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couplings. In SM, all these new physics
couplings are zero.
The differential decay rate of
𝐵𝑑∗ →
+ −
𝐷𝑑 𝜏 𝑣̅𝜏 decay can be expressed as [8]

Introduction
In recent years, the flavour changing charged
current (FCCC) transitions 𝑏 → 𝑐𝑙𝑣̅𝑙 [1-4] have
gained a special attention in theoretical and
phenomenological studies to test the standard
model (SM) and also for finding signal of new
physics (NP) beyond the SM. Recently, lots of
exciting results come out for this decay channel
from experiments. BaBar, Belle and LHCb
collaborations have estimated the lepton flavour
universality (LFU) ratios 𝑅𝐷(∗) = 𝐵𝑟(𝐵 →
𝐷 (∗) 𝜏 − 𝑣̅𝜏 )/𝐵𝑟(𝐵 → 𝐷 (∗) 𝑙 − 𝑣̅𝑙 ). Using their
results, the world average experimental results
𝐸𝑥𝑝
𝐸𝑥𝑝
of 𝑅𝐷 = 0.340 ± 0.027 ± 0.013 and 𝑅𝐷∗ =
0.295 ± 0.011 ± 0.008 measured by heavy
flavour averaging group (HFAV) [5] are greater
than their corresponding SM predictions
(𝑅𝐷𝑆𝑀 = 0.299 ± 0.003 ,
𝑅𝐷𝑆𝑀
∗ = 0.258 ±
0.005) by 1.4𝜎 and 2.5𝜎 respectively. LHCb
[6] also published the result 𝑅𝐽/𝜓 = 𝐵𝑟(𝐵𝑐 →
𝐽/𝜓𝜏𝑣̅𝜏 )/𝐵𝑟(𝐵𝑐 → 𝐽/𝜓𝑙𝑣̅𝑙 )=0.71 ± 0.17 ±
0.18 which deviates from the SM prediction
𝑆𝑀
(𝑅𝐽/𝜓
= 0.289 ± 0.01) by 2𝜎. So there exists
some contradictions between the experimental
results and the SM predictions, which are
popularly known as 𝑅𝐷(∗) and 𝑅𝐽/𝜓 anomalies.
Motivated by these anomalies, we are interested
to investigate 𝐵𝑑∗ → 𝐷𝑑+ 𝜏 − 𝑣̅𝜏 decay in 𝑊 ′
model. In this work, we have studied the impact
of 𝑊 ′ boson on the differential decay rate for
this decay.
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where the detail expression with form factors of
these helicity amplitudes (𝐻00 , 𝐻0𝑡 , 𝐻±∓ and
′
𝐻0𝑡
) can be found in ref. [8]. The form factors
are the key inputs for numerical analysis. But
the lattice calculation results of form factors for
𝐵𝑑∗ → 𝐷𝑑 transition are not yet available. We
have taken the values of form factors calculated
in the BSW model [9,10] from ref. [11]. In our
analysis, we have considered 10% uncertainty
in the values of form factors at 𝑞 2 = 0.

𝑾′ Model
The 𝑊 ′ is a theoretically predicted beyond SM
vector boson of charge ±1. This particle arises
from the simplest extension of the electroweak
gauge group and it induces through the FCCC
transitions. The most general effective
Lagrangian for 𝑊 ′ boson coupling to quarks
and leptons through FCCC transition can be
expressed as [3,4,12]

Theoretical Framework
The most general effective Lagrangian for the
transition 𝑏 → 𝑐𝑙 − 𝑣̅𝑙 can be written as [7],
ℒ𝑒𝑓𝑓 = −2√2𝐺𝐹 𝑉𝑐𝑏 [(1 + 𝑉𝐿 )𝑐̅𝐿 𝛾 𝜇 𝑏𝐿 𝑙𝐿̅ 𝛾𝜇 𝑣𝐿
+𝑉𝑅 𝑐̅𝑅 𝛾 𝜇 𝑏𝑅 𝑙𝐿̅ 𝛾𝜇 𝑣𝐿 + 𝑆𝐿 𝑐̅𝑅 𝑏𝐿 𝑙𝑅̅ 𝑣𝐿
+𝑆𝑅 𝑐̅𝐿 𝑏𝑅 𝑙𝑅̅ 𝑣𝐿 + 𝑇𝐿 𝑐̅𝑅 𝜎 𝜇𝑣 𝑏𝐿 𝑙𝑅̅ 𝜎𝜇𝑣 𝑣𝐿
+ℎ. 𝑐],
(1)
where 𝐺𝐹 is the Fermi constant, 𝑉𝑐𝑏 is the CKM
matrix element and 𝑉𝐿,𝑅 , 𝑆𝐿,𝑅 , 𝑇𝐿 are the new
vector, scalar and tensor type new physics

′
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(3)

1∓𝛾5

where 𝑃𝐿(𝑅) =
is the left (right)-handed
2
chirality projector; and the coefficient 𝜖𝑢𝐿𝑖𝑑𝑗 ,
𝜖𝑢𝑅𝑖𝑑𝑗 and 𝜖𝑙𝐿𝑖𝑣𝑗 are the dimensionless flavourdependent coupling parameter with 𝑢𝑖 ∈
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(𝑢, 𝑐, 𝑡), 𝑑𝑗 ∈ (𝑑, 𝑠, 𝑏)
and 𝑙𝑖 , 𝑙𝑗 ∈ (𝑒, 𝜇, 𝜏).
Here, we have neglected the contribution of
right-handed neutrino and consider that the 𝑊 ′
boson couples only to the third-generation
leptons.
Now comparing Eq. (3) with Eq. (1), one
can get this 𝑊 ′ contribution through these two
new physics Wilson coefficients given below
[3]
𝐿 𝐿
𝜖𝜏𝑣𝜏
√2 𝜖𝑐𝑏
𝑉𝐿 ≡
2
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4𝐺𝐹 𝑉𝑐𝑏 𝑀2 ′
𝑊

,

(4)

where 𝑀𝑊 ′ is the mass of the 𝑊 ′ boson. In our
analysis, we have considered only the effect of
the left-handed 𝑊 ′ boson i.e 𝑉𝑅 = 0. Because,
the operator 𝑐̅𝑅 𝛾 𝜇 𝑏𝑅 𝑙𝐿̅ 𝛾𝜇 𝑣𝐿 does not contribute
to the LFU violation at leading order [13].
To fix the 𝑊 ′ coupling parameters, lots of
work have been done from 𝑅𝐷(∗) anomalies. The
𝐿 𝐿
best fitted value 𝜖𝑐𝑏
𝜖𝜏𝑣𝜏 = 0.11 with 𝑀𝑊 ′ = 1
TeV have been constrained in the ref. [3]. In
order to maximize the effects of NP, we have
taken the range as [4]
𝐿 𝐿
𝜖𝑐𝑏
𝜖𝜏𝑣𝜏 = (0.12 ± 0.03) (

𝑀𝑊′ 2
𝑇𝑒𝑉

) .

(5)

Results and Discussions

𝒅𝚪/𝒅𝒒𝟐 × 𝟏𝟎𝟏𝟓

Using the above 𝑊 ′ coupling parameters and all
essential input parameters [14], we have
investigated the differential decay rate of
𝐵𝑑∗ → 𝐷𝑑+ 𝜏 − 𝑣̅𝜏 decay in 𝑊 ′ model and made a
comparison with the SM to see the NP effect.

SM+𝑾′
SM

𝒒𝟐 (𝑮𝒆𝑽𝟐 )
Fig. 1. The variation of differential decay rate
with 𝑞 2 . The dashed and dot dashed lines are the
central variation in SM and 𝑊 ′ model
respectively.
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well as in SM. The sensitivity of the 𝑊 ′ model
have been observed at the middle 𝑞 2 region and
become very less at the low 𝑞 2 and the high
𝑞 2 region. We have also found a significant
amount of deviation between the SM and the
𝑊 ′ model. This deviation gives us a possible
indication for the existence of NP. We can hope
that this 𝑊 ′ boson will be discovered in future
upcoming collider experiment.
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In Fig.1, we have depicted the dependency of
differential decay rate on 𝑞 2 in 𝑊 ′ model as
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