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The decays governed by the flavor-changing-neutral-current (FCNC) transitions, such as 
b → s� + � −, provide an important tool to test the physics in and beyond the Standard Model 
(SM). This work focuses on investigating the FCNC process B c → D 

∗
s ( → D s π ) � + � −(� = 

e, μ, τ ) . Being an e xclusi v e process, the initial and final state meson matrix elements involve 
the form factors, which are nonperturbati v e quantities and need to be calculated using spe- 
cific models. By using the form factors calculated in the covariant light-front quark model, 
we analyze the branching fractions and angular observables such as the forw ard-backw ard 

asymmetry A FB 

, polarization fractions (longitudinal and transverse) F L (T ) , CP asymmetry 

coefficients A i , and CP-averaged angular coefficients S i , both in the SM and in some new 

physics (NP) scenarios. Some of these physical observables are a potential source of finding 

the physics beyond the SM and help us to distinguish various NP scenarios. 
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1. Introduction 

Se v eral results from the last few decades have some (1 –3) σ disagreement with the Standard
Model (SM) results, and the flavor-changing-neutral-current (FCNC) processes involving b →
s are the pertinent ones here. The Glashow–Iliopoulos–Maiani (GIM) mechanism allows these
transitions at loop le v el in the SM, and due to their strong suppression within the SM, exclu-
si v e and inclusi v e b → s� 

+ � 

− decays are potential probes of short-distance physics. Also, their
spar kling sensiti vity to ne w physics (NP) particles makes them a harbinger to study the NP
indirectly [ 1 ]. In 2013, the observation of tension by the Large Hadron Collider beauty led to
the assumption of the presence of NP [ 2 ]. In 2014, another dilemma was confronted within the
SM, namely, the suppression of the ratio R K 

for B → K � 

+ � 

−(� = e, μ) at low dilepton invari-
ant mass and for the consistent description of these anomalies resulted in the presence of NP
[ 3 ]. Additionally, the calculated value of the branching ratio of B (s ) → φμ(+) μ(−) [ 4 ] was small
compared to the SM observations [ 5 , 6 ]. 

One of the most optimized observables ( P 5 ) in B → K 

∗μ+ μ− decay has shown a mis-
match with the SM predictions [ 7 , 8 ]. The Yukawa sector of the SM was also scrutinized

by measuring the Lepton Flavor Uni v ersality (LFU) ratio R K 

(∗) ≡ B ( B→ K 

(∗) μ+ μ−) 
B ( B→ K 

(∗) e + e −) in vari-

ous bins of the transferr ed squar e momentum, i.e. q 

2 = ( p � + + p � − ) 2 and almost 3 σ devia-
tions from the SM predictions were recorded at the LHCb [ 9–11 ]. However, the situation
© The Author(s) 2024. Published by Oxford University Press on behalf of the Physical Society of Japan. This is an Open Access article distributed under the 
terms of the Creati v e Commons Attribution License ( https://creati v ecommons.org/licenses/by/4.0/ ), which permits unrestricted reuse, distribution, and 
reproduction in any medium, provided the original work is properly cited. 
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changed after the latest measurements of LHCb in the low and central q 

2 region [ 12 , 13 ],
bringing the LFU ratio into agreement with the SM predictions. Motivated by these ten-
sions, se v eral theoretical studies were performed for the complementary e xclusi v e decays B →(
K 1 ( 1270 , 1430 ) , K 

∗
2 ( 1430 ) , f ′ 2 ( 1525 ) 

)
� 

+ � 

− in the SM and various NP models [ 14–22 ]. The
semileptonic deca ys in volving tauons initially recei v ed less attention than the muon and elec-
tron in the final sta te. This situa tion has now changed, and after experimental improvements,
these decays are in the limelight now [ 23–27 ]. Theoretically, to scrutinize the various NP models,
the semileptonic B-meson decays occurring through the FCNC transition b → (s, d ) τ+ τ− have
been investigated in several studies, see e.g. Refs. [ 28–36 ]. In contrast to the ordinary B-meson
deca ys, the B c deca y ma y pr oceed thr ough the weak decay of either of its heavy constituents,
i.e. b or c , and the other will play the role of spectator. It can also decay virtually to the W 

+ 

boson, and its lifetime is almost one-third of that of the B 

0 , B 

+ [ 37–39 ]. Recently, using the
9 f b 

−1 data of the pr oton–pr oton collision a t the LHC , the LHCb has performed searches for
B 

+ 

c → D 

+ 

s μ
+ μ− decay, but these have not observed any significant signal in the nonresonant

dimuonic mode. The upper limits on 

f c 

f u × B 

(
B 

+ 

c → D 

+ 

s μ
+ μ−)

< 9 . 6 × 10 

−8 are set with 95%.
Here, f c and f u are the fragmentation fractions of a B meson having c and u quarks [ 40 ]. As
D 

∗
s needs to be rebuilt from the D s meson experimentally, it will be a little tough to measure

B c → D 

∗
s � 

+ � 

− but the situation can be made better with an upgrade in the high luminosity of 
the LHCb in future. 

On theoretical fronts, the semileptonic B c → D 

∗
s decay was studied in se v eral approaches, e.g.

the light-front quark model (LFQM) [ 41 ], the perturbative quantum chromodynamics (pQCD)
approach [ 42 ], the QCD sum rule [ 43 , 44 ], the constituent quark model (CQM) [ 41 ], etc. In the
SM, the branching ratio for the electron and muon mode is calculated to be of the order of 10 

−8 

while for the tau it is 10 

−9 ; in particular, various physical observables of B c → D 

∗
s μ

+ μ− decay
have been calculated in the SM and beyond in Refs. [ 45–47 ]. Including the τ leptons in the final
state, B c → D 

∗
s � 

+ � 

− has been studied in Ref. [ 48 ], where Li and Liu have calculated the form
factors in the covariant LFQM approach. Also, the full calculation of the angular distribution
of the quasi-f ourf old distribution B c → D 

∗
s ( Dπ ) � 

+ � 

− has been done to study various physical
observables. 

As a follow-up of the study presented in Ref. [ 48 ], using their form factors, we will first ana-
lyze the br anching fr actions and angular observables such as the forw ard-backw ard asymmetry
A FB 

, polarization fractions F L (T ) , and CP-averaged angular observables ( S i , A i ) both in the SM
and beyond. For the physics beyond the SM (BSM), we used the latest model-independent
global fit to b → s� 

+ � 

− observables which include the latest measurements by the LHCb of 
observables of B s → μ+ μ−, B s → φμ+ μ−, R K,K S , and R K 

∗ and added the 254 observables to
find the pattern of the NP that successfully explains the data [ 49 ]. We hope our findings will
complement the various asymmetries observed in FCNC decays. 

The structure of this paper is organized as follows: Following the introductory section, we
present the angular distributions of the quasi-four body decays B c → D 

∗
s ( → D s π ) � 

+ � 

− in
Sections 2 and 3 . In Section 4 , we introduce the form factors deri v ed b y the cov ariant LFQM
in Ref. [ 48 ]. Section 5 presents numerical results for se v eral observab les in the SM and ne xt-
generation physics using NP models 50 . Finally, this paper ends with an outline. 
2/16 
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2. Effective Hamiltonian in SM and BSM 

The lo w-ener gy effecti v e Hamiltonian for b → s� 

+ � 

− in the model-independent way is written
as [ 51 ], 

H ef f = −4 G F √ 

2 

[ 

λu 
(
C 1 

(
O 

u 
1 − O 

c 
1 

) + C 2 
(
O 

u 
2 − O 

c 
2 

)) + λt 

∑ 

i∈ J 

C i O i 

] 

, (1) 

where λq denotes V qb V qs ∗ and J = 

(
1 c , 2 c , 3 ... 8 , 7 

( ′ ) , 9 l ( ′ ) , 10 l ( ′ ) , Sl ( ′ ) , P l ( ′ ) , T l ( ′ ) 
)
. V i j stands for

the Cabibbo–Kobayashi–Maskawa (CKM) matrix elements and the Fermi constant is r epr e-
sented by G F = 1 . 16637 × 10 

−5 GeV 

−2 . C i (μ) are the Wilson coefficients that tell us about the
strength of the interaction and O i are the four fermion operators while μ is the renormalization
scale. P articularly, O 1 , 2 ar e the curr ent-curr ent operators, O 3 −6 ar e the penguin operators, O 7 , 8 

are the electromagnetic operators, and O 9 , 10 are the semileptonic operators and their corre-
sponding Wilson coefficients describe the coupling strength between the respecti v e quar ks and
charged leptons at the factorization scale μ = m b . Short-distance physics is encoded in Wilson
coefficients of higher-dimension operators. In the SM, the effecti v e Hamiltonian contains ten
operators with specific chiralities due to the V-A structure of weak interactions where the heavy
degr ees of fr eedom ar e integrated out, and we are left with only the operators set, describing
the long-distance physics [ 52 ]. 

Here, the effecti v e Hamiltonian used has the following form: 

H ef f 
(
b → s� 

+ � 

−) = −4 G F √ 

2 

V tb V 

∗
ts 

αe 

4 π

[ 

s̄ 
(

C 

ef f 
9 (q 

2 , μ) γ μP L 

− 2 m b 

q 

2 
C 

ef f 
7 (μ) iσμνq νP R 

)
b( ̄� γμ� ) 

+ C 10 (μ) ( ̄s γ μP L 

b ) 
(
�̄ γ μγ5 � 

) ] 

, (2) 

where P L 

and P R 

stand for the left and right projection operators, respecti v ely, σμν = i(γ μγ ν −
γ νγ μ) / 2 , and αe stands for the electromagnetic coupling which is 1 

137 . The operators have the
form, 

O 7 = 

e 
16 π2 

m b 
(
s̄ σμνP R 

b 

)
F 

μν, 

O 9 = 

e 2 

16 π2 

(
s̄ γμP L 

b 

) (
l̄ γ μl 

)
, 

O 10 = 

e 2 

16 π2 

(
s̄ γμγ5 P L 

b 

) (
l̄ γ μl 

)
. (3) 

Here, operator O 7 represents the interaction between photons and quarks whereas O 9 , 10 rep-
resents the interaction between quarks and leptons, respecti v ely. C 

ef f 
7 and C 

ef f 
9 are represented

by 

C 

ef f 
7 (μ) = C 7 (μ) + C 

′ 
b→ sγ (μ) 

C 

ef f 
9 (q 

2 , μ) = C 9 (μ) + C 9 , pert (q 

2 , μ) + C 9 ,c ̄c (q 

2 , μ) , (4) 

wher e C 

′ 
b→ sγ (μ) r esults from the following interaction: b → sc ̄c → sγ [ 53 ]. C 9 , pert (q 

2 , μ) and
 9 ,c ̄c (q 

2 , μ) r epr esent the short- and long-distance contributions, respecti v ely, as C 9 , pert (q 

2 , μ)
results from the one-loop matrix element of the four fermi quark operators O 1 −6 . It can be
calcula ted a t leading order within perturbation theory while C 9 ,c ̄c (q 

2 , μ) relies upon the external
3/16 
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hadron states. Putting e v erything together [ 54 ]: 

C 

′ 
b→ sγ ( μ) = iαs 

[ 

2 

9 

η
14 
23 

( 

y t 
(
y 

2 
t − 5 y t − 2 

)
8 ( y t − 1 ) 3 

+ 

3 y 

2 
t log y t 

4 ( y t − 1 ) 4 
− 0 . 1687 

) 

− 0 . 03 × C 2 (μ) 

] 

, (5) 

with y t = 

m 

2 
t 

m 

2 
W 

, η = 

αs (m W 

) 
αs (μ) , and the mass scale μ = m b . 

C 9 , pert ( ̂  s , μ) = 0 . 124 ω ( ̂  s ) + g ( ˆ m c , ˆ s ) C μ + λμ

[ 

g ( ˆ m c , ˆ s ) − g ( 0 , ˆ s ) 
] 

× ( 3 C 1 ( μ) + C 2 ( μ) ) − 1 

2 

g ( 0 , ˆ s ) ( C 3 ( μ) + 3 C 4 ( μ) ) 

− 1 

2 

g ( 1 , ˆ s ) ( 4 C 3 (μ) + 4 C 4 (μ) + 3 C 5 (μ) + C 6 (μ) ) 

+ 

2 

3 

C 3 (μ) + 

2 

9 

C 4 (μ) + 

2 

3 

C 5 (μ) + 

2 

9 

C 6 (μ) , (6) 

where ˆ s = 

q 2 

m 

2 
b 
, ˆ m c = 

m c 
m b 

, and C ( μ) = 3 C 1 , 3 , 5 ( μ) + C 2 , 4 , 6 ( μ) . The Wilson coefficients are cho-

sen at μ = m b and their numerical values read as C 1 = −0 . 226 , C 2 = 1 . 096 , C 3 = 0 . 01 , C 4 =
−0 . 024 , C 5 = 0 . 007 , C 6 = −0 . 028 , C 7 = −0 . 305 , C 8 = −0 . 15 , C 9 = 4 . 186 , C 10 = −4 . 559 [ 55 ].
In the Wolfenstein r epr esentation, the λμ has the following form [ 56 ]: 

λμ ≈ −λ2 ( ρ − iη) , (7) 

and λ = 0 . 22500 ± 0 . 00067 . Here the function ω ( ̂  s ) is defined as [ 57 ]: 

ω ( ̂  s ) = −2 

9 

π2 + 

4 

3 

∫ ˆ s 

0 

log ( 1 − u ) 
u 

du − 2 

3 

log ˆ s log ( 1 − ˆ s ) − 5 + 4 ̂  s 
3 ( 1 + 2 ̂  s ) 

log ( 1 − ˆ s ) 

− 2 ̂  s ( 1 + ˆ s ) ( 1 − 2 ̂  s ) 

3 ( 1 − ˆ s ) 2 ( 1 + 2 ̂  s ) 
log ˆ s + 

5 + 9 ̂  s − 6 ̂  s 2 

6 ( 1 − ˆ s ) ( 1 + 2 ̂  s ) 
, (8) 

and the functions g(z, ˆ s ) have the form [ 58 , 59 ]: 

g ( z, ̂  s ) = −8 
9 

log ( z ) + 

8 
27 

+ 

4 
9 

y − 2 
9 

( 2 + y ) 
√ 

| 1 − y | ×
{ 

log 

∣∣∣∣∣ 1 + 

√ 

1 − y 

−1 + 

√ 

1 − y 

∣∣∣∣∣ − iπ

} 

for y ≡ 4 z 2 

ˆ s 
< 1 

g ( z, ̂  s ) = −8 
9 

log (z ) + 

8 
27 

+ 

4 
9 

y − 2 
9 

( 2 + y ) 
√ 

| 1 − y | × 2 arctan 

1 √ 

y − 1 
for y ≡ 4 z 2 

ˆ s 
> 1 , 

(9) 

which for q 

2 = 0 becomes: 

g(0 , ˆ s ) = 

8 

27 

− 8 

9 

log 

(
m b 

μ

)
− 4 

9 

log ˆ s + 

4 

9 

iπ. (10) 

The C 9 ,c ̄c ( q 2 ,μ) has the contributions from the intermediate light vector mesons and vector char-
monium states [ 60 ]: 

C 9 ,c ̄c ( q 2 ,μ) = −3 π

α2 
e 

[ 

C ( μ) 
∑ 

V i = J/ψ ,ψ ( 2 S ) , ... 

m V i B 

(
V i → l + l −

)
�V i 

q 

2 − m 

2 
V i 

+ im V i �V i 

− λu g(0 , ˆ s ) 
(

3 C 1 (μ) + C 2 (μ) 
)

∑ 

V j = ρ,ω, ... 

m V j B(V j → l + l −)�v j 

q 

2 − m 

2 
V j 

+ im V j �V j 

] 

, (11) 

where m V i and �V i r epr esent the mass in GeV and the total decay rate of the particular resonance
particle in MeV, respecti v ely. These values are taken from the Particle Data Group [ 61 ] and
r epr esented in Table 1 . 
4/16 
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Table 1. Properties of resonances and the values of input parameters involved in effective Wilson coef- 
ficients [ 48 ]. 

V i m V i �V i 

B(V i → 

� + � −) × 10 

−5 

ρ 0.775 149 4.635 

ω 0.783 8.68 7.380 

φ 1.019 4.249 2 . 915 × 10 

+1 

J/ψ 3.097 0.093 5 . 966 × 10 

+3 

ψ (2 S) 3.686 0.294 7 . 965 × 10 

+2 

ψ (3770) 3.774 27.2 9 . 6 × 10 

−1 

ψ (4040) 4.039 80 1 . 07 × 10 

+1 

ψ (4160) 4.191 70 6 . 9 × 10 

−1 
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3. Angular distributions and the observables 
By definition of the transition probability amplitude, 

〈 D 

∗
s ( p 

( 2 ) ) | ̄s γμb| B c ( p 

(1) ) 〉 = εμναβε∗νP 

αq 

βg(q 

2 ) , 

〈 D 

∗
s ( p 

(2) ) | ̄s γμγ5 b| B c ( p 

(1) ) 〉 = −i 
[
ε∗
μ f 

(
q 

2 ) + ε∗.P 

(
P μa + 

(
q 

2 ) + q μa −
(
q 

2 ))] , (12) 

where P μ = p 

(1) 
μ + p 

(2) 
μ and q μ = p 

(1) 
μ − p 

(2) 
μ . Also, ε r epr esents the polarization vector of the D 

∗
s 

meson. The expression of amplitudes in the Bauer–Stech–Wirbel (BSW) form [ 62 ] is as follows: 

〈 D 

∗
s ( p 

(2) ) | ̄s γμb| B c ( p 

(1) ) 〉 = − 1 

m 1 + m 2 
εμναβε∗νP 

αq 

βV (q 

2 ) , 

〈 D 

∗
s ( p 

(2) ) | ̄s γμγ5 b| B c ( p 

(1) ) 〉 = i 
[

( m 1 + m 2 ) ε∗
μA 1 

(
q 

2 ) − ε∗.P 

m 1 + m 2 
P μA 2 

(
q 

2 )

−2 m 2 
ε∗.P 

q 

2 
q μ

[
A 3 

(
q 

2 ) − A 0 
(
q 

2 )]] , (13) 

where the mass of the B c meson is m 1 , while the mass of the D 

∗
s meson is m 2 . Additionally,

tensor current amplitude is defined as [ 63 ]: 

〈 D 

∗
s ( p 

(2) ) | ̄s iσμνq νb| B c ( p 

(1) ) 〉 = T 1 (q 

2 ) εαβμνε
∗
ν P 

αq 

β, 

〈 D 

∗
s ( p 

(2) ) | ̄s iσμνq νγ 5 b| B c ( p 

(1) ) 〉 = iT 2 
(
q 

2 ) [ (
m 

2 
1 − m 

2 
2 

)
ε∗
μ − ε∗.qP μ

] 

+ iT 3 
(
q 

2 ) ε∗.q 

[
q μ − q 

2 P μ

m 

2 
1 − m 

2 
2 

]
. (14) 

Here, V (q 

2 ) , A 1 
(
q 

2 
)
, A 2 

(
q 

2 
)
, A 3 

(
q 

2 
)
, A 0 

(
q 

2 
)
, T 1 

(
q 

2 
)
, T 2 

(
q 

2 
)
, T 3 

(
q 

2 
)

are the form factors
[ 64–66 ]. By using the above definitions of the matrix elements, the invariant amplitude is written
in the following form [ 48 ]: 

M (s l + , s l − ) = 〈 D s π; l + (s l + ) l −(s l − ) |H ef f | B c 〉 

= 

∑ 

s v 

I 

k 

2 − m 

2 
D 

∗
s 

M D 

∗
s → D s π ( s V 

) 〈 D 

∗
s ( s V 

) l + ( s l + ) l − ( s l − ) |H ef f | B c 〉 , (15) 

where M D 

∗
s → D s π is 

M D 

∗
s → D s π = −ig D 

∗
s D s ε

μp 

π
μ. (16) 
5/16 
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Table 2. The helicity combinations that correspond to different angular 
distributions. 

i J i 
(
q 

2 
)

f i ( θ, θl , φ) 

1s 
( 3 

4 − ˆ m 

2 
l 

) (∣∣∣A 

‖ 
L 

∣∣∣2 
+ 

∣∣A 

⊥ 

L 

∣∣2 + 

∣∣A 

⊥ 

R 

∣∣2 + 

∣∣∣A 

‖ 
R 

∣∣∣2 
)

+ 

4 ̂  m 

2 
l Re 

[ 
A 

⊥ 

L 

A 

⊥ 

R 

∗ + A 

‖ 
L 

A 

‖ 
R 

∗

] sin 

2 
θ

1c 
∣∣A 

0 
L 

∣∣2 + 

∣∣A 

0 
R 

∣∣2 + 4 ̂  m 

2 
l 

(∣∣A 

t 
∣∣2 + 2 Re 

[
A 

0 
L 

A 

0 
R 

∗
])

cos 2 θ

2s β2 
l 

(∣∣∣A 

‖ 
L 

∣∣∣2 
− ∣∣A 

⊥ 

L 

∣∣2 + 

∣∣∣A 

‖ 
R 

∣∣∣2 
+ 

∣∣A 

⊥ 

R 

∣∣2 
)/ 

4 sin 

2 
θ cos 2 θl 

2c −β2 
l 

(∣∣A 

0 
L 

∣∣2 + 

∣∣A 

0 
R 

∣∣2 
)

cos 2 θ cos 2 θl 

3 β2 
l 

(∣∣A 

⊥ 

L 

∣∣2 −
∣∣∣A 

‖ 
L 

∣∣∣2 
+ 

∣∣A 

⊥ 

R 

∣∣2 −
∣∣∣A 

‖ 
R 

∣∣∣2 
)/ 

2 sin 

2 
θ sin 

2 
θl cos 2 φ

4 β2 
l Re 

[ 
A 

0 
L 

A 

‖ 
L 

∗ + A 

0 
R 

A 

‖ 
R 

∗

] / √ 

2 sin 2 θ sin 2 θl cos φ

5 

√ 

2 βl Re 
[
A 

0 
L 

A 

⊥ 

L 

∗ − A 

0 
R 

A 

⊥ 

R 

∗
]

sin 2 θ sin θl cos φ

6s 2 βl Re 
[ 
A 

‖ 
L 

A 

⊥ 

L 

∗ − A 

‖ 
R 

A 

⊥ 

R 

∗

] 
sin 

2 
θ cos θl 

7 

√ 

2 βl Im 

[ 
A 

0 
L 

A 

‖ 
L 

∗ − A 

0 
R 

A 

‖ 
R 

∗

] 
sin 2 θ sin θl sin φ

8 β2 
l Im 

[
A 

0 
L 

A 

⊥ 

L 

∗ − A 

0 
R 

A 

⊥ 

R 

∗
]/ √ 

2 sin 2 θ sin 2 θl sin φ

9 β2 
l Im 

[ 
A 

‖ 
L 

∗A 

⊥ 

L 

+ A 

‖ 
R 

∗A 

⊥ 

R 

] 
sin 

2 
θ sin 

2 
θl sin 2 φ
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Using the effecti v e Lagrangian approach for the calculation, the amplitude has the following
form: 

M ( s l + , s l − ) = 

∑ 

s v 

I 
k 

2 − m 

2 
D 

∗
s 

M D 

∗
s → D s π ( s V ) 

[ 

C 

ef f 
9 H 

V −A ( s V , t ) L 

V ( s l + , s l − , t ) − 2 m b 

q 2 
C 

ef f 
7 H 

T + T 5 ( s V , t ) 

L 

V ( s l + , s l − , t ) + C 10 H 

V −A ( s V , t ) L 

A ( s l + , s l − , t ) −
∑ 

λ=0 , ±

( 

C 

ef f 
9 H 

V −A ( s V , λ) L 

V ( s l + , s l − , λ) 

− 2 m b 

q 2 
C 

ef f 
7 H 

T + T 5 ( s V , λ) L 

V ( s l + , s l − , λ) + C 10 H 

V −A ( s V , λ) L 

A ( s l + , s l − , λ) 

) ] 

. (17) 

In this equation, N = 

4 G F αe V tb V 

∗
ts 

4 π
√ 

2 
and a factor of 1 

2 comes from the right- and left-hand projection
operators mentioned in Eq. ( 2 ). Helicity amplitudes are mentioned in Ref. [ 67 ]. Finally, by using
the effecti v e Hamiltonian as mentioned in Eq. ( 2 ), the simplified form of angular distribution
as deduced in Ref. [ 68 ] is 

d 

4 �

d q 

2 d c θ d c θl d φ
= 

9 

32 π

∑ 

i 

J i (q 

2 ) f i (θ, θl , φ) , (18) 

where c θ represents cos θ . Each of these is mentioned in Table 2 . In the gi v en scenario, the
angle θ r epr esents the deviation between the direction of pion emission and the − ˆ z rest frame
direction of the D 

∗
s meson. Similarly, θl denotes the angle formed by the � 

− particle with the + ̂z
r est frame dir ection of the � 

+ � 

− pair, and φ is the angle made between the planes of the decay
as presented in Fig. 1 . 
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Fig. 1. Scattering kinematics of quasi-f ourf old distribution [ 48 ]. 
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The corresponding amplitudes for the particular polarizations have the parametrized form
and are the functions of q 

2 [ 69 ]. 

A 

⊥ 

L,R 

(
q 

2 ) = −N l 

√ 

2 N D 

∗
s 

√ 

λ
(
m 

2 
1 , m 

2 
2 , q 

2 
){ (

C 

ef f 
9 ∓ C 10 

) V 

(
q 

2 
)

m 1 + m 2 
+ 2 ˆ m b C 

ef f 
7 T 1 

(
q 

2 )} 

, 

A 

‖ 
L,R 

(
q 

2 ) = N l 

√ 

2 N D 

∗
s 

{ (
C 

ef f 
9 ∓ C 10 

)
( m 1 + m 2 ) A 1 

(
q 

2 ) + 2 ˆ m b C 

ef f 
7 

(
m 

2 
1 − m 

2 
2 

)
T 2 

(
q 

2 )} 

, 

A 

0 
L,R 

(
q 

2 ) = 

N l 
√ 

2 N D 

∗
s 

2 m 2 

√ 

q 

2 

{ (
C 

ef f 
9 ∓ C 10 

)[ (
m 

2 
1 − m 

2 
2 − q 

2 ) ( m 1 + m 2 ) A 1 
(
q 

2 ) − λ
(
m 

2 
1 , m 

2 
2 , q 

2 
)

m 1 + m 2 
A 2 

(
q 

2 )] 

+ 2 m b C 

ef f 
7 

[ (
m 

2 
1 + 3 m 

2 
2 − q 

2 ) T 2 
(
q 

2 ) − λ
(
m 

2 
1 , m 

2 
2 , q 

2 
)

m 

2 
1 − m 

2 
2 

T 3 
(
q 

2 )] } 

, 

A 

t (q 

2 ) = 2 N l 

√ 

2 N D 

∗
s 

√ 

λ
(
m 

2 
1 , m 

2 
2 , q 

2 
)

√ 

q 

2 
C 10 A 0 

(
q 

2 ) , (19) 

where 

N l = 

iαe G F V tb V 

∗
ts 

4 pi 
√ 

2 

, 

N D 

∗
s 
= 

8 

√ 

λq 

2 

3 × 256 π3 m 

3 
1 

√ 

1 − 4 m 

2 
l 

q 

2 
B 

(
D 

∗
s → D s π

)
. (20) 

Regarding the conjugated CP mode, B 

+ 

c → D 

∗+ 

s ( → D s π ) l + l − weak phase conjugations of 
the CKM elements lead to 

d 

4 �̄

d q 

2 d c θ d c θl d φ
= 

9 

32 π

∑ 

i 

J̄ i (q 

2 ) f i ( θ, θl , φ) (21) 

with the substitutions as J 1 ( c,s ) , 2 ( c,s ) , 3 , 4 , 7 → J̄ 1 ( c,s ) , 2 ( c,s ) , 3 , 4 , 7 and J 5 , 6 s, 8 , 9 → −J̄ 5 , 6 s, 8 , 9 . By doing in-
tegration over the angles in the domain θ ∈ [ 0 , π ] , θl ∈ [ 0 , π ] , and φ ∈ [ 0 , 2 π ] , the differential
width becomes only the function of q 

2 , so, 
d�

dq 

2 
= 

1 

4 

( 3 J 1 c + 6 J 1 s − J 2 c − 2 J 2 s ) . (22) 
7/16 



PTEP 2024 , 103B06 H. Waseem and A. Hafeez 

 

 

 

 

 

 

 

 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/ptep/article/2024/10/103B06/7819151 by D

eutsches Elektronen Synchrotron D
ESY user on 18 N

ovem
ber 2024
A similar expr ession r esults for the conjugated mode of the transition so that the CP-average
differential decay width can be written as, 

d�

dq 

2 
= 

1 

2 

(
d�

dq 

2 
+ 

d �̄

dq 

2 

)
. (23) 

To disentangle the CP-conserving and -violating effects, CP (angular S i and asymmetry angular
A i ) coefficients are defined as 

S i = 

J i + J̄ i 

d 

(
� + �̄

)
/dq 

2 
, 

A i = 

J i − J̄ i 

d 

(
� + �̄

)
/dq 

2 
, (24) 

where J i ’s are the angular coefficients defined in Ref. [ 48 ]. Se v eral observab les can be constructed
from these J i coefficients, and these quasi-four body processes are sensiti v e to NP. Other physical
observables can be calculated such as forw ard-backw ard asymmetry A FB 

, and longitudinal and
tr ansverse polarization fr actions F L ( T ) of D 

∗
s mesons. This we have done in the next few sections.

4. Observables and form factors 
The Standard relation for the CP asymmetry lepton forw ard-backw ard asymmetry is, 

A 

FB 

CP 

(
q 

2 ) = 

1 

d 

(
� + �̄

)
/dq 

2 
×

∫ 1 

−1 
d cos θl 

∫ 1 

−1 
d cos θ

∫ 2 π

0 
d φ

d 

4 
(
� + �̄

)
d q 

2 d cos θd cos θl d φ
= 

3 

4 

A 6 , 

(25) 

whereas the CP-averaged forw ard-backw ard asymmetry is, 

A FB 

(
q 

2 ) = 

3 

4 

S 6 . (26) 

The polarizations are defined as 

F L 

= 

1 

4 

( 3 S 1 c − S 2 c ) , 

F T = 

1 

2 

( 3 S 1 s − S 2 s ) . (27) 

We also focus on the LFU ratios as these are important to trace out NP, i.e. 

R 

μe = 

∫ ( m 1 −m 2 ) 
2 

4 μ2 

d�( B c → D 

∗
s ( → D s π ) μ+ μ−) 
dq 2 dq 

2 

∫ ( m 1 −m 2 ) 
2 

4 μ2 

d�( B c → D 

∗
s ( → D s π ) e + e −) 
dq 2 dq 

2 
, 

R 

τμ = 

∫ ( m 1 −m 2 ) 
2 

4 μ2 

d�( B c → D 

∗
s ( → D s π ) τ+ τ−) 
dq 2 dq 

2 

∫ ( m 1 −m 2 ) 
2 

4 μ2 

d�( B c → D 

∗
s ( → D s π ) μ+ μ−) 
dq 2 dq 

2 
. (28) 

The form factors used in this work are taken from Ref. [ 48 ], in which entities are deri v ed using
the covariant LFQM, which is considered best for exploring mesons and baryons. This model
r equir es initial mesons to be on the shell compared to conventional LFQM [ 70 , 71 ]. They use the
8/16 
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z-series parametrization form for the form factors to perform analytical continuation [ 72 , 73 ]. 

F(q 

2 ) = 

F ( 0 ) 

1 − q 2 

m 

2 
pole 

{ 

1 + a 1 

[(
z(q 

2 ) − z ( 0 ) ) − 1 

3 

(
z 
(
q 

2 )3 − z ( 0 ) 3 
)]

+ a 2 

[(
z 
(
q 

2 )2 − z ( 0 ) 2 
)

+ 

2 

3 

(
z 
(
q 

2 )3 − z ( 0 ) 3 
)]} 

, (29) 

where a i are the fitting parameters in space-like region q 

2 < 0 and z 
(
q 

2 
)

is defined as, 

z 
(
q 

2 ) = 

√ 

( m 1 + m 2 ) 
2 − q 

2 −
√ 

( m 1 + m 2 ) 
2 − ( m 1 − m 2 ) 

2 √ 

( m 1 + m 2 ) 
2 − q 

2 + 

√ 

( m 1 + m 2 ) 
2 − ( m 1 − m 2 ) 

2 
. (30) 

The values of free parameters a i and all the form factors at q 

2 = 0 are as gi v en in Ref. [ 48 ].
Form factors for B c → D 

∗
s are calculated by using different approaches in Refs. [ 74–76 ] but

here only central values are taken in the present analysis. 

5. New model benchmarks and parameters 
For the SM Wilson coefficients we use, C 

SM 

7 = −0 . 305 , C 

SM 

9 = 4 . 186 , C 

SM 

10 = −4 . 559 which are
found at μ = m b . By omitting the CKM unitarity, we can determine the CKM elements V ts V 

∗
tb 

[ 77 ]: 

V ts V 

∗
tb = −V cb 

[
1 − λ2 

2 

( 1 − 2 ̄ρ + 2 i ̄η) 
]

+ O 

(
λ6 ) , (31) 

so, we took 

| V tb V 

∗
ts | = ( 41 . 4 ± 0 . 5 ) × 10 

−3 . (32) 

The lifetime of B c meson τB c = 0 . 510 ps is taken from the Particle Data Group, and the branch-
ing fraction B 

(
D 

∗
s → D s π

) = 5 × 10 

−2 . Finally, we found the CP-averaged differential branch-
ing ratios as calculated within the q 

2 
(
GeV 

2 ) bin [ 1 . 1 , 6 . 0 ] and other physical observables in the
different q 

2 
(
GeV 

2 ) bins [ 1 . 1 , 6 . 0 ] , [ 6 . 0 , 8 . 0 ] , [ 11 , 12 . 5 ] , and [ 15 , 17 ] for all the three generations
of leptons. The branching fractions of electron and muon are of the order of 10 

−8 magnitude
whereas that for tau in the bin [ 15 , 17 ] can reach up to 10 

−9 . R 

μe is consistent with the SM pre-
diction, i.e. 1.00, and R 

τμ = 0 . 3801 . In the region [ 1 . 1 , 6 . 0 ] GeV 

2 , the br anching fr action for
electron and muon is 

B 

(
B c → D 

∗
s ( → D s π ) e + e −

)
[ 1 . 1 , 6 . 0 ] = 0 . 614 × 10 

−8 , 

B 

(
B c → D 

∗
s ( → D s π ) μ+ μ−)

[ 1 . 1 , 6 . 0 ] = 0 . 616 × 10 

−8 , 

B 

(
B c → D 

∗
s ( → D s π ) τ+ τ−)

[ 15 . 0 , 17 . 0 ] = 0 . 087 × 10 

−9 . (33) 

This quasi-f ourf old distribution provides the number of angular observables to check for NP
effects. So now we visit the NP models to trace out the NP. First of all, we here present the
Wilson coefficients we used to trace out the NP, and separation between NP effects is based on
the following shifts in values of Wilson coefficients and mainly the LFU NP contribution to

 

μ

10 ; these are expressed as [ 78 ]: 

C 

μ

( 9 , 10 ) = C 

U 

( 9 , 10 ) + C 

V 

( 9 , 10 ) , 

C 

τ
( 9 , 10 ) = C 

U 

( 9 , 10 ) , (34) 
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Table 3. The Wilson coefficients in different new scenarios [ 49 ]. 

Scenarios 
Wilson 

coefficients 1 σ range �χ2 

SI C 

U 

9 −1 . 08 ± 0 . 18 27.90 

SII C 

U 

9 = −C 

U 

10 −0 . 50 ± 0 . 12 18.85 

SIII C 

U 

9 = −C 

U 

9 ′ −0 . 88 ± 0 . 16 26.92 

Table 4. The Wilson coefficients in different new scenarios [ 49 ]. 

Scenarios 
Wilson 

coefficients 1 σ range pull Scenarios 

Wilson 

coeffi- 
cients 1 σ range pull 

C 

V 

9 μ [ −1 . 31 , −0 . 53 ] 4.5 − C 

V 

9 μ = 

−C 

V 

10 μ

[ −0 . 27 , −0 . 12 ] 3.6 

SV C 

U 

9 = C 

U 

10 [ −0 . 13 , 0 . 58 ] - SIX C 

U 

10 [ −0 . 09 , 0 . 27 ] - 
C 

V 

10 μ [ −0 . 66 , 0 . 07 ] - - - - - 
C 

V 

9 μ = −C 

V 

10 μ [ −0 . 33 , −0 . 20 ] 4.1 - C 

V 

9 μ [ −0 . 72 , −0 . 41 ] 4.6 

SVI C 

U 

9 = C 

U 

10 [ −0 . 43 , −0 . 17 ] - SX C 

U 

10 [ 0 . 05 , 0 . 34 ] - 
C 

V 

9 μ [ −0 . 43 , −0 . 08 ] 5.5 - C 

V 

9 μ [ −0 . 82 , −0 . 51 ] 4.6 

SVII C 

U 

9 [ −1 . 07 , −0 . 58 ] - SXI C 

U 

10 ′ [ −0 . 26 , −0 . 04 ] - 
C 

V 

9 μ = −C 

V 

10 μ [ −0 . 18 , −0 . 05 ] 5.6 - C 

V 

9 μ [ −0 . 96 , −0 . 60 ] 5.1 

SVIII C 

U 

9 [ −1 . 15 , −0 . 77 ] - SXII C 

V 

9 ′ μ [ 0 . 22 , 0 . 63 ] - 
- - - - - C 

U 

10 [ 0 . 01 , 0 . 38 ] - 
- - - - - C 

U 

10 ′ [ −0 . 08 , 0 . 24 ] - 

Table 5. Br anching r atios in the bin [ 1 . 1 , 6 . 0 ] GeV 

2 and [ 15 , 17 ] GeV 

2 for the SM and different NP models. 

Br 
(
GeV 

−2 ) q 

2 
(
GeV 

2 ) SM 

(
10 

−8 
)

SII 
(
10 

−10 
)

SV 

(
10 

−10 
)

SVI 
(
10 

−10 
)

� = e [ 1 . 1 , 6 . 0 ] 0.614 [ 5 . 418 , 4 . 532 ] [ 4 . 730 , 4 . 007 ] [ 4 . 064 , 4 . 686 ] 
� = μ [1 . 1 , 6 . 0] 0.616 - [ 4 . 553 , 8 . 901 ] [ 4 . 267 , 5 . 169 ] 
� = τ [ 15 , 17 ] 0.087 [ 0 . 107 , 0 . 913 ] [ 0 . 646 , 0 . 729 ] [ 0 . 749 , 0 . 925 ] 
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where the Wilson coefficients C 

U 

( 9 , 10 ) are linked with the b → s� 

+ � 

− ( � = e, τ ) and C 

V 

( 9 , 10 ) is as-
sociated with b → sμ+ μ− [ 49 ]. LFU NP is allowed in particularl y C 

U 

9 as it was commonl y
held that these dropped out as the statistical point of view couldn’t justify their presence. Still,
their inclusion leads to a new paradigm. Vector couplings to muons are encoded in C 

μ

9 . LFU-
viola ting NP af fects onl y m uons C 

V 

9 e,τ = 0 . Scenario VIII containing uni v ersal coefficient cou-
pling C 

U 

9 together with the muonic part follows the SU (2) L 

invariance. These all are indepen-
dent of external hadron states and their momentum-energy r elations. Her e we consider the
values obtained from the complete data set and the three prominent 1 D NP scenarios and eight
D > 1 as presented in Tables 3 and 4 . 

Using the NP models mentioned in the a bove Ta bles 3 and 4 , we assessed the physical observ-
ables in different q 

2 bins and found significant deviations from the SM results. The calculated
br anching fr actions f or the quasi-f our body process in the range 1 . 1 GeV 

2 ≤ q 

2 ≤ 6 . 0 GeV 

2 

for the electron and muon and in the range 15 GeV 

2 ≤ q 

2 ≤ 17 GeV 

2 for tau are mentioned in
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Table 6. Value of R 

τe in q 

2 bin of [ 15 , 17 ] GeV 

2 in different scenarios. 

[ 15 , 17 ] GeV 

2 SM SII SV SVI 

R 

τe 0.3801 [ 0 . 0589 , 0 . 6627 ] [ 0 . 5790 , 0 . 6748 ] [ 0 . 6706 , 0 . 6351 ] 

Table 7. Results of A FB 

in different q 

2 bins for the three generations of leptons. 

Observables q 

2 GeV 

2 SM SII SV SVI 

A FB 

( � = e ) [ 1 . 1 , 6 . 0 ] −0.057 [ −0 . 257 , −0 . 175 ] [ −0 . 178 , −0 . 062 ] [ 0 . 081 , 0 . 194 ] 
[ 6 , 8 ] −0.257 [ −0 . 484 , −0 . 300 ] [ 0 . 029 , 0 . 068 ] [ 0 . 098 , 0 . 347 ] 

[ 11 , 12 . 5 ] −0.381 [ −0 . 463 , −0 . 377 ] [ 0 . 078 , 0 . 148 ] [ 0 . 194 , 0 . 403 ] 
[ 15 , 17 ] −0.294 [ −0 . 174 , −0 . 113 ] [ −0 . 004 , 0 . 036 ] [ 0 . 049 , 0 . 127 ] 

A FB 

( � = μ) [ 1 . 1 , 6 . 0 ] −0.056 − [ −0 . 253 , 0 . 244 ] [ −0 . 014 , 0 . 044] 
[6 , 8] −0.256 − [ −0 . 125 , 0 . 513 ] [ −0 . 003 , 0 . 140] 

[ 11 , 12 . 5 ] −0.380 − [ −0 . 263 , 0 . 393 ] [ −0 . 037 , 0 . 098 ] 
[ 15 , 17 ] −0.294 − [ −0 . 121 , 0 . 192 ] [ −0 . 009 , 0 . 032 ] 

A FB 

( � = τ ) [ 1 . 1 , 6 . 0 ] 0 0 0 0 

[ 6 , 8 ] 0 0 0 0 

[ 11 , 12 . 5 ] 0 0 0 0 

[ 15 , 17 ] −0.154 [ −0 . 036 , −0 . 056 ] [ −0 . 002 , 0 . 010 ] [ 0 . 014 , 0 . 040 ] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/ptep/article/2024/10/103B06/7819151 by D

eutsches Elektronen Synchrotron D
ESY user on 18 N

ovem
ber 2024
Table 5 for all the relevant models. The mentioned scenarios exhibit significant deviations from
the SM results, imprinting the NP effects. 

Resonant particles, and charmonium states J/ψ and ψ (2 S) affect the widths greatly because
of large dilepton masses and small widths, whereas those above the D D̄ threshold due to their
larger widths don’t contribute effecti v ely. Charmless v ector mesons are suppressed by the factor
λu . 

We hav e inv estigated the physical observab les, the lepton forwar d-backwar d asymmetry pa-
rameter, and the transverse and longitudinal polarization fractions. These observables (average
value) are calculated by using the following equation: 

〈 A 〉 = 

∫ q 2 max 

q 2 min 
A 

[
q 

2 
] (

d�
dq 2 + 

d ̄�
dq 2 

)
dq 

2 

∫ q 2 max 

q 2 min 

(
d�
dq 2 + 

d ̄�
dq 2 

)
dq 

2 
. (35) 

Now we mention the numerical results of these observables, i.e. lepton forw ard-backw ard
asymmetry and polarization fractions, in Tables 7 and 8 for the respecti v e decay for all the
relevant NP models in different q 

2 bins and the impact of LFUV-NP and LFU NP can be
observed as compared to SM results. It’s clear from the results that R K 

and R K 

∗ deviate from
the corresponding ratios in the SM, signaling the presence of BSM theory. The q 

2 dependence
of these observables is r epr esented in Figs. 2 and 3 . The results depict the discrepancy between
the results of NP and the SM with large deviations showing that A FB 

, F L 

, and F T are the best
probes to search for BSM physics in different q 

2 intervals for the specific scenarios mentioned
in Table 4 . Although no such measurements have been recorded experimentally, in the future,
the LHCb can be expected to re v eal the details of this quasi-four body decay to measure the
corresponding observables. The ratios of branching fractions in different models deviate from
1 in the case of electron and muon, r epr esenting that electron and muon are different particles
under the constraints of varying coupling strengths. Relati v e de viations of the observab les of 
11/16 
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Table 8. Results of F L 

and F T in different q 

2 bins for the three generations of leptons. 

Observables q 

2 
(
GeV 

2 ) SM SII SV SVI 

〈 F L 

( � = e ) 〉 [ 1 . 1 , 6 . 0 ] 0.870 [ 0 . 099 , 0 . 052 ] [ 0 . 431 , 0 . 060 ] [ 0 . 054 , 0 . 058 ] 
〈 F T ( � = e ) 〉 − 0.130 [ 0 . 901 , 0 . 948 ] [ 0 . 569 , 0 . 940 ] [ 0 . 946 , 0 . 942 ] 

〈 F L 

( � = e ) 〉 [ 6 , 8 ] [ 0 . 719 ] [ 0 . 433 , 0 . 582 ] [ 0 . 913 , 0 . 805 ] [ 0 . 773 , 0 . 540 ] 
〈 F T ( � = e ) 〉 − 0.281 [ 0 . 567 , 0 . 418 ] [ 0 . 087 , 0 . 195 ] [ 0 . 227 , 0 . 460 ] 

〈 F L 

( � = e ) 〉 [ 11 , 12 . 5 ] 0.535 [ 0 . 353 , 0 . 331 ] [ 0 . 635 , 0 . 369 ] [ 0 . 354 , 0 . 334 ] 
〈 F T ( � = e ) 〉 − 0.465 [ 0 . 647 , 0 . 669 ] [ 0 . 365 , 0 . 631 ] [ 0 . 646 , 0 . 666 ] 

〈 F L 

( � = e ) 〉 [ 15 , 17 ] 0.431 [ 0 . 401 , 0 . 400 ] [ 0 . 430 , 0 . 404 ] [ 0 . 403 , 0 . 401 ] 
〈 F T ( � = e ) 〉 − 0.569 [ 0 . 599 , 0 . 600 ] [ 0 . 570 , 0 . 596 ] [ 0 . 597 , 0 . 599 ] 

〈 F L 

( � = μ) 〉 [ 1 . 1 , 6 . 0 ] 0.867 − [ 0 . 219 , 0 . 218 ] [ 0 . 012 , 0 . 021 ] 
〈 F T ( � = μ) 〉 − 0.133 − − −
〈 F L 

( � = μ) 〉 [ 6 , 8 ] 0.719 − [ 0 . 822 , 0 . 284 ] [ 0 . 574 , 0 . 146 ] 
〈 F T ( � = μ) 〉 − 0.281 − − −
〈 F L 

( � = μ) 〉 [ 11 , 12 . 5 ] 0.536 − [ 0 . 494 , 0 . 383 ] [ 0 . 286 , 0 . 292 ] 
〈 F T ( � = μ) 〉 − 0.464 − − −
〈 F L 

( � = μ) 〉 [ 15 , 17 ] 0.432 − [ 0 . 412 , 0 . 403 ] [ 0 . 399 , 0 . 398 ] 
〈 F T ( � = μ) 〉 − 0.568 − − −
〈 F L 

( � = τ ) 〉 [ 1 . 1 , 6 ] − − − −
〈 F T ( � = τ ) 〉 − − − − −
〈 F L 

( � = τ ) 〉 [ 6 , 8 ] − − − −
〈 F T ( � = τ ) 〉 − − − − −
〈 F L 

( � = τ ) 〉 [ 11 , 12 . 5 ] − − − −
〈 F T ( � = τ ) 〉 − − − − −
〈 F L 

( � = τ ) 〉 [ 15 , 17 ] 0.458 [ 0 . 381 , 0 . 389 ] [ 0 . 414 , 0 . 383 ] [ 0 . 382 , 0 . 383 ] 
〈 F T ( � = τ ) 〉 − 0.542 [ 0 . 619 , 0 . 611 ] [ 0 . 586 , 0 . 617 ] [ 0 . 618 , 0 . 617 ] 

Fig. 2. The branching ratios of B → D 

∗
s ( → Dπ ) � + � −, for � = e, μ, τ as a function of q 

2 in the SM and 

various NP scenarios: SM (red solid line), SII upper interval (blue solid line), SII lower interval (blue 
dashed line), SV upper interval (purple solid line), SV lower interval (purple dashed line), SVI upper 
interval (green solid line), and SVI lower interval (green dashed line) of the Wilson coefficients. 
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the respecti v e models from the SM are calculated. For e xample, we found a 91.9% de viation of 
the NP branching fraction from the SM value; for F L 

, the relati v e de viation is 91.3%. 
All the other relati v e de viations concerning SM results can be calculated easily. The CP-

averaged coefficients S 1 c (s ) , S 2 c (s ) , and S 6 serve as the best probes to search for the BSM. The
graphs in Fig. 3 depict variations of F T , F L 

, and A FB 

with q 

2 and Tables 7 and 8 present the
results across different q 

2 bins. In Fig. 3 and Tables 7 and 8 , observables for the case � = μ
12/16 



PTEP 2024 , 103B06 H. Waseem and A. Hafeez 

Fig. 3. The forw ard-backw ard asymmetry (a,b,c), and longitudinal (d, e, f) and transverse polarization (g, 
h, i) of B → D 

∗
s ( → Dπ ) � + � −, for � = e, μ, τ as a function of q 

2 in the SM and various NP scenarios: 
SM (red solid line), SII upper interval (blue solid line), SII lower interval (blue dashed line), SV upper 
interval (purple solid line), SV lower interval (purple dashed line), SVI upper interval (magenta solid 

line), and SVI lower interval (magenta dashed line) of the Wilson coefficients. 
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show some missing lines and data as compared to the other two leptons and the reason is that
SII doesn’t have C 

V 

9 , 10 , as some models don’t have all the C 

U,V 

9 , 10 to satisfy Eq. ( 34 ). 

6. Summary 

The rare semileptonic decays have shown some deviations from the SM results, motivating us
to see if we can find some suitable way to interpret them. Using the latest measurements of 
B s → μ+ μ−, B s → φμ+ μ−, R K,K S , and R K 

∗ and adding the 254 observables, Algueró et al.
[ 49 ] found the pattern of the NP that successfully explains the data. Here, we studied the ef-
fect of these new couplings on the angular profiles of the decay B c → 

(
D 

∗
s → Dπ

)
� 

+ � 

−, where
we have studied the f ourf old distribution of this decay in detail and extracted the various pos-
sible physical observables from the different angular coefficients. Central values are taken for
the form factors, so uncertainties associated with the form factors might show differences in
the future if considered. Being e xclusi v e decays, the initial and final sta te ma trix elements are
parametrized in terms of the form factors, which are nonperturbati v e quantities. We took the
values of these form factors calculated in the covariant LFQM [ 48 ], where the cascade decays
13/16 
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with the e and μ in the final state have been calculated with the branching ratio to be of the
order of 10 

−8 . Due to the phase space suppression, for the τ case, the corresponding result
is O 

(
10 

−9 
)

in q 

2 ≡ [ 15 , 17 ] GeV 

2 . When we used the NP Wilson coefficients from Ref. [ 49 ],
this LFU ratio with τ to μ showed substantial deviations from the SM results. The case is the
same for the other observables, i.e. the lepton forw ard-backw ard asymmetry and polarization
asymmetries. Hence, these can serve as potential probes to search the NP. We hope that in the
future, the experimental observations of these rare semileptonic decays at the LHCb and ded-
icated B-factories will help us to find suitable interpretations of these mismatches with the SM
results. 
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