ′′

ijkUiDjDk , (19)

where L and Q are the SU(2) doublet lepton and quark superfields, E and U(D) denote the
singlet lepton and quark superfields, respectively, i, j and k are generation indices. The λ′′

ijk

couplings break the proton stability. For the B meson semi-leptonic decays, the contribution of 
λ term is strongly suppressed relative to the one of λ′ term [84], so only the contribution of λ′
coupling is considered in this paper.

The λ′ couplings can be expanded in terms of fermions and sfermions as [84]

�LRPV = −λ′
ijk

[
ν̃i
Ld̄k

Rd
j
L + d̃

j
Ld̄k

Rνi
L + d̃k∗

R ν̄ci
R d

j
L − Vjl(�̃

i
Ld̄k

Rul
L + ũl

Ld̄k
R�i

L + d̃k∗
R �̄ci

R ul
L)

]
+ h.c., (20)

where Vjl denotes the CKM matrix element. All the SM fermions dL,R , �L,R and νL are in their 
mass eigenstates, and we assume that the sfermions are also in their mass eigenstates. Meanwhile, 
we adopt the setting that only the third family is effectively supersymmetrized [85]. As has been 
discussed in ref. [86,87], the first two generation sfermions can be decoupled from the low-energy 
spectrum. In addition, for simplicity, we take the assumption that all λ′ couplings as real.

With the RPV SUSY contributions, the tree-level sbottom exchange gives

VL = v2

4m2
b̃R

λ′
333

3∑
j=1

λ′∗
3j3

(Vij

Vi3

)
, (21)

where v = 246GeV is the Higgs vacuum expectation value. VL in eq. (21) is calculated at the 
matching scale μ = m

b̃R
, it does not need to be run down to the scale μ = mb because of the 

conservation of vector currents.
Under the constraints form current measurements on the branching ratios of B+ → π+νν̄

and B+ → K+νν̄, the leptonic W (Z) couplings gWτLντ
/gW�Lν�

(gZτLντ
/gZ�Lν�

), RD(∗) , RJ/ψ , 

P τ
L(D∗) and P D∗

L , the numerical results of λ′ couplings have been obtained at the 2σ level, [88]

−0.082 < λ′
313λ

′∗
333(

m
b̃R

TeV
)2 < 0.087,

0.018 < λ′
323λ

′∗
333(

m
b̃R

TeV
)2 < 0.057,

0.033 < λ′
333λ

′∗
333(

m
b̃R

TeV
)2 < 0.928. (22)

3.2. W ′ model

The Lagrangian describing the couplings of a W ′ boson to quarks and leptons can be generally 
written as [76]
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LW ′
eff = W ′

√
2

[
ūiγ

μ(εL
uidj

PL + εR
uidj

PR) + �̄iε
L
�iνj

γ μPLνj

] + h.c., (23)

where PL(R) = 1∓γ5
2 is the left (right)-handed chirality projector; ui ∈ (u, c, t), dj ∈ (d, s, b) and 

�i, �j ∈ (e, μ, τ); εL
uidj

, εR
uidj

and εL
�iνj

are the effective flavor-dependent coupling parameters. 
We neglect the contributions of right-handed neutrinos, and assume that NP is only sensitive 
to the third generation of leptons, i.e. εL

eνe
= εL

μνμ
= 0. In addition, we also take the relevant 

parameters to be real.
Comparing eq. (23) with eq. (5), one can obtain the contribution of this NP model to b → cτ ν̄

transition written as

VL =
√

2

4GF Vcb

εL
cbε

L
τντ

M2
W ′

,

VR =
√

2

4GF Vcb

εR
cbε

L
τντ

M2
W ′

, (24)

where MW ′ is the mass of the W ′ boson. Recent studies [79,89,90] show that the operator 
�̄LγμνLc̄Rγ μbR does not contribute to LFU violation at leading order based on the effective 
field theory of SM (SMEFT) [91,92], therefore we do not consider the contribution of this oper-
ator in this paper.

The parameter εL
cbε

L
τντ

in eq. (24) has been discussed in many works [76,93–95]. Especially, 
in ref. [93], after considering the RD(∗) anomalies and the mono-tau signature at the LHC in 
the left-handed W ′ model, the authors obtain εL

cbε
L
τντ

= 0.14 ± 0.03 with MW ′ ∈ [0.5, 3.5]TeV, 
which is consistent with the result of ref. [48]. Recently, the authors of ref. [76] carry out a χ2

analysis with the seven latest experimental observables, such as RD(∗) , RJ/ψ , P τ
L(D∗), P D∗

L , the 
branching fraction of Bc → τν and the ratio RXc of inclusive semileptonic B decays, and obtain 
the best fitted value εL

cbε
L
τντ

= 0.11 with MW ′ = 1TeV, which agrees with previous studies. In 
order to maximize the effects of NP, it is suggested in ref. [96] that

εL
cbε

L
τντ

= (0.12 ± 0.03)

(
MW ′

TeV

)2

, (25)

which is employed in our following discussions but with the allowed space at 2σ level.

3.3. Vector leptoquark model

In ref. [77], the authors extend the SM by a vector SU(2) triplet leptoquark U3, which can gen-
erate purely left handed currents with quarks and leptons. The vector triplet U3, which transforms 
under the SM gauge group (3, 3, 2/3), couples to a leptoquark current with V − A structure,

LU = gij Q̄iγμτAUA
3μLj + h.c., (26)

where i, j = 1, 2, 3 are generation indices; the couplings gij are in general complex parame-
ters, while we take the constraint that they are real for simplicity; τA(A = 1, 2, 3) are the Pauli
matrices in the SU(2)L space; and Qi(Lj ) are the left-handed quark and lepton doublets.

In the mass basis, the Lagrangian in eq. (26) is written with gij defined as the couplings of 
the Q = 2/3 component of the triplet U2/3

3μ to d̄Li and lLj . With the CKM matrix V from the left 
or PMNS (Pontecorvo-Maki-Nakagawa-Sakata) matrix U from the right, we obtain three types 
of vertices by rotating the g matrix,
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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 . (27)

From such Lagrangian, the vector multiplet Uμ
3 can mediate the b → cτ ν̄ transition at tree 

level. The contribution of this NP model can be written as

VL =
√

2

4GF Vcb

g∗
bτ (Vg)cτ

M2
U

. (28)

Fitting to the measured ratios RD(∗) with acceptable q2 spectra, the two best-fit solutions of 
g∗

bτ (Vg)cτ in eq. (28) have been obtained in ref. [97],

g∗
bτ (Vg)cτ = (

MU

TeV
)2

{
0.18 ± 0.04 S1

−2.88 ± 0.04 S2
(29)

According to the forms of VL in eq. (24) and eq. (28), it is obvious that the contributions of 
the two NP models depending on the values of εL

cbε
L
τντ

and g∗
bτ (Vg)cτ , respectively. In order to 

obtain the maximum differences between them, we take solution S2 of g∗
bτ (Vg)cτ at 2σ level in 

our discussion.

3.4. A2HDM

The most general Yukawa Lagrangian of the 2HDM is given as [78]

LY =
√

2

v

[
Q̄′

L(M ′
d�1 + Y ′

d�2)d
′
R + Q̄′

L(M ′
u�̃1 + Y ′

u�̃2)u
′
R

+ L̄′
L(M ′

��1 + Y ′
��2)�

′
R + h.c., (30)

where Q̄′
L and L̄′

L are the left-handed quark and lepton doublets, u′
R , d ′

R and �′
R are the cor-

responding right-handed singlets, φ̃a(x) ≡ iτ2φ
∗
a (x) are the charge-conjugated scalar doublets 

with hypercharge Y = − 1
2 . M ′

f (f = d, u, �) are the non-diagonal fermion mass matrices, and 
Y ′

f are the couplings matrices to the scalar doublet with zero vacuum expectation value.
Because the Yukawa matrices M ′

f and Y ′
f couple to a given right-handed fermion field and 

can not be diagonalized simultaneously, the flavor-changing-neutral-current (FCNC) can be gen-
erated at tree-level. A simply way to avoid tree-level FCNC is to require the alignment in flavor 
space of the Yukawa matrices. The Yukawa alignment can make the matrices Y ′

f proportional to 
M ′

f , thus they can be diagonalized simultaneously with the following results

Yd,� = ςd,�Md,�, Yu = ς∗
uMu, (31)

where ςf (u, d, �) are arbitrary complex parameters and thus can introduce new sources of CP 
violation beyond the SM. We assume ςf is real in this paper.

In terms of the fermion mass-eigenstate fields, the interactions of the charged scalars can be 
written as

LH± = −
√

2

v
H+{

ū[ςdV MdPR − ςuM
†
uV PL]d + ς�ν̄M�PR�

} + h.c., (32)

where V is CKM matrix.
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Table 1
Predictions for B(Bs → Dsτ ν̄) and RDs in the SM, RPV SUSY model, W ′ model, vector leptoquark model and 
A2HDM.

Observables SM RPV SUSY W ′ Vector leptoquark A2HDM

B(Bs → Dsτ ν̄)% 0.672+0.099
−0.094 [0.606,0.800] [0.656,0.954] [0.641,1.173] [0.273,0.884]

RDs 0.300+0.051
−0.045 [0.260,0.343] [0.259,0.353] [0.257,0.354] [0.083,0.375]

According to eq. (5) and eq. (32), the contribution of A2HDM to b → cτ ν̄ can be written as

GS = ςdmb − ςcmc

M2
H±

(ς∗
τ mτ ),

GP = −ςdmb + ςcmc

M2
H±

(ς∗
τ mτ ), (33)

which need to be run down from μ = MH± to μ = mb , the explicit evolution equations can be 
found in ref. [25].

Using the constraints from leptonic B , D and Ds decays, the allowed ranges of 
ς∗
� ςd

M2
H±

and 

ς∗
� ςu

M2
H±

have been obtained in ref. [98],

ς∗
� ςd

M2
H±

∈
{

[−0.036,0.008] GeV−2

[0.064,0.108] GeV−2 ,
ς∗

� ςu

M2
H±

∈
{

[−0.006,0.037] GeV−2

[0.511,0.535] GeV−2 . (34)

Recently, using the model-independent approach, the authors of ref. [99] performed a χ2 fit of 
the NP WCs with the latest experimental observables, such as RD(∗) , RJ/ψ , P τ

L(D∗), P D∗
L and the 

branching fraction of Bc → τν. Their results indicate that, if considering the contributions of two 
different NP couplings (SL, SR) simultaneously, the NP model are disfavored since B(Bc → τν)

obtained in this case is much larger than 10%. Considering the contributions related to SL and 
SR , respectively, the best fit values of them are obtained. However, the χ2

min of the best fit results 
are rather large still. In this paper, combining their best fit values, we take reasonably one of these 
four combinations in eq. (34) in our calculation, which are

ς∗
� ςd

M2
H±

∈ [−0.036,0.008] GeV−2,
ς∗
� ςu

M2
H±

∈ [−0.006,0.037] GeV−2 . (35)

4. Numerical analyses

In the numerical calculations, except for the transition form factors and the NP coupling pa-
rameters given above, the values of the other input parameters are taken from the Particle Data 
Group (PDG) [100].

Using the above formulas and constrained NP parameter spaces, we calculate B(Bs → Dsτ ν̄)

and RDs , and collect their numerical results in Table 1. From these results it can be found that:

• For B(Bs → Dsτ ν̄) and RDs , their SM results are consistent with ones of ref. [70], but they 
are generally smaller than the PQCD predictions as given in ref. [73].

• B(Bs → Dsτ ν̄) is quite sensitive to the contributions of these four NP models. The vector 
leptoquark model effects improve it maximally by about 5σ level compared with the SM 
prediction, while the A2HDM effects can also reduce its SM prediction by about 4σ level.
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Fig. 1. The dependence of dB
dq2 (left) and RDs (q

2) (right) on q2. The red, green, orange, blue and purple dots correspond 
to the SM, RPV SUSY model, W ′ model, vector leptoquark model and A2HDM, respectively. (For interpretation of the 
colors in the figure(s), the reader is referred to the web version of this article.)

Fig. 2. The q2-dependence of AFB(q2) (left), Cτ
F

(q2) (middle) and Pτ
L

(q2) (right). The red and purple dots correspond 
to the SM and A2HDM, respectively.

• Except for the A2HDM, RDs is insensitive to the contributions of the other three NP models, 
the deviations from the SM prediction lie within the SM 1σ error band, which implies that 
the RPV SUSY model, W ′ model and the vector leptoquark model can not explain RDs and 
RD(∗) anomalies simultaneously. Interestingly, the A2HDM effects reduce RDs by about 4σ

level relative to the SM prediction. Therefore, future measurements on B(Bs → Dsτ ν̄) and 
RDs can be used to distinguish the hints of these NP models.

Considering the contributions of these four NP models, we also show the dependences of dB
dq2

and RDs (q
2) on q2 in Fig. 1. For AFB(q2), Cτ

F (q2) and P τ
L(q2), we show only the A2HDM 

effects in Fig. 2 because that new operators are not generated in the other three NP models and 
their effects in the numerator and the denominator of these ratios are canceled out exactly. Based 
on these figures, we have the following remarks:

• In Fig. 1, both dB
dq2 and RDs (q

2) are sensitive to these four NP models. With the exception 

of the A2HDM, the SM results of dB
dq2 and RDs (q

2) can be enhanced variously by the con-

tributions of the rest three NP models in the whole q2 region. In general, the contributions 
of W ′ model to dB

dq2 and RDs (q
2) are larger than those of the RPV SUSY model, and the 

contributions of the vector leptoquark model are larger than those of the W ′ model. While, 
the A2HDM effects reduce their theoretical predictions at each q2 points.

• In Fig. 2, for AFB(q2), Cτ
F (q2) and P τ

L(q2), the A2HDM effects are obvious. Comparing 
with the SM prediction, all of them can be considerably reduced by the A2HDM effects, and 



10 S.-W. Wang / Nuclear Physics B 954 (2020) 114997
for each observables, the deviation from the SM prediction becomes more significant with 
the increasing of q2.

5. Conclusions

In this paper, using the constraints from RD(∗) and some other experimental data, we study the 
Bs → Dsτ ν̄ decay in the RPV SUSY model, the W ′ model, the vector leptoquark model and the 
A2HDM. The observables B(Bs → Dsτ ν̄) and RDs are calculated within the SM and these four 
NP models. It is found that B(Bs → Dsτ ν̄) is quite sensitive to the contributions of these four 
NP models, but RDs is only sensitive to the A2HDM effects. In addition, we also have discussed 
the contributions of these four NP models to dB

dq2 , RDs (q
2), AFB(q2), Cτ

F (q2) and P τ
L(q2). It 

is found that these four NP models have obvious effects on dB
dq2 and RDs (q

2). However, for 

AFB(q2), Cτ
F (q2) and P τ

L(q2), the RPV SUSY model, the W ′ model and the vector leptoquark 
model present the same predictions as the SM since no new operators are generated within these 
three NP model, while the A2HDM effects are very significant. The study of these observables 
can serve as a good tool for probing and distinguishing the hints of these NP models with more 
precise measurements in the near future.
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[55] A. Angelescu, D. Bečirević, D.A. Faroughy, O. Sumensari, J. High Energy Phys. 10 (2018) 183, arXiv :1808 .08179

[hep -ph].
[56] Q.Y. Hu, X.Q. Li, Y.D. Yang, Eur. Phys. J. C 79 (2019) 264, arXiv :1810 .04939 [hep -ph].
[57] T.J. Kim, P. Ko, J. Li, J. Park, P. Wu, J. High Energy Phys. 1907 (2019) 025, arXiv :1812 .08484 [hep -ph].
[58] S.M. Zhao, X. Liu, S.J. Li, Eur. Phys. J. C 51 (2007) 601, arXiv :hep -ph /0612008.
[59] A. Bazavov, et al., MILC Collaboration, Rev. Mod. Phys. 82 (2010) 1349, arXiv :0903 .3598 [hep -lat].
[60] R.H. Li, C.D. Lü, Y.M. Wang, Phys. Rev. D 80 (2009) 014005, arXiv :0905 .3259 [hep -ph].
[61] G. Li, F.l. Shao, W. Wang, Phys. Rev. D 82 (2010) 094031, arXiv :1008 .3696 [hep -ph].
[62] X.J. Chen, H.F. Fu, C.S. Kim, G.L. Wang, J. Phys. G 9 (2012) 045002, arXiv :1106 .3003 [hep -ph].
[63] H. Na, C.J. Monahan, C.T.H. Davies, Phys. Rev. D 86 (2012) 034506, arXiv :1202 .4914 [hep -lat].
[64] J.A. Bailey, et al., Phys. Rev. D 85 (2012) 114502, Erratum: Phys. Rev. D 86 (2012) 039904, arXiv :1202 .6346

[hep -lat].
[65] M. Atoui, V. Mornas, D. Beirevic, F. Sanfilippo, Eur. Phys. J. C 74 (2014) 2861, arXiv :1310 .5238 [hep -lat].
[66] Y.Y. Fan, W.F. Wang, Z.J. Xiao, Phys. Rev. D 89 (2014) 014030, arXiv :1311 .4965 [hep -ph].
[67] M. Atoui, D. Becirevic, V. Mornas, F. Sanfilippo, PoS LATTICE 2013 (2014) 384, arXiv :1311 .5071 [hep -lat].
[68] A. Bhol, Europhys. Lett. 106 (2014) 31001.
[69] C.J. Monahan, H. Na, C.M. Bouchard, G.P. Lepage, J. Shigemitsu, PoS LATTICE 2016 (2016) 298, arXiv :1611 .

09667 [hep -lat].

http://refhub.elsevier.com/S0550-3213(20)30083-3/bib3A348CC19DEBCE8D369DD94C26B139E8s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib69E46DEB069DD9775D4754EAFE18E43As1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib58B845B205667ECEBBBED5F0FE82B9D8s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bibF652F5EF1DFCB457A3A2D15343C49C29s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib5DD2FD059B4E0B2D85101B78CA107163s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib43CB838CD86C07D17F8CB35B474E690Ds1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bibB26EE7FF077F47DC1E46091DAFCFDF40s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bibB252805A3DF28413B225410E986F3A11s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bibD53134E884DDBBB458DABE8BFFA484EDs1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bibBBF956247D8C17D671DF1E7F216D69DDs1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib4AC40C68D0017F76AC750C5B8FF12AA9s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib01173568E82B7E0D3B409E2E6AD8AF88s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib9B2931EB75DF84043EE71821FD8E4884s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bibCC55F325032F5460A57CA3EA6CA906BEs1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bibCC55F325032F5460A57CA3EA6CA906BEs1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib829595604473360DC8CA841EF9B5C14Es1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib8A33935E9FF248EA2DBB96460CFDE360s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bibD2DB3FA34BECE6ABF1C7F506ACDD9E77s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib1030D41A0943A9C74DC616238FA5B016s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bibEA0229EF9BEA22427FCAACF10E7C125Bs1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib925D3A366A9F29D0577C5580583A871Cs1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bibD22AFCAE3D24524BE9DFA4A203B2A40Fs1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib705D49B531558966BA6B8E77B58AC764s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bibE088BBFE7E44A43A4479AEA1E80CA210s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib42FA2634BD048EA9294AD81DA3DB5024s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib4FC1CB1C4F77F988A9EDF114951344F4s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib3595F2F2CC5E31AE10AC4AFCE28C2ADDs1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bibD38BA9F913E3FE386C5A4B012248FD69s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib3C37703DCE88328A4D04C8AB9C787037s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bibB3E913E3A8CB688AD8E46FF9F83ACBB6s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bibB3E913E3A8CB688AD8E46FF9F83ACBB6s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib469A44DEE2ADF437FE86C7C041F8A417s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib205C64F9EB6594C372511F2F0193B4B2s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib0C4437F66A8E16A650D9572E6BEAF144s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bibB2056395A3DCA822EBB699CCCE0F1D49s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib03574ABDB12CAA37267B38D074BEA764s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib0ADE2C8C784A95F0502DFA87E58778A5s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib4439FEDA097AA84832D8A9BCAF4A4BC7s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib5657AFB3DF680192EDAC67385FB234C8s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bibA4EABE170F14391393E52BF5149CAEA9s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bibA4EABE170F14391393E52BF5149CAEA9s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib23327384FDB7A81480EE45A518FC09EEs1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib050E1F030CAEABC9E01624FBAA0F522As1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib98E12CD3FE3FEFBF48BABDF109E1C6C7s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib29109106AE6E1435F9DD7909045F4D05s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bibEE5B537D0B41FDFC486C52BCC09D9CE6s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib2E393CEB013BD1853E6C2454B35622F4s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bibDD555BEEE519E86297C136D428831287s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bibB33C34E62A1D34539E5A88D3CE933A6Fs1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bibBBD6ECD6636B76EB9966B57DF39CFA5Bs1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bibBBD6ECD6636B76EB9966B57DF39CFA5Bs1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib2F084C56A211E058A380F9890F4F8CB8s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib01E4714B61E4B07EA82CFA29530803C9s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib926D6AB3924C79F0001BA584A44B8B6Ds1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bibDDBD22DDCC23878F140A24CA89F1AFB7s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib60B56658156A95F4A1EF2264A94A3CDAs1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib60B56658156A95F4A1EF2264A94A3CDAs1


12 S.-W. Wang / Nuclear Physics B 954 (2020) 114997
[70] R. Dutta, N. Rajeev, Phys. Rev. D 97 (2018) 095045, arXiv :1803 .03038 [hep -ph].
[71] R. Dutta, N. Rajeev, arXiv :1908 .06243 [hep -ph].
[72] S. Sahoo, R. Mohanta, arXiv :1910 .09269 [hep -ph].
[73] X.Q. Hu, S.P. Jin, Z.J. Xiao, arXiv :1912 .03981 [hep -ph].
[74] M. Chemtob, Prog. Part. Nucl. Phys. 54 (2005) 71, arXiv :hep -ph /0406029.
[75] R. Barbier, et al., Phys. Rep. 420 (2005) 1, arXiv :hep -ph /0406039.
[76] J.D. Gómez, N. Quintero, E. Rojas, arXiv :1907 .08357 [hep -ph].
[77] S. Fajfer, N. Kos̆nik, Phys. Lett. B 755 (2016) 270, arXiv :1511 .06024 [hep -ph].
[78] A. Pich, P. Tuzón, Phys. Rev. D 80 (2009) 091702, arXiv :0908 .1554 [hep -ph].
[79] V. Cirigliano, J. Jenkins, M. Gonzalez-Alonso, Nucl. Phys. B 830 (2010) 95, arXiv :0908 .1754 [hep -ph].
[80] T. Bhattacharya, V. Cirigliano, S.D. Cohen, A. Filipuzzi, M. Gonzalez-Alonso, M.L. Graesser, R. Gupta, H.W. 

Lin, Phys. Rev. D 85 (2012) 054512, arXiv :1110 .6448 [hep -ph].
[81] R. Dutta, A. Bhol, A.K. Giri, Phys. Rev. D 88 (2013) 114023, arXiv :1307 .6653 [hep -ph].
[82] C.J. Monahan, H. Na, C.M. Bouchard, G.P. Lepage, J. Shigemitsu, Phys. Rev. D 95 (2017) 114506, arXiv :1703 .

09728 [hep -ph].
[83] C. Bourrely, I. Caprini, L. Lellouch, Phys. Rev. D 79 (2009) 013008, Erratum: Phys. Rev. D 82 (2010) 099902, 

arXiv :0807 .2722 [hep -ph].
[84] N.G. Deshpande, A. Menon, J. High Energy Phys. 01 (2013) 025, arXiv :1208 .4134 [hep -ph].
[85] W. Altmannshofer, P. Bhupal Dev, A. Soni, Phys. Rev. D 96 (2017) 095010, arXiv :1704 .06659 [hep -ph].
[86] C. Brust, A. Katz, S. Lawrence, R. Sundrum, J. High Energy Phys. 1203 (2012) 103, arXiv :1110 .6670 [hep -ph].
[87] M. Papucci, J.T. Ruderman, A. Weiler, J. High Energy Phys. 1209 (2012) 035, arXiv :1110 .6926 [hep -ph].
[88] D.Y. Wang, Y.D. Yang, X.B. Yuan, Chin. Phys. C 43 (2019) 083103, arXiv :1905 .08784 [hep -ph].
[89] R. Alonso, B. Grinstein, J. Martin, Phys. Rev. Lett. 113 (2014) 241802, arXiv :1407 .7044 [hep -ph].
[90] O. Cat, M. Jung, Phys. Rev. D 92 (2015) 055018, arXiv :1505 .05804 [hep -ph].
[91] W. Buchmuller, D. Wyler, Nucl. Phys. B 268 (1986) 621.
[92] B. Grzadkowski, M. Iskrzynski, M. Misiak, J. Rosiek, J. High Energy Phys. 10 (2010) 085, arXiv :1008 .4884

[hep -ph].
[93] A. Greljo, J.M. Camalich, J.D. Ruiz-lvarez, Phys. Rev. Lett. 122 (2019) 131803, arXiv :1811 .07920 [hep -ph].
[94] S. Iguro, Y. Omura, M. Takeuchi, Phys. Rev. D 99 (2019) 075013, arXiv :1810 .05843 [hep -ph].
[95] M. Abdullah, J. Calle, B. Dutta, A. Flrez, D. Restrepo, Phys. Rev. D 98 (2018), arXiv :1805 .01869 [hep -ph].
[96] X.L. Mu, Y. Li, Z.T. Zou, B. Zhu, arXiv :1909 .10769 [hep -ph].
[97] M. Freytsis, Z. Ligeti, J.T. Ruderman, Phys. Rev. D 92 (2015) 054018, arXiv :1506 .08896 [hep -ph].
[98] M. Jung, A. Pich, P. Tuzon, J. High Energy Phys. 1011 (2010) 003, arXiv :1006 .0470 [hep -ph].
[99] N. Das, R. Dutta, arXiv :1912 .06811 [hep -ph].

[100] Particle Data Group Collaboration, M. Tanabashi, et al., Phys. Rev. D 98 (2018) 030001.

http://refhub.elsevier.com/S0550-3213(20)30083-3/bib71C9DB327E4C32301BB7F6DFBAAD4B89s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bibDA99A690611C54B79884DD8036BA2880s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bibB6A2F7473C930978523D369D0755606Bs1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bibA3EB432EAC1AFE0046FE7AF38DC03E29s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bibD37D9A02FEFBC4CAC0B3C3E980794835s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bibD2A011C8D71AD3E97A70B92242FA00EBs1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib7C5227093CC349907F8B05B3AFCE356Ds1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib41C92ACA172F39B91DACD7F9A8A686B0s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib93B9D99C532BA1534199B11A78715086s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib0884F888F9684F443876E58A8C470BF5s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib5C20CC6107934B000C57D6BC4F71D8F9s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib5C20CC6107934B000C57D6BC4F71D8F9s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib8D7A0CC2D55F0E34D12547112E1112A7s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib41339D166BF11269F45192CBA03EF8FBs1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib41339D166BF11269F45192CBA03EF8FBs1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib9A6AB09BCE43CE3D1A2B436810BC15E6s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib9A6AB09BCE43CE3D1A2B436810BC15E6s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib21C199C435615C0D5BAC461FEEC58FBEs1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib2C2780898C1314EEAE9DB627C4B401CAs1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib1DB5FEEF1F6C761D487D559AEF57032Ds1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bibD0AE650F878E0B52705D52B0FB85D93Bs1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib2FCE01CC9A026D95D663E948A1AF4971s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bibA529865A28E3A5DA0014CA259A669ADBs1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib61F899B9FEFED41FBDBC2BECC20ADFA4s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib18F78474F5D9CFBC27CEC711B1C67788s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib0AC14AC54678F4E3A04356A83F62394Bs1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib0AC14AC54678F4E3A04356A83F62394Bs1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib6DBC84CB26F6DC2E3DD4DDD933742C54s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib4C551D36120F1314538E5608DA723CC5s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib8149A38A163F87769803EA2DD50B7198s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bib83A43FEE8BA3C759AD3D2936FF588BBAs1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bibEF0F9730F3D01F61814B978EB2EC3133s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bibEBCC321CCC84A4B2E1BC63D45FB854A9s1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bibE230DAFE671E41041DFAC552BFD3CB2Ds1
http://refhub.elsevier.com/S0550-3213(20)30083-3/bibF4D610A71351D0E157804F3752C709F8s1

	Probing the effects of some new physics models in Bs→ Dsτν̄ decay
	1 Introduction
	2 Theoretical framework
	2.1 Effective Lagrangian
	2.2 Transition form factors
	2.3 Observables

	3 Brief review of NP models
	3.1 RPV SUSY model
	3.2 W′ model
	3.3 Vector leptoquark model
	3.4 A2HDM

	4 Numerical analyses
	5 Conclusions
	Acknowledgements
	References


