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The flavor anomalies reported in RK , RK� , P0
5, and BðBs → ϕμþμ−Þ indicate lepton flavor universality

violation in b → slþl− quark level transition decays. The deviation from the standard model prediction
reported in the underlying flavor observables currently stands at the level of 2.5σ, 2.4σ, 3.3σ, and 3.7σ,
respectively. In this context, we perform an angular analysis of the four-body differential decay of Bs →
f02ð1525Þð→ KþK−Þμþμ− in a model independent effective field theory framework. The decay mode
Bs → f02ð1525Þlþl− undergoes similar b → s neutral current quark level transition and, in principle, can
provide complementary information regarding lepton flavor universality violation in b → slþl− quark level
transition decays. We give predictions of various physical observables such as the branching ratio, the
longitudinal polarization fraction, the forward-backward asymmetry, the angular observables P1, P2, P0

4,
P0
5, and also the lepton flavor sensitive observables such as the ratio of branching ratio Rf0

2
,QFL

,QAFB
,Q1,

Q2, Q0
4, Q

0
5 for the Bs → f02ð1525Þð→ KþK−Þμþμ− decay mode in the standard model and in the presence

of several one-dimensional and two-dimensional new physics scenarios.

DOI: 10.1103/PhysRevD.103.095007

I. INTRODUCTION

Exploring and identifying the Lorentz structure of
possible new physics (NP) that lies beyond the standard
model (SM) is of great importance, particularly in semi-
leptonic B meson decays mediated via b → slþl− neutral
current and b → clν charged current interactions. It is well
known that the flavor sector could be an ideal platform to
explore NP since it can provide possible indirect evidence
of NP in the form of new interactions that can, in principle,
be very sensitive to the existing experiments. It is also well
known that, apart from the flavor sector, existence of NP is
also evident from several other phenomena such as the
matter/antimatter asymmetry of the universe, neutrino
mass, dark matter, dark energy, and so on. In recent years,
several measurements have shown hints of lepton flavor
universality violation (LFUV) in the semileptonic decays of
B mesons involving b → slþl− (l ∈ e, μ) neutral current
and b → clν (l ∈ e=μ; τ) charged current quark level
transitions. Significant deviation from the SM expectation

has been reported in various flavor observables such as RK ,
RK� , P0

5 in B → Kð�Þlþl− decays; BðBs → ϕμþμ−); RD,
RD� , Pτ

D� , FD�
L in B → Dð�Þlν decays and RJ=Ψ in Bc →

J=Ψlν decays. Here we will focus mainly on the anomalies
present in B meson decays mediated via b → slþl− quark
level transitions. The ratio of branching ratio RK and RK� in
B → ðK;K�Þlþl− decays are defined as

RKð�Þ ¼ BðB → Kð�Þμþμ−Þ
BðB → Kð�Þeþe−Þ : ð1Þ

After the Rencontres deMoriond (2019), the current status of
several observables pertaining to b → slþl− quark level
transition decays is as follows: the measurement of RK from
the combined data of both Run 1 and Run 2 of the LHCb
Collaboration reports RK ¼ 0.846þ0.060

−0.054ðstatÞþ0.016
−0.014 ðsystÞ [1]

in the central q2 region (1 ≤ q2 ≤ 6 GeV2), where q2 is the
invariantmass-squaredof thedilepton.Thedeviation from the
SM value of RK ∼ 1 [2,3] is observed to be at the level of
∼2.5σ. Similarly, RK� was measured in two different q2 bins
by two different experiments: in the low q2 bin (0.045 ≤
q2 ≤ 1.1 GeV2), LHCb reports RK� ¼ 0.660þ0.110

−0.070 ðstatÞ�
0.024 ðsystÞ [4,5] and the Belle Collaboration reports
RK� ¼ 0.52þ0.36

−0.26 ðstatÞ � 0.05 ðsystÞ [6], and in the central
q2 bin (1.1 ≤ q2 ≤ 6 GeV2), LHCb reports RK� ¼
0.685þ0.113

−0.069 ðstatÞ�0.047ðsystÞ [4,5] andBelle reportsRK� ¼
0.96þ0.45

−0.29 ðstatÞ � 0.11 ðsystÞ [6]. These measurements differ
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from the SMprediction ofRK� ∼ 1 [2,3] at the level of∼2.4σ.
In addition toRK andRK� , deviation from the SMexpectation
is also observed in the measurements of the angular distri-
butions of B → K�μþμ−, particularly in P0

5 [7,8]. The
ATLAS [9] and LHCb [10,11] Collaborations measured
P0
5 in the bin q2 ∈ ½4; 6� GeV2 and they differ by ∼3.3σ

[12] from the SM expectation [8]. Similarly, the CMS [13]
measurement in q2 ∈ ½4.3; 6� GeV2 and the Belle [14]
measurement in q2 ∈ ½4.3; 8� GeV2 differ by 1σ and 2.1σ,
respectively, from the SM expectations [7,15]. Moreover, the
measured value of the branching ratio BðBs → ϕμþμ−Þ
[16,17] is found to deviate at the level of ∼3.7σ from the
SM expectations [12,18]. In Table I we report the current
status of RK , RK� , P0

5, and BðBs → ϕμþμ−Þ. At present, the
dedicated ongoing B factory programs at Belle II and LHCb
emerge as promising platforms that can either confirm or
refute the existence of NP in b → slþl− transition decays.
Our main aim is to study the impact of NP on Bs →

f02ð1525Þμþμ− decay observables in a model independent
effective theory formalism. The Bs → f02ð1525Þμþμ−
decay mode has received less attention both from
the theoretical and the experimental side and it has not
been discussed earlier in detail. Although, in Ref. [19],
the authors discussed the SM results for both the μ mode
and τ mode of Bs → f02ð1525Þlþl− along with the B →
K�

2ð1430Þlþl− decays, more emphasis was given to B →
K�

2 rather than Bs → f02 decays. Also, the branching ratio of
f02 decaying into KþK− was not considered in their
numerical analysis. In Ref. [19], the authors also discussed
the impact of NP on several observables coming from
two different NP models, such as the vectorlike quark
model and the family nonuniversal Z0 model. Similarly,
there is an ample number of literatures discussing the B →
K�

2ð1430Þlþl− decays [20–27] mediated via the same b →
slþl− quark level transition.
So far we don’t have many experimental results on

electroweak penguin decays involving spin 2 particles. The
experimental techniques used for Bs → ϕlþl− can be

adjusted to the Bs → f02ð1525Þlþl− decay as well, because
both ϕ and f02ð1525Þ decay to a pair of charged kaons
which are easily detected by the LHCb detector. Since the
dominating structures in the KþK− spectrum are the P
wave ϕð1020Þ, and there are several possible resonances
around 1500 MeV=c2, it is natural to look at this regime to
study. Furthermore, the presence of D waves in this mass
region yields a richer spectrum for exploring interesting
angular observables.
Although there are other resonances like f2ð1270Þ and

f0ð1500Þ between ϕð1020Þ and f02ð1525Þ, they have a
smaller branching fraction of 5% or less into the KþK−

final state and are very unlikely to have large rates. Hence,
f02ð1525Þ is the best option after ϕð1020Þ [28]. This decay
in the muonic mode can be observed with the currently
available data and we expect around 200 events for this
mode. The currently available data is statistically limited
for performing angular analysis; the branching fraction
measurement is only possible claiming the first observation
of this decay in muonic mode. With more data in Run 3, the
measurement of angular observables is possible. In the
published Run 1 angular analysis of Bs → ϕμþμ− decays
[17], we see 10–20% statistical uncertainties across all
angular observables. So far, no results have been published
with the full Run 1 and Run 2 data. We expect the statistical
uncertainty in case of full Run 1 + Run 2 analysis to go
down by a factor of 40%, which means 5–10% total
statistical uncertainty for angular observables in case of
Bs → ϕμþμ− decays with full Run 1 + Run 2 data. For
Bs → f02ð1525Þμþμ−, we expect the statistical uncertainty
to be three times more with respect to Bs → ϕμþμ− decays,
i.e., 15–30% statistical error.
The present paper is organized as follows: in Sec. II, we

start with a brief overview of the effective Hamiltonian for
b → slþl− quark level transition decays in the presence of
new vector and axial vector NP operators. A brief dis-
cussion of Bs → f02 hadronic matrix elements, followed by
the angular distribution and the transversity amplitudes for

TABLE I. Current status of RK and RK� and P0
5 in B → Kð�Þlþl− and the branching ratio of BðBs → ϕμþμ−Þ.

q2 bins Theoretical predictions Experimental measurements Deviation

RK [1.0, 6.0] 1� 0.01 [2,3] 0.846þ0.060
−0.054 ðstatÞþ0.016

−0.014 ðsystÞ [1] ∼2.5σ
RK�

[0.045, 1.1]
1� 0.01 [2,3] 0.660þ0.110

−0.070 ðstatÞ � 0.024 ðsystÞ [4,5]

∼2.4σ
1� 0.01 [2,3] 0.52þ0.36

−0.26 ðstatÞ � 0.05 ðsystÞ [6]

[1.1, 6.0]
1� 0.01 [2,3] 0.685þ0.113

−0.069 ðstatÞ � 0.047 ðsystÞ [4,5]
1� 0.01 [2,3] 0.96þ0.45

−0.29 ðstatÞ � 0.11 ðsystÞ [6]
P0
5 [4.0, 6.0] −0.757� 0.074 [8] −0.21� 0.15 [9–11] ∼3.3σ

[4.3, 6.0] −0.774þ0.0.061þ0.087
−0.059−0.093 [7] −0.96þ0.22

−0.21 ðstatÞ � 0.16 ðsystÞ [13] ∼1.0σ

[4.0, 8.0] −0.881� 0.082 [15] −0.267þ0.275
−0.269 ðstatÞ � 0.049 ðsystÞ [14] ∼2.1σ

BðBs → ϕμþμ−) [1.0, 6.0] ð5.39� 0.66Þ × 10−8 [12,18] ð2.57� 0.37Þ × 10−8 [16,17] ∼3.7σ

RAJEEV, SAHOO, and DUTTA PHYS. REV. D 103, 095007 (2021)

095007-2



Bs → f02ð1525Þð→ KþK−Þμþμ− decays, are also reported.
Finally we write down the decay distribution and expres-
sions for several lepton flavor universal (LFU) observables.
In Sec. III, we report our results that are obtained in the SM
and in several NP scenarios. We conclude with a brief
summary of our results in Sec. IV.

II. THEORETICAL FRAMEWORK

A. Effective Hamiltonian

The effective Hamiltonian for b → slþl− quark level
transition decays in the presence of new vector and axial
vector NP operators is written as

Heff ¼−
GFffiffiffi
2

p VtbV�
ts
αe
4π

�
Ceff
9 s̄γμPLbl̄γμlþCeff

10 s̄γ
μPLbl̄γμγ5l

−
2mb

q2
Ceff
7 s̄iqνσμνPRbl̄γμlþCNP

9 s̄γμPLbl̄γμl

þCNP
10 s̄γ

μPLbl̄γμγ5lþC0
9s̄γ

μPRbl̄γμl

þC0
10s̄γ

μPRbl̄γμγ5l

�
; ð2Þ

where GF is the Fermi coupling constant, αe is the fine
structure constant, Vtb and Vts are the corresponding
Cabibbo-Kobayashi-Maskawa (CKM) matrix elements,
and PL;R ¼ ð1 ∓ γ5Þ=2. The factorizable loop terms are
incorporated within the effective Wilson coefficients (WCs)
Ceff
7 and Ceff

9 as [29]

Ceff
7 ¼C7−

C5

3
−C6;

Ceff
9 ¼C9ðμÞþhðm̂c; ŝÞC0

−
1

2
hð1; ŝÞð4C3þ4C4þ3C5þC6Þ

−
1

2
hð0; ŝÞðC3þ3C4Þþ

2

9
ð3C3þC4þ3C5þC6Þ;

ð3Þ

where ŝ ¼ q2=m2
b, m̂c ¼ mc=mb, and C0 ¼ 3C1 þ C2þ

3C3 þ C4 þ 3C5 þ C6. Similarly, the auxiliary functions
are defined as

hðz; ŝÞ¼−
8

9
ln
mb

μ
−
8

9
lnzþ 8

27
þ4

9
x−

2

9
ð2þxÞj1−xj1=2

×

8>><
>>:
ln

����
ffiffiffiffiffiffiffiffiffiffi
1−x

p þ1ffiffiffiffiffiffiffiffiffiffi
1−x

p
−1

����− iπ; for x≡ 4z2
ŝ < 1

2arctan 1ffiffiffiffiffiffi
x−1

p ; for x≡ 4z2
ŝ > 1

ð4Þ

hð0; ŝÞ ¼ −
8

9
ln
mb

μ
−
4

9
ln ŝþ 8

27
þ 4

9
iπ: ð5Þ

The additional terms in the Ceff
9 describe the short distance

contributions from the four-quark operators which lie away
from the cc̄ resonance region. Similarly, the long distance
contributions which include the resonant state from b →
cc̄s which further annihilate into a lepton pair are excluded
in the present analysis. Hence, we only concentrate on the
regions from q2 ∈ ½0.045; 0.98� and q2 ∈ ½1.1; 6.0�1 GeV2.
It not necessary that the nonlocal effects are accounted only
for the resonant states but also they are very important even
below the charmonium contribution. This has been studied
in detail in Refs. [30–33]. The authors in [30] report that,
due to the virtual photon propagator, the nonfactorizable
contributions to ΔC9 are enhanced at small q2, i.e., at
q2 ≫ 4m2

l . The factorizable soft gluon part ΔC9ðq2Þ plays
an important role in B → K� decays. The charm loop
corrections ΔC9ðq2Þ almost reach up to 20% of C9 at 1 ≤
q2 ≤ 4 GeV2 in B → K�ll decays and similarly, will not
exceed more than 5% in the B → Kll decays. These
nonfactorizable contributions significantly affect the differ-
ential width and the forward-backward asymmetry in
B → K� decays. The zero crossing of the forward-
backward asymmetry will be effected significantly in
discriminating the new physics contributions. Similarly,
the nonlocal contributions in B → K� and Bs → ϕ decays
have also been discussed very recently in [33]. The authors
in this particular paper proposed a modified analytic para-
metrization of nonlocal matrix elements. These effects in
fact enter the decay amplitudes in the form of nonperturba-
tive nonlocal matrix elements which are difficult to calculate
with controlled uncertainties. The recalculations of beyond
the operator product expansion contributions involve the
light cone sum rule and the full set of B meson light cone
distribution amplitudes. In most of the theoretical papers
which try to address the LFU violation in b → slþl− decays
the hadronic nonlocal effects are neglected. Hence, we do
not consider these corrections in our present analysis.
The new physics WCs in the effective Hamiltonian, such

as CNP
9;10 and C

0
9;10, include the effects coming from the new

vector and axial vector NP couplings. In SM, all these new
WCs are considered to be zero. In principle, one can have
the new scalar, pseudoscalar, and tensor NP WCs, but they
are severely constrained by Bs → μþμ− and b → sγ mea-
surements [34–36]. The values for each WC obtained in
the leading logarithmic approximation at the energy scale
μ ¼ mb;pole are reported in Table III. Similarly, the values of
new WCs are obtained from the global fits of Ref. [37].

1The q2 ∈ ½0.98; 1.1� GeV2 is excluded because of ϕð1020Þ →
μþμ− decays.
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B. Spin 2 polarization tensor and Bs → f 02
hadronic matrix elements

1. Spin 2 polarization tensor

A spin 2 polarization tensor ϵμνðnÞ, where n ∈ �2;�1,
0, can be constructed via a spin 1 polarization vector
[19,40,41]. For the f02 meson having the four momentum
ðjp⃗f0

2
j; 0; 0; Ef0

2
Þ, where p⃗f0

2
and Ef0

2
are the momentum and

energy of f02 in the Bs meson rest frame, the explicit
structure of polarization tensor ϵμνðnÞ in the ordinary
coordinate frame are constructed out of a massive vector
state by the use of an appropriate Clebsch-Gordan coef-
ficients. Those are

ϵμνð�2Þ¼ ϵμð�Þϵνð�Þ;

ϵμνð�1Þ¼ 1ffiffiffi
2

p ½ϵμð�Þϵνð0Þþϵνð�Þϵμð0Þ�;

ϵμνð0Þ¼
1ffiffiffi
6

p ½ϵμðþÞϵνð−ÞþϵνðþÞϵμð−Þ�þ
ffiffiffi
2

3

r
ϵμð0Þϵνð0Þ;

ð6Þ

where

ϵμð0Þ¼
1

mf0
2

ðjp⃗f0
2
j;0;0;Ef0

2
Þ; ϵμð�Þ¼ 1ffiffiffi

2
p ð0;∓ 1;−i;0Þ:

ð7Þ

In the Bs → f02ð1525Þlþl− decay, the n ¼ �2 helicity
states of the f02 are not aware of the two leptons that are
obtained in the final state. Hence, it would be convenient to
introduce a new polarization vector ϵTμ

ðhÞ as

ϵTμ
ðhÞ ¼ 1

mb
ϵμνðhÞPν

Bs
; ð8Þ

wherePBs
is the four momentum ofBs meson. The polariza-

tion vector ϵTμ
ðhÞ satisfies the following equations [190]:

ϵTμ
ð�2Þ¼ 0;

ϵTμ
ð�1Þ¼ 1

mBs

1ffiffiffi
2

p ϵð0Þ ·PBs
ϵμð�Þ¼

ffiffiffi
λ

p
ffiffiffi
8

p
mBs

mf0
2

ϵμð�Þ;

ϵTμ
ð0Þ¼ 1

mBs

ffiffiffi
2

3

r
ϵð0Þ ·PBs

ϵμð0Þ¼
ffiffiffi
λ

p
ffiffiffi
6

p
mBs

mf0
2

ϵμð0Þ: ð9Þ

2. Bs → f 02 hadronic matrix elements

Normally, for calculating the Bs → f02ð1525Þ form
factors, the f02ð1525Þ is treated to be stable and contributes
as a single particle. This means that it has a simple pole at
k2 ¼ m2

f0
2
ð1525Þ. If there are any further higher order states,

the hadronic representation goes beyond the single pole.
The purpose of implementing the narrow width limit can be
done by calculating the sum rules for the KþK− states.
Recently, there have been few improvements in the
theoretical predictions as of the local and nonlocal form
factors are concerned. In the propagation of the intermedi-
ate strange meson, the width effect of f02 could be
important. This is because of the fact that Γf0

2
≫ Γϕ.

Hence, the narrow width approximation may not work
well for the f02 case, unlike ϕ. The finite-width effects
which lead to 10% corrections to the form factors, which
further lead to 20% corrections to the branching fractions in
the case of ρ and K�, are studied in detail in Refs. [42,43].
Nevertheless, we do not consider these effects in the present
analysis. Although the corrections tend to increase the
discrepancy between the SM predictions of the branching
fractions and the corresponding LHCb measurements,
the normalized angular observables such as P0

5 and other
LFU sensitive ratios, which mainly depend on the form
factors, are insensitive to the finite-width corrections.
Moreover, the global fit results including all these correc-
tions are still awaited [43,44].
In general, the Bs → f02 hadronic matrix elements can be

parametrized in terms of several form factors, as follows
[19,22,23,41,45]:

hf02ðPf0
2
; ϵÞjs̄γμbjB̄sðPBs

Þi ¼ −
2Vðq2Þ

mBs
þmf0

2

ϵμνρσϵ�Tν
PBsρPf0

2
σ;

hf02ðPf0
2
; ϵÞjs̄γμγ5bjB̄sðPBs

Þi ¼ 2imf0
2
A0ðq2Þ

ϵ�T · q
q2

qμ þ iðmBs
þmf0

2
ÞA1ðq2Þ

�
ϵ�Tμ

−
ϵ�T · q
q2

qμ
�

− iA2ðq2Þ
ϵ�T · q

mBs
þmf0

2

�
Pμ −

m2
Bs
þm2

f0
2

q2
qμ
�
;

hf02ðPf0
2
; ϵÞjs̄σμνqνbjB̄sðPBs

Þi ¼ −2iT1ðq2Þϵμνρσϵ�Tν
PBsρPf0

2
σ;

hf02ðPf0
2
; ϵÞjs̄σμνγ5qνbjB̄sðPBs

Þi ¼ T2ðq2Þ½ðm2
Bs
þm2

f0
2
ÞϵTμ

ϵ�T · qPμ� þ T3ðq2Þϵ�T · q

�
qμ −

q2

m2
Bs
þm2

f0
2

Pμ

�
; ð10Þ
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where PBs
and Pf0

2
are the four momenta of the Bs meson

and f02, respectively, and q ¼ PBs
− Pf0

2
. In general, the

Bs → f02 transition form factors are nonperturbative in
nature and they can be calculated using several non-
perturbative approaches. We follow Ref. [41] and write
the Bs → f02 transition form factors as

Fðq2Þ¼ Fð0Þ
ð1−q2=m2

Bs
Þ½1−aðq2=m2

Bs
Þþbðq2=m2

Bs
Þ2� ; ð11Þ

where F denotes A0, A1, V, T1, T2, and T3, respectively.
Similarly, A2 is related to A0 and A1 by

A2ðq2Þ ¼
mBs

þmf0
2

m2
Bs
− q2

½ðmBs
þmf0

2
ÞA1ðq2Þ − 2mf0

2
A0ðq2Þ�:

ð12Þ

The numerical entries of the Bs → f02 form factors at the
maximum recoil point and the two fitted parameters a and b
are reported in Table IV.
The B → T form factors contain one more pole structure

in the q2 distribution and they are expected to be sharper
than the B → V form factors. But the parametrization of
B → T form factors is analogous to B → V form factors
and the only difference is the replacement of ϵ by ϵT. This
can be easily related when we mark the pole at q2 ¼ 0 and
we get the relation 2mTA0ð0Þ ¼ ðmBs

þmTÞA1ð0Þ−
ðmBs

−mTÞA2ð0Þ, which has a similar relation as of the
B → V case.
The Lorentz structures of the wave functions and the B

decay form factors involving the vector and tensor mesons
have great similarities. Hence this allows us to obtain the
factorization formulas of B → T form factors from B → V
ones. Further, the two set of B → V and B → T form
factors have the same signs and related q2 dependency. This
is because the light cone distribution amplitudes of the
tensor mesons and the vector mesons have similar shapes in
the dominant region of the perterbative quantum chromo-
dynamics (pQCD) approach. In the pQCD, the factoriza-
tion formula is given by [41]

M ¼
Z

1

0

dx1dx2

Z
d2b⃗1d2b⃗2ϕBðx1; b⃗1; PB; tÞ

× Txðx1; x2; b⃗1; b⃗1; tÞϕ2ðx2; b⃗2; P2; tÞStðx2Þ
× exp½−SBðtÞ − S2ðtÞ�: ð13Þ

This has been generalized to the number of transition form
factors for various final state mesons including scalar,

vector, pseudoscalar, and axial-vector mesons. The corre-
spondence between vector and tensor mesons are obtained
in a comparative way. Both light cone distribution ampli-
tudes (LCDAs) of the tensor meson and B → T form
factors coincide with the quantities involving a vector
meson as

ϕðiÞ
V ↔ ϕðiÞ

T ; FB→T ↔ FB→V; ð14Þ

where F and ϕðiÞ
V;T represent the B → ðT; VÞ form factors

and LCDA respectively. The polarization vector ϵ is
replaced by ϵ• and ϵT , respectively, in the LCDAs and in
the transition form factors. As a result, the B → T form
factors are factorized as

FB→TðϕðiÞ
T Þ ¼ ϵ•

ϵT
FB→VðϕðiÞ

V Þ ¼ 2mBmT

m2
B − q2

FB→VðϕðiÞ
V Þ:

ð15Þ

While extracting the form factors in a nonperturbative way
by using QCD sum rules, the pole structure of the form
factors are constrained in an analytic waywhereas, in pQCD
platform, which uses the perturbative properties of the form
factors such as the factorization, construct the parametriza-
tion form in a phenomenological way. In general, the polar
form of B → V form factors include pole form, dipole form,
exponential form, and the BK parametrization [46]. By
adopting this approach one defines the dipole form of
B → V form factors in a pQCD as

Fðq2Þ ¼ Fð0Þ
1 − aðq2=m2

BÞ þ bðq2=m2
BÞ2

: ð16Þ

The only difference for the case ofB → T form factors is that
it receives an additional q2 dependency. This can be seen in
the factorization formula of Eq. (15) and the formula for
Fðq2Þ in Eq. (11).Hence, thismodification is appropriate for
the q2 distribution of B → T form factors. We refer to
Ref. [41] for all the omitted details.

C. Angular distribution and the transversity
amplitudes for Bs → f 02ð1525Þð→ K +K − Þμ+ μ−

decays

The decay amplitude for Bs → f02ð1525Þlþl− can be
obtained from the effective Hamiltonian of Eq. (2).
Using the helicity techniques of Ref. [19], the differential
decay width of the four-body decay of Bs → f02ð1525Þ
ð→ KþK−Þμþμ− can be written in terms of several angular
coefficients as
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d4Γ
dq2d cos θKd cos θldϕ

¼ 3

8
½Ic1C2 þ 2Is1S

2 þ ðIc2C2 þ 2Is2S
2Þ cos 2θl þ 2I3S2 sin2 θl cos 2ϕ

þ 2
ffiffiffi
2

p
I4CS sin 2θl cosϕþ 2

ffiffiffi
2

p
I5CS sin θl cosϕþ 2I6S2 cos θl

þ 2
ffiffiffi
2

p
I7CS sin θl sinϕþ 2

ffiffiffi
2

p
I8CS sin 2θl sinϕþ 2I9S2 sin2 θl sin 2ϕ�; ð17Þ

where C ¼ Cðf02Þ≡
ffiffiffiffiffiffi
5

16π

q
ð3 cos2 θK − 1Þ and S ¼ Sðf02Þ≡ffiffiffiffiffiffi

15
32π

q
sinð2θKÞ. The direction of f02 is chosen along the z

direction in the Bs meson rest frame. The polar angle
θKðθlÞ is defined as the angle between the direction of
K−ðμ−Þ and the z axis in the rest frame of the lepton pair.
Similarly, ϕ is the angle between the decay planes of f02 and
the lepton pair. Moreover, the angular coefficients Iiðq2Þ
are defined as

Ic1 ¼ ðjAL0j2 þ jAR0j2Þ þ 8
m2

l

q2
Re½AL0A�

R0� þ 4
m2

l

q2
jAtj2;

Ic2 ¼ −β2l ðjAL0j2 þ jAR0j2Þ;

Is1 ¼
3

4
½jAL⊥j2 þ jALkj2 þ jAR⊥j2 þ jARkj2�

�
1 −

4m2
l

3q2

�

þ 4m2
l

q2
Re½AL⊥A�

R⊥ þ ALkA�
Rk�;

Is2 ¼
1

4
β2l ½jAL⊥j2 þ jALkj2 þ jAR⊥j2 þ jARkj2�;

I3 ¼
1

2
β2l ½jAL⊥j2 − jALkj2 þ jAR⊥j2 − jARkj2�;

I4 ¼
1ffiffiffi
2

p β2l ½ReðAL0A�
LkÞ þ ReðAR0A�

RkÞ�;

I5 ¼
ffiffiffi
2

p
βl½ReðAL0A�

L⊥Þ − ReðAR0A�
R⊥Þ�;

I6 ¼ 2βl½ReðALkA�
L⊥Þ − ReðARkA�

R⊥Þ�;
I7 ¼

ffiffiffi
2

p
βl½ImðAL0A�

LkÞ − ImðAR0A�
RkÞ�;

I8 ¼
1ffiffiffi
2

p β2l ½ImðAL0A�
L⊥Þ þ ImðAR0A�

R⊥Þ�;

I9 ¼ β2l ½ImðALkA�
L⊥Þ þ ImðARkA�

R⊥Þ�; ð18Þ

where βl ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − 4m2

l =q
2

q
is the mass correction factor. In

our analysis, we assume all the angular coefficients to be
real and CP conserving. For convenience, we introduce
here the transversity amplitudes AL0, AR0, AL⊥, AR⊥, ALk,
and ARk. However, they are nothing but linear combinations
of the helicity amplitudes as mentioned in Ref. [19]. The
subscripts L and R represent the chiralities of the lepton

current where the right chiral amplitudes differ by left chiral
amplitudes as ARi ¼ ALijC10→−C10

. The amplitudes Ai are
obtained from the hadronic Bs → f02V amplitudes Hi

through Ai ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
λ

p
q2βlBðf02ð1525Þ→KþK−Þ

3·32m3
Bπ

3

r
Hi. The details of

the helicity amplitudes are discussed in Appendix B.
The explicit expressions for the transversity amplitudes
for the Bs → f02ð1525Þð→ KþK−Þμþμ− decay are written
as follows:

AL0¼Nf0
2

ffiffiffi
λ

p
ffiffiffi
6

p
mBs

mf0
2

1

2mf0
2

ffiffiffiffiffi
q2

p

×

�
ðCeff

9 −C10Þ
�
ðm2

Bs
−m2

f0
2
−q2ÞðmBs

þmf0
2
ÞA1

−
λ

mBs
þmf0

2

A2

�

þ2mbCeff
7

�
ðm2

Bs
þ3m2

f0
2
−q2ÞT2−

λ

m2
Bs
−m2

f0
2

T3

�	
;

AL⊥¼−Nf0
2

ffiffiffi
2

p ffiffiffi
λ

p
ffiffiffi
8

p
mBs

mf0
2

�
ðCeff

9 −C10Þ
ffiffiffi
λ

p

mBs
þmf0

2

V

þ
ffiffiffi
λ

p
2mbCeff

7

q2
T1

�
;

ALk ¼Nf0
2

ffiffiffi
2

p ffiffiffi
λ

p
ffiffiffi
8

p
mBs

mf0
2

�
ðCeff

9 −C10ÞðmBs
þmf0

2
ÞA1

þ
2mbCeff

7 ðm2
Bs
−m2

f0
2
Þ

q2
T2

�
;

ALt¼Nf0
2

ffiffiffi
λ

p
ffiffiffi
6

p
mBs

mf0
2

ðCeff
9 −C10Þ

ffiffiffi
λ

p
ffiffiffiffiffi
q2

p A0; ð19Þ

where λ ¼ m4
Bs
þm4

f0
2
þ q4 − 2ðm2

Bs
m2

f0
2
þm2

f0
2
q2 þ q2m2

Bs
Þ

and Nf0
2
is the normalization constant defined as

Nf0
2
¼

�
G2

Fα
2
em

3 · 210π5m3
Bs

jVtbV�
tsj2q2

ffiffiffi
λ

p �
1 −

4m2
l

q2

�
1=2

× Bðf02 → KþK−Þ
�
1=2

: ð20Þ
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D. Decay distribution and LFU observables

By integrating Eq. (17) with respect to θK , θl, and ϕ, we
obtain the differential decay rate,

dΓ
dq2

¼ 1

4
½3Ic1 þ 6Is1 − Ic2 − 2Is2�: ð21Þ

We define several other q2 dependent observables such as
the differential branching ratio, the longitudinal polariza-
tion fraction, and the forward-backward asymmetry for the
Bs → f02ð1525Þð→ KþK−Þμþμ− decays. Those are:

DBRðq2Þ¼ dΓ=dq2

ΓTotal
; FLðq2Þ¼

3Ic1− Ic2
3Ic1þ6Is1− Ic2−2Is2

;

AFBðq2Þ¼
3I6

3Ic1þ6Is1− Ic2−2Is2
: ð22Þ

In principle, the angular analysis of the Bs → f02ð1525Þ
ð→ KþK−Þμþμ− decay provides several additional observ-
ables in the form of ratios of various angular coefficients.
These observables are found to be very sensitive to NP.
Here we define some angular observables such as hP1i,
hP2i, hP0

4i, and hP0
5i, as reported in Refs. [7,8]. The explicit

expressions are as follows:

hP1i ¼
1

2

R
bin dq

2I3R
bin dq

2Is2
; hP2i ¼

1

8

R
bin dq

2I6R
bin dq

2Is2
;

hP0
4i ¼

R
bin dq

2I4ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
−
R
bin dq

2Ic2
R
bin dq

2Is2

q ;

hP0
5i ¼

R
bin dq

2I5

2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
−
R
bin dq

2Ic2
R
bin dq

2Is2

q : ð23Þ

One can construct several other observables that can be
defined in the form of ratios or in the form of differences
between the observables involving two different families of
lepton pairs. These observables, such as the ratio of

branching ratio Rf0
2
and hQFL

i, hQAFB
i, hQð0Þ

i i (i ∈ 1, 2,
4, 5), are quite sensitive to NP. In the SM, we expect the
value of Rf0

2
to be very close to 1. Similarly, since the

observables Qð0Þ [47] are defined to be the differences
between the e and μ modes, one would expect these
quantities to be almost zero in the SM. Hence any deviation
from zero would be a clear signal of NP in b → slþl− quark
level transition decays. Measurement of these observables
in the future may provide crucial information regarding
LFUV observed in various B meson decays. The explicit
expressions for these observables are as follows:

Rf0
2
ðq2Þ ¼ BðBs → f02μ

þμ−Þ
BðBs → f02e

þe−Þ ; ð24Þ

and

hQFL
i ¼ hFL

μi − hFL
ei; hQAFB

i ¼ hAFB
μi − hAFB

ei;
hQð0Þ

i i ¼ hPð0Þμ
i i − hPð0Þe

i i: ð25Þ

III. RESULTS AND DISCUSSIONS

A. Input parameters

We report here all the relevant input parameters that are
used in our numerical analysis. In Table II we report the
masses of the mesons, leptons, and quarks in GeV, the
Fermi coupling constant in GeV−2, and the lifetime of Bs
meson in seconds. We consider the masses of the b quark
and c quark evaluated at the MS scheme. The uncertainties
associated with the CKM matrix element and Bðf02 →
KþK−Þ are reported within parentheses. We do not report
the uncertainties associated with other input parameters as
they are not important for our analysis. In Table III, we
report the values of Wilson coefficients CiðmbÞ that are
evaluated in the leading logarithmic approximation. The
form factor input parameters evaluated in the pQCD
approach are reported in Table IV where Fð0Þ denote

TABLE II. Theory input parameters [38].

Parameter Value Parameter Value Parameter Value Parameter Value Parameter Value

mBs
5.36689 mf0

2
1.525 mMS

b
4.20 mMS

c
1.28 mpole

b
4.80

τBs 1.509 × 10−12 GF 1.1663787 × 10−5 αe 1=133.28 jVtbV�
tsj 0.04088(55) Bðf02 → KþK−Þ 0.4435(11)

TABLE III. Wilson coefficients CiðmbÞ in the leading logarithmic approximation [39].

C1 C2 C3 C4 C5 C6 Ceff
7

C9 C10

−0.248 1.107 0.011 −0.026 0.007 −0.031 −0.313 4.344 −4.669
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the form factors at q2 ¼ 0, i.e., at the maximum recoil
point, and a and b are the two fitted parameters. There are
two kinds of errors associated with Fð0Þ, a and b. The first
error is coming from the decay constant of the Bs meson
and the shape parameter ωb and the second error is coming
from the ΛQCD, the scales ts, and the threshold resumma-
tion parameter c. We refer to Ref. [41] for all the omitted
details.

B. Standard model predictions

We now proceed to discuss our results in the SM. We
report in Tables V and VI the central values and the
corresponding 1σ uncertainties for each of the observables,
such as the differential branching ratio, the normalized
longitudinal polarization fraction hFLi, the normalized
forward-backward asymmetry hAFBi, hP1i, hP2i, hP0

4i,
hP0

5i, and also LFUV sensitive observables such as the

ratio of branching ratio Rf0
2
, hQFL

i, hQAFB
i, hQð0Þ

i i in

different q2 bins for both e and the μ mode. Here, we
restrict our analysis to the low dilepton invariant mass
region ranging from q2 ∈ ½0.045; 6.0� GeV2 that excludes
the charmonium contributions. We have considered several
q2 bins with similar bin sizes such as [0.10, 0.98], [1.1,
2.5], [2.5, 4.0], and [4.0, 6.0], as reported by LHCb in the
measurements of Bs → ϕμþμ− decays [16,17]. In addition,
we include [1.1, 6.0] and [0.045, 6.0] bins. The central
values for each observable are obtained by considering the
central values of each input parameter. The corresponding
1σ uncertainties are obtained by using the uncertainties
associated with input parameters such as the form factors,

the CKM matrix elements jVtbV�
tsj, and the branching ratio

Bðf02 → KþK−Þ. We notice that the branching ratio for
Bs → f02ð1525Þð→ KþK−Þfμþ=eþgfμ−=e−g decays is of
the order of Oð10−7Þ in the SM. As expected, in the SM
both the e and μ modes show similar behavior for all the
observables. Obviously, this is a clear confirmation of the
LFU in the SM. To account for the LFU, we expect hQFL

i,
hQAFB

i, hQð0Þ
i i s (i ∈ 1, 2, 4, 5) to be almost zero, although

a slight nonzero contribution may occur due to the
difference in the masses of e and μ. In addition, we
expect the ratio of branching ratio Rf0

2
to be almost equal

to unity. These are observed to be true from the entries
reported in Table VII. In addition to the bins reported for
the branching ratio in Table VII, for completeness we also
report the branching ratios for μ and emodes in the full q2

range to be 2.13� 0.43 × 10−7 and 2.49� 0.44 × 10−7,
respectively (excluding the branching ratio of f02 decay
intoKþK−, explicitly), and these values are found to agree
with [41].
We show in Fig. 1 the q2 distribution of various

observables in the low dilepton invariant mass region
q2 ∈ ½0.045; 6.0� GeV2. The central line corresponds to
the central values of each input parameter, whereas to
obtain the uncertainty band, we employ a naive χ2 test on
the input parameters. We define χ2 as

χ2 ¼
X
i

ðOi −OC
i Þ2

Δ2
i

; ð26Þ

TABLE IV. Form factor input parameters [41].

V A0 A1 T1 T2 T3

Fð0Þ 0.20þ0.04þ0.05
−0.03−0.03 0.160.03þ0.03

−0.02−0.02 0.12þ0.02þ0.03
−0.02−0.02 0.16þ0.03þ0.04

−0.03−0.02 0.16þ0.03þ0.04
−0.03−0.02 0.13þ0.03þ0.03

−0.02−0.02

a 1.75þ0.02þ0.05
−0.00−0.03 1.69þ0.00þ0.04

−0.01−0.03 0.80þ0.02þ0.07
−0.00−0.03 1.75þ0.01þ0.05

−0.00−0.05 0.82þ0.00þ0.04
−0.04−0.06 1.64þ0.02þ0.06

−0.00−0.06

b 0.69þ0.05þ0.08
−0.01−0.01 0.64þ0.00þ0.01

−0.04−0.02 −0.11þ0.05þ0.06
−0.00−0.00 0.71þ0.03þ0.06

−0.01−0.08 −0.08þ0.00þ0.03
−0.09−0.08 0.57þ0.04þ0.05

−0.01−0.09

TABLE V. The central values and the corresponding 1σ uncertainties for each of the observables such as the branching ratio, the
normalized longitudinal polarization fraction hFLi, and the normalized forward-backward asymmetry hAFBi for both the e mode and μ
mode of Bs → f02ð1525Þð→ KþK−Þlþl− decays.

BR × 10−7 hFLi hAFBi
q2 bins (GeV2) e mode μ mode e mode μ mode e mode μ mode

[0.10, 0.98] 0.116� 0.021 0.114� 0.021 0.502� 0.108 0.503� 0.108 0.096� 0.017 0.086� 0.016
[1.1, 2.5] 0.105� 0.025 0.105� 0.025 0.854� 0.043 0.855� 0.047 0.082� 0.034 0.082� 0.036
[2.5, 4.0] 0.111� 0.026 0.110� 0.026 0.841� 0.045 0.843� 0.045 −0.014� 0.040 −0.014� 0.039
[4.0, 6.0] 0.154� 0.035 0.153� 0.035 0.760� 0.062 0.762� 0.062 −0.116� 0.050 −0.116� 0.049
[1.1, 6.0] 0.370� 0.085 0.368� 0.085 0.810� 0.050 0.812� 0.050 −0.029� 0.040 −0.030� 0.040
[0.045, 6.0] 0.524� 0.103 0.512� 0.103 0.700� 0.071 0.712� 0.069 0.004� 0.030 −0.000� 0.030
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FIG. 1. The q2 distribution of various observables for the Bs → f02ð1525Þð→ KþK−Þμþμ− decays in the SM. The band corresponds to
the uncertainties in the input parameters such as the Bs → f02 transition form factors, the CKM matrix element, and Bðf02 → KþK−Þ.
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whereOi ∈ ðFð0Þ; a; b; jVtbV�
tsj;Bðf02 → KþK−ÞÞ andOC

i
represent the central values of each input parameter.
Here Δi represents the respective uncertainties associated
with each input parameter. To obtain the uncertainty in each
observable, we impose χ2 ≤ 7.43 as a constraint. It is
important to note that we observe zero crossing in the q2

distribution of AFBðq2Þ, P2ðq2Þ, P0
4ðq2Þ, and P0

5ðq2Þ.
Interestingly, the AFBðq2Þ and P2ðq2Þ have the same zero
crossing points, i.e., at q2 ∼ 3þ0.8

−0.6 GeV2. Similarly, the
P0
4ðq2Þ and P0

5ðq2Þ have the zero crossing points at around
q2 ∼ 1.4� 0.3 GeV2 and q2 ∼ 1.6� 0.4 GeV2, respec-
tively. The value of P1ðq2Þ is almost zero in the low q2

region and becomes negative at higher q2 regions. The

uncertainties associated with Pð0Þ
i ðq2Þ observables are more

compared to DBRðq2Þ, FLðq2Þ, and AFBðq2Þ. The ratio of
branching ratio Rf0

2
ðq2Þ is almost equal to ∼1 in the whole

q2 region and the uncertainty associated with Rf0
2
ðq2Þ is

quite negligible in comparison to the uncertainties present
in other observables.

C. New physics

In order to explain the anomalies present in b → slþl−
transition decays, various global fits have been performed
by several groups [48–57]. In principle, the NP can enter
the effective Hamiltonian through several NP Lorentz
structures such as vector, axial vector, scalar, pseudoscalar,
and tensor operators. But few measurements, particularly
Bs → μþμ− and b → sγ, put severe constraint on the scalar,
pseudoscalar, and tensor NP Lorentz structures [34–36],
and hence they are omitted from our analysis. We refer to
Ref. [37] for the global fit results that are performed on the
new Wilson coefficients by considering CNP

9;10 and C0
9;10. In

particular, these NP operators have V-A structure. The
authors perform a global fit to these Wilson coefficients by
using the constraints coming from observables such as RK ,
RK� , P0

5, and BðBs → ϕμþμ−Þ. In addition, the fits also
include the constraints coming from the branching ratio of
Bs → μþμ−, the differential branching ratio of B0 →
K0�μþμ−, Bþ→Kþ�μþμ−, B0→K0μþμ−, Bþ→Kþμþμ−,
and B → Xsμ

þμ− in several q2 bins, and also the con-
straints from the angular observables inB0 → K0�μþμ− and
B0
s → ϕμþμ− decays in several q2 bins. All the omitted

details can be found in Ref. [37]. Out of various 1D and
2D scenarios, we consider seven total NP scenarios that
have high Δχ2 values: four from 1D scenarios and three
from 2D scenarios. We give bin wise predictions, as well as

the q2 distributions of various observables, and make a
comparative study among different NP scenarios and the
SM for the Bs → f02ð1525Þð→ KþK−Þlþl− decay mode.
The best fit values of the NP Wilson coefficients pertinent
for our analysis and taken from Ref. [37] are reported in
Table VIII.

1. New physics: 1D scenario

Let us now discuss the four 1D NP scenarios that arise
due to contributions coming from CNP

9 , CNP
10 , C

NP
9 ¼ −CNP

10 ,
and CNP

9 ¼ −C0
9. The CNP

9;10 new Wilson coefficients are
associated with similar interactions as that of C9;10 SM
Wilson coefficients, whereas the C0

9;10 new Wilson coef-
ficients arise due to the right chiral currents which are
basically absent in the SM. We report in the Appendix that
in Tables IX–XV the average values of various observables
such as the BR, hFLi, hAFBi, hP1i, hP2i, hP0

4i, hP0
5i for the

μmode in several q2 bins. The corresponding bin wise plots
have been displayed in Fig. 2. Our observations are as
follows:

(i) BR: In the first bin [0.045, 0.98], although the
central values of all the NP scenarios differ slightly
from the SM, they all lie within the SM 1σ error
band. In the bins [1.1, 2.5], [2.5, 4.0], and [4.0, 6.0],
although the central values differ from the SM
prediction, no significant deviations are observed,
whereas the central value obtained in the case of the
CNP
9 ¼ −C0

9 NP scenario deviates by 1 − 1.3σ from
the SM expectations. This is true for the larger bin,
[1.1, 6.0], as well.

(ii) FL: In the bin [0.045, 0.98], a deviation of around 1σ
from the SM prediction is observed for the CNP

9 ¼
−C0

9 NP scenario. For the rest of the NP scenarios,
the deviation is quite negligible. In the bin [1.1, 2.5],
a deviation of around 1.3σ and 2.2σ from the SM
prediction is observed in the case of CNP

9 and CNP
9 ¼

−C0
9 NP scenarios, respectively. Similarly, in the bin

[2.5, 4.0], the CNP
9 ¼ −C0

9 NP scenario shows a
deviation of around 1.5σ from the SM prediction.
Moreover, in the bin [1.0, 6.0], a deviation of around
1.5σ from the SM prediction is observed in the case
of CNP

9 ¼ −C0
9 NP scenario.

(iii) AFB: In the bin [0.045, 0.98], the value of AFB

obtained in the case of the CNP
9 ¼ −C0

9 NP scenario
lies outside the SM 1σ error band, whereas, for rest
of the NP scenarios, it seems to lie within the SM 1σ
error band. In the bin [1.1, 2.5], the CNP

10 is exactly

TABLE VIII. Best fit values of NP Wilson coefficients [37].

Wilson coefficients CNP
9 CNP

10 CNP
9 ¼ −CNP

10 CNP
9 ¼ −C0

9
(CNP

9 ; CNP
10 ) (CNP

9 ¼ −C0
9) (CNP

9 ¼ −C0
10)

Best fit values −1.07 þ0.78 −0.52 −1.11 (−0.94;þ0.23) (−1.27;þ0.68) (−1.36;−0.46)
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FIG. 2. The central values and the corresponding 1σ error bands of various observables such as the branching ratio, the longitudinal
polarization fraction FL, the forward-backward asymmetry AFB, and P1, P2, P0

4, P
0
5 for the Bs → f02ð1525Þð→ KþK−Þμþμ− decays in

several q2 bins in the SM and in the presence of four 1D NP scenarios.
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like the SM, whereas, CNP
9 and CNP

9 ¼ −C0
9 show

around 1.5σ and 2σ deviation from the SM pre-
diction. In the bin [2.5, 4.0], a deviation of around
1.4σ and 1.6σ is observed in case of CNP

9 and CNP
9 ¼

−C0
9 NP scenarios, whereas, in the case of CNP

10 , it is
exactly like the SM.

(iv) P1: Although the central values of P1 obtained
in each NP scenario differs from the SM central
value, they lie within the SM 1σ error band
and hence can not be distinguished from the SM
predictions.

(v) P2: No significant deviations from the SM predic-
tion are observed in the first two bins, i.e., in [0.045,
0.98] and [1.1, 2.5]. However, in bins [2.5, 4.0] and
[4.0, 6.0], the deviations observed in the case of the
CNP
9 and CNP

9 ¼ −C0
9 NP scenarios are distinguish-

able from the SM prediction at the level of 1.3σ and
2σ significance.

(vi) P0
4: Although there is slight deviation in case of C

NP
9

and CNP
10 NP scenarios, they lie within the SM 1σ

error band in almost all q2 bins. Similarly, with
CNP
9 ¼ −CNP

10 , it is exactly SM-like. With the CNP
9 ¼

−C0
9 NP scenario, we observe a deviation of around

2.5σ from the SM expectations in [0.045, 0.98]
bin which is clearly distinguishable from the SM
prediction.

(vii) P0
5: No significant deviation from the SM prediction

is observed. The only exception is CNP
9 ¼ −C0

9 NP
scenario in which a deviation of around 1σ from the
SM prediction is observed in the q2 ∈ ½0.045; 0.98�
bin. It should be noted that the value of P0

5 obtained
with the rest of the NP couplings lies within the SM
error band.

We show in Fig. 3 the q2 dependent observables
for the Bs → f02ð1525Þμþμ− decays in the presence
of several NP WCs in the 1D scenario. The SM error
band is shown with green. The detailed observations are as
follows:

(i) The differential branching ratio DBRðq2Þ is slightly
reduced at all q2 for each NP scenario and it lies
within the SM 1σ error band.

(ii) It is interesting to note that the zero crossing point
of AFBðq2Þ is shifted towards the higher q2 regions
than in the SM for most of the NP scenarios.
However, it coincides with the SM zero crossing
point q2 ∼ 3þ0.8

−0.6 GeV2 for CNP
10 NP coupling. We

observe the zero crossing of AFBðq2Þ at q2 ∼
3.3 GeV2 for the CNP

9 ¼ −CNP
10 scenario. Similarly,

the zero crossing is observed at around q2 ∼
3.8 GeV2 for CNP

9 and CNP
9 ¼ −C0

9 NP scenarios,
respectively. It is worth mentioning that the zero
crossing points for CNP

9 and CNP
9 ¼ −C0

9 NP sce-
narios are distinguishable from the SM prediction
at the level of 1σ significance.

(iii) For the longitudinal polarization fraction
FLðq2Þ, the q2 distribution obtained for CNP

10 and
CNP
9 ¼ −CNP

10 NP scenarios is quite similar to that of
the SM. In the case of CNP

9 , it lies outside the SM
error band in the q2 ∈ ½1.1; 2.5� region and becomes
very similar to the SM curve in the higher q2

regions. The maximum deviation from the SM
prediction is observed for the CNP

9 ¼ −C0
9 NP

scenario.
(iv) For the angular observable P1ðq2Þ, the q2 distribu-

tion obtained for CNP
9 , CNP

10 , and CNP
9 ¼ −CNP

10 NP
scenarios is quite similar to the SM. The shape,
however, is different from the SM in the case of the
CNP
9 ¼ −C0

9 NP scenario. The value of P1ðq2Þ
obtained in this NP scenario is negative in the whole
q2 region and reaches its minimum of around −0.25
at q2 ¼ 2 GeV2.

(v) In the case of P2ðq2Þ, similar to AFBðq2Þ, the zero
crossing point is shifted towards the higher q2

regions than in the SM for most of the NP scenarios.
The maximum deviation in the zero crossing point is
observed in the case of CNP

9 and CNP
9 ¼ −C0

9 NP
scenarios, respectively.

(vi) The angular observable P0
4ðq2Þ obtained in each of

these 1D scenarios lies within the SM error band.
There is, however, one exception. For CNP

9 ¼ −C0
9, it

lies outside the SM 1σ error band in the low q2

region, i.e., for q2 ≤ 1 GeV2. In addition, the zero
crossing points for the CNP

9 ¼ −CNP
10 and CNP

10 NP
scenarios are observed at q2 ∼ 1.5 GeV2 and
q2 ∼ 1.6 GeV2, whereas, the zero crossing points
for CNP

9 and CNP
9 ¼ −C0

9 are observed at q2 ∼
1.3 GeV2 and q2 ∼ 1 GeV2, respectively. It is worth
mentioning that the zero crossing point obtained in
the case of the CNP

9 ¼ −C0
9 NP scenario is distin-

guishable from the SM zero crossing point q2 ∼
1.4� 0.3 GeV2 at more than 1σ significance.

(vii) For the angular observable P0
5ðq2Þ, the zero

crossing point obtained in each NP scenario is
shifted towards the higher value of q2 than in
the SM except for CNP

10 . In the case of CNP
10 , the

zero crossing point coincides with the SM zero
crossing point of q2 ∼ 1.6� 0.4 GeV2. For CNP

9 ¼
−CNP

10 NP scenario, the zero crossing point is
observed at q2 ∼ 1.8 GeV2, whereas for CNP

9 and
CNP
9 ¼ −C0

9 NP scenarios, we observe the zero
crossing point at q2 ∼ 2.1 GeV2 which deviates
from the SM prediction at the level of around 1σ
significance.

2. New physics: 2D scenario

Now we proceed to discuss the impact of several new
Wilson coefficients from the 2D scenarios. We consider
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FIG. 3. The q2 distributions of various observables such as the differential branching ratio DBRðq2Þ, the longitudinal polarization
fraction FLðq2Þ, the forward-backward asymmetry AFBðq2Þ, and P1ðq2Þ, P2ðq2Þ, P0

4ðq2Þ, P0
5ðq2Þ for the Bs → f02ð1525Þ

ð→ KþK−Þμþμ− decays in the SM and in the presence of CNP
9 , CNP

10 , C
NP
9 ¼ −CNP

10 and CNP
9 ¼ −C0

9 1D NP scenarios.
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three different 2D scenarios: ðCNP
9 ; CNP

10 Þ, ðCNP
9 ; C0

9Þ,
and ðCNP

9 ; C0
10Þ. We report in the Appendix the average

values of all the observables for the μ mode in the
Tables IX–XV. Similarly, the bin wise q2 distribution
plots are shown in Fig. 4. The discussions pertaining to
the impact of 2D new WCs on various observables are
as follows:

(i) BR: Although the central values obtained for each
NP scenario differ from the SM prediction, and no
significant deviation is observed in any q2 bins. The
deviation from the SM prediction is observed to be
around 1σ in the case of ðCNP

9 ; C0
9Þ and ðCNP

9 ; C0
10Þ

NP scenarios, whereas, for the ðCNP
9 ; CNP

10 Þ NP
scenario, the value of BR lies within the SM 1σ
error band.

(ii) FL: In the bin q2 ∈ ½1.1; 2.5�, a deviation of around
1.1σ from the SM prediction is observed in the case
of ðCNP

9 ; C0
9Þ and ðCNP

9 ; C0
10Þ NP scenarios. In all

other q2 bins, the value of FL lies within the 1σ SM
error band for each NP scenario.

(iii) AFB: In the bin q2 ∈ ½1.1; 2.5� and q2 ∈ ½2.5; 4.0�,
the deviation from the SM prediction is observed to
be at the 1.1 − 1.2σ level in the case of ðCNP

9 ; C0
9Þ

and ðCNP
9 ; C0

10Þ NP scenarios. In all other bins, it lies
within the SM 1σ error band for each NP scenario.

(iv) P1: Although the central values obtained for each
NP scenario differ from the SM central values, no
significant deviation is observed as they all lie within
the SM 1σ error band.

(v) P2: A deviation of around 1 − 1.1σ from the SM
prediction is observed in the bin q2 ∈ ½2.5; 4.0� in
the case of ðCNP

9 ; C0
9Þ and ðCNP

9 ; C0
10Þ NP scenarios.

Similarly, in the q2 ∈ ½4.0; 6.0� bin, a deviation of
around 1.5σ is observed in the case of ðCNP

9 ; C0
9Þ and

ðCNP
9 ; C0

10Þ NP scenarios.
(vi) P0

4: In the bin q2 ∈ ½0.045; 0.98�, the ðCNP
9 ; C0

9Þ NP
scenario is distinguishable from the SM prediction at
the level of 2σ significance, whereas, in case of
ðCNP

9 ; CNP
10 Þ and ðCNP

9 ; C0
10Þ NP scenarios, the value

of P0
4 lies within the SM 1σ error band and hence can

not be distinguished from the SM prediction.
(vii) P0

5: In the bin q2 ∈ ½0.045; 0.98�, the value of P0
5

obtained in the case of the ðCNP
9 ; C0

9Þ NP scenario
shows a deviation of around 1σ from the SM
prediction, whereas, with other NP scenarios, it is
consistent with the SM prediction. Similarly, in the
bins q2 ∈ ½1.1; 2.5�, [2.5, 4.0], and [4.0, 6.0], no
significant deviation from the SM prediction is
observed and they are indistinguishable from
the SM.

We show in Fig. 5 the q2 dependence of all the
observables for the Bs → f02ð1525Þμþμ− decays in several
2D scenarios. The SM 1σ error band is shown with green.
The detailed observations are as follows:

(i) Similar to the 1D scenario, we observe that the
differential branching ratio is slightly reduced at all
q2 for each NP scenario and they all lie within the
SM error band.

(ii) It is worth mentioning that the zero crossing
point for AFBðq2Þ is shifted to a higher q2 region
for all the NP scenarios as compared to the SM. The
zero crossing points for AFBðq2Þ are observed at
q2 ∼ 3.6 GeV2, q2 ∼ 4 GeV2, and q2 ∼ 4.1 GeV2

for ðCNP
9 ; CNP

10 Þ, ðCNP
9 ; C0

9Þ, and for ðCNP
9 ; C0

10Þ NP
scenarios, respectively. Although all the values are
found to be distinct from the SM zero crossing point,
it is important to note that the zero crossing point
obtained in the case of ðCNP

9 ; C0
9Þ and ðCNP

9 ; C0
10Þ NP

scenarios are distinguishable from the SM prediction
at the level of more than 1σ significance.

(iii) The peak of the longitudinal polarization fraction
FLðq2Þ may shift towards higher q2 values than in
the SM for each NP scenarios. It should be men-
tioned that the peak of FLðq2Þ obtained in the case
of ðCNP

9 ; C0
9Þ and ðCNP

9 ; C0
10Þ is distinguishable

from the SM prediction at a level of more than
1σ significance.

(iv) The angular observable P1ðq2Þ is zero in the SM in
the low q2 region, i.e., for q2 ≤ 1.2 GeV2, and
becomes negative as q2 increases. Similar behavior
is observed in the case of the ðCNP

9 ; CNP
10 Þ NP

scenario as well. For the ðCNP
9 ; C0

9Þ NP scenario,
it deviates slightly away from the SM and reaches a
minimum value of around −0.2 at q2 ¼ 2 GeV2.
However, we observe a completely different
behavior in the case of the ðCNP

9 ; C0
10Þ NP scenario.

The value of P1ðq2Þ acquires positive values in the
whole q2 region and reaches its maximum value of
0.1 at q2 ∼ 2.2 GeV2. Since the SM error band is too
large, the q2 distributions of all the NP scenarios lie
within the SM error band.

(v) The peak of P2ðq2Þ is slightly reduced and shifted
towards the higher q2 values in each NP scenarios
as compared to the SM. Moreover, the zero cross-
ing point is also shifted to higher values of q2 than
in the SM for all the NP scenarios. In the case of
ðCNP

9 ; C0
9Þ and ðCNP

9 ; C0
10Þ NP scenarios, the zero

crossing points are distinguishable from the SM
zero crossing at the a level of more than 1σ
significance.

(vi) For the angular observable P0
4ðq2Þ, no significant

deviation from the SM is observed for each NP
scenario. However, in the low q2 region, i.e.,
q2 ≤ 1 GeV2, we see significant deviation of
P0
4ðq2Þ from the SM prediction in the case of the

ðCNP
9 ; C0

9Þ NP scenario. Similarly, the zero crossing
point of P0

4ðq2Þ obtained in the case of ðCNP
9 ; C0

10Þ
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FIG. 4. The central values and the corresponding 1σ error bands of various observables such as the branching ratio, the longitudinal
polarization fraction FL, the forward-backward asymmetry AFB, and P1, P2, P0

4, P
0
5 in several q2 bins for the Bs → f02ð1525Þ

ð→ KþK−Þμþμ− decays in the SM and in the presence of three 2D NP scenarios.
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FIG. 5. The q2 distributions of various observables such as the differential branching ratio DBRðq2Þ, the longitudinal polarization
fraction FLðq2Þ, the forward-backward asymmetry AFBðq2Þ, and P1ðq2Þ, P2ðq2Þ, P0

4ðq2Þ, P0
5ðq2Þ for the Bs → f02ð1525Þ

ð→ KþK−Þμþμ− decays in the SM, and in the presence of ðCNP
9 ; CNP

10 Þ, ðCNP
9 ; C0

9Þ, and ðCNP
9 ; C0

10Þ 2D NP scenarios.
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and ðCNP
9 ; CNP

10 Þ NP scenarios coincides with the SM
zero crossing point of q2 ∼ 1.4� 0.3 GeV2,
whereas, for the ðCNP

9 ; C0
9Þ NP scenario, the zero

crossing point is observed at q2 ∼ 1.1 GeV2 and it is
distinguishable from the SM zero crossing point at
the level of 1σ significance.

(vii) The q2 distribution of the angular observable P0
5ðq2Þ

obtained in eachNP scenario is quite distinct from the
SM. Themaximumdeviation from the SMprediction
is observed for the ðCNP

9 ; C0
9Þ NP scenario. The zero

crossing points for all the three NP scenarios lie
withinq2 ∼ 2.1–2.3 GeV2, and interestingly, the zero
crossing point for ðCNP

9 ; C0
9Þ is distinguishable from

the SM at more than 1.5σ significance.

D. Sensitivity of LFUV observables in
Bs → f 02ð1525Þð→ K +K − Þμ+ μ− decays

The study of LFUV in Bs → f02ð1525Þð→ KþK−Þμþμ−
decays is interesting because it is mediated via similar
b → slþl− quark level transition, and in principle, it can
provide complementary information regarding the anoma-
lies present in B → ðK;K�Þμþμ− decay modes. We study
the violation of LFU in two different 1D and 2D NP
scenarios. We make a comparative study of the LFUV
sensitive observables such as hRf0

2
i, hQFL

i, hQAFB
i,

and hQð0Þ
i i (i ∈ 1, 2, 4, 5) in the SM and in several 1D

and 2D NP scenarios. We report in the Appendix the
binned average values of each of the observables in
Tables XVI–XXII. Similarly, the bin wise q2 distribution
plots for both 1D and 2D scenarios are shown in Figs. 6
and 7, respectively. Our observations are as follows:

1. 1D scenario

(i) Rf0
2
: Except in the low q2 bin, all the NP scenarios

are distinguishable from the SM prediction at more
than 5σ significance. Hence, a measurement of Rf0

2

will be crucial to probe NP in b → slþl− transition
decays.

(ii) Q1: The value of Q1 obtained in the case of the
CNP
9 ¼ −C0

9 NP scenario is distinguishable from the
SM prediction at the level of 4 − 5σ significance in
the q2 ∈ ½0.045; 0.98� and [1.1, 2.5] bins. In the rest
of the bins, although the central values obtained in
each NP scenario differ significantly from the SM,
the SM band overlaps with the NP band.

(iii) Q2: The value of Q2 obtained in the case of CNP
9 and

CNP
9 ¼ −C0

9 NP scenarios are distinguishable from
the SM prediction at the level of more than 5σ
significance in the region q2 ∈ ½2.5; 6.0�.

(iv) Q0
4: In the bin q2 ∈ ½1.1; 2.5�, the CNP

10 and CNP
9 ¼

−CNP
10 NP scenarios are distinguishable at 5 − 6σ

from the SM. Although, the central values for CNP
9

and CNP
9 ¼ −C0

9 differ significantly from the SM
expectations, the associated error band is too large
and the SM band overlaps with the NP band.
Similarly, for q2 ≥ 4 the CNP

9 ¼ −C0
9 NP scenario

is distinguishable at 4.8σ from the SM expectations.
(v) Q0

5: In the bin q2 ∈ ½1.1; 2.5�, the value of Q0
5

obtained in case of CNP
9 , CNP

9 ¼ −CNP
10 and CNP

9 ¼
−C0

9 NP scenarios are clearly distinguishable from
the SM prediction at more than 5σ significance.
Similarly, the CNP

9 and CNP
9 ¼ −C0

9 NP scenarios are
distinguishable at more than 3σ significance from
the SM expectations for q2 ≤ 4 GeV2. For
q2 ≥ 4 GeV2, the CNP

9 andCNP
9 ¼ −C0

9 NP scenarios
are clearly distinguishable from the SM at the level
of 4.4σ and 2.5σ significance, respectively.

(vi) QAFB
: The value of QAFB

obtained in the case of the
CNP
9 , CNP

9 ¼ −CNP
10 and CNP

9 ¼ −C0
9 NP scenarios

are clearly distinguishable from the SM prediction at
the level of more than 3σ significance, whereas, for
the CNP

10 NP scenario, it is SM-like.
(vii) QFL

: In the low q2 region, the value of QFL
deviates

significantly from the SM prediction for all the NP
scenarios and it is clearly distinguishable from the
SM prediction at more than 5σ significance. Sim-
ilarly, for q2 ≥ 1, except for CNP

10 , the CNP
9 , CNP

9 ¼
−CNP

10 NP scenarios are distinguishable from the SM
at the level of 3σ significance.

2. 2D scenario

(i) Rf0
2
: All the NP scenarios are distinguishable at more

than 3σ from the SM prediction and in particular, the
deviation of Rf0

2
from the SM prediction in the case

of ðCNP
9 ; C0

9Þ and ðCNP
9 ; C0

10Þ NP scenarios are quite
significant and it is clearly distinguishable from the
SM prediction at more than 5σ significance.

(ii) Q1: The deviation observed in the case of the
ðCNP

9 ; C0
10Þ NP scenario is clearly distinguishable

from the SM prediction at more than 3σ significance
in all q2 bins. Again, for the ðCNP

9 ; C0
9Þ NP Scenario,

although the central values differ significantly from
the SM, the associated error band is too large in
q2 ≥ 2.5 bins and the SM value overlaps with the
NP band.

(iii) Q2: No significant deviation is found in q2 ≤ 2.5
bins, whereas, for the q2 ≥ 2.5 bin, the deviation
observed in the case of ðCNP

9 ; C0
9Þ and ðCNP

9 ; C0
10Þ is

quite significant and it is distinguishable from the
SM prediction at more than 5σ significance.

(iv) Q0
4: In the low q2 bin, the deviation observed in the

case of ðCNP
9 ; C0

9Þ is clearly distinguishable from the
SM prediction. In the q2 ∈ ½2.5; 4.0� bin, the value of
Q0

4 obtained in the case of ðCNP
9 ; CNP

10 Þ is distinguish-
able from the SM prediction at 3σ significance,
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FIG. 6. The central values and the corresponding 1σ error bands of various LFUV sensitive observables such as hRf0
2
i, hQð0Þ

i i, hQAFB
i,

and hQFL
i in several q2 bins in the SM and in the presence of four 1D NP scenarios.
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FIG. 7. The central values and the corresponding 1σ error bands of various LFUV sensitive observables such as hRf0
2
i, hQð0Þ

i i, hQAFB
i,

and hQFL
i in several q2 bins in the SM and in the presence of three 2D NP scenarios.
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whereas, in the case of the ðCNP
9 ; C0

10ÞNP scenario, it
is distinguishable at more than 5σ significance.
Similarly, in the q2 ≥ 4 bin, ðCNP

9 ; C0
9Þ and

ðCNP
9 ; C0

10Þ NP scenarios are clearly distinguishable
from the SM prediction at more than 4σ significance.

(v) Q0
5: Although the deviation from the SM prediction

is observed to be more pronounced in the case of the
ðCNP

9 ; C0
9Þ NP scenario, the value of Q0

5 obtained in
each NP scenario is clearly distinguishable from the
SM prediction at more than 5σ significance.

(vi) QAFB
: We observe significant deviation from the SM

prediction for each NP scenario. It should be noted
that the value of QAFB

obtained in each NP scenario
is clearly distinguishable from the SM prediction at
more than 3σ significance.

(vii) QFL
: In the low q2 bin, all three NP scenarios are

clearly distinguishable from the SM at more than 5σ
significance. Similarly, for the q2 ≥ 1 bins, the value
of QFL

obtained in the case of ðCNP
9 ; C0

9Þ and
ðCNP

9 ; C0
10Þ NP scenarios is distinguishable from

the SM prediction at more than 3σ significance.

IV. CONCLUSION

In light of the recent flavor anomalies reported in B →
ðK;K�Þμþμ− and Bs → ϕμþμ− decays, we analyze Bs →
f02ð1525Þμþμ− decays mediated via similar b → slþl−

neutral current quark level transition. We perform a
detailed angular study of the four-body differential decay
of Bs → f02ð1525Þð→ KþK−Þμþμ− within a model inde-
pendent effective theory formalism. We give predictions
of several observables in SM and in the presence of
various 1D and 2D NP scenarios proposed in several
global fits. In the SM, we obtain the branching ratio of
Bs → f02ð1525Þð→ KþK−Þμþμ− decays to be of the order
ofOð10−7Þ. We observe that the branching ratio is reduced
at all q2 for most of the NP cases. Except for CNP

10 , in all
other NP scenarios the zero crossing point for AFBðq2Þ is
shifted to the higher q2 values than in the SM. In the case
of FL, the peak seems to be reduced and shifted to the
higher values of q2 in comparison to the SM. It is worth
mentioning that the zero crossing for AFBðq2Þ is quite

interesting and can, in principle, give useful information
regarding lepton flavor universality violation in b → slþl−
transition decays. Importantly, we do observe significant
contributions coming from CNP

9 ¼ −C0
9 in the 1D scenario

and ðCNP
9 ; C0

9Þ and ðCNP
9 ; C0

10Þ in the 2D scenario.
Specially, these primed operators which correspond to
right-handed currents seem to be very interesting. As
expected, the lepton flavor universal ratio hRf0

2
i, and other

Q observables such as hQð0Þ
i i, hQAFB

i, and hQFL
i, are

exceptionally clean observables with a theoretical uncer-
tainty of only 1%, which makes them ideal candidates to
probe NP in b → slþl− transition decays. Although there
have been several hints of NP reported in b → slþl−
transition decays, existence of NP is yet to be confirmed.
Unlike B → ðK;K�Þμþμ− and Bs → ϕμþμ− decays which
have caught more attention from the theorists and exper-
imentalists, the Bs → f02ð1525Þð→ KþK−Þμþμ− decays
mediated via the same quark level transitions have
received less attention so far. Measurements of various
observables for this decay mode in the future can shed
more light on identifying the exact NP Lorentz structures.
At the same time, better theoretical understanding of the
Bs → f02 transition form factors in the future will be
crucial to disentangling genuine NP effects from the
SM uncertainties. More data samples are also needed in
order to enhance the significance of the various measure-
ments and to reduce the statistical and systematic uncer-
tainties to properly disentangle the NP effects.
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APPENDIX A: PREDICTIONS OF
VARIOUS PHYSICAL OBSERVABLES IN THE

SM AND IN THE PRESENCE VARIOUS
1D AND 2D NP COUPLINGS FOR THE
Bs → f 02ð1525Þð→ K +K − Þμ+ μ− DECAYS

TABLE IX. The binned average central values and the corresponding 1σ uncertainties for the branching ratio BR × 10−7 of Bs →
f02ð1525Þð→ KþK−Þμþμ− decays in the SM and in several NP cases.

q2 bins
(GeV2)

BR × 10−7

SM CNP
9 CNP

10 CNP
9 ¼ −CNP

10 CNP
9 ¼ −C0

9 ðCNP
9 ; CNP

10 Þ ðCNP
9 ; C0

9Þ ðCNP
9 ; C0

10Þ
[0.10, 0.98] 0.114� 0.021 0.106� 0.019 0.104� 0.019 0.102� 0.019 0.097� 0.018 0.103� 0.019 0.099� 0.018 0.098� 0.018
[1.1, 2.5] 0.105� 0.025 0.090� 0.020 0.087� 0.021 0.084� 0.020 0.077� 0.016 0.086� 0.019 0.080� 0.017 0.077� 0.016
[2.5, 4.0] 0.110� 0.026 0.092� 0.021 0.090� 0.022 0.086� 0.021 0.078� 0.017 0.087� 0.020 0.081� 0.018 0.078� 0.017
[4.0, 6.0] 0.153� 0.035 0.125� 0.028 0.125� 0.030 0.119� 0.027 0.108� 0.023 0.119� 0.027 0.111� 0.024 0.107� 0.023
[1.1, 6.0] 0.368� 0.085 0.307� 0.068 0.302� 0.071 0.290� 0.067 0.264� 0.055 0.292� 0.065 0.271� 0.057 0.262� 0.056
[0.045, 6.0] 0.512� 0.103 0.440� 0.083 0.434� 0.086 0.420� 0.081 0.388� 0.068 0.423� 0.080 0.398� 0.071 0.387� 0.069
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APPENDIX B: HELICITY AMPLITUDES

In the process of Bs → f02ð1525Þð→ KþK−Þlþl− decays,
initially the Bs meson decays into an on-shell
strange meson along with a pair of leptons. Further, the
f02ð1525Þ decays strongly into KþK−. This multibody
decay evaluated in the helicity framework which uses
the metric tensor

gμν ¼ −
X
λ

ϵμðλÞϵ�νðλÞ þ
qμqν
q2

; ðB1Þ

where ϵ is the polarization vector with the momentum q and
where λ is the three kinds of polarizations. Here, the metric
tensor gμν is expressed as a summation of four polarizations
where the last term is identified to be the timelike
polarization ϵμðtÞ ¼ qμ=q2. In the SM, the production of
lepton pairs in the final state is due to a Z boson, an off-
shell photon, or any hadronic meson. Although, the
coupling strengths of these states may be different, they
processe the similar Lorentz structure of type V-A, Vþ A,
or a combination of both. Hence, the decay amplitude for
Bs → f02l

þl− is written as

AðBs → f02l
þl−Þ ¼ LμðLÞHμðLÞ þ LμðRÞHμðRÞ; ðB2Þ

where LμðLÞ ¼ l̄γμð1 − γ5Þl and LμðRÞ ¼ l̄γμð1þ γ5Þl are
the lepton pair spinor products and, similarly, H includes
Bs → f02. Further, the factorization of the decay amplitude
is obtained as

AðBs → f02l
þl−Þ ¼ LμðLÞHμðLÞgμν þ LμðRÞHμðRÞgμν

¼ −
X
λ

LLλHLλ −
X
λ

LRλHRλ: ðB3Þ

The Lorentz invariant amplitude for the lepton part LLλ ¼
LμðLÞϵμðλÞ and LRλ ¼ LμðRÞϵμðλÞ and similarly for the
hadronic part. The timelike polarization vanishes at ml ¼ 0
for l ¼ e, μ. Using the equation of motion, this term is
proportional to the lepton mass. Since the hadronic and
leptonic amplitudes are Lorentz invariant, it allows us to
evaluate in the different frames. Due to many similarities
between K�, K�

2, and f02, the differential decay width for
Bs → f02l

þl− are simply obtained in a comparative manner

by multiplying the factors
ffiffi
λ

pffiffi
8

p
mBmf0

2

and
ffiffi
λ

pffiffi
6

p
mBmf0

2

respectively

with the longitudinal and transverse amplitudes. This
modification is because since we replace the polarization
vector ϵ by ϵT in the definition of B → T form factors.
Explicitly, the expressions for the hadronic amplitudes are
written as [19]TA
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HL0 ¼ Nf0
2
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The spherical harmonic functions for K� and f02 are related as

ffiffiffiffiffiffi
3

4π

r
cosðθKÞ≡ CðK�Þ →

ffiffiffiffiffiffiffiffi
5

16π

r
ð3 cos2 θK − 1Þ≡ Cðf02Þ;ffiffiffiffiffiffi

3

8π

r
sinðθKÞ≡ SðK�Þ →

ffiffiffiffiffiffiffiffi
15

32π

r
sinð2θKÞ≡ Sðf02Þ: ðB5Þ

The amplitude equations and the branching fraction formulas are compatible with Refs. [19,22].
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