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We study the semileptonic decays Bs → Dð�Þ
s τν̄ as a promising probe for new physics (NP) beyond the

standard model (SM). The extension of the SM is done through the introduction of four-fermion operators
beyond the V − A structure with the corresponding Wilson coefficients characterizing their contribution.
The constraints on these coefficients are obtained from recent experimental data. Form factors describing
hadron transitions are calculated in our covariant quark model with infrared confinement. Theoretical
predictions for the full set of observables in these channels are provided. We analyze possible NP effects to
be tested in future experiments.
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I. INTRODUCTION

For more than a decade, the tension between the standard
model (SM) prediction and experimental data for the
ratios of branching fractions RðDð�ÞÞ≡ BðB → Dð�Þτ−ν̄τÞ=
BðB → Dð�Þl−ν̄lÞ ðl ¼ e; μÞ has never disappeared. It has
become well known among particle physicists and is
referred to as “the RðDð�ÞÞ puzzle.” The puzzle implies
possible violation of lepton flavor universality (LFU) and
has fueled the search for new physics (NP) beyond the SM,

on both theoretical and experimental fronts. Ever since the
first observation by the BABAR Collaboration [1], the
tension has been confirmed by many other experiments
at all B factories including the BABAR [2], Belle [3–7], and,
recently, LHCb [8–10] and Belle II [11,12] Collaborations.
The most up-to-date average values of the mentioned
experimental data are given by the Heavy Flavor
Averaging Group (HFLAV) and read [13]

RðDÞjexpt ¼ 0.358� 0.024; RðD�Þjexpt ¼ 0.281� 0.011;

ð1Þ

which exceed the average SM predictions [14–22]

RðDÞjSM ¼ 0.296� 0.004; RðD�ÞjSM ¼ 0.254� 0.005

ð2Þ

by 2.5σ and 2.3σ, respectively [see also [23–25] ]. Taking
into account the correlations between the two ratios, the
difference with the SM expectations corresponds to about
3.8σ [13].
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In addition to the RðDð�ÞÞ puzzle, many other hints of NP
in the flavor-changing charged current b → cτν has been
accumulated. For instance, the ratio of branching fractions
RðJ=ψÞ≡ BðBc → J=ψτνÞ=BðBc → J=ψμνÞ has been
measured by LHCb and CMS at CERN. The two collab-
orations reported RðJ=ψÞ ¼ 0.71� 0.17ðstatÞ� 0.18ðsystÞ
(LHCb) [26] and RðJ=ψÞ ¼ 0.49� 0.26 (CMS) [27]. The
combined result RðJ=ψÞ ¼ 0.61� 0.18 [28] shows an
excess of about 1.9σ over the SM prediction RðJ=ψÞ ¼
0.2582ð38Þ [29]. Besides, as pointed out in Ref. [30],
the flavor anomalies in b → cτν can be linked to the cur-
rent tension between the inclusive and exclusive determi-
nations of the Cabibbo–Kobayashi–Maskawa (CKM)
matrix element jVcbj. It is therefore quite natural to explore
other semileptonic decays induced by the quark-level
current b → cτν to search for NP effects which can be
tested by experiment. A recent review on the prospects of
using semileptonic b-hadron decays as a LFU laboratory is
given in Ref. [31].
Inspired by the recent measurement of jVcbj with the

Bs → Dð�Þ
s μν channels by the LHCb Collaboration [32],

we consider the semileptonic decays Bs → Dð�Þ
s τν as a

probe for NP in the b → cτν transition. We use the standard
model effective field theory as a model-independent
approach, in which the b → clν transition is described
by a general effective Hamiltonian of the form [33–35]

Heff ¼
4GFVcbffiffiffi

2
p

�
OVL

þ
X

X¼SLðRÞ;VLðRÞ;TL

δτlXOX

�
; ð3Þ

where X’s are complex Wilson coefficients governing the
NP contributions, and OX’s are four-fermion operators of
dimension-six which read

OVLðRÞ ¼ ðc̄γμPLðRÞbÞðlγμPLνlÞ; ð4Þ

OSLðRÞ ¼ ðc̄PLðRÞbÞðlPLνlÞ; ð5Þ

OTL
¼ ðc̄σμνPLbÞðlσμνPLνlÞ: ð6Þ

Here, σμν ¼ i½γμ; γν�=2 and PL;R ¼ ð1 ∓ γ5Þ=2. The tensor
operator with a right-handed quark current is identically
equal to zero and is therefore omitted. In the SM, one
simply finds VL;R ¼ SL;R ¼ TL ¼ 0. The delta function δτl
in Eq. (3) implies that NP effects are supposed to appear in
the tau mode only, as suggested by current experimental
data. We have assumed also that neutrinos are left-handed.
Using experimental data regarding the b → clν transition,
we will obtain constraints on the Wilson coefficients. After
that, we will provide predictions for the branching fractions
and other polarization observables under the effects of these
NP Wilson coefficients. The study therefore provides many
predictions to probe NP in future experiments at B factories
such as Belle II and LHCb Collaborations.

The idea of using the semileptonic decaysBs → Dð�Þ
s τν to

search for NP beyond the SM is quite natural. Therefore,
several studies on this topic have been done recently. Using
the Ward identity for hadronic matrix elements, Schacht and
Soni established relations between differential decay rates of
various semileptonic decays induced by the quark-level
transition b → cτντ that hold in the scalar scenarios [36].
These relations efficiently help in probing the contribution
from other operators. In Ref. [37], the authors considered the
signature of LFU violation in the decay Bs → Dsτν using a
similar effective Hamiltonian approach. The hadronic form
factors (FFs) used in this analysis were calculated in lattice
QCD (LQCD) by the HPQCDCollaboration [38]. However,
the tensor operator was omitted due to the lack of the
corresponding tensor-current FFs. One should also mention
the work of the HPQCD Collaboration [39] in which the
vector and axial-vector FFs of the transition Bs → D�

s were
calculated in LQCD. A discussion of NP effects was also
provided. However, they did not include scalar and tensor
four-fermion operators. Regarding physical observables,
they only considered the branching fractions, the forward-
backward asymmetry, the longitudinal polarization fraction
of the finalD�

s meson, and the lepton polarization asymmetry.
Using these HPQCD FFs [39], the authors of Refs. [40,41]
analyzed NP effects in the decay Bs → D�

sτν taking into
account also the scalar and tensor operators. However, the
relevant tensor FFs in this study were obtained by using
equations of motion, rather than direct evaluation. Recently,
the HPQCD Collaboration finally provided their LQCD
calculation of the tensor FFs [42]. Using SMFFs and the new
tensor FF provided by the HPQCD Collaboration [42,43],
the authors of Ref. [44] applied the heavy quark effec-
tive theory (HQET) to obtain other (pseudo)scalar and tensor

FFs. They then analyzed NP effects in the decays Bs →

Dð�Þ
s τν with a particular focus on the final tau polarization.

Recently, a binwise study of NP vector couplings in the

decays Bs →Dð�Þ
s τν was conducted [45]. This study also

makes use of the form factors calculated in Refs. [42,43].
Apart from the model-independent approach mentioned
above, there is also the model-dependent approach to the

investigation of NP in the Bs → Dð�Þ
s τν decay. In the latter,

one employs a specific model for the implementation of NP
such as two-Higgs doublet models and leptoquark models
[46–50].
There are three key elements in the NP analyses

mentioned above: (i) the hadronic FFs, (ii) the experimental
constraints, and (iii) the set of physical observables to be
affected by NP operators. Despite the fact that several
similar analyses have been carried out, our study contrib-
utes new insights into the topics since we calculate all the
FFs (including NP ones) directly using our model (the
covariant confined quark model, CCQM), we use the most
up-to-date experimental data, and we consider the full set of
observables in a systematic manner.
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Within the SM, hadronic FFs for the Bs → Dð�Þ
s lν

transitions [corresponding to the operator OVL
in the

effective Hamiltonian in Eq. (3)] have been evaluated in
various approaches including the framework of LQCD
[38,39,43,51,52], QCD sum rules (QCDSR) [53–55], light-
cone sum rules [56–59], constituent quark model [60],
covariant light-front quark model [61–63], Bethe-Salpeter
equation [64], relativistic quark models [65,66], perturba-
tive QCD [67], and the CCQM [68–70]. For a full analysis
of NP operators given in Eq. (3), one needs also the scalar
and tensor FFs, which are rare in literature. To our
knowledge, there is only one direct calculation of such
FFs given recently by the HPQCD Collaboration [42].
Therefore, the calculation of scalar and tensor FFs for the

Bs → Dð�Þ
s lν decays using other approaches is necessary.

In this study, all the FFs (in and beyond the SM) are
directly calculated in the framework of the covariant
confined quark model with embedded infrared confine-
ment, which has been developed in some earlier papers by
us [see Refs. [71–74] and references therein]. In our model,
all form factors are calculated in the full physical range of
momentum transfer squared q2 with no extrapolations,
making the predictions for physical observables more
reliable. Moreover, to obtain the allowed regions for the
NP Wilson coefficients, one has to calculate other decay
processes and compare with experimental data. These
processes usually include the semileptonic decays B →
Dð�Þlν and Bc → J=ψlν, and the leptonic decay Bc → lν.

Therefore, to investigate NP in Bs → Dð�Þ
s τν, one has to

calculate also FFs for B → Dð�Þ and Bc → J=ψ semi-
leptonic transitions, as well as the leptonic decay constant
for the Bc meson [75,76]. Most of the NP analyses use
FFs obtained in LQCD as well as other approaches,
and rely on the HQET [77,78] to evaluate the required
hadronic FFs, which are expressed through a few universal
functions in the heavy quark limit. Regarding NP analyses

in Bs → Dð�Þ
s τν, our study is unique in the sense that we

calculate all FFs, including the ones for B → Dð�Þ and

Bc → J=ψ , and the ones for Bs → Dð�Þ
s in one framework

without relying on HQETor other calculations of FFs. This
allows us to investigate NP operators in a self-consistent
manner, and independently of the HQET.
Finally, regarding the physical observables in the semi-

leptonic decays Bs → Dð�Þ
s τν, existing NP studies usually

consider only several main quantities. To provide the full
set of observables to be tested in future experiments, we
consider the fourfold full angular distribution of the
cascade decay Bs → D�

sð→ DsπÞτν and define relevant
observables based on the coefficient functions of the
distribution. We also consider the longitudinal, transverse,
and normal polarizations of the final tau lepton as prom-
ising NP probes. Inspired by the recent measurement of
coefficient functions of the full angular distribution in the

decay B → D�ð→ DπÞlν by the Belle Collaboration [79],
we also consider NP effects on these functions.
The rest of the paper is organized as follows. In Sec. II,

we briefly introduce the main features of the CCQM. In
Sec. III, we parametrize the hadronic matrix elements in
terms of the invariant form factors, and present our result
for the form factors in the whole q2 range. In Sec. IV, we
obtain constraints on the NP Wilson coefficients from
available experimental data. Theoretical predictions for the
physical observables in the SM and beyond are presented in
Sec. V. Finally, we briefly conclude in Sec. VI.

II. THE COVARIANT CONFINED QUARK
MODEL IN A NUTSHELL

The FFs required in this study are calculated in the
framework of our model, the CCQM [71–74]. The intro-
duction of the model as well as its applications have been
given in many previous papers by our group. For instance, a
detailed description of the model calculation for similar
semileptonic transitions B̄0 → Dð�Þτν and Bc → J=ψτν can
be found in Refs. [80–82]. To keep the main text short and
focus more on the new results, we list here several key
features of the CCQM and refer the reader to the references
above for more details.
The CCQM is an effective quantum field theory

approach to hadron physics. The starting point of the
model is a Lagrangian describing the quark-hadron inter-
action with a nonlocal characteristic, which, in the case of a
meson M, has the form

LintðxÞ ¼ gMMðxÞJðxÞ þ H:c:;

JðxÞ ¼
Z

dx1

Z
dx2FMðx; x1; x2Þ½q̄2ðx2ÞΓMq1ðx1Þ�:

ð7Þ

Here, gM is the meson-quark coupling constant, ΓM is the
relevant Dirac matrix, and FMðx; x1; x2Þ is the vertex
function whose form is chosen as

FMðx;x1; x2Þ ¼ δð4Þðx−ω1x1−ω2x2ÞΦM½ðx1− x2Þ2�; ð8Þ

where ωi ¼ mqi=ðmq1 þmq2Þ and mqi is mass of the
constituent quark qi. The chosen form is invariant
under translational transformations, i.e., FMðxþ a; x1 þ a;
x2 þ aÞ ¼ FMðx; x1; x2Þ, for any given 4-vector a.
The function ΦM½ðx1 − x2Þ2� can be calculated, in

principle, using the Bethe-Salpeter equation for meson
bound states. However, we have observed that hadronic
observables are insensitive to the concrete functional form
of the quark-hadron vertex function [83–85]. The essential
requirement for this function is that its Fourier transform,
denoted by Φ̃Mð−k2Þ, must fall off sufficiently fast in the
Euclidean space to render ultraviolet finites in Feynman
diagrams. Therefore, we adopt the following Gaussian form

DETAILED ANALYSIS OF POSSIBLE NEW-PHYSICS EFFECTS … PHYS. REV. D 114, 014040 (2026)

014040-3



for calculational convenience:

Φ̃Mð−p2Þ ¼ expðp2=Λ2
MÞ; ð9Þ

where ΛM is a parameter of the model.
The coupling gH is determined by using the so-called

compositeness condition [86–88], which imposes that the
wave function renormalization constant of the hadron is
equal to zero ZH ¼ 0. A more detailed description of how
the compositeness condition works can be found in our
recent study [89]. For mesons, the condition has the form
ZH ¼ 1 − Π0

Hðm2
HÞ ¼ 0, where Π0

Hðm2
HÞ is the derivative

of the hadron mass operator, which corresponds to the self-
energy diagram in Fig. 1 and has the following form:

ΠPðp2Þ ¼ 3g2H

Z
dk

ð2πÞ4i Φ̃
2
Pð−k2Þ

× tr½S1ðkþ w1pÞγ5S2ðk − w2pÞγ5�;

ΠVðp2Þ ¼ g2H

�
gμν −

pμpν

p2

�Z
dk

ð2πÞ4i Φ̃
2
Vð−k2Þ

× tr½S1ðkþ w1pÞγμS2ðk − w2pÞγν�; ð10Þ

for pseudoscalar and vector mesons, respectively. Here, S1;2
are quark propagators, for which we use the Fock-
Schwinger representation

SiðkÞ ¼ ðmqi þ kÞ
Z

∞

0

dαi exp½−αiðm2
qi − k2Þ�: ð11Þ

It should be noted that all loop integrations are carried out
in Euclidean space.
Similarly to the hadron mass operator, matrix elements

of hadronic transitions are represented by quark-loop
diagrams, which are described as convolutions of the
corresponding quark propagators and vertex functions.
Using various techniques described in our previous papers,
any hadronic matrix element Π can be finally written in the

form Π ¼ R
∞
0 dnαFðα1;…; αnÞ, where F is the resulting

integrand corresponding to a given diagram. It is more
convenient to turn the set of Fock-Schwinger parameters
into a simplex by adding the integral 1 ¼ R∞

0 dtδðt −P
2
i¼1 αiÞ as follows:

Π ¼
Z∞

0

dttn−1
Z1

0

dnαδ

�
1 −

Xn
i¼1

αi

�
Fðtα1;…; tαnÞ: ð12Þ

The integral in Eq. (12) begins to diverge when t → ∞, if
the kinematic variables allow the appearance of branching
point corresponding to the creation of free quarks.
However, these possible threshold singularities disappear
if one cuts off the integral at the upper limit:

Πc ¼
Z1=λ2

0

dttn−1
Z1

0

dnαδ

�
1 −

Xn
i¼1

αi

�
Fðtα1;…; tαnÞ:

ð13Þ
The parameter λ effectively guarantees the confinement of
quarks inside a hadron and is called the infrared cutoff
parameter.
The CCQM has several free parameters including the

constituent quark masses mq, the hadron size parameters
ΛH, and a universal cutoff parameter λ which guarantees
the confinement of constituent quarks inside hadrons.
These parameters are obtained by fitting to available
experimental data and/or LQCD. Once they are fixed,
the CCQM can be used to calculate hadronic quantities in a
straightforward manner. The parameters relevant to this
study are collected in Tables I and II.
Finally, we briefly discuss some estimates of the theo-

retical errors within our model. The CCQM consists of
several free parameters: the constituent quark masses mq,
the hadron size parameters ΛH, and the universal infrared
cutoff parameter λ. These parameters are determined by

minimizing the functional χ2 ¼ P
i
ðyexpti −ytheori Þ2

σ2i
, where σi is

the experimental uncertainty. We use the weak leptonic
decay constants of mesons and their radiative decay widths
to fit the parameters [see Refs. [73,74] ]. The fitted values

FIG. 1. One-loop self-energy diagram for a meson.

TABLE I. Quark masses and infrared cutoff parameter
(all in GeV).

mu=d ms mc mb λ

0.241 0.428 1.672 5.046 0.181

TABLE II. Meson size parameters (all in GeV).

ΛD ΛDs
ΛB ΛBs

ΛBc
ΛD� ΛD�

s
ΛB� ΛB�

s
ΛJ=ψ

1.600 1.748 1.963 2.050 2.728 1.529 1.558 1.805 1.794 1.738
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of the decay constants and widths deviate from the
experimental data by less than 5%. Furthermore, we have
observed that our predictions for the branching fraction of
various decay channels most often agree with experimental
data within the range of about 5%–10%. We therefore
estimate the theoretical error of the CCQM to be of the
order of 10%. It is worth mentioning that the search for
possible NP requires highly precise theoretical predictions,
such as those obtained in LQCD. In this regard, our
predictions suffer from larger uncertainty compared to
those available within LQCD. However, the purpose of
this study is to analyze all possible effects of NP operators
on the full set of physical observables and to provide a
roadmap toward the disentangling of different NP scenar-
ios. Therefore, albeit the weakness of the model in treating
the theoretical error, the study can well serve as a “first-

skimming” of possible NP effects in the decays Bs →

Dð�Þ
s τν and can provide useful insights.

III. HADRONIC MATRIX ELEMENTS
AND FORM FACTORS

Starting with the general effective Hamiltonian given in
Eq. (3), the matrix element of the semileptonic decays

Bs → Dð�Þ
s τν̄τ is written as

M ¼ GFVcbffiffiffi
2

p ½ð1þ VR þ VLÞhDð�Þ
s jc̄γμbjBsiτ̄γμð1 − γ5Þντ

þ ðVR − VLÞhDð�Þ
s jc̄γμγ5bjBsiτ̄γμð1 − γ5Þντ

þ ðSR þ SLÞhDð�Þ
s jc̄bjBsiτ̄ð1 − γ5Þντ

þ ðSR − SLÞhDð�Þ
s jc̄γ5bjBsiτ̄ð1 − γ5Þντ

þ TLhDð�Þ
s jc̄σμνð1 − γ5ÞbjBsiτ̄σμνð1 − γ5Þντ�: ð14Þ

Note that the axial and pseudoscalar hadronic currents do
not contribute to P → P0 transitions, while the scalar
hadronic current does not contribute to P → V ones. As
a result, NP scenarios corresponding to pure VR − VL or
SR � SL couplings are ruled out, since we assume that NP
appears simultaneously in P → P0 and P → V cases.
The hadronic matrix elements in Eq. (14) are para-

metrized by a set of invariant FFs depending on the
momentum transfer squared q2 between the initial and
final mesons as follows:

hDsðp2Þjc̄γμbjBsðp1Þi ¼ Fþðq2ÞPμ þ F−ðq2Þqμ ≡ Tμ
1;

hDsðp2Þjc̄bjBsðp1Þi ¼ ðm1 þm2ÞFSðq2Þ≡ T2;

hDsðp2Þjc̄σμνð1 − γ5ÞbjBsðp1Þi ¼
iFTðq2Þ
m1 þm2

ðPμqν − Pνqμ þ iεμνPqÞ≡ Tμν
3 ;

hD�
sðp2Þjc̄γμð1 ∓ γ5ÞbjBsðp1Þi ¼

ϵ†2α
m1 þm2

½∓ gμαPqA0ðq2Þ � PμPαAþðq2Þ � qμPαA−ðq2Þ þ iεμαPqVðq2Þ�≡ ϵ†2αT
μα
1LðRÞ;

hD�
sðp2Þjc̄γ5bjBsðp1Þi ¼ ϵ†2αP

αGPðq2Þ≡ ϵ†2αT
α
2;

hD�
sðp2Þjc̄σμνð1 − γ5ÞbjBsðp1Þi ¼ −iϵ†2α

�
ðPμgνα − Pνgμα þ iεPμναÞGT

1 ðq2Þ þ ðqμgνα − qνgμα þ iεqμναÞGT
2 ðq2Þ

þ ðPμqν − Pνqμ þ iεPqμνÞPα GT
0 ðq2Þ

ðm1 þm2Þ2
�
≡ ϵ†2αT

μνα
3 ; ð15Þ

where P ¼ p1 þ p2, q ¼ p1 − p2, and ϵ2 is the D�
s polari-

zation vector which satisfies the condition ϵ†2 · p2 ¼ 0. The
mesons are on-shell: p2

1 ¼ m2
1 ¼ m2

Bs
and p2

2 ¼m2
2 ¼m2

Dð�Þ
s
.

We have adopted the shorthand notation εpqrs ¼
εμναβpμqνrαsβ for any 4-vectors p, q, r, and s.

The Bs → Dð�Þ
s hadronic transitions are calculated from

their one-loop quark diagrams. For a more detailed
description of the calculation techniques, we refer to
Ref. [81] where we computed similar form factors for
the B̄0 → Dð�Þ transitions. In the framework of the CCQM,
the interested form factors are represented by threefold
integrals which are calculated by using FORTRAN codes

in the full kinematical momentum transfer region
0 ≤ q2 ≤ q2max ¼ ðmBs

−m
Dð�Þ

s
Þ2. The numerical results

for the form factors are well approximated by a double-
pole parametrization:

Fðq2Þ ¼ Fð0Þ
1 − asþ bs2

; s ¼ q2

m2
Bs

: ð16Þ

The parameters of the Bs → Dð�Þ
s form factors are listed in

Table III. Their q2 dependence in the full momentum
transfer range 0 ≤ q2 ≤ q2max ¼ ðmBs

−m
Dð�Þ

s
Þ2 is shown

in Fig. 2.
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We compare our form factor results with the LQCD
predictions provided in Refs. [42,43]. In Ref. [43], the
authors calculate the form factors Fþðq2Þ and F0ðq2Þ, the
latter of which is related to our FFs via the relation
F0ðq2Þ ¼ Fþðq2Þ þ q2F−ðq2Þ=ðm2

1 −m2
2Þ. In Ref. [42],

the HQET-basis FFs hYðwÞ are used, where w ¼
ðm2

1 þm2
2 − q2Þ=ð2m1m2Þ. These FFs are translated to

our FF definitions using the relations

A0 ¼
ðm1 þm2Þ2 − q2

2
ffiffiffiffiffiffiffiffiffiffiffiffi
m1m2

p ðm1 −m2Þ
hA1

; V ¼ m1 þm2

2
ffiffiffiffiffiffiffiffiffiffiffiffi
m1m2

p hV;

A� ¼ m1 þm2

2

ffiffiffiffiffiffi
m2

m1

r �
hA2

m1

� hA3

m2

�
;

GT
1=2 ¼

ffiffiffiffiffiffiffiffiffiffiffiffi
m1m2

p �
hT1

þ hT2

m1

� hT1
− hT2

m2

�
;

GT
0 ¼ ðm1 þm2Þ2

2m1

ffiffiffiffiffiffiffiffiffiffiffiffi
m1m2

p hT3
: ð17Þ

As shown in Fig. 3, our FFs exhibit a generally less steep
slope than the LQCD results. Within the SM, our FFs are
consistent with LQCD results within the current uncer-
tainty. This consistency is also reflected in the predic-
ted physical observables. Specifically, our predictions
for RðDsÞ ¼ 0.27ð3Þ, RðD�

sÞ ¼ 0.24ð3Þ, and Fτ
LðD�

sÞ ¼
0.46ð5Þ are in good agreement with the LQCD values:
RðDsÞ ¼ 0.2987ð46Þ [43], RðD�

sÞ ¼ 0.266ð9Þ, and
Fτ
LðD�

sÞ ¼ 0.420ð12Þ [42]. Notably, for RðD�
sÞ, when

LQCD FFs are combined with experimental data fits, the
ratio yields RðD�

sÞ ¼ 0.2459ð34Þ [42], which aligns closely
with our central value. Regarding the tensor FFs, our hT3

shows strong agreement with LQCD, while hT2
matches at

large w but diverges at small w. Finally, hT1
exhibits a

significant discrepancy between the two approaches: they
differ by approximately a factor of two in the whole w
region.
In this paper, we also impose the constraint from the

leptonic decay channel of Bc on the Wilson coefficients.

TABLE III. Parameters of the dipole approximation in Eq. (16) for Bs → Dð�Þ
s form factors. Zero-recoil (or q2max) values of the form

factors are also listed.

Bs → D�
s Bs → Ds

A0 Aþ A− V GP GT
0 GT

1 GT
2 Fþ F− FS FT

Fð0Þ 1.57 0.63 −0.76 0.75 −0.49 −0.08 0.69 −0.35 0.77 −0.36 0.77 0.77
a 0.43 0.96 0.99 1.00 0.98 1.31 1.00 0.99 0.84 0.85 0.30 0.85
b −0.18 0.09 0.11 0.12 0.11 0.38 0.12 0.11 0.08 0.08 −0.11 0.08
Fðq2maxÞ 1.92 0.96 −1.17 1.16 −0.76 −0.14 1.07 −0.53 1.14 −0.53 0.89 1.14

FIG. 2. Form factors of the transitions Bs → Ds (upper panels) and Bs → D�
s (lower panels). Note that FTð0Þ ≈ FSð0Þ is only a

coincidence.
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Therefore, we present here the leptonic branching in the
presence of NP operators. In the SM, the purely leptonic
decays Bc → lν proceed via the annihilation of the quark
pair into an off-shell W boson. Assuming the effective
Hamiltonian Eq. (3), the tau mode of these decays receives
NP contributions from all operators except OTL

. The
branching fraction of the leptonic decay in the presence
of NP is given by [90]

BðBc → τνÞ ¼ G2
F

8π
jVcbj2τBc

mBc
m2

τ

�
1 −

m2
τ

m2
Bc

�
2

f2Bc

×

����1 − gA þmBc

mτ

fPBc

fBc

gP

����
2

; ð18Þ

where gA ≡ VR − VL, gP ≡ SR − SL, τBc
is the Bc lifetime,

fBc
is the leptonic decay constant of Bc, and fPBc

is a new
constant corresponding to the new quark current structure.
One has

h0jq̄γμγ5bjBcðpÞi ¼ −fBc
pμ; h0jq̄γ5bjBcðpÞi ¼mBc

fPBc
:

ð19Þ

In the CCQM, we obtain the following values for these
constants (all in MeV):

fBc
¼ 489� 49; fPBc

¼ 646� 65: ð20Þ

IV. EXPERIMENTAL CONSTRAINTS

Constraints on the Wilson coefficients appearing in the
effective Hamiltonian Eq. (3) are obtained by using
experimental data for the following observables:

(i) The ratios of branching fractions: RD ¼ 0.358�
0.024, RD� ¼ 0.281� 0.011 (HFLAV most updated
values for CKM 2025 [13]), and RJ=ψ ¼ 0.61�
0.18 [26,27].

(ii) The longitudinal polarization fraction of the D�

meson FD�
L ðB→D�τν̄τÞ ¼ 0.41� 0.06� 0.03 [91].

(iii) The constraint BðBc → τνÞ ≤ 30% derived from the
Bc lifetime [92].

A more stringent constraint is the requirement
BðBc → τνÞ ≤ 10%, as discussed in Ref. [93] using
LEP1 data. However, to be more conservative, in this
paper, we use the constraint from the Bc lifetime
[BðBc → τνÞ ≤ 30%] to obtain the allowed region of the
Wilson coefficients. We refer the reader to Ref. [94] for a
more detailed discussion on the implications of various
choices for the BðBc → τνÞ constraint.
Note that, along with the q2-averaged value FD�

L ðB →
D�τν̄τÞ ¼ 0.41� 0.06� 0.03, the LHCb Collaboration

FIG. 3. Comparison of form factors in the CCQM and in LQCD [42,43].
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also provided the values of FD�
L measured in two distinct q2

regions, below and above 7 GeV2, which read 0.52�
0.07� 0.04 and 0.34� 0.08� 0.02, respectively [91].
Including these two binned values in the global fit instead
of the single averaged value results in minor alterations to
the final best-fit points, as well as small changes to the size
and shape of the allowed regions for the Wilson coeffi-
cients. However, these shifts are minimal and do not
modify the main conclusions of this section, nor do they
affect the subsequent NP analysis, which forms the primary
objective of our study. We refer the reader to Ref. [95],
where the authors explicitly discriminate the effects of
using the FD�

L values over the full q2 range versus using the
two bins (q2 < 7 GeV2 and q2 > 7 GeV2) when fitting
hadronic form factors. While such a bin-by-bin breakdown
is highly valuable for scrutinizing the consistency between
computed form factors and experimental data, using the
q2-averaged value is sufficient for the scope of our
present work.
For reference, within the SM, our calculation

yields RD ¼ 0.266� 0.027, RD� ¼ 0.237� 0.024, RJ=ψ ¼
0.248� 0.025, and FD�

L ¼ 0.462� 0.046. We take into
account a theoretical error of 10% for our predictions.
Furthermore, we assume the dominance of only one NP
operator besides the SM contribution, meaning that only
one NP Wilson coefficient is turned on at a time.
Figure 4 shows the 1σ constraints on the complexWilson

coefficients derived from experimental data of RD, RD� ,
RJ=ψ , and FD�

L , as well as from the upper limits of the
branching fraction BðBc → τν̄τÞ. We made the following
observations:
(1) There is no available space for any NP operator

within 1σ when all constraints mentioned above are
taken into account.

(2) The right-handed scalar operator OSR is the most
strictly constrained. Any combination of two ratios
from RD, RD� , and RJ=ψ can rule outOSR . The upper
limit of BðBc → τνÞ puts a severe additional con-
straint on this NP scenario.

(3) The left-handed scalar operator OSL can survive the
three constraints from RD, RD� , and FD�

L . However,
when one of the two constraints, RJ=ψ or
BðBc → τνÞ ≤ 30%, is added, OSL is excluded.

(4) The vector operators OVLðRÞ and the tensor operator
OTL

are slightly disfavored within 1σ, mainly due to

the additional constraint from RJ=ψ rather than from
BðBc → τνÞ. This holds exactly in the case of OTL

since the operatorOTL
has no effect on BðBc → τνÞ.

Note that the current experimental data for RJ=ψ still
suffers from a large error (about 30%) compared to
the cases of RD (about 7%) and RD� (about 4%); it is
possible that future updates for RJ=ψ will allow for
these operators within 1σ.

It is worth discussing the implications of the recent
measurement of the longitudinal polarization fraction FD�

L
by the LHCb Collaboration [91]. Note that the precision of
this new measurement is better than the first one provided
by the Belle Collaboration, which reported FD�

L ¼ 0.60�
0.08� 0.04 [96]. This observable is of great interest due to
its sensitivity to all NP operators (except for OVL

) [97]. In
other words, a precise measurement of FD�

L provides a
stringent constraint on these NP operators. Especially, the
recently measured FD�

L by the LHCb Collaboration puts a
very strong constraint on the tensor operator. Besides, it is
important to recognize that the upper bound on the
branching fraction BðBc → τνÞ severely restricts models
featuring scalar NP operators. Consequently, several spe-
cific NP models, including those introducing charged
Higgs bosons or leptoquarks, are strongly affected by this
limitation and often require significant modification to
remain consistent with current experimental observations
[see, e.g., Refs. [98–100] ].
Even though all the NP operators are excluded at 1σ, it is

important to recall that we have assumed the dominance of
only one operator at a time. Scenarios involving several
operators simultaneously, including interference terms,
could potentially relax these constraints. Therefore, it is
useful to analyze the effects of the NP operators on physical

observables in the Bs → Dð�Þ
s τν decay, even within the

single-operator scenarios. This analysis will provide further
insights toward a more definite answer in the future,
especially when more precise experimental data become
available. To do this, we consider the 2σ allowed regions of
the Wilson coefficients and present predictions for the
observables within these regions. In Fig. 5, we show the
allowed regions for SL;R, VL;R, and TL within 2σ. In each
region, we identify best-fit values for each NP coupling,
which are marked with asterisks. The best-fit cou-
plings read

SL ¼ −0.057� i0.642; SR ¼ 0.217 − i0.014;

VL ¼ −2.102� i0.071; VR ¼ 0.047� i0.523; TL ¼ 0.203� i0.198: ð21Þ

In the next section, we will use the 2σ allowed regions and the best-fit values for SL;R, VL;R, and TL to analyze the effects of
NP operators on the full set of physical observables in the concerned decays.

M. A. IVANOV et al. PHYS. REV. D 114, 014040 (2026)

014040-8



FIG. 4. 1σ constraints on the complex Wilson coefficients from experimental data of RD, RD� , RJ=ψ , and FD�
L . The dashed curves

represent the upper limits BðBc → τν̄τÞ ≤ 10% (smaller) and BðBc → τν̄τÞ ≤ 30% (larger). For VL and VR, we show only the limit
BðBc → τν̄τÞ ≤ 10%. For TL, BðBc → τν̄τÞ has no effect.
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V. OBSERVABLE DEFINITION
AND THEORETICAL PREDICTIONS

A. The fourfold decay distribution

To obtain the full angular distribution, we consider the
cascade decay B̄0

s → D�þ
s ð→ Dþ

s π
0Þτ−ν̄τ. The decay angles

are defined as follows: θ is the angle between the
direction of the τ− in the W�− rest frame and the
direction of W�− in the Bs frame, θ� is the angle between
the direction of Dþ

s in the D�
s rest frame and the D�

s in
the Bs frame, and χ is the angle between the two decay
planes (see Fig. 6).

FIG. 5. Allowed regions for the complex Wilson coefficients obtained from experimental data of RD, RD� , RJ=ψ , and FD�
L within 2σ,

and from the constraint BðBc → τν̄τÞ ≤ 30%. Best-fit values are indicated by asterisks.
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In the present work, we consider the cascade decay B̄0
s →

D�þ
s ð→ Dþ

s π
0Þτ−ν̄τ in order to formulate the angular

observables in close correspondence with the standard
angular analysis of B → D�ð→ DπÞlν, including the
recent Belle Collaboration measurement of angular coef-
ficients [79]. Using the pion decay mode allows us to
employ the same angular basis and observable definitions
for both the B → D� and Bs → D�

s transitions, thereby
facilitating a direct comparison between the two systems.

We note that experimentally the radiative decay mode
D�þ

s → Dþ
s γ has a significantly larger branching fraction.

However, the radiative channel involves a different helicity
structure and consequently leads to a different angular
distribution and modified angular observables. As dis-
cussed in Ref. [41], the Dsγ and Dsπ channels must in
general be treated as distinct angular systems, with several
angular observables receiving significantly different values
in the two cases. Therefore, a dedicated treatment of the
radiative mode requires a separate derivation of the angular
distribution and is beyond the scope of the present analysis.
The fourfold distribution has the form

d4ΓðB̄0
s →D�þ

s ð→Dþ
s π

0Þτ−ν̄τÞ
dq2dcosθdχdcosθ�

¼ 9

8π
jNj2Jðθ;θ�;χÞ; ð22Þ

jNj2 ¼G2
FjVcbj2jp2jq2
ð2πÞ312m2

1

�
1−

m2
l

q2

�
2

BðD�þ
s →Dþ

s π
0Þ; ð23Þ

where jp2j ¼ λ1=2ðm2
1; m

2
2; q

2Þ=2m1 is the momentum of
the daughter meson in the Bs rest frame and λðx; y; zÞ≡
x2 þ y2 þ z2 − 2ðxyþ yzþ zxÞ is the Källén function.
The full angular distribution Jðθ; θ�; χÞ in Eq. (22) is

expanded in a trigonometric basis and is written in terms of
12 coefficient functions Ji as

Jðθ; θ�; χÞ ¼ J1ssin2θ� þ J1ccos2θ� þ ðJ2ssin2θ� þ J2ccos2θ�Þ cos 2θ
þ J3sin2θ�sin2θ cos 2χ þ J4 sin 2θ� sin 2θ cos χ

þ J5 sin 2θ� sin θ cos χ þ ðJ6ssin2θ� þ J6ccos2θ�Þ cos θ
þ J7 sin 2θ� sin θ sin χ þ J8 sin 2θ� sin 2θ sin χ þ J9sin2θ�sin2θ sin 2χ: ð24Þ

The coefficient functions Ji depend only on q2 and are
expressed in terms of helicity amplitudes and Wilson
coefficients. The explicit expressions for these functions
in the presence of NP operators can be found in our paper
[81].

B. The q2 distribution and ratios of branching

fractions RðDð�Þ
s Þ

The differential decay width for the process B̄0
s →

D�
sτ

−ν̄τ is obtained by performing an integration of the
fourfold angular distribution over all angles. The result is
expressed in terms of the total angular coefficient Jtot as
follows:

dΓðB̄0
s → D�

sτ
−ν̄τÞ

dq2
¼ jNj2Jtot ¼ jNj2ðJL þ JTÞ: ð25Þ

Here, the longitudinal and transverse polarization ampli-
tudes of the D�

s meson are denoted by JL and JT ,

respectively. They are defined by the relations JL ¼
3J1c − J2c and JT ¼ 2ð3J1s − J2sÞ.
To study the decay’s geometric properties independent of

the total rate, we introduce the normalized full angular
distribution Ĵðθ; θ�; χÞ. This distribution is defined such
that its integral over all the angles equals unity:

Ĵðθ; θ�; χÞ ¼ 9

8π

Jðθ; θ�; χÞ
Jtot

: ð26Þ

The same normalization is applied to the individual
coefficient functions Ji, leading to Ĵi ¼ ð9=8πÞJi=Jtot.
The q2 dependence of the observable ratios RD�

s
and RDs

under various NP scenarios is illustrated in Fig. 7. Several
key observations can be made. First, the inclusion of NP
operators consistently leads to an increase in the predicted
ratios compared to the SM. Second, the ratio RD�

s
is rather

insensitive to the scalar NP operators OSL and OSR , while
the ratio RDs

is maximally sensitive to these two operators.

FIG. 6. Definition of the angles θ, θ�, and χ in the cascade
decay B̄0

s → D�þ
s ð→ Dþ

s π
0Þτ−ν̄τ.
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FIG. 7. q2-Dependence of the ratios RDs
(left panels) and RD�

s
(right panels). The thick red lines represent the SM prediction; the gray

bands represent NP effects corresponding to the 2σ allowed regions in Fig. 5; the blue dashed lines represent the best-fit values of the NP
couplings.
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Finally, a particularly notable feature arises from the tensor
operator OTL

. Unlike the scalar and vector operators, OTL

significantly modifies the functional form of RD�
s
ðq2Þ,

potentially introducing a characteristic peak in the distri-
bution. This distinct shift in the q2 dependence serves as a
unique experimental signature. By analyzing the differ-
ential distribution of Bs → D�

sτν, one can effectively
distinguish the tensor contribution from other NP sources.
Note that the gray bands depicting the NP sensitivity

limits in Fig. 7 (and in other figures below) are constructed
using a representative fixed-point envelope approach. For
each observable, the parameter space within the 2σ allowed
regions of the Wilson coefficients is sampled at a central
kinematic reference point (typically q2 ≈ 7.0 GeV2) to
isolate the specific parameter configurations that produce
the maximal and minimal values of the observable. These
benchmark configurations are then evaluated across the
entire phase space to define the upper and lower bounda-
ries. Consequently, the localized “zero-width” behaviors of
the gray band observed in some distributions (such as
RðD�

sÞ under TL in Fig. 7) are simply geometric crossing
points where these two boundary trajectories intersect. This
simplified approach provides a straightforward and clean
visualization of the overall magnitude and behavior of the
various NP operator effects across the q2 range [see also
Ref. [101] ].
Table IV presents the integrated averages for the RDs

and
RD�

s
ratios across the entire kinematic range. The SM results

(first row) are obtained using the form factors calculated in
our quark model. For the NP scenarios, the predicted ranges
for these ratios are derived based on the 2σ parameter space
illustrated in Fig. 5. Here, the most pronounced effects
come from the operators OSL , OSR , and OVR

, which can
boost the integrated ratio hRDs

i by approximately 60%
relative to the SM prediction.

C. The cos θ distribution, forward-backward
asymmetry, and lepton-side convexity parameter

By performing a partial integration of the complete
fourfold angular distribution over the variables cos θ�
and χ, we isolate the differential distribution with respect
to cos θ. This distribution is characterized by a tilted

parabolic functional form. Its normalized representation
is given by

ĴðθÞ ¼ aþ b cos θ þ c cos2 θ: ð27Þ

The linear coefficient b of the distribution is isolated by
defining a forward-backward asymmetry AFBðq2Þ. This
observable is calculated as the normalized difference
between the decay rates in the forward and backward
hemispheres:

AFBðq2Þ ¼
R
1
0 d cos θdΓ=d cos θ −

R
0
−1 d cos θdΓ=d cos θR

1
0 d cos θdΓ=d cos θ þ R

0
−1 d cos θdΓ=d cos θ

¼ 3

2

J6c þ 2J6s
Jtot

: ð28Þ

The quadratic coefficient c is captured by the convexity
parameter Cτ

Fðq2Þ. This observable is derived from the
second derivative of the normalized distribution:

Cτ
Fðq2Þ ¼

d2ĴðθÞ
dðcos θÞ2 ¼

6ðJ2c þ 2J2sÞ
Jtot

: ð29Þ

The sensitivity of the forward-backward asymmetry to
various NP scenarios is illustrated in Fig. 8. While the VL
coupling leaves AFB unchanged due to its SM-like
structure, other NP operators introduce distinct shifts. In
Bs → D�

s transition, OSL and OSR only slightly alter the
asymmetry, while OVR

and OTL
primarily suppress the

observable and delay the zero-crossing point. Notably,OTL

can enhance AFB at high q2. In Bs → Ds transition, OVR

has no effect, while OSL , OSR , and OTL
significantly alter

the asymmetry. Note that these operators affect AFB in
opposing ways; the scalar operators act to increase the
observable, while the tensor one tends to lower it.
Figure 9 displays the lepton-side convexity parameter

Cτ
Fðq2Þ. Cτ

FðDsÞ shows sensitivity to a broad range of NP,
includingOSL ,OSR , andOTL

. All of these operators tend to
increase Cτ

FðDsÞ. In contrast, Cτ
FðD�

sÞ is almost exclusively
sensitive to the tensor operator OTL

. Moreover, OTL

consistently lowers Cτ
FðD�

sÞ. Near q2 ≈ 7 GeV2, the tensor
operator’s influence is especially pronounced, leading to a
fourfold change in the parameter compared to SM expect-
ations. Therefore, Cτ

FðD�
sÞ can be used as a powerful probe

for the tensor operator.
Next, we calculate the q2 averages of the forward-

backward asymmetry and the lepton-side convexity param-
eter. Note that one has to multiply the numerator and
denominator of Eqs. (28) and (29) by the q2-dependent
piece of the phase-space factor Cðq2Þ ¼ jp2jq2ð1 −
m2

l=q
2Þ2 before integrating. For example, the average

forward-backward asymmetry is calculated as

TABLE IV. The q2 average of the ratios RDs
and RD�

s
in the SM

and in the presence of NP.

hRDs
i hRD�

s
i

SM 0.27(3) 0.24(3)
SL (0.29,0.44) (0.24,0.25)
SR (0.29,0.44) (0.24,0.25)
VL (0.29,0.37) (0.26,0.33)
VR (0.29,0.44) (0.24,0.33)
TL (0.29,0.36) (0.24,0.33)
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hAFBi ¼
3

2

R
dq2Cðq2ÞðJ6c þ 2J6sÞR

dq2Cðq2ÞJtot
: ð30Þ

The results are summarized in Table V. As a byproduct, we
also list the corresponding predictions for the muon and
electron channels within the SM.

D. The cos θ� distribution, hadron-side convexity
parameter, and polarization of the final vector meson

By integrating the fourfold decay distribution over the
lepton-side angle cos θ and the azimuthal angle χ, we
isolate the distribution relative to the hadron-side angle θ�.
Unlike the lepton side, this distribution follows an untilted

parabolic form (lacking a linear term) and is normalized as

Ĵðθ�Þ ¼ a0 þ c0 cos2 θ�: ð31Þ

The curvature of the cos θ� distribution is quantified
by the hadron-side convexity parameter Ch

Fðq2Þ. It is
derived from the second derivative of the normalized
distribution:

Ch
Fðq2Þ ¼

d2Ĵðθ�Þ
dðcos θ�Þ2 ¼

c0

2
¼ 3J1c − J2c − 3J1s þ J2s

Jtot=3
:

ð32Þ

FIG. 8. Forward-backward asymmetry AFBðq2Þ for Bs → Dsτν (left panels) and Bs → D�
sτν (right panels). Notations are the same as

in Fig. 7.
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The cos θ� distribution can also be written as

Ĵðθ�Þ ¼ 3

4
ð2FLðq2Þ cos2 θ� þ FTðq2Þ sin2 θ�Þ; ð33Þ

where FLðq2Þ and FTðq2Þ represent the longitudinal and
transverse polarization fractions of the D�

s meson, respec-
tively. These fractions are defined in terms of the angular
coefficient functions:

FLðq2Þ ¼
JL

JL þ JT
; FTðq2Þ ¼

JT
JL þ JT

;

FLðq2Þ þ FTðq2Þ ¼ 1; ð34Þ
where JL ¼ 3J1c − J2c and JT ¼ 2ð3J1s − J2sÞ.

There is a direct geometric relationship between the
convexity parameter and the longitudinal polarization
fraction:

Ch
Fðq2Þ ¼

3

2
ð2FLðq2Þ − FTðq2ÞÞ ¼

3

2
ð3FLðq2Þ − 1Þ: ð35Þ

The sensitivity of the hadron-side convexity to NP is
illustrated in Fig. 10. The various NP operators exert
distinct influences on the D�

s polarization. The vector
operator OVR

has a negligible effect on Ch
Fðq2Þ, with the

distribution remaining nearly identical to the SM predic-
tion. The inclusion of scalar NP operators OSL and OSR

FIG. 9. Lepton-side convexity parameter Cτ
Fðq2Þ for Bs → Dsτν (left panels) and Bs → D�

sτν (right panels). Notations are the same as
in Fig. 7.

DETAILED ANALYSIS OF POSSIBLE NEW-PHYSICS EFFECTS … PHYS. REV. D 114, 014040 (2026)

014040-15



consistently increases the convexity parameter across
almost the entire q2 spectrum. However, the effects are
small. The tensor operator OTL

provides the most dramatic
signature. It significantly suppresses the convexity param-
eter, especially in the low-q2 region. Crucially, OTL

can
push Ch

Fðq2Þ into negative values—a phenomenon that is
forbidden within the SM. Finally, in Table VI, we present
the q2 averages of the hadron-side convexity parameter and
the longitudinal polarization fraction.

E. The χ distribution and the trigonometric moments

By integrating the master decay rate over both polar
angles cos θ and cos θ�, we obtain the distribution in the

azimuthal angle χ. The normalized form of this distribution
is expressed as

ĴðIÞðχÞ ¼ 1

2π
½1þ Að1Þ

C ðq2Þ cos 2χ þ Að1Þ
T ðq2Þ sin 2χ�: ð36Þ

To further isolate specific angular coefficients, we can
define alternative distributions JðIIÞðχÞ and JðIIIÞðχÞ by
applying asymmetric integration ranges over the polar
angles. Distribution JðIIÞðχÞ involves an asymmetric inte-
gration over the hadron-side angle cos θ�, while distribution
JðIIIÞðχÞ involves asymmetric integrations over both cos θ
and cos θ�. The two distributions are defined as follows
[102]:

FIG. 10. Hadron-side convexity parameter Ch
Fðq2Þ. Notations are the same as in Fig. 7.

TABLE V. The q2 averages of the forward-backward asymmetry and the lepton-side convexity parameter.

Bs → Ds

hAτ
FBi hAμ

FBi hAe
FBi hCτ

Fi hCμ
Fi hCe

Fi
SM −0.36ð4Þ −0.015ð2Þ −1.2ð1Þ × 10−6 −0.26ð3Þ −1.45ð15Þ −1.50ð15Þ
OSL ð−0.35;−0.20Þ ð−0.25;−0.16Þ
OSR ð−0.35;−0.16Þ ð−0.25;−0.16Þ
OTL

ð−0.43;−0.37Þ ð−0.23;−0.15Þ

Bs → D�
s

hAτ
FBi hAμ

FBi hAe
FBi hCτ

Fi hCμ
Fi hCe

Fi
SM 0.029(3) 0.19(2) 0.20(2) −0.060ð6Þ −0.44ð5Þ −0.45ð5Þ
OSL (0.013,0.045) ð−0.061;−0.059Þ
OSR (0.002,0.050) ð−0.061;−0.058Þ
OVR

ð−0.069; 0.027Þ ð−0.064;−0.052Þ
OTL

ð−0.072; 0.023Þ ð−0.26;−0.10Þ
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JðIIÞðχÞ ¼
�Z

1

0

−
Z

0

−1

�
d cos θ�

Z
1

−1
d cos θ

×
d4Γ

dq2d cos θdχd cos θ�
;

JðIIIÞðχÞ ¼
�Z

1

0

−
Z

0

−1

�
d cos θ�

�Z
1

0

−
Z

0

−1

�
d cos θ

×
d4Γ

dq2d cos θdχd cos θ�
: ð37Þ

The normalized forms of these distributions read

ĴðIIÞðχÞ ¼ 1

4
½Að2Þ

C ðq2Þ cos χ þ Að2Þ
T ðq2Þ sin χ�;

ĴðIIIÞðχÞ ¼ 2

3π
½Að3Þ

C ðq2Þ cos χ þ Að3Þ
T ðq2Þ sin χ�: ð38Þ

The resulting AðiÞ
C;T coefficients directly map to the angular

functions J4, J5, J7, and J8, providing a clear experimental
path to determining these values.
An alternative and robust method for extracting the Ji

coefficients (specifically for i ¼ 3, 4, 5, 7, 8, 9) is the use of
trigonometric moments. These moments, denoted as WX,
are the expectation values of specific trigonometric kernels
MX weighted by the normalized decay distribution
Ĵðθ�; θ; χÞ [80]:

WXðq2Þ ¼
Z

d cos θd cos θ�dχMXðθ�; θ; χÞĴðθ�; θ; χÞ

≡ hMXðθ�; θ; χÞi: ð39Þ

The mapping between these moments and the angular
coefficients is summarized in Table VII. Beyond moments
and full integrations, these coefficients can also be isolated
by analyzing piecewise sums and differences of events in
different sectors of the angular phase space. This method is
often preferred in experimental environments where detec-
tor efficiency and acceptance across the full angular range
must be carefully controlled [103–105].
The q2 dependence of the trigonometric moments is

depicted in Figs. 11 and 12. These observables provide
distinct signatures for various NP scenarios. The moments

WTðq2Þ andWIðq2Þ remain largely unaffected by the scalar
(OSL , OSR) and right-handed vector (OVR

) operators, but
they exhibit profound sensitivity to the tensor operatorOTL

.
The presence of OTL

typically leads to an enhancement in
WT and a corresponding suppression in WI . The WA
moment is significantly influenced by OVR

and OTL
.

Specifically, both operators act to reduce its value. A
critical feature of the tensor operator OTL

is its ability to
induce sign changes in WT , WI, and WA, marking a clear
departure from the SM predictions. The moments WIA,
WII , and WIT serve as critical null tests. For the WIA
moment, the NP operators can cause deviations in either
direction, with the most pronounced sensitivity observed
for the OVR

coupling. For WII and WIT , only OVR
can

modify the observables. Because the SM predicts these
values to be effectively zero, any experimental observation
of a nonzero signal would point directly to a right-handed
vector current. Finally, the q2 averages of the trigonometric
moments are listed in Table VIII [see also [106] ].

F. Final lepton polarization

Similar to what has been discussed in Refs. [107–109],
one can use the polarization of the τ in the semileptonic

decays Bs → Dð�Þ
s τν to probe for NP. The longitudinal (L),

transverse (T), and normal (N) polarization components of
the τ are defined as

Piðq2Þ ¼
dΓðsμi Þ=dq2 − dΓð−sμi Þ=dq2
dΓðsμi Þ=dq2 þ dΓð−sμi Þ=dq2

; i ¼ L;N; T;

ð40Þ

where sμi are the polarization four-vectors of the τ in theW
−

rest frame. One has

sμL ¼
�jp⃗τj
mτ

;
Eτ

mτ

p⃗τ

jp⃗τj
�
; sμN ¼

�
0;

p⃗τ × p⃗2

jp⃗τ × p⃗2j
�
;

sμT ¼
�
0;

p⃗τ × p⃗2

jp⃗τ × p⃗2j
×

p⃗τ

jp⃗τj
�
: ð41Þ

TABLE VI. The q2 averages of the hadron-side convexity
parameter and the longitudinal polarization fraction of D�

s .

hCh
Fiτ hCh

Fiμ=e hFLiτ hFLiμ=e
SM 0.56(6) 0.91(9) 0.46(5) 0.54(6)
OSL (0.54,0.63) (0.45,0.47)
OSR (0.54,0.65) (0.45,0.48)
OVR

(0.52,0.58) (0.45,0.46)
OTL

ð−0.52; 0.32Þ (0.22,0.41)

TABLE VII. Relations between trigonometric moments

WXðq2Þ and angular coefficients AðiÞ
C;Tðq2Þ.

Moment Kernel MX Relation to Ji Relation to AðiÞ
C;T

WT cos 2χ 2J3=Jtot 1
2
Að1Þ
C

WIT sin 2χ 2J9=Jtot 1
2
Að1Þ
T

WA sin θ cos θ� cos χ 3π
8
J5=Jtot π

8
Að2Þ
C

WIA sin θ cos θ� sin χ 3π
8
J7=Jtot π

8
Að2Þ
T

WI cos θ cos θ� cos χ 9π2

128
J4=Jtot 3π2

128
Að3Þ
C

WII cos θ cos θ� sin χ 9π2

128
J8=Jtot 3π2

128
Að3Þ
T
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Here, p⃗τ and p⃗2 are the three-momenta of τ and the final
meson (D�

s orDs), respectively, in theW− rest frame. While
the reconstruction of these polarization states via sub-
sequent τ decay products is a rich field of study, our present
analysis is restricted to identifying the characteristic shifts
induced by NP operators on these observables. A detailed
analysis of the tau polarization with the help of its
subsequent decays can be found in Refs. [109–111].
The q2 dependence of the tau polarizations are presented

in Figs. 13 and 14. First, we discuss the longitudinal (PL)

and transverse (PT) polarizations. In the pseudoscalar
channel Bs → Dsτν, the scalar operators OSL and OSR
significantly enhance PL while simultaneously suppressing
PT relative to the SM. The vector channel Bs → D�

sτν is
remarkably sensitive to the tensor operator OTL

. In PL, the
tensor contribution induces a dramatic sign reversal at low
q2 values, shifting the polarization from positive (SM) to
negative (NP). Similarly, TL causes a massive suppression
of the transverse polarization PT , potentially leading to
values that are entirely excluded by the SM prediction.

FIG. 11. Trigonometric moments WTðq2Þ, WIðq2Þ, WAðq2Þ, and WIAðq2Þ. Notations are the same as in Fig. 7.

FIG. 12. Trigonometric moments WIIðq2Þ (left panel) and WITðq2Þ (right panel). Notations are the same as in Fig. 7.
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The PL and PT components in the D�
s channel remain

relatively stable under OSL, OSR , and OVR
operators,

making these observables specific smoking guns for
tensor-type interactions. The normal polarization PN is a
particularly clean observable because the SM predicts it to
be effectively zero. Our results show that all NP scenarios
(SL;R, VR, and TL) allow for nonzero values of PN .
Especially, in the Ds channel, scalar operators produce

wide allowed bands for PN, indicating strong sensitivity to
these couplings. The q2 averages of the final lepton
polarization are given in Table IX.

G. Summary of NP signatures in Bs → Dð�Þ
s τν

To summarize how every observable we have discussed
responds to the various NP operators we create a compre-
hensive table as a master map (Table X). It highlights the

TABLE VIII. The q2 averages of the trigonometric moments.

SM OSL OSR OVR
OTL

hWTiτ −0.057ð6Þ ð−0.057;−0.055Þ ð−0.057;−0.055Þ ð−0.058;−0.053Þ ð−0.039; 0.031Þ
hWTiμ=e −0.094ð9Þ
hWITiτ 0 0 0 ð−0.030; 0.030Þ 0
hWAiτ 0.077(8) (0.073,0.079) (0.071,0.082) (0.053,0.076) ð−0.008; 0.060Þ
hWAiμ=e 0.062(6)
hWIAiτ 0 ð−0.005; 0.005Þ ð−0.005; 0.005Þ ð−0.012; 0.012Þ ð−0.005; 0.005Þ
hWIiτ 0.025(3) (0.024,0.025) (0.024,0.025) (0.024,0.025) ð−0.013; 0.017Þ
hWIiμ=e 0.054(6)
hWIIiτ 0 0 0 ð−0.006; 0.006Þ 0

FIG. 13. Longitudinal (upper panels), transverse (middle panels), and normal (lower panels) polarization of the τ in the decays
Bs → Dsτν. Notations are the same as in Fig. 7. In this case, OVR

does not affect these observables.
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specific signatures that can be used to distinguish the origin
of NP. A primary highlight of this analysis is the diagnostic
power of the hadron-side convexity parameter Ch

FðD�
sÞ. In

the SM,Ch
FðD�

sÞ remains strictly positive across the entire q2

range. The tensor operator OTL
is the only one capable of

driving Ch
FðD�

sÞ to negative values. An experimental meas-
urement of negative hadron-side convexity would provide
unambiguous evidence of tensor interactions. The lepton-
side convexity parameterCτ

FðD�
sÞ is another powerful tool to

probe for the tensor current since scalar and vector operators
largely preserve the SM trajectory, while OTL

massively

changes the values of the parameter. Beyond tensor physics,
other operators leave distinct fingerprints in the angular and
polarization distributions. Scalar operators (OSL ;OSR) are
most effectively probed via the forward-backward asym-
metry in the Ds channel, where they induce a dramatic
magnitude suppression. They also significantly suppress the
transverse τ polarization PTðDsÞ. The right-handed vector
operator OVR

is uniquely identified by the azimuthal
moments WII and WIT . Since the SM predicts these to be
zero, any nonzero measurement serves as a direct null-test
violation indicating right-handed currents.

FIG. 14. Longitudinal (upper panels), transverse (middle panels), and normal (lower panels) polarization of the τ in the decays
Bs → D�

sτν. Notations are the same as in Fig. 7.
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Before ending this subsection, we discuss the difference
in the behavior of the q2 distribution of the various NP
signatures presented in Table X. In particular, we focus on
why the SM baseline (represented by the red lines) is
excluded from the 2σ NP bands (the gray bands) for some
observables, whereas it is cleanly enclosed for others. We
take the lepton-side convexity parameter Cτ

FðD�
sÞ and the

normal polarization PNðDð�Þ
s Þ under the tensor operator

scenario as two examples.

On the one hand, for the normal polarizations PNðDð�Þ
s Þ,

the red SM lines remain perfectly and symmetrically in the
center of the gray band (see Figs. 13 and 14). This
containment is the result of the underlying Lorentz and

helicity structure of PNðDð�Þ
s Þ. The analytical expressions

of the normal polarizations under the effect of the tensor
operator are given by [109]

PD
Nðq2Þ ¼

6πm2
τ

HD
tot

ImTLHtHT;

PD�
N ðq2Þ ¼ −

3π

2HD�
tot

ImTL½HþHþ
T −H−H−

T −
m2

τ

q2
ðHþHþ

T

−H−H−
T − 2HtH0

TÞ�: ð42Þ

Since PN is strictly proportional to the imaginary part of the
tensor coupling, the SM baseline vanishes. At the same
time, the allowed region of TL is symmetric with respect to
the real axis (see Fig. 5). When our scanning procedure

TABLE IX. The q2 averages of the final lepton polarization.

Bs → Ds

hPτ
Li hPμ

Li hPe
Li hPτ

Ti hPμ
Ti hPe

Ti hPτ
Ni

SM 0.34(4) −0.96ð10Þ −1.0ð1Þ 0.84(9) 0.21(2) 1.1ð1Þ × 10−3 0
OSL (0.37,0.59) (0.58,0.83) ð−0.53; 0.53Þ
OSR (0.37,0.59) (0.50,0.83) ð−0.61; 0.61Þ
OTL

(0.20,0.31) (0.79,0.83) ð−0.16; 0.16Þ

Bs → D�
s

hPτ
Li hPμ

Li hPe
Li hPτ

Ti hPμ
Ti hPe

Ti hPτ
Ni

SM −0.50ð5Þ −0.98ð10Þ −1.0ð1Þ 0.45(5) 0.089(9) 4.7ð5Þ × 10−4 0
OSL ð−0.52;−0.46Þ (0.42,0.47) ð−0.12; 0.12Þ
OSR ð−0.52;−0.45Þ (0.41,0.50) ð−0.13; 0.13Þ
OVR

ð−0.51;−0.50Þ (0.35,0.45) 0
OTL

ð−0.39; 0.019Þ ð−0.29; 0.31Þ ð−0.17; 0.17Þ

TABLE X. Master summary of NP signatures in Bs → Dð�Þ
s τν.

Category Observable Primary sensitivity Key analyzing feature

Global rates RðDsÞ All NP Significant enhancement in scalar scenarios
RðD�

sÞ OVL
;OVR

;OTL
OTL

uniquely alters RðD�
sÞ functional form

Lepton polar AFBðD�
sÞ OVR

;OTL OVR
significantly shifts the zero-crossing point toward high q2

AFBðDsÞ OSL ;OSR Dramatic magnitude decrease
Cτ
FðD�

sÞ OTL
Massive shift toward more negative values

Cτ
FðDsÞ OSL ;OSR ;OTL

Significant shift toward less negative values

Hadron polar Ch
FðD�

sÞ OTL
Extreme sensitivity; OTL

can push Ch
FðD�

sÞ into negative
values (impossible in the SM)

Azimuthal WT , WI OTL
High sensitivity; OTL

is the only operator reversing the SM trend
WA OVR

;OTL
Significant value decrease

WIA;WIT;WII OVR
The ultimate null test: any nonzero signal indicates right-handed vector currents

τ polarization PLðD�
sÞ OTL

Unique sign flip at low q2 (SM positive → NP negative)
PTðD�

sÞ OTL
Extreme suppression and potential for broad sign reversal across spectrum

PTðDsÞ OSL ;OSR Massive and consistent suppression from the SM baseline
PN (any) General NP SM null test; allows for nonzero values identifying CP-violating phases
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samples this symmetric allowed region to establish the
extreme upper and lower boundaries of the envelope, it
selects mirror-image values of TL, which forces the zero-
valued SM baseline to act as the exact geometric mirror axis
for the gray band.
On the other hand, as seen in the last plot of Fig. 9, the gray

band forCτ
FðD�

sÞ underOTL
floats entirely clear of the redSM

line across the full kinematic range. This tension is a direct
consequence of the global fit framework, which captures both
the internal tensions within the experimental dataset and the
underlying model-dependence of the hadronic form factors.
Because the global fit is performed usingCCQMform factors
across all channels, any numerical variation between the
baseline CCQM SM predictions and the experimental data
causes the χ2 optimizer to favor relatively large, nonzero
Wilson coefficients to bridge the gap. However, this source of
tension has a small effect since we have added a conservative
10% theoretical uncertainty to the CCQMpredictions used in
the fit. The fit can therefore tolerate a large amount of distance
between the SM and the data.
The main reason of this behavior is the irreducible

experimental excess [such as the large central values of
RðJ=ψÞ and RðDð�ÞÞ] and possible hidden tensions among
various experimental constraints used in the fit. As a result,
the minimizer is forced to shift the entire 2σ parameter space
into a region where the Wilson coefficients are definitively
nonzero. When these highly constrained parameter sets are

mapped onto the Bs → Dð�Þ
s observables, the resulting

envelopes are structurally translated away from the Ci ¼ 0
coordinate, and the gray bands naturally float cleanly away
from the red SM lines. To demonstrate this point, we fit TL

using only one constraint: FD�
L ðB → D�τντÞ ¼ 0.43�

0.06� 0.03 [91]. The 1σ allowed region for TL and the
correspondingq2 behavior ofCτ

FðD�
sÞ are depicted inFig. 15.

The resulting1σ allowed parameter space forTL forms a disk
that fully encloses the origin (0,0). Consequently, when this
isolated parameter space is mapped onto Cτ

FðD�
sÞ, the SM

baseline is fully enclosed within the gray envelope. We

emphasize that, in this test, our conclusions regarding the
sensitivity and overall behavior of the tensor operator effect
remain completely intact and unchanged. We note that a
detailed study using a more rigorous statistical approach to
precisely isolate and quantify the exact tensions among
various experimental constraints and individual observables
is highly needed [see, e.g., Refs. [95,112,113] ]. However,
such an extensive analysis is beyond the scope of the present
paper and will be addressed in our future study.

H. Binwise exploration of coefficient functions

Recently, the Belle Collaboration reported the first
measurement of all angular coefficients of the decay B̄ →
D�lν̄l [79]. More importantly, the results were obtained for
four bins that almost cover the entire region of momentum
transfer squared. This allows tests of LFU based on the q2

dependence of the angular coefficients, rather than just the
average values over the whole q2 range as often seen earlier.
Inspired by this new achievement, we decided to adopt a
similar approach in defining and predicting the physical
observables in the decay Bs → D�

slν. To be more specific,
we directly consider the angular coefficients as observables
instead of combining them into traditional ones. A recent
study using the measured angular coefficients by Belle [79]
to constrain the NP couplings in B̄ → D�lν̄l was provided
by Colangelo et al. in [114].
Note that the definition of the angular coefficients by the

Belle Collaboration in Ref. [79] is not the same as the one
we use in this study [Eq. (24)]. To be more specific, the
Belle Collaboration absorbed the q2-dependent factor
jp2jq2 into the coefficients. Besides, they used the variable
w≡ ðm2

B −m2
D� − q2Þ=ð2mBmD�Þ instead of q2. Moreover,

the Belle Collaboration determined the angular coefficients
in bins of w, J̄i ¼

R
Δw JiðwÞdw, and quoted the norma-

lized angular coefficients as Ĵi ¼ J̄i=N , where N ¼
8
9
π
P

4
k¼1 ð3J̄k1c þ 6J̄k1s − J̄k2c − 2J̄k2sÞ. For easy comparison

with the Belle Collaboration’s result and future experiments,
wedefine JBellei ≡ jp2jq2Jouri . The corresponding normalized

FIG. 15. The 1σ constraint on TL from experimental data of FD�
L (left) and the corresponding q2 behavior of Cτ

FðD�
sÞ (right). Best-fit

values are indicated by the red asterisks and the blue dashed line. The red line represents the SM prediction.
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values are calculated according to ĴBellei ¼ JBellei =JBelletot ,
with JBelletot ¼ 8

9
πð3JBelle1c þ 6JBelle1s − JBelle2c − 2JBelle2s Þ. We

then study the w-dependence of these normalized coeffi-
cients and calculate their values in several w bins.
First, we show in Fig. 16 the w-dependence of the angular

coefficients ĴBellei for the electron mode Bs → D�
seνe. The

results for themuonmode do not differ significantly from the
electron one, and are not displayed. Note again that NP
operators are assumed to affect the taumode only.Within the
SM, the coefficients J7, J8, and J9 are equal zero. In the zero-
mass limit of the lepton, one also has J6c ¼ 0. The Belle
Collaboration also used their measured coefficients to
calculate several observables in four w bins. These observ-
ables include the forward-backward asymmetryAFB, longi-
tudinal polarization fraction FLðD�Þ, and two nonzero
observables S3;5 directly proportional to J3;5:

S3 ¼
1

π

4J3
3J1c − J2c þ 2ð3J1s − J2sÞ

;

S5 ¼
3J5

3J1c − J2c þ 2ð3J1s − J2sÞ
: ð43Þ

In TableXI, we provide our predictions for these observables
in the decay Bs → D�

seνe. As a crosscheck, we also list the
corresponding values in the case ofB → D�eνe and compare
with the Belle Collaboration’s results [79]. Our predictions

for B → D�eνe agree well with those from the Belle
Collaboration. Note that a recent detailed analysis of the
Belle Collaboration dataset for the angular functions Ji [79]
was performed by Martinelli et al. in Ref. [115].

FIG. 16. w-Dependence of the normalized coefficient functions ĴBellei for the decay Bs → D�
seνe in the SM.

TABLE XI. Observables for electron mode in four w bins. The
Belle Collaboration’s results [79] are given in bold text.

B → D�eν

w bin AFB FL S3 S5

1.00 < w < 1.15 0.19(2) 0.37(4) −0.09ð1Þ 0.11(1)
0.23(3) 0.29(4) −0.11ð2Þ 0.07(5)

1.15 < w < 1.25 0.24(3) 0.44(5) −0.070ð7Þ 0.16(2)
0.30(3) 0.45(4) −0.06ð2Þ 0.23(4)

1.25 < w < 1.35 0.23(2) 0.54(6) −0.050ð5Þ 0.19(2)
0.29(3) 0.47(3) −0.03ð2Þ 0.26(4)

1.35 < w < 1.50 0.13(1) 0.75(8) −0.030ð3Þ 0.17(2)
0.16(3) 0.70(3) −0.01ð2Þ 0.20(3)

Bs → D�
seν

w bin AFB FL S3 S5

1.00 < w < 1.15 0.19(2) 0.38(4) −0.09ð1Þ 0.11(1)
1.15 < w < 1.25 0.24(3) 0.46(5) −0.070ð7Þ 0.17(2)
1.25 < w < 1.35 0.22(2) 0.57(6) −0.050ð5Þ 0.19(2)
1.35 < w < 1.47 0.12(1) 0.79(8) −0.020ð2Þ 0.17(2)
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The authors also found a good agreement between the Belle
Collaboration results [79] and the SM predictions based on
LQCD form factors.
Recently, an important debate is going on in the

community regarding the shapes of the FFs in
B → D�lνl. The question is, which shape of the FFs is
preferred: by LQCD only, by experimental data only, or by
a combination of the two (same question for QCDSR)?
Several groups have discussed this issue in great details,
including Fedele et al. [112], Martinelli et al. [95], and
Bordone et al. [113]. Given that our predictions for the
angular observables in the decay B → D�lνl agree well
with the Belle Collaboration’s results [79], it is instructive
to compare explicitly our SM B → D� FFs with those
obtained in the papers mentioned above. Note that our
B → Dð�Þ FFs were calculated in our previous paper [80].
The comparison is given in Fig. 17. For easy comparison,

wehave converted all FFs to the standardones, namely,fðwÞ,
gðwÞ, F 1ðwÞ, and F 2ðwÞ [116]. We show our FFs with an
error band; while for the FFs given by other groups, we take
only their central lines for simplicity. The green dashed lines
are related to Fig. 2 of Ref. [113] by Bordone et al. [their
nominal results in the 3=2=1� model with SUð3ÞF sym-
metry]. The black dashed lines are taken from Fig. 3 of
Ref. [112] by Fedele et al. [obtained in the dispersive matrix
(DM) approach when performing predictions]. The red solid
and blue solid lines are taken from Fig. 3 of Ref. [95] by
Martinelli et al. (the red line is obtained in the DM approach
using LQCD data, while the blue line is extracted from
experimental data of B → D�lν). The purple solid line
[appearing only in F 2ðwÞ)] is taken from Fig. 6 of
Ref. [95], where several results for F 2ðwÞ (depending on
which additional τ observable is used in the fit) are presented.
From these results, we choose the central line of the band that

is obtained by combining experimental data for B → D�lν
and Fτ

L [95]. This is a reasonable choice for our comparison
since the corresponding band overlaps well with other bands,
and the central line is close to the LQCD points [see [95] for
more details].
We make the following observations:
(i) Our FFs exhibit a generally less steep behavior

compared to those in other approaches. This is
similar to the case of Bs → Dð�Þ

s discussed in Sec. III.
The slopes of our FFs agree best with the Bordone
ones, and least with the Fedele ones.

(ii) Comparing with the Martinelli FFs, our fðwÞ and
gðwÞ prefer the LQCD results over the experimental
fit; while for F 1ðwÞ, the tendency is reversed.

(iii) Regarding F 2ðwÞ, our prediction for the zero-recoil
point (w ¼ 1) is close to the Bordone and Fedele
ones. Meanwhile, over the whole physical range, our
F 2ðwÞ agree well with Martinelli (the purple line),
which also means a good agreement with LQCD
since this line is close to the LQCD points.

Next, we consider the effects of NP operators on the
angular coefficients ĴBellei in the decay Bs → D�

sτν. In
Fig. 18, we summarize all possible NP effects on the w
dependence of these coefficients. Based on these results,
we propose the following strategy to isolate NP operators.
(1) Step 1 (OVR

extraction). We first focus on Ĵ8 and Ĵ9
since they are the most valuable null tests. They are
immune toOSL;R ,OVL

, andOTL
. Any deviation from

the SM line must be attributed to OVR
. If future

experimental results for Ĵ8 and Ĵ9 match the SM, one
can effectively set VR ≈ 0 for all other angular
coefficients.

(2) Step 2 (OTL
isolation). In this step, we focus on Ĵ4

and Ĵ6s. These are sensitive only to OVR
and OTL

.

FIG. 17. B → D� form factors in the CCQM and in other approaches [95,112,113].
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FIG. 18. NP effects on the coefficient functions ĴBellei . Notations are the same as in Fig. 7.
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However, the sensitivity of Ĵ4 to OVR
is only

minimal compared to OTL
. Therefore, any notable

discrepancy in both Ĵ4 and Ĵ6s is a direct confirma-
tion of the tensor coupling.

(3) Step 3 (Scalar degeneracy break). Now we focus on
Ĵ3, Ĵ5, and Ĵ7. These coefficients respond to all
operators (except for OVL

). We can use the VR and
TL values from steps 1 and 2 to subtract their known
effects. The leftover deviation, if any, is caused by
the scalar operators OSL;R . In order to confirm OSL
and OSR we can consider in addition the lepton-side
convexity parameter Cτ

F or the forward-backward
asymmetry AFB in both decays Bs → Dsτν and
Bs → D�

sτν. These observables are extremely sensi-
tive to OSL;R in the case of Bs → Dsτν, while
showing minimal to no sensitivity to the scalar

operators in the case of Bs → D�
sτν. However, it

would be difficult to distinguish between OSL and
OSR because they affect the same set of observables
with nearly the same sensitivity for any observable.

It is worth noting that, in theory, Ĵ8 and Ĵ9 are golden
observables because they are zero in the SM and only
sensitive to OVR

. However, in practice, they are difficult to
measure, especially for the τ mode, due to statistical
limitations and the missing neutrino problem. We hope
that our strategy will provide a useful roadmap for future
experiments, such as Belle II when it reaches its full
luminosity. Finally, in Table XII, we provide our predic-
tions for the integrated values of all the coefficients
functions in various bins of w, both in the SM and in
the presence of NP. These values will be useful for future
measurements of angular coefficients in the τ mode.

TABLE XII. Integrated values of the coefficient functions ĴBellei in various bins of w (in 10−3).

ĴBellei Scenario [1.0, 1.1] [1.1, 1.2] ½1.2; wmax� Total

Ĵ1s SM 7.15(72) 10.2(1.0) 11.8(1.2) 29.2(2.9)
OVR

(7.16,7.12) (10.1,10.5) (11.6,12.5) (28.9,30.0)
OTL

(6.27,4.30) (10.3,11.0) (16.9,30.3) (33.5,45.6)

Ĵ1c SM 7.04(0.70) 15.3(1.5) 37.4(3.8) 59.7(6.0)
OSL (7.04,7.11) (15.1,15.9) (36.8,38.8) (58.9,61.8)
OSR (7.10,7.08) (15.1,16.0) (36.5,39.4) (58.8,62.5)
OVR

(6.86,7.11) (14.9,15.4) (36.5,37.8) (58.2,60.3)
OTL

(3.15,6.09) (6.03,12.9) (16.0,31.5) (25.1,50.4)

Ĵ2s SM 1.41(0.14) 1.66(0.17) 1.00(0.10) 4.07(0.41)
OVR

(1.41,1.40) (1.65,1.70) (0.98,1.05) (4.04,4.15)
OTL

ð−1.04; 0.78Þ ð−2.27; 0.63Þ ð−2.56; 0.05Þ ð−5.87; 1.47Þ
Ĵ2c SM −3.16ð0.32Þ −4.67ð0.47Þ −3.98ð0.40Þ −11.8ð1.2Þ

OVR
ð−3.19;−3.08Þ ð−4.72;−4.55Þ ð−4.02;−3.88Þ ð−11.9;−11.5Þ

OTL
ð−2.18; 0.95Þ ð−3.50; 0.41Þ ð−3.25;−0.53Þ ð−8.93; 0.83Þ

Ĵ3 SM −2.64ð0.27Þ −2.81ð0.28Þ −1.53ð0.15Þ −6.97ð0.70Þ
OSL ð−2.68;−2.54Þ ð−2.85;−2.71Þ ð−1.55;−1.47Þ ð−7.09;−6.73Þ
OSR ð−2.68;−2.51Þ ð−2.86;−2.68Þ ð−1.55;−1.46Þ ð−7.10;−6.65Þ
OVR

ð−2.69;−2.51Þ ð−2.90; 2.57Þ ð−1.60;−1.34Þ ð−7.18;−6.42Þ
OTL

ð−1.71; 1.17Þ ð−1.82; 1.24Þ ð−0.99; 0.68Þ ð−4.51; 3.09Þ
Ĵ4 SM 2.94(0.30) 3.78(0.38) 2.64(0.27) 9.36(0.94)

OVR
(2.86,2.97) (3.68,3.82) (2.57,2.66) (9.12,9.45)

OTL
ð−1.29; 1.90Þ ð−1.62; 2.46Þ ð−1.11; 1.72Þ ð−4.02; 6.09Þ

Ĵ5 SM 2.86(0.29) 7.82(0.78) 16.7(1.7) 27.4(2.8)
OSL (2.70,2.95) (7.44,8.00) (16.2,16.9) (26.3,27.9)
OSR (2.64,3.07) (7.28,8.27) (15.9,17.3) (25.8,28.6)
OVR

(1.84,2.83) (5.31,7.74) (12.5,16.6) (19.7,27.2)
OTL

ð−0.12; 2.13Þ ð−0.60; 5.76Þ ð−2.44; 12.1Þ ð−3.17; 19.9Þ
Ĵ6s SM 2.97(0.30) 6.35(0.64) 8.39(0.84) 17.7(1.8)

OVR
(1.10,2.92) (2.36,6.25) (3.12,8.26) (6.58,17.4)

OTL
(0.37,2.54) ð−2.13; 4.64Þ ð−19.2; 1.56Þ ð−21.0; 8.73Þ

(Table continued)
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VI. SUMMARY AND CONCLUSIONS

In this study, we have performed a systematic and

detailed analysis of the semileptonic decays Bs → Dð�Þ
s τν̄

as a powerful laboratory for searching for new physics in
the b → cτν̄ transition. Using the standard model effective
theory framework, we extended the standard model
Hamiltonian to include a complete set of dimension-six
four-fermion operators, characterizing the potential con-
tributions from scalar, vector, and tensor NP. All relevant
hadronic form factors were calculated directly within the
covariant confined quark model with infrared confinement.
By evaluating these form factors across the entire physical
q2 range without the need for extrapolations, we have
ensured the reliability and self-consistency of our results
independently of heavy quark effective theory.
Using the experimental data for RDð�Þ, RJ=ψ , and FD�

L
from the BABAR, Belle, and LHCb Collaborations, as well
as the upper limit of BðBc → τνÞ, we have obtained the
constraints on the Wilson coefficients characterizing the
NP contributions. It is worth mentioning that the con-
straints have been obtained under the assumption of one-
operator dominance, where the interferences between
different operators have been omitted. Finally, within
the 2σ allowed regions of the corresponding Wilson
coefficients, we have analyzed the effects of the NP
operators on various physical observables. The sensitivity
of these observables to NP operators has been examined in
details. Some of the effects may help distinguish between
NP operators. We have also discussed specific strategies
to disentangle NP scenarios.
A major contribution of this work is the provision of a

vast set of theoretical predictions for both traditional and
novel observables. Our results include detailed predictions
for the following:

(i) Traditional observables: We have provided calcu-
lated values and q2-distributions for the ratios of

branching fractions RðDð�Þ
s Þ, forward-backward

asymmetry, lepton-side and hadron-side convexity
parameters, longitudinal polarization fraction of the
final vector meson, longitudinal, transverse, and
normal polarizations of the final tau lepton, and
the full set of trigonometric moments Wi.

(ii) Angular coefficient functions: We analyzed the four-
fold full angular distribution of the cascade decay
Bs → D�

sð→ DsπÞτν̄ and provided predictions for the
complete set of 12 angular coefficient functions Ji,
both in the SM and in various NP scenarios.

(iii) Binwise predictions: Recognizing the importance of
direct comparison with experimental data, we have
provided numerical predictions for the angular co-
efficient functions in specific kinematic bins of the
recoil parameter w. This binwise approach is de-
signed to provide ready-to-use templates for current
and future measurements at Belle II and LHCb
Collaborations.
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TABLE XII. (Continued)

ĴBellei Scenario [1.0, 1.1] [1.1, 1.2] ½1.2; wmax� Total

Ĵ6c SM −2.72ð0.27Þ −9.68ð0.97Þ −32.8ð3.3Þ −45.2ð4.5Þ
OSL ð−3.04;−2.31Þ ð−10.5;−8.58Þ ð−34.0;−30.7Þ ð−47.6;−41.5Þ
OSR ð−3.33;−2.17Þ ð−11.3;−8.19Þ ð−35.5;−29.8Þ ð−50.1;−40.2Þ
OVR

ð−2.75;−2.65Þ ð−9.77;−9.43Þ ð−33.1;−31.9Þ ð−45.6;−44.0Þ
OTL

ð−1.71;−1.32Þ ð−6.72;−1.83Þ ð−25.5;−6.28Þ ð−34.0;−3.13Þ
Ĵ7 SM 0 0 0 0

OSL ð−0.14; 0.14Þ ð−0.50; 0.50Þ ð−1.05; 1.05Þ ð−1.69; 1.69Þ
OSR ð−0.14; 0.14Þ ð−0.51; 0.51Þ ð−1.09; 1.09Þ ð−1.74; 1.74Þ
OVR

ð−0.26; 0.26Þ ð−1.20; 1.20Þ ð−4.03; 4.03Þ ð−5.48; 5.48Þ
OTL

ð−0.11; 0.11Þ ð−0.42; 0.42Þ ð−0.88; 0.88Þ ð−1.41; 1.41Þ
Ĵ8 SM 0 0 0 0

OVR
ð−0.55; 0.55Þ ð−1.15; 1.15Þ ð−1.01; 1.01Þ ð−2.70; 2.70Þ

Ĵ9 SM 0 0 0 0
OVR

ð−1.02; 1.02Þ ð−1.85; 1.85Þ ð−1.34; 1.34Þ ð−4.20; 4.20Þ
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