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The latest measurement of the ratio of branching ratios RD ¼ BðB → DτνÞ=BðB → DlνÞ and RD� ¼
BðB → D�τνÞ=BðB → D�lνÞ, where l is either an electron or muon, differs from the standard model
expectation by 1.9σ and 3.3σ, respectively. Similar tension has been observed in purely leptonic B → τν
decays as well. In this context, we consider an effective field theory formalism in the presence of new
physics to explore various new physics couplings. Motivated by the recently proposed new observables
Rτ
D ¼ RD=BðB → τνÞ and Rτ

D� ¼ RD�=BðB → τνÞ, we impose 2σ constraints from Rτ
D and Rτ

D� in addition
to the constraints from RD, RD� , and BðB → τνÞ to constrain the new physics parameter space. We study
the impact of new physics on various observables related to Bs → ðDs;D�

sÞτν and B → πτν decay
processes.

DOI: 10.1103/PhysRevD.96.036012

I. INTRODUCTION

Although the anomalies in the B meson decays suggest
the presence of new physics (NP) in the flavor sector, NP
had not yet been confirmed. Various model-dependent as
well as model-independent analyses have been carried out
to explore different NP scenarios. More specifically, the
b → u and b → c leptonic and semileptonic decays of B
mesons, such as B → ðD;D�Þτν, B → πτν, and B → τν
decays, have been the center of attention among the physics
communities in the last few years [1–39]. Lately, various
baryonic decay modes, such as Λb → Λcτν and Λb → pτν
mediated via b → ðc; uÞτν transition processes, also
received some attention because of the high production
of Λb at the LHC [40–44]. The semileptonic B decays are
sensitive probes to search for various NP models such as
the two Higgs doublet model (2HDM), the minimal super-
symmetric standard model (MSSM), and the leptoquark
model. Exclusive semileptonic B decays were first
observed by the Belle Collaboration [45], with subsequent
studies reported by Belle [46,47] and BABAR [48,49].
The recent measurements on the ratio of branching ratios
RD and RD� are

RBABAR
D ¼ 0.440� 0.058� 0.042;

RBABAR
D� ¼ 0.332� 0.024� 0.018;

RBelle
D ¼ 0.375� 0.064� 0.026;

RBelle
D� ¼ 0.293� 0.038� 0.015; ð1Þ

where the first uncertainty is statistical and the second one
is systematic. Very recently, LHCb has also measured the
ratio RD� to be 0.336� 0.027� 0.030 [50]. Belle has
reported its latest measurement on RD� ¼ 0.302� 0.030�
0.011 with a semileptonic tagging method [51], which is
within 1.6σ of the standard model (SM) theoretical expect-
ation. The measured values of RD and RD� exceed the SM
prediction by 1.9σ and 3.3σ, respectively. Considering the
RD and RD� correlation, the combined analysis of RD and
RD� finds the deviation from the SM prediction to be at
more than the 4.0σ level [52]. Combining results from
the leptonic and hadronic decays of τ, the BABAR and
Belle measured values of BðB → τνÞ are ð1.83þ0.53

−0.49Þ × 10−4

[53] and ð1.25� 0.28Þ × 10−4 [54], respectively. The Belle
measurement is consistent with the SM prediction for both
exclusive and inclusiveVub, whereas,with the exclusiveVub,
there is still some discrepancy between theBABARmeasured
value of BðB → τνÞ and the SM theoretical prediction.
Very recently, in Ref. [55], various new observables such

asRτ
D andRτ

D� have been proposed to explore the correlation
between the new physics signals in B → ðD;D�Þτν and
B → τν decays. These observables,

Rτ
D ¼ RD

BðB → τνÞ ; Rτ
D� ¼ RD�

BðB → τνÞ ; ð2Þ

are obtained by dividing the ratio of branching ratiosRD and
RD� by theB → τν branching ratio. Even though τ detection
and identification systematics are present in B → τν and
B → ðD;D�Þτν decays, it will mostly cancel in these newly
constructed ratios. However, these ratios suffer from
large uncertainties due to the presence of the not very
well-known parameter Vub in the denominator. The esti-
mated values are [55]

*rupak@phy.nits.ac.in
†anupama.phy@gmail.com

PHYSICAL REVIEW D 96, 036012 (2017)

2470-0010=2017=96(3)=036012(16) 036012-1 © 2017 American Physical Society

https://doi.org/10.1103/PhysRevD.96.036012
https://doi.org/10.1103/PhysRevD.96.036012
https://doi.org/10.1103/PhysRevD.96.036012
https://doi.org/10.1103/PhysRevD.96.036012


RτBABAR
D ð×103Þ ¼ 2.404� 0.838;

RτBABAR
D� ð×103Þ ¼ 1.814� 0.582;

RτBelle
D ð×103Þ ¼ 3.0� 1.1;

RτBelle
D� ð×103Þ ¼ 2.344� 0.799: ð3Þ

The estimated values of these new observables from
BABAR and Belle measured values of the ratio of
branching ratios RD, RD� , and BðB → τνÞ are consistent
with the SM prediction [55], although the measured
values of RD and RD� differ from the SM prediction.
However, it does not necessarily rule out the possibility
of the presence of NP because, even if NP is present, its
effect may largely cancel in the ratios. In Ref. [55], the
authors discuss the constraints on 2HDM parameter
space using the constraints from the estimated values
of Rτ

D and Rτ
D� and find that, although the BABAR data

do not allow a simultaneous explanation of all the
above-mentioned deviations, for Belle data, there is
actually a common allowed parameter space. In the
present study, we use an effective field theory formalism
in the presence of NP to explore various NP effects on
b → u and b → c leptonic and semileptonic decays. This
is indeed a model-dependent approach since the NP
Wilson coefficients pertaining to b → u and b → c
transitions are related by the ratio of corresponding
CKM matrix elements only. Our main motivation is to
find whether it is possible to unravel useful information
regarding the various Lorentz structures of beyond-the-
SM physics from the estimated values of Rτ

D and Rτ
D�

since these values are consistent with the SM prediction.

To realize this, we first consider the constraints from the
measured values of RD, RD� , and BðB → τνÞ to con-
strain the NP parameter space. Second, we impose
additional constraints from the estimated values of Rτ

D
and Rτ

D� to further constrain or exclude the NP param-
eter space that is preferred by the measured values of
RD, RD� , and BðB → τνÞ. We make a comparative
analysis of BABAR and Belle data and give a prediction
on various observables related to B → πτν and Bs →
ðDs;D�

sÞτν decays.
Our paper is organized as follows. In Sec. II, we start

with a brief description of the effective Lagrangian for
the b → ðu; cÞlν transition decays in the presence of NP.
All the relevant formulas, such as the partial decay
width of B → lν decays and differential decay width of
three-body B → ðP; VÞlν decays, are reported in Sec. II.
We also construct various new observables related to
semileptonic B and Bs meson decays. In Sec. III, we
start with the input parameters that are used for our
numerical computation. The SM prediction and the
effect of each NP coupling on various observables
related to semileptonic B and Bs meson decays are
reported in Sec. III. We conclude with a brief summary
of our results in Sec. IV.

II. HELICITY AMPLITUDES WITHIN THE
EFFECTIVE FIELD THEORY APPROACH

In the presence of NP, the effective weak Lagrangian for
the b → q0lν transition decays, where q0 is either a u quark
or a c quark, can be written as [56,57]

Leff ¼ −
4GFffiffiffi

2
p Vq0bfð1þ VLÞl̄LγμνLq̄0LγμbL þ VRl̄LγμνLq̄0RγμbR þ ~VLl̄RγμνRq̄0LγμbL þ ~VRl̄RγμνRq̄0RγμbR þ SLl̄RνLq̄0RbL

þ SRl̄RνLq̄0LbR þ ~SLl̄LνRq̄0RbL þ ~SRl̄LνRq̄0LbR þ TLl̄RσμννLq̄0RσμνbL þ ~TLl̄LσμννRq̄0LσμνbRg þ H:c:; ð4Þ

where GF is the Fermi coupling constant and Vq0b is the CKM matrix element. The vector-, scalar-, and tensor-type NP
interactions denoted by VL;R, SL;R, and TL are associated with left-handed neutrinos, whereas ~VL;R-, ~SL;R-, and ~TL-type NP
couplings are associated with right-handed neutrinos. We consider all the NP couplings to be real for our analysis. Again,
we keep only vector- and scalar-type NP couplings in our analysis. We rewrite the effective Lagrangian as [25]

Leff ¼ −
GFffiffiffi
2

p Vq0bfGVl̄γμð1 − γ5Þνlq̄0γμb − GAl̄γμð1 − γ5Þνlq̄0γμγ5bþ GSl̄ð1 − γ5Þνlq̄0b

−GPl̄ð1 − γ5Þνlq̄0γ5bþ ~GVl̄γμð1þ γ5Þνlq̄0γμb − ~GAl̄γμð1þ γ5Þνlq̄0γμγ5b
þ ~GSl̄ð1þ γ5Þνlq̄0b − ~GPl̄ð1þ γ5Þνlq̄0γ5bg þ H:c:; ð5Þ

where

GV ¼ 1þ VL þ VR; GA ¼ 1þ VL − VR; GS ¼ SL þ SR; GP ¼ SL − SR
~GV ¼ ~VL þ ~VR; ~GA ¼ ~VL − ~VR; ~GS ¼ ~SL þ ~SR; ~GP ¼ ~SL − ~SR:
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The SM contribution can be obtained once we set VL;R ¼
SL;R ¼ ~VL;R ¼ ~SL;R ¼ 0 in Eq. (5). In the presence of NP,
the partial decay width of B → lν and differential decay

width of three-body Bq → ðP;VÞlν decays, where P is a
pseudoscalar meson and V is a vector meson, can be
expressed as [25]

ΓðB → lνÞ ¼ G2
FjVubj2
8π

f2Bm
2
l mB

�
1 −

m2
l

m2
B

�
2
��

GA −
m2

B

mlðmbðμÞ þmuðμÞÞ
GP

�
2

þ
�
~GA −

m2
B

mlðmbðμÞ þmuðμÞÞ
~GP

�
2
�
;

ð6Þ

dΓP

dq2
¼ 8Njp⃗Pj

3

�
H2

0ðG2
V þ ~G2

VÞ
�
1þ m2

l

2q2

�
þ 3m2

l

2q2

��
HtGV þ

ffiffiffiffiffi
q2

p
ml

HSGS

�
2

þ
�
Ht

~GV þ
ffiffiffiffiffi
q2

p
ml

HS
~GS

�
2
��

ð7Þ

and

dΓV

dq2
¼ 8Njp⃗V j

3

�
A2

AV þ m2
l

2q2
½A2

AV þ 3A2
tP� þ ~A2

AV þ m2
l

2q2
½ ~A2

AV þ 3 ~A2
tP�
�

ð8Þ

where

jp⃗ðP;VÞj ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
λðm2

Bq
; m2

ðP;VÞ; q
2Þ

q
=2mBq

; λða; b; cÞ ¼ a2 þ b2 þ c2 − 2ðabþ bcþ caÞ

N ¼ G2
FjVq0bj2q2
256π3m2

Bq

�
1 −

m2
l

q2

�
2

; H0 ¼
2mBq

jp⃗Pjffiffiffiffiffi
q2

p Fþðq2Þ

Ht ¼
m2

Bq
−m2

Pffiffiffiffiffi
q2

p F0ðq2Þ; HS ¼
m2

Bq
−m2

P

mbðμÞ −mq0 ðμÞ
F0ðq2Þ;

A2
AV ¼ A2

0G
2
A þA2

∥G
2
A þA2⊥G2

V; ~A2
AV ¼ A2

0
~G2
A þA2

∥
~G2
A þA2⊥ ~G2

V

AtP ¼ AtGA þ
ffiffiffiffiffi
q2

p
ml

APGP; ~AtP ¼ At
~GA þ

ffiffiffiffiffi
q2

p
ml

AP
~GP; ð9Þ

and

A0 ¼
1

2mV

ffiffiffiffiffi
q2

p
�
ðm2

Bq
−m2

V − q2ÞðmBq
þmVÞA1ðq2Þ

−
4m2

Bq
jp⃗V j2

mBq
þmV

A2ðq2Þ
�
;

A∥ ¼
2ðmBq

þmVÞA1ðq2Þffiffiffi
2

p ; A⊥ ¼ −
4mBq

Vðq2Þjp⃗V jffiffiffi
2

p ðmBq
þmVÞ

;

At ¼
2mBq

jp⃗V jA0ðq2Þffiffiffiffiffi
q2

p ; AP ¼ −
2mBq

jp⃗V jA0ðq2Þ
ðmbðμÞ þmcðμÞÞ

:

ð10Þ

For the details of the helicity amplitudes, the B meson
decay constant, and the Bq → ðP; VÞmeson transition form
factors, we refer to Refs. [25,58].
Semileptonic Bs decays to Dsτν and D�

sτν and B
decays to πτν are also mediated via b → ðu; cÞτν quark-
level transition processes and, in principle, are subject

to NP. In this context, we define the ratio of branching
ratios in these decay modes similar to B → ðD;D�Þτν
decays, which are

Rπ ¼
BðB → πτνÞ
BðB → πlνÞ ; RDs

¼ BðB̄s → Dsτ
−ν̄τÞ

BðB̄s → Dsl−ν̄lÞ
;

RD�
s
¼ BðB̄s → D�

sτ
−ν̄τÞ

BðB̄s → D�
sl−ν̄lÞ

; Rτ
π ¼

BðB → πτνÞ
BðB → τνÞ ;

Rτ
Ds

¼ RDs

BðB → τνÞ ; Rτ
D�

s
¼ RD�

s

BðB → τνÞ : ð11Þ

We want to mention that although Rπ , RDs
, RD�

s
, and Rτ

π do
not depend on CKM matrix elements Vub and Vcb, the
newly constructed ratios Rτ

Ds
and Rτ

D�
s
do depend on the

CKMmatrix element Vub. We note that our definition of Rτ
π

is different from that of Rπ=BðB → τνÞ. The Vub depend-
ency cancels in the former; however, it remains in the latter
definition.
We wish to see the effect of NP couplings on various

observables related to b → u and b → c leptonic and
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semileptonic decays. There are two types of uncertainties in
the theoretical calculation of the observables. The first kind
of uncertainties may come from the very well-known input
parameters, such as quark masses, meson masses, and the
mean lifetime of mesons. We ignore such uncertainties as
they are not important for our analysis. The second kind of
uncertainties may arise because of the not very well-known

parameters, such as CKM matrix elements, meson decay
constants, and the meson-to-meson transition form factors.
In order to gauge the effect of the above-mentioned
uncertainties on various observables, we use a random
number generator and perform a random scan of all the
theoretical inputs such as CKM matrix elements, meson
decay constants, and the meson-to-meson transition form

TABLE I. Theory input parameters.

CKM matrix elements Meson decay constants (in GeV)

jVubj (exclusive) ð3.61� 0.32Þ × 10−3 [60] fB 0.1906� 0.0047 [61–63]
jVcbj (average) ð40.9� 1.1Þ × 10−3 [60]

Inputs for ðB → πÞ form factors Inputs for ðB → D�Þ form factors
Fþð0Þ ¼ F0ð0Þ 0.281� 0.028 [64] hA1

ð1ÞjVcbj ð34.6� 1.02Þ × 10−3 [65]
b1 −1.62� 0.70 [64] ρ21 1.214� 0.035 [65]
b01 −3.98� 0.97 [64] R1ð1Þ 1.401� 0.038 [65]

Inputs for ðB → DÞ form factors R2ð1Þ 0.864� 0.025 [65]
V1ð1ÞjVcbj ð43.0� 2.36Þ × 10−3 [66] R0ð1Þ 1.14� 0.114 [2]
ρ21 1.20� 0.098 [66]

Inputs for ðBs → DsÞ form factors [67]
Fþ F0

Fð0Þ 0.74� 0.02 0.74� 0.02
σ1 0.20� 0.02 0.430� 0.043
σ2 −0.461� 0.0461 −0.464� 0.0464

Inputs for ðBs → D�
sÞ form factors [67]

V A0 A1 A2

Fð0Þ 0.95� 0.02 0.67� 0.01 0.70� 0.01 0.75� 0.02
σ1 0.372� 0.0372 0.350� 0.035 0.463� 0.0463 1.04� 0.104
σ2 −0.561� :0561 −0.60� 0.06 −0.510� 0.051 −0.07� 0.007

TABLE II. Experimental input parameters.

Experiment Observable Central value �1σ 2σ range

BABAR BðB → τνÞ ð1.83� 0.52Þ × 10−4 [53] ð0.79; 2.82Þ × 10−4

Belle BðB → τνÞ ð1.25� 0.28Þ × 10−4 [54] ð0.69; 1.81Þ × 10−4

BABAR RD 0.440� 0.072 [48,49] (0.296,0.584)
BABAR RD� 0.332� 0.030 [48,49] (0.272,0.392)
Belle RD 0.375� 0.069 [47] (0.237,0.513)
Belle RD� 0.293� 0.0.041 [47] (0.211,0.375)
BABAR Rτ

D ð2.404� 0.838Þ × 103 [55] ð0.728; 4.080Þ × 103

BABAR Rτ
D� ð1.814� 0.582Þ × 103 [55] ð0.650; 2.978Þ × 103

Belle Rτ
D ð3.0� 1.1Þ × 103 [55] ð0.800; 5.200Þ × 103

Belle Rτ
D� ð2.344� 0.799Þ × 103 [55] ð0.746; 3.942Þ × 103

TABLE III. SM prediction of various observables.

Observable Central value 1σ range Observable Central value 1σ range

Rτ
D 3.737 × 103 ð2.889; 4.919Þ × 103 Rτ

Ds
3.270 × 103 ð2.499; 4.396Þ × 103

Rτ
D� 3.022 × 103 ð2.375; 3.918Þ × 103 Rτ

D�
s

2.881 × 103 ð2.295; 3.687Þ × 103

Rτ
π 1.33 (0.847,2.015) RDs

0.274 (0.255,0.295)
Rπ 0.698 (0.654,0.764) RD�

s
0.241 (0.236,0.246)
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factors. We vary all the theoretical inputs within 1σ from
their central values in our random scan. The allowed NP
parameter space is obtained by imposing 2σ constraints
from BABAR and Belle measured values of the ratio of
branching ratios RD, RD� , and BðB → τνÞ. We also use
2σ constraints from the estimated values of Rτ

D and Rτ
D� to

restrict the NP parameter space even further. We now
proceed to discuss the results of our analysis.

III. NUMERICAL CALCULATIONS

For definiteness, let us first give the details of the input
parameters that are used for the theoretical computation of
all the observables. For the quark mass, meson mass, and
the meson lifetime, we use the following input parameters
from Ref. [59]:

mbðmbÞ ¼ 4.18 GeV; mcðmbÞ ¼ 0.91 GeV;

mπ ¼ 0.13957 GeV mB− ¼ 5.27925 GeV;

mB0 ¼ 5.27955 GeV; mBs
¼ 5.36677 GeV;

mD0 ¼ 1.86486 GeV; mD�0 ¼ 2.00698 GeV;

mDþ
s
¼ 1.9685 GeV; mD�

s
þ ¼ 2.1123 GeV;

τB0 ¼ 1.519 × 10−12 s τB− ¼ 1.641 × 10−12 s;

τBs
¼ 1.516 × 10−12 s ð12Þ

Similarly, for the CKM matrix elements, meson decay
constant, and meson-to-meson transition form factors, we
use the inputs in Table I. We refer to Refs. [25,58] for a
detailed discussion on various form factor calculations. The
uncertainties associated with both the theory and exper-
imental input parameters are added in quadrature and
shown in Tables I and II. The SM predictions for all the

observables are reported in Table III. Central values of all
the observables are obtained by using the central values of
all the input parameters from Eq. (12) and from Table I. The
1σ range in each observable, reported in Table III, is
obtained by performing a random scan of all the theory
inputs such as Bq meson decay constants, Bq → ðP;VÞ

FIG. 1. Allowed ranges in VL and VR NP couplings after the
BABAR 2σ experimental constraint is imposed. The dark (red)
region corresponds to the allowed ranges after the RD, RD� , and
BðB → τνÞ constraints are imposed, whereas the light (green)
region corresponds to the allowed ranges of VL and VR after
additional 2σ constraints from Rτ

D and Rτ
D� are imposed.

FIG. 2. Allowed ranges in various observables with the VL and
VR NP couplings of Fig. 1. The dark (red) region corresponds to
the allowed ranges after RD, RD� , and BðB → τνÞ constraints are
imposed, whereas the light (green) region corresponds to the
allowed ranges of the observables after additional 2σ constraints
from Rτ

D and Rτ
D� are imposed. The blue region corresponds to the

1σ allowed range within the SM.
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transition form factors, and the CKMmatrix elements jVqbj
within 1σ of their central values.
Our main aim is to study NP effects on various new

observables such as Rπ , RDs
, RD�

s
, Rτ

D, R
τ
D� , Rτ

π , Rτ
Ds
, and

Rτ
D�

s
. We consider four different NP scenarios. First, we use

2σ experimental constraints from the BABAR and Belle
measured values of the ratio of branching ratios RD and
RD� , and BðB → τνÞ. Second, we add an additional con-
straint coming from Rτ

D and Rτ
D� since the estimated values

of these new ratios are consistent with the SM prediction.
Although, at present, the estimated errors on both these
observables are rather large, this could be reduced after
more precise data on Vub are available. In view of the
anticipated improved precision in the measurement of Vub,
we impose 2σ experimental constraints from the estimated
values of Rτ

D and Rτ
D� , in addition to the constraints from

RD, RD� , and BðB → τνÞ, to explore various NP couplings.
All the NP parameters are considered to be real for our
analysis. We also assume that only the third-generation
leptons get contributions from the NP couplings in the
b → ðu; cÞlν processes, and for l ¼ e−; μ− cases, NP is
absent. We next discuss the effect of various NP couplings

TABLE IV. Allowed ranges in various observables with ðVL; VRÞ NP couplings of Fig. 1. The ranges reported in Column I represent
the allowed values of each observable after constraints from BABARmeasured values of RD, RD� , and BðB → τνÞ are imposed, whereas
the ranges in Column II represent the allowed values after additional 2σ constraints from Rτ

D and Rτ
D� are imposed.

Observable Column I Column II Observable Column I Column II

Rτ
Dð×103Þ (1.736, 7.097) (1.736, 4.080) Rτ

π (0.359, 4.422) (0.472, 3.144)
Rτ
D� ð×103Þ (1.978, 4.780) (1.978, 2.978) Rπ (0.560, 1.648) (0.560, 1.469)

Rτ
Ds
ð×103Þ (1.480, 6.973) (1.480, 4.101) RDs

(0.226, 0.601) (0.226, 0.601)

Rτ
D�

s
ð×103Þ (1.895, 4.599) (1.895, 2.980) RD�

s
(0.246, 0.394) (0.246, 0.390)

FIG. 3. Allowed ranges in SL and SR NP couplings after the
BABAR 2σ experimental constraint is imposed. We note that the
allowed range denoted by dark (red) dots obtained by imposing
the 2σ constraint from RD, RD� , and BðB → τνÞ overlaps with the
allowed range denoted by light (green) dots after additional 2σ
constraints from Rτ

D and Rτ
D� are imposed. In this scenario, Rτ

D
and Rτ

D� do not constrain the NP parameter space any further.

FIG. 4. Allowed ranges in various observables are shown by
light (green) dots with the SL and SR NP couplings of Fig. 3. The
blue region corresponds to the 1σ allowed range within the SM.
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after imposing constraints from BABAR and Belle
measurements.

A. BABAR constraint

We consider four different NP scenarios for our analysis.
In the first scenario, we vary new vector couplings VL and
VR and consider all other NP couplings to be zero. First, we
impose 2σ experimental constraints from BABARmeasured
values of the ratio of branching ratios RD, RD� , and BðB →
τνÞ to constrain the new vector-type coupling ðVL; VRÞ.
Second, we impose additional 2σ constraints from the
estimated values of Rτ

D and Rτ
D� to see whether it is possible

to constrain the NP parameter space even further. The
allowed ranges of new vector couplings VL and VR are
shown in Fig. 1. The dark (red) regions correspond to the
allowed ranges of VL and VR that are obtained once the 2σ
constraint from the measured values of RD, RD� , and
BðB → τνÞ is imposed. Similarly, the light (green) region
corresponds to the allowed ranges of the new vector
couplings VL and VR after an additional 2σ constraint
from the estimated values of Rτ

D and Rτ
D� is imposed. It is

clear that the additional constraint from Rτ
D and Rτ

D� does
exclude some outer regions of the NP parameter space that

TABLE V. Allowed ranges in various observables with ðSL; SRÞNP couplings of Fig. 3. The ranges reported in Column I represent the
allowed values of each observable after constraints from BABAR measured values of RD, RD� , and BðB → τνÞ are imposed. Column II
represents the allowed range in each observable after additional 2σ constraints from Rτ

D and Rτ
D� are imposed.

Observable Column I Column II Observable Column I Column II

Rτ
Dð×103Þ (1.087, 3.374) (1.087, 3.374) Rτ

π (0.221, 2.650) (0.221, 2.650)
Rτ
D� ð×103Þ (0.962, 2.378) (0.962, 2.378) Rπ (0.615, 3.898) (0.615, 3.898)

Rτ
Ds
ð×103Þ (0.831, 2.810) (0.831, 2.810) RDs

(0.227, 0.567) (0.227, 0.567)

Rτ
D�

s
ð×103Þ (0.863, 2.142) (0.863, 2.142) RD�

s
(0.240, 0.259) (0.240, 0.259)

FIG. 5. Allowed ranges in ~VL and ~VR NP couplings after the
BABAR 2σ experimental constraint is imposed. The dark (red)
region corresponds to the allowed ranges after the RD, RD� , and
BðB → τνÞ constraints are imposed, whereas the light (green)
region corresponds to the allowed ranges of ~VL and ~VR after
additional 2σ constraints from Rτ

D and Rτ
D� are imposed.

FIG. 6. Allowed ranges in various observables with ~VL and ~VR
NP couplings of Fig. 5. We show in dark (red) the allowed ranges
after 2σ constraints from RD, RD� , and BðB → τνÞ are imposed.
Similarly, the allowed ranges are shown in light (green) after
additional 2σ constraints from Rτ

D and Rτ
D� are imposed. The blue

region corresponds to the 1σ allowed range within the SM.
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is preferred by RD, RD� , and BðB → τνÞ. More precise data
on Vub in the future will definitely help constrain the NP
parameter space even further.
In Fig. 2, we show the NP effect on various observables

after imposing the 2σ experimental constraint from the
BABARmeasured values. We show with dark (red) dots the
NP effect on various observables after 2σ constraints from
the measured values of RD, RD� , and BðB → τνÞ are
imposed. Again, we show with light (green) dots the NP
effect after additional 2σ constraints from Rτ

D and Rτ
D� are

imposed. The allowed ranges in each observable are shown
in Table IV. Although we find significant deviation of all
the observables from SM expectations in this scenario, the
deviation from the SM prediction is seen to be more
pronounced in the case of RDs

and RD�
s
. It is observed

that the allowed ranges in Rτ
Ds
, Rτ

D�
s
, and Rτ

π are reduced,
whereas there are no or very little changes in Rπ , RDs

, and
RD�

s
allowed ranges after the additional 2σ constraints from

Rτ
D and Rτ

D� are imposed. We want to emphasize that the
NP effect will not be present in Rτ

Dð�Þ
ðsÞ
and Rτ

π if only VL-type

NP couplings are present. In that case, GV ¼ GA, and
the contribution from the NP couplings will cancel in
these ratios.
In the second scenario, we study the impact of new scalar

couplings SL and SR on various observables. To do this, we
vary SL and SR and perform a random scan over all
theoretical input parameters within 1σ of their central
values. We impose 2σ constraints from the BABAR mea-
sured values to determine the allowed ranges of the new
scalar couplings SL and SR, which is shown in Fig. 3. It
should be noted that the allowed range obtained by
imposing 2σ constraints from RD, RD� , and BðB → τνÞ
overlaps with the allowed range after additional 2σ con-
straints from Rτ

D and Rτ
D� are imposed. Additional con-

straints from the estimated values of Rτ
D and Rτ

D� do not
constrain the NP parameter space any further. Hence,
unlike Fig. 1, we observe only one set of data points,
which are shown with light (green) dots. The effect of
SL- and SR-type NP couplings on various observables are
shown in Fig. 4 after the 2σ experimental constraints from
BABARmeasured values are imposed. Significant deviation
from the SM expectation is observed in this scenario.
Again, additional 2σ constraints from Rτ

D and Rτ
D� do not

FIG. 7. Allowed ranges in various observables are shown in
light (green) dots with ~SL and ~SR NP couplings. The blue region
corresponds to the 1σ allowed range within the SM.

TABLE VI. Allowed ranges in various observables with ð ~VL; ~VRÞ NP couplings of Fig. 5. The ranges reported in Column I represent
the allowed values of each observable after constraints from BABARmeasured values of RD, RD� , and BðB → τνÞ are imposed. Column
II represents the allowed range in each observable after additional 2σ constraints from Rτ

D and Rτ
D� are imposed.

Observable Column I Column II Observable Column I Column II

Rτ
Dð×103Þ (1.521, 7.346) (1.521, 4.080) Rτ

π (0.398, 4.538) (0.414, 3.563)
Rτ
D� ð×103Þ (1.889, 4.841) (1.889, 2.978) Rπ (0.617, 1.669) (0.617, 1.568)

Rτ
Ds
ð×103Þ (1.323, 7.508) (1.323, 4.275) RDs

(0.241, 0.628) (0.241, 0.590)

Rτ
D�

s
ð×103Þ (1.826, 4.767) (1.826, 3.008) RD�

s
(0.239, 0.397) (0.241, 0.397)
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seem to affect any of the observables. The allowed ranges
in each observable are given in Table V.
In the third scenario, we study the impact of new vector

couplings ~VL and ~VR, associated with right-handed neu-
trinos, on various observables. We first restrict the NP
parameter space by imposing 2σ experimental constraints
from the BABAR measured values of the ratio of branching
ratios RD, RD� , and BðB → τνÞ. We also impose 2σ
constraints from the values of Rτ

D and Rτ
D� that are

estimated using the BABAR measured values of RD and
RD� , and BðB → τνÞ. The allowed ranges in ~VL and ~VR are
shown in Fig. 5. The NP effects from ~VL and ~VR on various
observables are shown in Fig. 6. We report the ranges
in each observable in Table VI. We see significant deviation

TABLE VII. Allowed ranges in various observables with ð ~SL; ~SRÞ NP couplings. The values reported in Column I represent the
allowed values of each observable after constraints from BABAR measured values of RD, RD� , and BðB → τνÞ are imposed. Column II
represents the allowed range in each observable after additional 2σ constraints from Rτ

D and Rτ
D� are imposed.

Observable Column I Column II Observable Column I Column II

Rτ
Dð×103Þ (1.270, 1.936) (1.270, 1.936) Rτ

π (0.217, 0.807) (0.217, 0.807)
Rτ
D� ð×103Þ (0.948, 1.352) (0.948, 1.352) Rπ (0.710, 1.212) (0.710, 1.212)

Rτ
Ds
ð×103Þ (1.090, 1.682) (1.090, 1.682) RDs

(0.288, 0.378) (0.288, 0.378)

Rτ
D�

s
ð×103Þ (0.836, 1.191) (0.836, 1.191) RD�

s
(0.237, 0.250) (0.237, 0.250)

FIG. 8. Allowed ranges in ðVL; VRÞ NP couplings after the
Belle 2σ experimental constraint is imposed. The dark (red)
region corresponds to the allowed ranges after RD, RD� , and
BðB → τνÞ constraints are imposed, whereas the light (green)
region corresponds to the allowed ranges of the NP couplings
after an additional 2σ constraint from Rτ

D and Rτ
D� is imposed.

TABLE VIII. Allowed ranges in BðBc → τνÞ with VL;R, SL;R,
~VL;R, and ~SL;R NP couplings.

Observable
VL;R

couplings
SL;R

couplings
~VL;R

couplings
~SL;R

couplings

BðBc→τνÞ×102 [1.97, 4.31] [3.93, 15.88] [1.83, 4.38] [8.16, 13.77]

FIG. 9. Allowed ranges in various observables with VL and VR
NP couplings of Fig. 8. Dark (red) regions represent the allowed
range obtained by imposing 2σ constraints from Belle measured
values of RD, RD� , and BðB → τνÞ, whereas the light (green)
regions represent the allowed range after 2σ additional constraints
from Rτ

D and Rτ
D� are imposed. The blue region corresponds to the

1σ allowed range within the SM.
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of all the observables from the SM prediction, similar to the
first scenario. Similar to scenario I, the deviation from the
SM prediction is found to be more pronounced in the case
of RDs

and RD�
s
. We observe that the ranges in Rτ

Ds
, Rτ

D�
s
, and

Rτ
π are reduced after the additional 2σ constraints from Rτ

D
and Rτ

D� are imposed. However, we see no or very little
change in Rπ , RDs

, and RD�
s
. Again, if only ~VL-type NP

couplings are present, then ~GV ¼ ~GA and the NP effect will
cancel in Rτ

Dð�Þ
ðsÞ

and Rτ
π .

In the fourth scenario, we vary ~SL and ~SR, new scalar
couplings associated with right-handed neutrinos, while
keeping others zero. The allowed ranges in ~SL and ~SR after
imposing the 2σ constraints from the BABAR measured
values are ~SL ¼ ½0.41; 0.50� and ~SR ¼ ½0.00; 0.01�, respec-
tively. We see that additional constraints from Rτ

D, R
τ
D� do

not have any effect on the allowed ranges of ~SL and ~SR
obtained using the constraints from RD, RD� , and
BðB → τνÞ. The effect of these NP couplings on various
observables are shown in Fig. 7. The allowed ranges in each
observable are given in Table VII. Again, significant
deviation from the SM expectation is seen for all the
observables. Imposing the additional 2σ constraints from
the new observables Rτ

D and Rτ
D� does not seem to affect the

observables in this scenario.
In Ref. [39], it was shown that the Bc → τν decay rate

puts a severe constraint on NP scenarios involving scalar
operators. In order to see the effect of BðBc → τνÞ on VL;R,
SL;R, ~VL;R, and ~SL;R NP couplings, we estimate the Bc →
τν branching ratio using the NP couplings obtained by
imposing 2σ constraints from BABAR measured values of
RD, RD� , and BðB → τνÞ. We show in Table VIII the range
in BðBc → τνÞ for all four NP scenarios. Based on various

SM calculations [68–72], it can be inferred that no
more than 5% of the total decay width of the Bc meson
can be explained by the semi(taunic) decays of the Bc
meson. The constraint, however, can be relaxed up to
around 30% depending on the value of the total decay

FIG. 10. Allowed ranges in ðSL; SRÞ NP couplings after the
Belle 2σ experimental constraint is imposed. The dark (red)
region corresponds to the allowed ranges after RD, RD� , and
BðB → τνÞ constraints are imposed, whereas the light (green)
region corresponds to the allowed ranges of the NP couplings
after an additional 2σ constraint from Rτ

D and Rτ
D� is imposed.

FIG. 11. Allowed ranges in various observables with the SL and
SR NP couplings of Fig. 10. We show in dark (red) the allowed
range in each observable after 2σ constraints from Belle measured
values of RD, RD� , and BðB → τνÞ are imposed. Similarly, the
allowed ranges in each observable are shown in light (green) after
additional 2σ constraints from Rτ

D and Rτ
D� are imposed. The blue

region corresponds to the 1σ allowed range within the SM.
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width of the Bc meson that is used as input for the SM
calculation of various partonic transitions. If we assume
that BðBc → τνÞ cannot be greater than 5%, then although
~SL and ~SR NP couplings can explain the anomalies in RD,
RD� , and BðB → τνÞ, it cannot simultaneously explain
BðBc → τνÞ. Even for the SL and SR NP couplings, a
large part of the NP parameter space preferred by RD, RD� ,
and BðB → τνÞ can be excluded.
We observe that all the NP scenarios can accommodate

the existing data on b → ðu; cÞτν decays. However, for SL;R
and ~SL;R NP couplings, there are very few points that are
compatible with the 2σ constraints from BABAR measure-
ments. It is worth mentioning that precise measurements of
RDs

, RD�
s
, Rπ , and Rτ

π in the future will be crucial in
distinguishing various NP structures.

B. Belle constraint

Now we wish to find the effect of ðVL; VRÞ-, ðSL; SRÞ-,
ð ~VL; ~VRÞ-, and ð ~SL; ~SRÞ-type NP couplings on all the
observables using experimental constraints from the
Belle measurement. We consider four different NP scenar-
ios similar to the BABAR analysis in Sec. III A. We first
impose 2σ constraints from the Belle measured values of
the ratio of branching ratios RD, RD� , and BðB → τνÞ to
explore various NP scenarios. We again impose 2σ con-
straints from Rτ

D and Rτ
D� that are estimated using the Belle

measured values of RD, RD� , and BðB → τνÞ to see whether
it is possible to constrain the NP parameter space even
further. The allowed ranges of the NP couplings and their
effects on various observables are shown in Figs. 8–15. In
Figs. 8,10,12, and 14, we show the allowed ranges of
ðVL; VRÞ, ðSL; SRÞ, ð ~VL; ~VRÞ, and ð ~SL; ~SRÞ NP couplings
after the 2σ constraint from Belle measured values is
imposed. The dark (red) regions correspond to the allowed

ranges of NP couplings that are obtained after the 2σ
constraint from the measured values of RD, RD� , and
BðB → τνÞ is imposed, whereas the light (green) region
corresponds to the allowed ranges of NP couplings after
additional 2σ constraints from the estimated values of Rτ

D

FIG. 12. Allowed ranges in ð ~VL; ~VRÞ NP couplings after the
Belle 2σ experimental constraint is imposed. The dark (red)
region corresponds to the allowed ranges after RD, RD� , and
BðB → τνÞ constraints are imposed, whereas the light (green)
region corresponds to the allowed ranges of the NP couplings
after an additional 2σ constraint from Rτ

D and Rτ
D� is imposed.

FIG. 13. Allowed ranges in various observables with the ~VL

and ~VR NP couplings of Fig. 12. Dark (red) regions represent the
allowed range obtained by imposing 2σ constraints from Belle
measured values of RD, RD� , and BðB → τνÞ, whereas the light
(green) regions represent the allowed range after 2σ additional
constraints from Rτ

D and Rτ
D� are imposed. The blue region

corresponds to the 1σ allowed range within the SM.
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and Rτ
D� are imposed. From Figs. 8,10,12, and 14, it is clear

that the additional constraints from Rτ
D and Rτ

D� reduce the
NP parameter space to a very little extent. More precise
data on Vub will be crucial to constrain the NP parameter
space even further.
The effects of NP on each observable under various

scenarios are shown in Figs. 9,11,13, and 15. The deviation
from the SM expectation is found to be significant in all
four scenarios. For definiteness, we report the allowed
ranges in each observable for each scenario in Tables IX–
XII. We see that for ðVL; VRÞ couplings, although the
allowed ranges of Rτ

Ds
and Rτ

D�
s
are reduced, there is no or

very little change in the allowed ranges of Rτ
π, Rπ , RDs

, and
RD�

s
after we impose 2σ constraints from Rτ

D and Rτ
D� .

Similar results are observed for ð ~VL; ~VRÞ NP couplings as
well. For ðSL; SRÞ-type NP couplings, we find considerable
reduction in the allowed range of Rτ

π , whereas there is no or
very little change in the allowed ranges of Rτ

D� , Rτ
D�

s
, RDs

,
RD�

s
, and Rπ after additional 2σ constraints from the

estimated values of Rτ
D and Rτ

D� are imposed. Similar
results are obtained for ð ~SL; ~SRÞ NP couplings as well.
To see the effect of the BðBc → τνÞ constraint on various

NP couplings, we estimate the range in BðBc → τνÞ using
the VL;R, SL;R, ~VL;R, and ~SL;R obtained by imposing the 2σ
constraints from Belle measured values of RD, RD� ,
and BðB → τνÞ. We report in Table XIII the range of
BðBc → τνÞ obtained in all four scenarios. It is evident that
a large part of SL;R and ~SL;R NP parameter space preferred
by RD, RD� , and BðB → τνÞ can be excluded once the
BðBc → τνÞ ≤ 5% constraint is imposed. Precise determi-
nation of the Bc → τν branching ratio in the future will be
crucial to rule out various NP scenarios.
It is evident that all four NP scenarios not only accom-

modate the existing data on RD, RD� , and BðB → τνÞ, but

also accommodate the newly estimated data on Rτ
D and

Rτ
D� . It is worth mentioning that the range of Rτ

π obtained in
each scenario exceeds the upper limit on Rτ

π < 2.62 [55]
estimated using the combined Belle result for BðB → τνÞ
and the upper limit for BðB → πτνÞ < 2.5 × 10−4 [73].

FIG. 14. Allowed ranges in ð ~SL; ~SRÞ NP couplings after the
Belle 2σ experimental constraint is imposed. The dark (red)
region corresponds to the allowed ranges after RD, RD� , and
BðB → τνÞ constraints are imposed, whereas the light (green)
region corresponds to the allowed ranges of the NP couplings
after an additional 2σ constraint from Rτ

D and Rτ
D� is imposed.

FIG. 15. Allowed ranges in various observables with the ~SL and
~SR NP couplings of Fig. 14. We show in dark (red) the allowed
range in each observable after 2σ constraints from Belle measured
values of RD, RD� , and BðB → τνÞ are imposed. Again, we show
in light (green) the allowed range after additional 2σ constraints
from Rτ

D and Rτ
D� are imposed. The blue region corresponds to the

1σ allowed range within the SM.
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More precise data on BðB → τνÞ and BðB → πτνÞ in
the future will definitely help constrain the NP param-
eter space even further. Here, too, more precise
measurements are required to distinguish various NP
structures.

IV. CONCLUSION

Lepton flavor universality violation has been observed in
various semileptonic B meson decays. The measured
values of RD and RD� exceed the SM expectation by

TABLE IX. Allowed ranges in various observables with the ðVL; VRÞ NP couplings of Fig. 8. The ranges reported in Column I
represent the allowed values of each observable after constraints from Belle measured values of RD, RD� , and BðB → τνÞ are imposed,
whereas the ranges in Column II represent the allowed values after additional 2σ constraints from Rτ

D and Rτ
D� are imposed.

Observable Column I Column II Observable Column I Column II

Rτ
Dð×103Þ (1.417, 7.304) (1.417, 5.198) Rτ

π (0.359, 4.382) (0.359, 4.382)
Rτ
D� ð×103Þ (1.897, 4.856) (1.897, 3.932) Rπ (0.440, 1.369) (0.440, 1.349)

Rτ
Ds
ð×103Þ (1.212, 7.247) (1.212, 5.534) RDs

(0.180, 0.530) (0.180, 0.530)

Rτ
D�

s
ð×103Þ (1.880, 4.576) (1.880, 3.949) RD�

s
(0.190, 0.377) (0.192, 0.377)

TABLE X. Allowed ranges in various observables with ðSL; SRÞ NP couplings from Fig. 10. The ranges reported in Column I
represent the allowed values of each observable after constraints from Belle measured values of RD, RD� , and BðB → τνÞ are imposed,
whereas the ranges in Column II represent the allowed values after additional 2σ constraints from Rτ

D and Rτ
D� are imposed.

Observable Column I Column II Observable Column I Column II

Rτ
Dð×103Þ (1.336, 7.122) (1.336, 5.199) Rτ

π (0.207, 11.012) (0.207, 6.901)
Rτ
D� ð×103Þ (1.287, 3.804) (1.287, 3.804) Rπ (0.496, 4.091) (0.496, 3.964)

Rτ
Ds
ð×103Þ (1.060, 6.669) (1.060, 5.406) RDs

(0.177, 0.541) (0.177, 0.541)

Rτ
D�

s
ð×103Þ (1.238, 3.532) (1.238, 3.532) RD�

s
(0.222, 0.254) (0.222, 0.254)

TABLE XI. Allowed ranges in various observables with the ð ~VL; ~VRÞ NP couplings of Fig. 12. The ranges reported in Column I
represent the allowed values of each observable after constraints from Belle measured values of RD, RD� , and BðB → τνÞ are imposed,
whereas the ranges in Column II represent the allowed values after additional 2σ constraints from Rτ

D and Rτ
D� are imposed.

Observable Column I Column II Observable Column I Column II

Rτ
Dð×103Þ (1.665, 7.402) (1.665, 5.200) Rτ

π (0.398, 4.471) (0.398, 4.471)
Rτ
D� ð×103Þ (1.889, 5.008) (1.889, 3.942) Rπ (0.616, 1.485) (0.616, 1.440)

Rτ
Ds
ð×103Þ (1.406, 7.168) (1.406, 5.429) RDs

(0.241, 0.550) (0.241, 0.550)

Rτ
D�

s
ð×103Þ (1.846, 4.675) (1.846, 3.974) RD�

s
(0.233, 0.383) (0.233, 0.383)

TABLE XII. Allowed ranges in various observables with ð ~SL; ~SRÞ NP couplings from Fig. 14. The ranges reported in Column I
represent the allowed values of each observable after constraints from Belle measured values of RD, RD� , and BðB → τνÞ are imposed,
whereas the ranges in Column II represent the allowed values after additional 2σ constraints from Rτ

D and Rτ
D� are imposed.

Observable Column I Column II Observable Column I Column II

Rτ
Dð×103Þ (1.622, 7.301) (1.622, 5.200) Rτ

π (0.229, 4.732) (0.229, 4.387)
Rτ
D� ð×103Þ (1.333, 3.857) (1.333, 3.857) Rπ (0.616, 2.271) (0.616, 2.271)

Rτ
Ds
ð×103Þ (1.352, 7.465) (1.352, 5.564) RDs

(0.241, 0.560) (0.241, 0.544)

Rτ
D�

s
ð×103Þ (1.297, 3.583) (1.297, 3.563) RD�

s
(0.232, 0.253) (0.232, 0.253)

TABLE XIII. Allowed ranges in BðBc → τνÞ with VL;R, SL;R, ~VL;R, and ~SL;R NP couplings.

Observable VL;R couplings SL;R couplings ~VL;R couplings ~SL;R couplings

BðBc → τνÞ × 102 [1.42, 4.29] [1.00, 11.47] [1.73, 4.22] [1.73, 10.49]
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1.9σ and 3.3σ, respectively. The HFAG Collaboration
reported the combined deviation from the SM prediction
to be at the level of 4σ. Similar tensions have been observed
in B → ðK;K�Þll and Bs → ϕll decays mediated via the
b → sll transition process as well. Many phenomenologi-
cal studies have been performed in order to explain these
discrepancies. Measurements of B → τν and B →
ðD;D�Þτν decays suffer τ detection and identification
systematics. To examine this possibility, very recently, in
Ref. [55], the authors introduced two new observables,
namely, Rτ

D and Rτ
D� , where the τ detection and identi-

fication systematics will largely cancel. The estimated
values of Rτ

D and Rτ
D� are consistent with the SM prediction,

although there is discrepancy between the measured RD
and RD� with the SM prediction. This may occur for a class
of NP which affect RD, RD� and B → τν decays. In
Ref. [55], the authors consider the type II 2HDM model
to illustrate these points.
In this paper, we use an effective field theory in the

presence of NP to explore various NP couplings. First, we
consider the constraints from the measured values of RD,
RD� , and BðB → τνÞ to see various NP effects on these new
observables. Second, we see whether it is possible to
constrain the NP parameter space even further by using
additional constraints from the estimated values of Rτ

D and
Rτ
D� since these ratios are consistent with the SM values.

We study the effect of new physics couplings on various
observables related to Bs → ðDs;D�

sÞτν and B → πτν
decays as well. We analyze BABAR and Belle data
separately so as to make a comparison between the two.
The main results of our analysis are summarized below.
We first study the impact of NP couplings on various

observables using 2σ constraints from BABAR measured
values of RD, RD� , and BðB → τνÞ. We consider four
different NP scenarios. We find significant deviation from
the SM prediction in each observable for each scenario. We
find that, although each of the four NP scenarios can
simultaneously explain all the existing data on b → u and
b → c leptonic and semileptonic Bmeson decays, there are
very few points that are compatible within the 2σ con-
straints from BABAR measurements for ðSL; SRÞ and
ð ~SL; ~SRÞ NP couplings. Our second point was to see
whether it is possible to constrain the NP parameter space
even further by imposing constraints from the newly

constructed observables Rτ
D and Rτ

D� . We see that the
additional constraint from the new observables Rτ

D and
Rτ
D� does not constrain ðSL; SRÞ and ð ~SL; ~SRÞ NP parameter

space. However, for ðVL; VRÞ and ð ~VL; ~VRÞ NP couplings,
the allowed ranges in Rτ

Ds
, Rτ

D�
s
, and Rτ

π are considerably
reduced after the additional 2σ constraint from Rτ

D and Rτ
D�

is imposed.
We do the same analysis using the Belle measured

values. We first constrain the NP parameter space using
2σ constraints from Belle measured values of RD, RD� , and
BðB → τνÞ. The deviation from the SM expectation is
found to be significant in all four scenarios. We find that for
ðVL; VRÞ couplings, although the allowed ranges in Rτ

Ds

and Rτ
D�

s
are reduced, there is no or very little change in Rτ

π ,
Rπ , RDs

, and RD�
s
allowed ranges after we impose 2σ

constraints from Rτ
D and Rτ

D� . Similar results are obtained
for ð ~VL; ~VRÞ NP couplings as well. For ðSL; SRÞ-type NP
couplings, the allowed range in Rτ

π reduces considerably,
whereas there is no or very little change in Rτ

D� , Rτ
D�

s
, RDs

,
RD�

s
, and Rπ allowed ranges after additional 2σ constraints

from the estimated values of Rτ
D and Rτ

D� are imposed.
Similar results are obtained for ð ~SL; ~SRÞ NP couplings as
well. It should be mentioned that new physics couplings
SL;R and ~SL;R are much more compatible with Belle data
than with the BABAR data.
Although current measurements from BABAR and Belle

suggest the presence of NP, NP is yet to be confirmed. Both
experimental and theoretical precision in these B decay
modes are necessary for a reliable interpretation of NP
signals if NP is indeed present. Retaining our current
approach, we could sharpen our estimates after improved
measurement of Vub is available. These newly defined
observables may, in the future, play a crucial role in
identifying the nature of NP couplings in b → ðu; cÞτν
decays. Again, precise data on BðB → πτνÞ will put addi-
tional constraints on the NP parameter space. Similarly,
measurements of RDs

and RD�
s
will also help in identifying

the nature of NP couplings in b → cτν decays. Moreover,
precise calculations of the Bc lifetime and measurements of
the branching fractions of its various decay channels in the
future should help constrain the NP parameter space even
further.
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