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This study examines the rare decay B → K�
0ð1430Þlþl− as a possible probe for new physics beyond the

standard model (SM). We first analyze this channel within the SM and then include scalar leptoquark
contributions. We provide predictions for key observables, like differential decay rate, branching ratio, ratio
of branching fractions at different channels, forward-backward asymmetry and different lepton polar-
izations, and assess their sensitivity to leptoquark scenarios, highlighting q2 regions less affected by the
long-distance charmonium effects. The results can be useful for future Belle II and LHCb measurements.
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I. INTRODUCTION

The standard model (SM) of particle physics provides a
remarkably successful description of elementary particles
and their interactions over a wide range of energies. Its
predictive power has been confirmed in numerous colliders
and low-energy experiments, resulting in the discovery of
the Higgs boson in 2012. Nevertheless, the SM is widely
considered to be an effective low-energy theory rather than
a fundamental framework. It overlooks for the existence of
dark matter and dark energy, the origin of the baryon
asymmetry, neutrino oscillations, and a unified description
of quark and lepton flavors. These theoretical and exper-
imental shortcomings strongly motivate the search for new
physics (NP) beyond the SM. For general reviews of flavor
physics and rare B decays, see, e.g., Refs. [1–3].
Rare flavor-changing neutral current (FCNC) decays, in

particular those mediated by the quark-level transition
b → slþl−, are among the most sensitive probes of NP.
In the SM, such processes arise only at the loop level
through penguin and box diagrams, and their short-distance
contributions are suppressed by the Glashow–Iliopoulos–
Maiani (GIM) mechanism [4–6]. Consequently, the corre-
sponding branching ratios are small, and these decays are
highly sensitive to contributions from heavy virtual par-
ticles. Theoretical descriptions are formulated in terms of
the weak effective Hamiltonian, where high-scale electro-
weak and possible NP dynamics are encoded in Wilson

coefficients CiðμÞ, and operator mixing is governed by
renormalization-group evolution [7–9]. See also an early
phenomenological analysis in Ref. [10].
Over the past decade, measurements of semileptonic B

decays have revealed discrepancies from SM predictions.
LHCb Collaboration has reported persistent deviations in
angular observables of the decay B → K�ð892Þμþμ−, most
prominently in the optimized observable P0

5 [11–13], which
have been tested with larger datasets and also by other
experiments [14–17]. Global analyses of branching ratios
and angular distributions reinforce these anomalies and
suggest NP contributions predominantly in the semilep-
tonic Wilson coefficient C9 (and possibly C10) [18–21].
Even more compelling are tests of lepton-flavor univer-

sality (LFU) in FCNC decays. Ratios such as

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

are theoretically very clean in the SM and are predicted to
be extremely close to unity, up to small electromagnetic
corrections. However LHCb measurements of RK and RK�

have exhibited deviations at the level of 2 − 3σ [22–24],
generating considerable theoretical interest. More recent
LHCb and CMS analyses based on larger datasets and
improved systematics have reduced some of these tensions
[25,26], yet global fits to the full set of b → slþl− data still
favor NP scenarios that modify the vector-current Wilson
coefficients, especially C9, in a lepton-flavor nonuniversal
way [27–29]. Besides, recent SMEFT global fits to
b → slþl− data, including both lepton flavor universal
and nonuniversal scenarios, are presented in Ref. [30].
Independent evidence for possible NP in the lepton

sector arises from the long-standing discrepancy between
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the measured and SM-predicted values of the muon
anomalous magnetic moment aμ ¼ ðgμ − 2Þ=2. The
Fermilab Muon g − 2 experiment has validated and refined
the earlier Brookhaven result [31,32], thereby increasing
the tension with the state-of-the-art SM prediction based on
high-precision hadronic inputs. The muon g − 2 anomaly,
together with the hints of LFU violation in B decays,
motivates NP scenarios that couple nonuniversally to
leptons and can simultaneously affect low-energy flavor
observables and high-precision magnetic moment
measurements.
For b → slþl− transitions, an additional challenge is

the control of long-distance hadronic effects, in particular
those induced by intermediate charmonium resonances
such as J=ψ and ψ 0 which strongly distort the dilepton
invariant-mass spectrum when q2 ≈m2

cc̄. These contribu-
tions are encoded in the charm-loop piece of the effective
coefficient Ceff

9 and have been extensively studied using
QCD factorization, light-cone sum rules and dispersion
relations (e.g. [33–36]). To reduce the associated theoretical
uncertainties, phenomenological analyses often focus on
short-distance q2 windows that exclude the narrow char-
monium peaks.
Most experimental and theoretical work to date has

concentrated on pseudoscalar and vector final states such
as B → Klþl− and B → K�ð892Þlþl− while more recent
studies have also explored tensor final states such as Bs →
f02ð1525Þμþμ− [37]. By contrast, scalar final states like
K�

0ð1430Þ have received comparatively less attention, despite
its complementary sensitivity to the effective Hamiltonian’s
chiral structure. The decay B → K�

0ð1430Þlþl− proceeds
via the same underlying b → slþl− transition but probes a
different set of hadronic form factors and operator structures.
In particular, scalar final states lead to a simpler angular
distribution and can enhance the impact of scalar and
pseudoscalar operators that are either absent or helicity
suppressed in vector modes (see, e.g., [38–40]). This makes
B → K�

0ð1430Þlþl− an especially promising channel to
explore NP with scalar interactions and nonstandard chiral
couplings.
Within the broad classes of NP models proposed to

explain the flavor anomalies, leptoquarks (LQs) are par-
ticularly attractive. These hypothetical bosons carry both
lepton and baryon quantum numbers and appear naturally
in a variety of ultraviolet completions such as Pati–Salam
unification, grand unified theories and models with
composite fermions. They induce tree-level contributions
to semileptonic four-fermion operators and are systemati-
cally classified according to their representations under
SUð3ÞC × SUð2ÞL ×Uð1ÞY [41]. Only a subset of the ten
possible scalar LQ multiplets is compatible with baryon-
number conservation at the renormalizable level. In the
context of b → slþl− anomalies, particular attention has
been paid to the two SUð2ÞL doublets

X7=6 ≡ ð3; 2; 7=6Þ; X1=6 ≡ ð3; 2; 1=6Þ;

which generate shifts in C9, C10 and their chirality-flipped
counterparts and can naturally produce LFU-violating
patterns in B-meson decays while remaining compatible
with collider searches and other flavor constraints (see, e.g.,
[42–47]).
The study of B → K�

0ð1430Þlþl− therefore offers a
sensitive and complementary probe of the chiral and scalar
structure of the b → slþl− effective Hamiltonian. In the
SM, the forward-backward asymmetry in this decay van-
ishes identically because of the absence of scalar couplings
in the lepton sector [38]; any nonzero measurement would
thus constitute a clean signal of NP. In addition, lepton-
polarization observables and LFU ratios in this channel
probe in detail the pattern of LQ-induced modifications to
semileptonic operators and provide information that is
orthogonal to that from B → Kð�Þlþl−.
In this study we present a detailed analysis of the decay

B → K�
0ð1430Þlþl− for l ¼ e, μ, τ within the SM and in a

scalar leptoquark scenario. We employ QCD sum-rule form
factors for the B → K�

0ð1430Þ transition [48] and imple-
ment both the short-distance SM and NP contributions
using the full effective Hamiltonian including chirality-
flipped operators. We compute differential decay rates,
branching fractions, LFU ratios, forward-backward asym-
metries, and lepton-polarization asymmetries, paying par-
ticular attention to short-distance q2 regions where long-
distance charmonium effects are minimized. Our numerical
analysis shows that realistic scalar LQ benchmarks can
induce non-negligible and potentially observable devia-
tions from SM expectations in several of these observables.
This highlights B → K�

0ð1430Þlþl− as a promising mode
for future precision studies at Belle II and the upgraded
LHCb experiment, where the nonresonant dilepton mass
regions considered here will be experimentally accessible
with high statistics [49–51].
Before proceeding, we briefly outline the structure of the

paper. In Sec. II, we review the effective Hamiltonian for
the b → slþl− transition in the SM and show how it is
modified in the scalar-leptoquark scenario, including the
chirality-flipped operators. In Sec. III, we introduce the
B → K�

0ð1430Þ form factors and build the decay amplitude
in terms of the form factors and Wilson coefficients. In
Sec. IV, we present the differential decay rate and illustrate
the q2 spectra for l ¼ e, μ, τ in the SM and with leptoquark
contributions. In Sec. V, we give numerical results for the
branching fractions integrated over short-distance q2 win-
dows away from the J=ψ and ψ 0 resonances, and we
discuss the LFU ratio RK�

0
. In Sec. VI, we analyze angular

and polarization observables, emphasizing the forward-
backward asymmetry as a clean SM null test and showing
the impact of leptoquarks on the longitudinal lepton
polarization. Our conclusions are collected in Sec. VII.
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II. EFFECTIVE HAMILTONIAN

Rare b → slþl− transitions are most conveniently
described within the framework of an effective field theory
obtained after integrating out the heavy degrees of freedom
(top quark, W�, Z, and any heavy NP states). At scales
μ ∼mb the resulting effective weak Hamiltonian can be
written as

Heff ¼ −4
GFffiffiffi
2

p V�
tsVtb

X10
i¼1

CiðμÞOiðμÞ: ð2Þ

Here GF is the Fermi constant, V�
tsVtb denotes the relevant

combination of CKM matrix elements, CiðμÞ are the
Wilson coefficients, and OiðμÞ are local operators built
from quark and lepton fields. The Wilson coefficients
encode the short-distance physics and are evaluated in a
given renormalization scheme (typically naive Dimensional
Regularization, NDR) and evolved from the electroweak
scale down to μ ∼mb by renormalization-group meth-
ods [5,6].
Although the full basis contains current-current, QCD

penguin, electroweak penguin, and semileptonic operators,
the dominant short-distance contributions to b → slþl−

observables arise from the magnetic dipole and semilep-
tonic operators O7, O9, and O10. The four-quark operators
O1−6 enter indirectly through operator mixing and via long-
distance cc̄ contributions to the semileptonic amplitude.
Explicitly,

O7 ¼
e

16π2
mbðs̄ασμνRbαÞFμν; ð3Þ

O9 ¼
e2

16π2
ðs̄αγμLbαÞðlγμlÞ; ð4Þ

O10 ¼
e2

16π2
ðs̄αγμLbαÞðlγμγ5lÞ; ð5Þ

where L ¼ ð1 − γ5Þ=2 and R ¼ ð1þ γ5Þ=2 denote the left-
and right-handed chirality projectors. The operator O7

drives radiative decays such as B → K�γ and contributes
to B → Kð�Þlþl− through a virtual photon, while O9;10

represent vector and axial-vector semileptonic interactions.

In terms of these operators, the effective Hamiltonian
relevant for b → slþl− can be written as

Heff ¼
GFαemVtbV�

ts

2
ffiffiffi
2

p
π

�
Ceff
9 ðmbÞs̄γμð1 − γ5Þbl̄γμl

þ C10ðmbÞs̄γμð1 − γ5Þbl̄γμγ5l

−
2mb

q2
Ceff
7 ðmbÞs̄iσμνqνð1þ γ5Þbl̄γμl

�
: ð6Þ

The coefficient Ceff
9 contains both a perturbative short-

distance part and long-distance contributions from cc̄
intermediate states. These long-distance effects enter
through the matrix elements of four-quark operators
hlþl−sjOijbi with 1 ≤ i ≤ 6 and can be absorbed into
an effective coefficient

Ceff
9 ðŝÞ ¼ C9 þ YðŝÞ; ŝ≡ q2

m2
B
: ð7Þ

The Wilson coefficient C9 is defined at the electroweak
scale and evolved down to μ ∼mb via the renormalization
group, while the function YðŝÞ encodes the effect of four-
quark operators when they couple to a virtual photon
subsequently producing the lepton pair [52]. The pertur-
bative part of YðŝÞ is a calculable loop function with GIM
suppression, whereas the long-distance part associated with
narrow charmonium resonances dominates in the vicinity
of q2 ≃m2

J=ψ and m2
ψ 0 and cannot be reliably described by

fixed-order perturbation theory [53]. In practice, one often
augments the perturbative charm-loop contribution by
phenomenological Breit–Wigner terms; here, however,
we focus on the short-distance regions and explicitly
exclude the narrow-resonance windows.
Beyond the SM, new heavy states can generate addi-

tional operators or modify the Wilson coefficients of the
existing ones. In particular, scalar leptoquarks can induce
chirality-flipped operators O0

7;9;10 with opposite quark
chiralities. A convenient generalized Hamiltonian includ-
ing these structures is

Heff ¼
GFαemVtbV�

ts

2
ffiffiffi
2

p
π

�
Ceff
9 s̄γμð1 − γ5Þbl̄γμlþ C0eff

9 s̄γμð1þ γ5Þbl̄γμlþ C10s̄γμð1 − γ5Þbl̄γμγ5l

þ C0
10s̄γμð1þ γ5Þbl̄γμγ5l −

2mb

q2
Ceff
7 s̄iσμνqνð1þ γ5Þbl̄γμl −

2mb

q2
C0eff
7 s̄iσμνqνð1 − γ5Þbl̄γμl

�
: ð8Þ

In the SM, the primed coefficients are highly suppressed and can be neglected to an excellent approximation. NP can,
however, introduce these chirality-flipped operators together with their associated Wilson coefficients.
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In the scalar LQ model under consideration, the Wilson
coefficients are modified as [43,55]:

CLQ
9 ¼ CLQ

10 ¼ −
π

2
ffiffiffi
2

p
GFαemVtbV�

ts

λ23e λ22�e

M2
Y

; ð9Þ

C0LQ
9 ¼ −C0LQ

10 ¼ π

2
ffiffiffi
2

p
GFαemVtbV�

ts

λ22s λ32�b

M2
V

: ð10Þ

Here λije;s;b denote the relevant LQ Yukawa couplings and
MY;V their masses. The total effective coefficients appear-
ing in the decay amplitude then read

Ceff;tot
9 ¼ Ceff

9 þ CLQ
9 ; Ctot

10 ¼ C10 þ CLQ
10 ; ð11Þ

C0eff;tot
9 ¼ C0eff

9 þ C0LQ
9 ; C0tot

10 ¼ C0
10 þ C0LQ

10 : ð12Þ

For illustration, we quote representative benchmark ranges
used later:

Ceff
7 ¼ −0.295; ð13Þ

Ceff
9 ∈ ½1.573; 6.625�; ð14Þ

C10 ¼ −4.260; ð15Þ

Ceff;tot
9 ∈ ½2.793; 4.394�; ð16Þ

C0eff;tot
9 ∈ ½0; 1.586�; ð17Þ

Ctot
10 ∈ ½−5.846;−4.260�; ð18Þ

C0tot
10 ∈ ½−1.586; 0�; ð19Þ

where CLQ
9;10 receive contributions from Xð7=6Þ ¼ ð3; 2; 7=6Þ

and the primed coefficients from Xð1=6Þ ¼ ð3; 2; 1=6Þ.
Exact values depend on the LQ couplings and masses;
here they represent benchmark intervals consistent with
current constraints.
Note the present work employs the standard phenom-

enological expression for the effective coefficient Ceff
9 ðŝÞ

given in Eq. (7), which incorporates the factorizable quark-
loop contribution of the four-quark operators at leading
order in QCD. A fully systematic treatment within QCD
factorization (QCDF) would additionally require incorpo-
rating hard spectator-scattering and weak-annihilation con-
tributions. Regarding hard spectator scattering, the QCDF
framework developed in Ref. [56] has been worked out
explicitly for pseudoscalar and vector final states such as K
and K�, where the decay amplitudes receive hard spectator
contributions expressed as convolutions of perturbative
kernels with the light-meson and B-meson light-cone

distribution amplitudes (LCDAs). For the scalar final state
K�

0ð1430Þ studied here, an analogous QCDF analysis of
hard spectator scattering has, to the best of our knowledge,
not yet been performed, owing to the different LCDA
structure of scalar mesons and the corresponding absence
of a factorization theorem for B → K�

0ð1430Þlþl− that
includes hard spectator scattering. Extending the formalism
[56] to scalar final states would require specifying the
leading-twist and twist-3 scalar-meson LCDAs and deriv-
ing the appropriate hard-scattering kernels, which goes
beyond the scope of the present paper.
Regarding weak annihilation, Huang et al. in Ref. [54]

performed the first next to leading order (NLO) computation
of the weak-annihilation contribution in a soft-collinear
effective theory (SCET) framework for channels with pseu-
doscalar and vector final states. For the b → d electroweak-
penguin decays considered there, the newly computed NLO
weak-annihilation contribution can bring about an Oð35%Þ
reduction of the real part and an Oð15%Þ reduction of

the imaginary part of the effective coefficient CðuÞ
9;P in the

kinematic range 1.5 GeV2 ≤ q2 ≤ 4.0 GeV2. For the
b → s transitions relevant to our analysis, the correspond-
ing weak-annihilation amplitudes are proportional to

λðsÞu ¼ VubV�
us, which is doubly Cabibbo-suppressed relative

to λðsÞc ¼ VcbV�
cs; such effects may therefore be numerically

smaller and should be regarded as an additional, presently
unquantified source of systematic uncertainty. Furthermore, a
dedicated weak-annihilation calculation for the scalar final
state B → K�

0ð1430Þlþl− has not been carried out in the
literature. The existing NLO analyses are formulated for
pseudoscalar and vector mesons, where the helicity structure
of the amplitude and the relevant LCDAs arewell established.
For scalar mesons the situation differs: the vector-current
decay constant fS is suppressed and vanishes in the SU(3)
limit [39], so the leading-twist LCDA is normalized through
the scale-dependent scalar decay constant f̄SðμÞ, which is
significantly less constrained than its pseudoscalar or vector
counterparts. In the case of the strange scalar K�

0ð1430Þ with
ms ≫ mu;d, the suppression is moderate. Implementing weak
annihilation at the same level of rigor as in Refs. [54,56] for a
scalar (0þþ) final state would require a dedicated extension of
the existing QCDF/SCET frameworks to scalar final states,
together with a corresponding factorization formula involving
scalar-meson LCDAs. To the best of our knowledge, such a
framework has not yet been developed in the literature.
Consequently, we do not attempt to model weak annihilation
for B → K�

0ð1430Þlþl− in this work and regard it as a
subleading but presently unquantified source of systematic
uncertainty, in addition to the dominant form-factor uncer-
tainties. A full QCDF analysis of B → K�

0ð1430Þlþl−

including hard spectator scattering and weak annihilation
constitutes an interesting direction for future work.
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III. FORM FACTORS AND DECAY AMPLITUDE

The semileptonic B → K�
0ð1430Þ transition form factors

have been computed using several methods. In particular,
Ref. [39] provides a light-cone sum rule (LCSR) determi-
nation based on scalar-meson LCDAs, while Ref. [48]
employs three-point QCD sum rules, and Ref. [57] uses a
covariant light-front quark model. As stressed in Ref. [39],
their LCSR form factors are numerically about twice as
large as those obtained in the other two approaches. For
example, for B̄0 → K�

0ð1430Þ one finds fþð0Þ ¼ 0.97þ0.20
−0.20

in LCSR, to be compared with fþð0Þ ¼ 0.52 in the light-
front quark model and fþð0Þ ¼ 0.62� 0.16 in the three-
point sum-rule calculation. This reflects genuine
differences in the underlying nonperturbative inputs and
modeling, in particular the treatment of the scalar-meson
LCDAs and the kinematic extrapolation.
In the present work we adopt the three-point QCD sum-

rule form factors of Ref. [48] as our primary hadronic input.
Numerically, these are in good agreement with the covar-
iant light-front quark model and thus supported by an
independent method, while leading to more conservative
branching-fraction predictions than those obtained with the
larger LCSR inputs.
The hadronic dynamics in the exclusive decay

B → K�
0ð1430Þlþl− is encoded in B → K�

0ð1430Þ transi-
tion form factors, defined through the matrix elements

hK�
0ð1430Þðp0Þjs̄γμγ5bjBðpÞi ¼ fþðq2ÞPμ þ f−ðq2Þqμ;

ð20Þ

hK�
0ð1430Þðp0Þjs̄iσμνqνγ5bjBðpÞi

¼ fTðq2Þ
mB þmK�

0

½Pμq2 − ðm2
B −m2

K�
0
Þqμ�; ð21Þ

with Pμ ¼ ðpþ p0Þμ and qμ ¼ ðp − p0Þμ. These form
factors are nonperturbative inputs and, in this work, we
take them from QCD sum-rule calculations based on three-
point correlation functions [48].
Concretely, one considers the correlators

Πμðp; p0; qÞ ¼ i2
Z

d4xd4yeip
0·y−ip·x

× h0jT½JK�
0ðyÞJAμ ð0ÞJB5 ðxÞ�j0i; ð22Þ

and

Πμνðp; p0; qÞ ¼ i2
Z

d4xd4yeip
0·y−ip·x

× h0jT½JK�
0ðyÞJμνð0ÞJB5 ðxÞ�j0i; ð23Þ

where JK
�
0 ¼ d̄s and JB5 ¼ b̄iγ5d are interpolating currents

for K�
0ð1430Þ and B, while JAμ ¼ s̄γμγ5b and Jμν ¼ s̄iσμνb

denote the transition currents. Matching the hadronic
representation of these correlators to their operator-product
expansion and applying a double Borel transformation in
p2 and p02 yields sum rules for fþðq2Þ, f−ðq2Þ, and fTðq2Þ.
Finally, combining the matrix elements in Eqs. (20) and
(21) with the generalized effective Hamiltonian (8), the
B → K�

0ð1430Þlþl− decay amplitude can be written
directly in terms of the form factors and the short-distance
Wilson coefficients. It is then convenient to reorganize the
result into a helicity-decomposed form,

MðB → K�
0l

þl−Þ ¼ GFαem
2

ffiffiffi
2

p
π
VtbV�

tsfl̄γμl½XVðpþ p0Þμ
þ YVqμ� þ l̄γμγ5l½XAðpþ p0Þμ
þ YAqμ�g; ð24Þ

with the invariant amplitudes

XV ¼ ðC0eff
9 −Ceff

9 Þfþðq2Þ−
2mb

mBþmK�
0

ðCeff
7 −C0eff

7 ÞfTðq2Þ;

ð25Þ

YV ¼ ðC0eff
9 − Ceff

9 Þf−ðq2Þ þ
2mb

mB þmK�
0

ðCeff
7 − C0eff

7 Þ

×
m2

B −m2
K�

0

q2
fTðq2Þ; ð26Þ

XA ¼ ðC0
10 − C10Þfþðq2Þ; ð27Þ

YA ¼ ðC0
10 − C10Þf−ðq2Þ: ð28Þ

In the SM scenario one has Ceff
9 , C10, Ceff

7 , and vanishing
chirality-flipped coefficients C0eff

7 ¼ C0eff
9 ¼ C0

10 ¼ 0. In
contrast, in the NP scenario considered here we use
Ceff
9 →Ceff;tot

9 , C0eff
9 →C0eff;tot

9 , C10 → Ctot
10, and C0

10 → C0tot
10 ,

while Ceff
7 ¼ Ceff;tot

7 (C0eff
7 ¼ 0) remain the same as defined

in the effective Hamiltonian.

IV. DIFFERENTIAL DECAY RATE

The decay rate and angular observables are obtained
from the squared matrix element, summed over final-state
spins. It is convenient to express the result in terms of
dimensionless kinematic variables,

ŝ ¼ q2

m2
B
; m̂l ¼ ml

mB
; m̂K�

0
¼ mK�

0

mB
; ð29Þ

and the Källén function

λðŝÞ ¼ 1þ m̂4
K�

0
þ ŝ2 − 2ŝ − 2m̂2

K�
0
ð1þ ŝÞ; ð30Þ
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and

v ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 −

4m̂2
l

ŝ

r
: ð31Þ

The variable v represents the velocity of the lepton in the
dilepton rest frame.
After integrating over the lepton polar angle, the single

differential rate for B → K�
0ð1430Þlþl− can be written as

dΓ
dŝ

¼ G2
Fα

2
emjVtbV�

tsj2
2048π5

m5
B

ffiffiffiffiffiffiffiffi
λðŝÞ

p
v

�
λðŝÞv2

3
ðjXV j2 þ jXAj2Þ

þ m̂2
l

ŝ
ðjXVð1 − m̂2

K�
0
Þ þ YVŝj2

þ jXAð1 − m̂2
K�

0
Þ þ YAŝj2Þ

�
: ð32Þ

The first term, proportional to λðŝÞv2=3, dominates for
light leptons (l ¼ e, μ) and encodes the contributions from
transverse helicity configurations. The second term, pro-
portional to m̂2

l=ŝ, becomes relevant for heavier leptons
(e.g., τ) and probes combinations of the scalar kinematic
structures YV and YA. In particular, this term can be
enhanced in scenarios with large scalar or pseudoscalar
contributions, although such operators are absent in the SM
for light leptons.

V. NUMERICAL RESULTS

A. Differential decay-rate spectra

Numerically, we use the B → K�
0ð1430Þ form factors

from Ref. [48] together with the Wilson coefficients
specified in Sec. II. The resulting differential spectra
dΓ=dŝ with ŝ≡ q2=m2

B are shown in Figs. 1(a)–1(c) for
l ¼ e, μ, τ, comparing the SM with representative scalar-
leptoquark benchmarks. In each panel, the blue-shaded
band represents the SM prediction and the pink band the
LQ scenario; the purple region corresponds to the overlap
of the two semitransparent bands. The band widths reflect
the combined theoretical uncertainty from the form factors
and from varying the Wilson coefficients within the bench-
mark ranges of Sec. II.
For l ¼ e, μ, the spectra are largest at low q2 and decrease

towards the endpoint q2max ¼ ðmB −mK�
0
Þ2, as expected

from the shrinking phase space at large dilepton invariant
mass. The enhancement at low q2 is driven by the photon-
penguin contribution associated with Ceff

7 , which is amplified
by the 1=q2 factor in the amplitude. At low and intermediate
q2, the semileptonic operators proportional to Ceff

9 and C10

give additional contributions and interference terms that
shape the spectra. For the scalar-LQ benchmarks considered
here, the predicted rates are typically reduced with respect to
the SM over most of the accessible range (pink band below
blue), with the largest relative effect in the region where the
interplay of Ceff

7 and Ceff
9 is most pronounced.

In the τþτ− channel, the spectrum starts only at the
physical threshold q2 ≥ 4m2

τ , so only the high-q2 region is
accessible (Fig. 1(c)). In this regime the photon-penguin

FIG. 1. Differential decay rate for B → K�
0ð1430Þlþl− in the

SM and in the scalar LQ scenario (l ¼ e, μ, τ). For τþτ− the
spectrum starts at q2 ≥ 4m2

τ , so the low-q2 region is not
accessible.
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term is comparatively less important, and the rate is
dominated by the semileptonic contributions controlled
by Ceff

9 and C10, modulated by the reduced available phase
space. Consequently, the SM and LQ predictions differ
mainly through an overall normalization, while the shape of
the spectrum is less strongly modified than in the light-
lepton modes. Related analyses of scalar operators in
b → sτþτ− transitions, and their impact on angular observ-
ables in B → K�0τþτ−, can be found in Ref. [58].
The overall shape of the spectra is largely governed by

phase space and the helicity structure of the b → slþl−

transition. For l ¼ e, μ, the rate is largest at low q2 and
decreases towards the kinematic endpoint q2max ¼
ðmB −mK�

0
Þ2, reflecting the shrinking phase space at large

dilepton invariant mass. At low and intermediate q2 the
decay is mainly driven by the vector contribution propor-
tional to Ceff

9 together with the photon-penguin term
governed by Ceff

7 , while the axial-vector piece proportional
to C10 enters through jC10j2 and through interference with
the vector amplitude. The scalar-LQ benchmarks consid-
ered here modify these short-distance coefficients, leading
predominantly to a suppression of the rate relative to the
SM (red band below blue) over most of the accessible
range. The effect is most visible where the Ceff

9 –Ceff
7

interplay and their interference with C10 provide the
dominant contribution, i.e., away from the endpoint.
For l ¼ τ, the spectrum starts only at threshold

q2 ≥ 4m2
τ and is therefore confined to the high-q2 region

shown in Fig. 1(c). In this regime the photon-penguin
contribution is less important, and the rate is more strongly
shaped by the semileptonic operators governed by Ceff

9 and
C10 together with the reduced available phase space. As a
consequence, the SM and LQ predictions differ mainly
through an overall normalization, while the spectral shape
is less dramatically distorted, consistent with the limited
kinematic lever arm in the τþτ− channel.
Overall, as is seen, the differential decay rate for the

LQ and SM scenarios show large overlap regions for all
leptons. For l ¼ e, μ, LQ scans some narrow regions out of
the SM bands.

B. Other observables results

Having established the differential spectra, we now turn
to integrated observables that are directly relevant for

phenomenology and comparison with experimental data.
In particular, we present numerical predictions for the
partially integrated branching fractions and their ratios
at different lepton channels for tests of LFU in
B → K�

0ð1430Þlþl−, both in the SM and in the scalar-
LQ scenario. These quantities probe complementary com-
binations of the short-distance Wilson coefficients and are
less sensitive to bin-by-bin fluctuations of the spectrum.
A central issue in b → slþl− phenomenology is the

presence of long-distance hadronic effects associated with
intermediate charmonium states, which strongly enhance
the rate when q2 ≃m2

J=ψ or m2
ψ 0 and can obscure potential

short-distance NP contributions. To reduce this impact, we
follow a standard strategy by partition of the kinematically
allowed q2 range into three different regions, removing
symmetric veto windows around the J=ψ and ψ 0 resonan-
ces. We then integrate the differential rate over each region
to obtain partial branching fractions, and construct LFU
ratios by taking appropriate muon-to-electron (and, where
applicable, tau-to-muon/electron) combinations. In this
way, the resulting observables retain high sensitivity to
the LQ-induced shifts in the semileptonic coefficients while
minimizing the dominant charmonium-related uncertainties.
The physical ranges are

RegionI∶ 4m2
l≤q2≤ðmJ=ψ−0.02GeVÞ2;

RegionII∶ ðmJ=ψþ0.02GeVÞ2≤q2≤ðmψ 0−0.02GeVÞ2;
RegionIII∶ ðmψ 0 þ0.02GeVÞ2≤q2≤ðmB−mK�

0
Þ2;

with mJ=ψ ¼ 3.0969 GeV, mψ 0 ¼ 3.6861 GeV, mB ¼
5.279 GeV, and mK�

0
¼ 1.425 GeV. Region I corresponds

to the low-q2 domain, Region II to the intermediate-q2

window between the two charmonium peaks, and Region
III to the high-q2 endpoint region.
The integrated branching ratios in each region, including

uncertainties from the form factors and variations of the
Wilson coefficients within their benchmark ranges, are
collected in Tables I–III for the l, μ, and τ channels,
respectively, where the large relative uncertainty in the τ
channel reflects both the limited phase space and the
enhanced sensitivity to helicity-suppressed contributions.
Although large intersections between the SM and LQ

models are seen, there are some narrow regions for LQ out
of the SM predictions considering all the uncertainties.

TABLE I. Branching ratios for B → K�
0ð1430Þeþe− in the SM and in the scalar LQ model. The quoted ranges

reflect combined uncertainties from form factors and Wilson coefficients.

Region SM (Range) LQ (Range)

Region I (Low q2) ½1.28 − 10.57� × 10−8 ½0.57 − 9.04� × 10−8

Region II (J=ψ gap) ½0.13 − 1.08� × 10−8 ½0.06 − 0.93� × 10−8

Region III (High q2) ½0.04 − 0.31� × 10−9 ½0.02 − 0.27� × 10−9

Total (3 regions) ½1.43 − 11.83� × 10−8 ½0.64 − 10.12� × 10−8
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To test lepton-flavor universality in B → K�
0ð1430Þlþl−,

we define

RK�
0
≡ BðB → K�

0ð1430Þμþμ−Þ
BðB → K�

0ð1430Þeþe−Þ
; ð33Þ

where the branching fractions are integrated over the same
short-distance q2 regions (with the J=ψ and ψ 0 vetoes) as in
Tables I and II. Using the corresponding total integrated
ranges, we obtain

RSM
K�

0
∈ ½0.9673; 0.9721�; ð34Þ

RLQ
K�

0
∈ ½0.9659; 0.9723�: ð35Þ

As expected, RK�
0
is very close to unity in both scenarios.

The dominant hadronic uncertainties largely cancel in the
ratio, while the remaining deviation from 1 is mainly driven
by lepton-mass effects and the slightly different kinematics
between the e and μ modes (together with small residual
differences induced by the chosen short-distance windows).
For the scalar-LQ benchmarks considered here, the predicted
shift in RK�

0
is modest, indicating no sizeable LFU violation

in the μ=e sector for these parameter choices.
A complementary ratio involving τ leptons can be

defined only in kinematic regions accessible to both
μþμ− and τþτ−. We therefore focus on the high-q2 window
(Region III) and define

Rτμ
K�

0
jIII ≡ BIIIðB → K�

0ð1430Þτþτ−Þ
BIIIðB → K�

0ð1430Þμþμ−Þ
; ð36Þ

where BIII denotes integration over Region III only. From
Tables II and III, we find the indicative ranges

Rτμ
K�

0
jIII;SM ∈ ½4.96 × 10−3; 2.41 × 101�;

Rτμ
K�

0
jIII;LQ ∈ ½2.16 × 10−3; 2.08 × 101�: ð37Þ

The wide spread is a direct consequence of the much larger
relative uncertainty in the τþτ− mode: since q2max ¼ ðmB −
mK�

0
Þ2 lies only moderately above the threshold 4m2

τ , the
available phase space is compressed near the endpoint,
enhancing the sensitivity to form-factor variations and to
helicity-suppressed contributions. As a result, Rτμ

K�
0
is less

constraining in a conservative range scan, but it remains a
useful high-q2 LFU probe once uncertainties are reduced
and more targeted benchmark choices are adopted.

VI. FORWARD-BACKWARD ASYMMETRY AND
LEPTON POLARIZATION

Angular observables provide additional, and often more
reliable, probes of the underlying short-distance dynamics.
In particular, the forward-backward asymmetry of the
lepton and the lepton polarization asymmetries are sensitive
to the chiral and scalar structure of the effective
Hamiltonian and can help disentangle different NP
scenarios.
The double differential decay width in the dilepton

invariant mass q2 and the angle θ between the momentum
of the negatively charged lepton l− and the K�

0 in the
dilepton rest frame can be written as

d2Γ
dq2d cos θ

¼ 1

512π3m3
B
λ1=2ðm2

B;m
2
K�

0
; q2Þβl

X
spins

jMj2;

with the usual kinematic functions

TABLE II. Branching ratios for B → K�
0ð1430Þμþμ− in the SM and in the scalar LQ model. The quoted ranges

reflect combined uncertainties from form factors and Wilson coefficients.

Region SM (Range) LQ (Range)

Region I (Low q2) ½1.24 − 10.23� × 10−8 ½0.55 − 8.75� × 10−8

Region II (J=ψ gap) ½0.13 − 1.09� × 10−8 ½0.06 − 0.93� × 10−8

Region III (High q2) ½0.04 − 0.32� × 10−9 ½0.02 − 0.27� × 10−9

Total (three regions) ½1.39 − 11.50� × 10−8 ½0.62 − 9.84� × 10−8

TABLE III. Branching ratios for B → K�
0ð1430Þτþτ− in the SM and in the scalar LQ model. Region I is

kinematically forbidden for τþτ− because q2 < 4m2
τ . The quoted ranges reflect combined uncertainties from form

factors and Wilson coefficients.

Region SM (Range) LQ (Range)

Region I (Low q2) q2 < 4m2
τ (forbidden)

Region II (J=ψ gap) ½0.03 − 6.08� × 10−10 ½0.01 − 5.24� × 10−10

Region III (High q2) ½0.02 − 8.94� × 10−10 ½0.01 − 7.71� × 10−10

Total (physical q2) ½0.06 − 18.47� × 10−10 ½0.02 − 15.92� × 10−10
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βl ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 −

4m2
l

q2

s
; L≡ βl

ffiffiffi
λ

p

4
:

After carrying out the spin sums and expressing the
result in terms of XV;A and YV;A, the angular distribution of
the B → K�

0l
þl− decay can be cast in the compact form

d2Γ
dq2d cos θ

¼ Pðq2Þ½C0ðq2Þ þ C2ðq2Þ cos2 θ�; ð38Þ

where the common prefactor is

Pðq2Þ ¼ 1

512π3m3
B
λ1=2ðm2

B;m
2
K�

0
; q2Þβl · 4jNj2; ð39Þ

and N ¼ GFαemVtbV�
ts

2
ffiffi
2

p
π

.

Defining the auxiliary combinations

V · V ¼ X2
VP

2 þ 2XVYVΔþ Y2
Vq

2; ð40Þ

A · A ¼ X2
AP

2 þ 2XAYAΔþ Y2
Aq

2; ð41Þ

P2 ¼ 2ðm2
B þm2

K�
0
Þ − q2; ð42Þ

one finds

C0ðq2Þ ¼ 2½ðXVK þ YVQÞ2 þ ðXAK þ YAQÞ2�

−
1

2
q2ðV · V þ A · AÞ; ð43Þ

C2ðq2Þ ¼ −2L2ðX2
V þ X2

AÞ; ð44Þ

where K and Q are simple kinematic functions of the
masses and q2 (their explicit expressions can be found from
the full decomposition of the amplitude but are not
needed here).
The forward-backward asymmetry (FBA) is defined in

the standard way as

AFBðq2Þ ¼
R
1
0 d cos θ d2Γðq2;cos θÞ

dq2d cos θ −
R
0
−1 d cos θ

d2Γðq2;cos θÞ
dq2d cos θR

1
0 d cos θ

d2Γðq2;cos θÞ
dq2d cos θ þ R

0
−1 d cos θ

d2Γðq2;cos θÞ
dq2d cos θ

:

ð45Þ

For a scalar final state such as K�
0ð1430Þ, and in the

absence of scalar-type lepton couplings, the angular
dependence reduces to an even function of cos θ. It follows
that the numerator of AFBðq2Þ vanishes identically in the
SM, and AFBðq2Þ ¼ 0 for all q2 [38]. This makes the FBA
in B → K�

0ð1430Þlþl− a particularly clean null test of the
SM: any nonzero measurement would point directly to NP
with scalar or pseudoscalar couplings.

In addition to the FBA, lepton polarization asymmetries
provide complementary information on the chiral structure
of the underlying short-distance dynamics. For a given spin
direction î (i ¼ L, T, N), we define

Piðq2Þ ¼
dΓ
dq2 ðŝ− ¼ þîÞ − dΓ

dq2 ðŝ− ¼ −îÞ
dΓ
dq2 ðŝ− ¼ þîÞ þ dΓ

dq2 ðŝ− ¼ −îÞ ; ð46Þ

where L, T, N denote the longitudinal, transverse, and
normal polarizations of l−, respectively. We work in the
dilepton rest frame, choose the z-axis along the K�

0

momentum, and define the x–z plane as the decay plane
spanned by p⃗K�

0
and p⃗l− . The spin unit vectors in the l− rest

frame are taken as

ŝL ¼ p⃗l−

jp⃗l− j
; ð47Þ

ŝN ¼ p⃗K�
0
× p⃗l−

jp⃗K�
0
× p⃗l− j

; ð48Þ

ŝT ¼ ŝN × ŝL: ð49Þ

Using the amplitude in Eq. (24) and the invariant
functions XV , YV , XA, YA defined in Eqs. (25)–(28), the
longitudinal polarization of l− in the integrated dilepton
spectrum can be written in the compact form

PLðŝÞ ¼
4vℜ½XVðŝÞX�

AðŝÞ�
2v2jXVðŝÞj2 þ ð3 − v2ÞjXAðŝÞj2

: ð50Þ

For the decay B → K�
0l

þl− (spinless hadronic final
state), the normal and transverse polarizations are canceled
after angular integration, so that

PNðŝÞ ¼ 0; PTðŝÞ ¼ 0; ð51Þ

and PL is the only nontrivial single-lepton polarization
observable in the integrated dilepton spectrum.
The longitudinal lepton polarization asymmetry PLðŝÞ

for the decays B → K�
0ð1430Þlþl− is shown in Fig. 2 as a

function of the dilepton invariant mass squared q2 for
l ¼ e, μ, τ. The individual panels correspond to the
electron, muon, and tau channels in Figs. 2(a)–2(c),
respectively. In each case, the SM prediction is compared
with the scalar leptoquark scenario, illustrating the sensi-
tivity of PL to the underlying short-distance dynamics.
Since PLðŝÞ is defined as a ratio of polarized decay rates,

it is bounded by −1 ≤ PLðŝÞ ≤ 1. Negative values corre-
spond to a predominantly left-handed l−, which is the
expected pattern in the SM because the weak interaction is
chiral [57].
Figure 2 shows PLðŝÞ for B → K�

0ð1430Þlþl− with
l ¼ e, μ, τ, comparing the SM prediction (blue band)
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FIG. 2. Longitudinal lepton polarization asymmetry PLðŝÞ in B → K�
0ð1430Þlþl− for l ¼ e, μ, τ, comparing the SM prediction with

the scalar leptoquark scenario.

M. DADASHZADEH and K. AZIZI PHYS. REV. D 114, 034053 (2026)

034053-10



to the scalar leptoquark scenario (orange band). For
the light-lepton modes, B → K�

0ð1430Þeþe− and B →
K�

0ð1430Þμþμ− (Figs. 2(a) and 2(b)), the SM result stays
close to PLðŝÞ ≃ −1 across almost the entire kinematic
range, indicating that the final-state lepton is produced
nearly purely left-handed. In the leptoquark case the
polarization remains negative, but the magnitude is
reduced, so that typically, considering the averages,
jPNP

L ðŝÞj < jPSM
L ðŝÞj throughout the accessible ŝ region.

Physically, this reflects the presence of additional contri-
butions in the NP scenario that populate the opposite-
helicity component and therefore dilute the net longitudinal
polarization [57].
The situation changes noticeably for the τ channel in

Fig. 2(c). Because mτ is large, helicity suppression is much
less effective, and the SM prediction develops a clear ŝ
dependence, with PLðŝÞ departing significantly from −1
towards the upper end of phase space. In the scalar
leptoquark scenario this effect becomes even more pro-
nounced: scalar-type contributions scale with the lepton
mass and are therefore most important for l ¼ τ, leading to
a smaller jPLðŝÞj. As a result, the longitudinal polarization
in B → K�

0ð1430Þτþτ− offers a particularly sensitive handle
on scalar leptoquark effects in rare B decays [57].
In summary, PLðŝÞ is nearly saturated at −1 and only

weakly depends on ŝ for l ¼ e, μ, while for l ¼ τ both the
kinematic variation and the size of possible deviations from
the SM are enhanced, especially at large ŝ.

VII. CONCLUSIONS

In this work, we studied the rare decay B →
K�

0ð1430Þlþl− with l ¼ e, μ, τ as a sensitive probe of
new physics in b → slþl− transitions, focusing on scalar
leptoquark scenarios that can accommodate current flavor
anomalies and the muon anomalous magnetic moment. On
the SM side, we expressed the semileptonic amplitude in
terms of the usual effective coefficients and concentrated on
short-distance q2 windows. By imposing explicit vetoes
around the J=ψ and ψ 0 resonances, we strongly suppressed
long-distance charmonium effects and kept theoretical
uncertainties under control. Using QCD sum-rule form
factors for the B → K�

0ð1430Þ transition, we derived
analytic expressions and presented numerical predictions
for the differential decay rate, partially integrated branching
fractions, LFU ratios, and lepton polarization observables
in these clean kinematic regions.
We then analyzed the same observables in a scalar-

leptoquark framework in which tree level semileptonic
interactions induce shifts in C9, C10 and their chirality-
flipped counterparts. In this setup we find sizeable, but still
experimentally realistic, departures from SM expectations.
For the light lepton modes, the branching fractions inte-
grated over the three short-distance regions fall in the
ranges BðB → K�

0ð1430Þeþe−ÞSM ≃ ð1.4–11.8Þ × 10−8

and BðB → K�
0ð1430Þμþμ−ÞSM ≃ ð1.4–11.5Þ × 10−8, while

the scalar leptoquark benchmarks typically lower them to
about (0.6 − 10.1Þ × 10−8 and (0.6 − 9.8Þ × 10−8, respec-
tively. In other words, within the quoted uncertainties, the
new physics benchmarks can suppress the average rates by
up to Oð20%Þ across the short-distance regions. The τ
mode is much rarer, BðB → K�

0ð1430Þτþτ−Þ ∼ ð0.6–1.8Þ ×
10−9 in the SM and (0.2 − 1.6Þ × 10−9 in the leptoquark
scenario, but it remains particularly informative because
helicity-suppressed effects are less severe and the decay is
therefore more sensitive to the chiral structure of possible
new interactions.
Lepton-flavor universality tests constructed from the

electron and muon channels, and especially

RK�
0
≡ BðB → K�

0ð1430Þμþμ−Þ
BðB → K�

0ð1430Þeþe−Þ
;

stay extremely close to unity in both scenarios:
RSM
K�

0
∈ ½0.9673; 0.9721� and RLQ

K�
0
∈ ½0.9659; 0.9723�. This

behavior is expected: hadronic uncertainties largely cancel
in the ratio and lepton mass effects are tiny in the μ=e
sector. As a result, the benchmark leptoquark couplings
considered here do not predict large LFU violation between
electrons and muons in this channel. Ratios involving τ
leptons, such as Rτμ

K�
0
in the high q2 region, span a wider

range because the available phase space is strongly com-
pressed near threshold. Nevertheless, with improved form
factor input and more targeted benchmark choices, these
observables could become useful probes of nonuniversality
at high q2.
Angular and polarization observables provide an espe-

cially clean handle on short-distance dynamics in this
decay. Since the hadronic final state is a scalar and the
SM does not contain scalar lepton couplings, the forward-
backward asymmetry AFBðq2Þ vanishes identically for all
q2. Therefore, any nonzero measurement of AFB in B →
K�

0ð1430Þlþl− would be a direct indication of nonstandard
scalar or pseudoscalar interactions. The longitudinal lepton
polarization PLðŝÞ is also very distinctive: for l ¼ e, μ it is
nearly maximally negative and only weakly dependent on ŝ
in the SM, whereas scalar leptoquarks reduce jPLj by
enhancing the opposite helicity component, producing a
characteristic shift that is largely insensitive to hadronic
input. For l ¼ τ, PLðŝÞ shows a much stronger ŝ depend-
ence and an even clearer separation between SM and
leptoquark predictions, making the τþτ− mode a particu-
larly sensitive probe of scalar new physics in the high–q2
region.
To summarize, B → K�

0ð1430Þlþl− provides a theoreti-
cally clean and phenomenologically rich complement to the
better studied B → Kð�Þlþl− modes. In the short-distance
windows that will be accessible at Belle II and the upgraded
LHCb, improved measurements of differential rates,
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integrated branching fractions, LFU ratios, and especially
longitudinal lepton polarization can either reveal scalar
leptoquark effects or place strong constraints on them, as
well as on other extensions of the SM that modify the chiral
or scalar structure of b → slþl−. On the theory side, more
precise nonperturbative determinations of the B →
K�

0ð1430Þ form factors and a refined treatment of residual
long-distance effects will further sharpen these predictions
and strengthen the discovery potential of this channel in the
high luminosity era.
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