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All charmless B → PVlþνl (P denotes the light pseudoscalar meson and V denotes the vector meson)
decays have not been experimentally observed to date, but some of them might be measured in the near
future. The charmless B → PVlþνl decays with the axial-vector (A) resonance states, the tensor (T)
resonance states, and the excited vector (VE;D) resonance states are studied based on flavor SU(3) analysis
in this work, where VE contains fρð1450Þ; K�ð1410Þ;ωð1420Þ;ϕð1680Þg with quantum numbers
n2Sþ1LJ ¼ 23S1 and VD contains fρð1700Þ; K�ð1680Þ;ωð1650Þ;ϕð2170Þg with quantum numbers
n2Sþ1LJ ¼ 13D1. The hadronic amplitudes of the B → A=Tlþνl decays are related by the nonperturbative
parameters, and the branching ratio predictions of B → A=T=VE;Dlþνl are obtained, and then the
branching ratios of the B → AðA → PVÞlþνl, B → TðT → PVÞlþνl, B → VEðVE → PVÞlþνl, and
B → VDðVD → PVÞlþνl are obtained by the narrow width approximation or further considering the width
effects. We find that most branching ratios of the B → Alþνl decays and many branching ratios of the
B → AðA → PVÞlþνl decays are on the order of Oð10−4–10−3Þ, and all branching ratios with the tensor
resonance states and the excited vector resonance states are small. Our results could be tested in the future
Belle II and LHCb experiments.

DOI: 10.1103/r3pq-kfwq

I. INTRODUCTION

Semileptonic B decays are very interesting in particle
physics due to their relatively clean signals. Semileptonic
B → PVlþνl decays can receive contributions from both
nonresonant and various resonant contributions. The inter-
mediate resonances in these semileptonic decays provide a
clean environment for exploring meson spectroscopy.
Although no charmless B → PVlþνl decay has been
measured to date, near future experiments such as Belle
II and LHCb are expected to measure these decays.
Since the weak and strong dynamics can be separated in

the semileptonic decays, the theoretical description of the
semileptonic decays is relatively simple. The hadronic
transition form factors contain all the strong dynamics in
the initial and final hadrons, making them crucial for testing
the theoretical calculations of the involved strong

interactions. However, the calculations of the B → PV
form factors are more complicated than ones for B → V or
B → P form factors, and reliable calculations are currently
lacking. In the absence of reliable calculations, symmetry
analysis plays a vital role in understanding semileptonic
transitions by providing relations between hadronic form
factors or hadronic decay amplitudes. Among these, SU(3)
flavor symmetry is one of the symmetries which has
attracted a lot of attention. SU(3) flavor symmetry has
been widely used to study hadron decays, including
b-hadron decays [1–14] and c-hadron decays [13–29].
Four-body semileptonic D=B → PP=PVlþνl decays

have also been explored in previous studies, for instance,
in Refs. [30–35]. In this work, we will focus on analyzing
four-body semileptonic charmless B → AðA → PVÞlþνl,
B → TðT → PVÞlþνl, B→VEðVE→PVÞlþνl and B →
VDðVD → PVÞlþνl decays using the SU(3) flavor sym-
metry/breaking approach. The analysis begins by obtaining
the form factor relations for B → A=T=VE;Dlþνl decays
through SU(3) flavor symmetry/breaking. After ignoring
the SU(3) flavor breaking, the branching ratios of the B →
A=T=VE;Dlþνl decays are predicted. Using these predic-
tions along with previous results for A=T=VE;D → PV
decays, the branching ratios for B → AðA → PVÞlþνl,
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B → TðT → PVÞlþνl, B → VEðVE → PVÞlþνl, and
B → VDðVD → PVÞlþνl decays are obtained by using
the narrow width approximation and considering the
width effects. Due to limited experimental data on
B → Mlþνl, M → PV, and B → MðM → PVÞlþνl with
M ¼ A; T; VE; VD, SU(3) flavor breaking effects are
ignored. The relevant nonperturbative coefficients and
mixing angles are then constrained by using existing
experimental data. Finally, the branching ratios that have
not yet been measured are predicted by the SU(3) flavor
symmetry.
The paper is structured as follows: in Sec. II, three-body

semileptonic charmless B → A=T=VE;Dlþνl decays are
studied. In Sec. III, four-body semileptonic charmless B →
PVlþνl with the axial-vector resonance states, the tensor
resonance states, and the excited vector resonance states are
explored. Summary and conclusions are presented in
Sec. IV. Additional details are provided in the appendixes.

II. SEMILEPTONIC CHARMLESS
B → Ml+ νl DECAYS

A. Theoretical frame

The effective Hamiltonian below the electroweak scale
can be used to describe the b̄ → ūlþνl transitions, which
can be written as

Heffðb̄→ ūlþνlÞ¼
GFffiffiffi
2

p Vubb̄γμð1−γ5Þūν̄lγμð1−γ5Þl; ð1Þ

where GF is the Fermi constant, and Vub is the Cabibbo-
Kobayashi-Maskawa (CKM) matrix element. The decay
amplitude of B → Mlþνl can be expressed as

AðB → MlþνlÞ ¼
GFffiffiffi
2

p Vub

X
m;n

gmnL
λlλν
m HλM

n ; ð2Þ

with

Lλlλν
m ¼ ϵαðmÞν̄lγαð1 − γ5Þl; ð3Þ

HλM
n ¼ ϵ�βðnÞhMðpM; ε�Þūγβð1 − γ5Þb̄jBðpBÞi; ð4Þ

where λM ¼ 0;�1, λl ¼ � 1
2
, and λν ¼ þ 1

2
are the particle

helicities, and ϵ and ε� are the polarization vectors of the
virtual W-boson and M-meson, respectively. The leptonic
parts Lλlλν

m use perturbation theory to calculate, while the
hadronic parts HλM

n are encoded in the transition form
factors.
The differential branching ratios are [36]

dBðB → MlþνlÞ
dq2

¼ τBG2
FjVubj2λ1=2ðq2 −m2

lÞ2
24ð2πÞ3m3

Bq
2

Htotal ð5Þ

with

Htotal ≡ ðHU þHLÞ
�
1þ m2

l

2q2

�
þ 3m2

l

2q2
HS; ð6Þ

HU¼jHMþ j2þjHM
− j2; HL¼jHM

0 j2; HS¼jHM
t j2; ð7Þ

where λ≡ λðm2
B;m

2
M; q

2Þ with λða; b; cÞ ¼ a2 þ b2 þ
c2 − 2ab − 2ac − 2bc, q2 ≡ ðpB − pMÞ2, m2

l ≤ q2 ≤
ðmB −mMÞ2, and HM

�;0;t are the hadronic amplitudes. For
the B → PVlþνl semileptonic decay, we only consider the
axial-vector meson resonant states, the tensor meson
resonant states and the excited vector resonance states.

The hadronic amplitudesHA
�;0;t,H

T
�;0;t, andH

VE;D
�;0;t are listed

in Appendix A. Then the branching ratios of the B →
Mlþνl decays could be obtained by the relevant form
factors, which depend on the different methods.
The SU(3) flavor symmetry approach is independent of

the detailed dynamics, and it can provide the hadronic
amplitude relationships among various decay modes.
We will use SU(3) flavor symmetry to analyze relative
decays in this work. The SU(3) flavor analysis depends on
the SU(3) flavor group, and the relevant meson multiplets
of the SU(3) flavor group are listed in Appendix B.
In terms of the SU(3) flavor symmetry, the hadronic

amplitudes of the B → Mlþνl decays can be parame-
trized as

HðB → MlþνlÞ ¼ cM0 B
iMj

iHj þ cM1 B
aWi

aM
j
iHj

þ cM2 B
iMa

i W
j
aHj; ð8Þ

where cM0 (cM1;2) are the SU(3) flavor symmetry (breaking)
nonperturbative coefficients. Please notice that the non-
perturbative coefficients for the axial-vector mesons
with JPC ¼ 1þþ and for the axial-vector mesons with
JPC ¼ 1þ− are different, and we will denote them by
cA0;1;2 and cB0;1;2, respectively. The matrix W is related to
the SU(3) flavor breaking effects, which mainly come from
different masses of u=d and s quarks [37,38]. The hadronic
amplitude relations for the B → Mlþνl decays are sum-
marized in Table I. Amplitude relations between different
decay processes can be easily obtained from Table I, and
the same relationships are also true for the form factors.
Since there are not enough experimental data in the B →
A=Tlþνl decays, we will only consider the SU(3) flavor
symmetry contributions, i.e., CM ¼ C0M ¼ cM0 .

B. Numerical results

The theoretical input parameters, such as the lifetimes,
the masses, and the experimental data within the 1σ error
bar from the Particle Data Group (PDG) [39] will be used in
our numerical analysis.
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Until now, none of the B → Alþνl decays have been
measured, so we cannot determine the CA;B by the
experimental data. The form factors of the B → a1=b1
and Bs → K1A=K1B transitions are taken from Ref. [40].
For the B → f1ð1285Þ, B → f1ð1420Þ, B → h1ð1170Þ, and
B → h1ð1415Þ transitions, two cases are considered. In the
“a” case, we use the mixing angles θ1P1

∈ ½5°; 56°� and
θ3P1

∈ ½56°; 125°� defined in Eqs. (B5)–(B6), and the form
factors obtained by using the SU(3) flavor symmetry
relationships from the B → a1=b1 form factors. In the
“b” case, we use the mixing angles αf1 ¼ ð69.7� 8Þ° and
αh1 ¼ ð86.7� 6Þ° defined in Eqs. (B7)–(B8) and the form
factors of the B → f1q;s=h1q;s transitions in Ref. [40]. The
predicted branching ratios of the B → Alþνl decays are
listed in Table II. One can see that the errors of some results
are a little large, the errors of BðB → a1ð1260ÞlþνlÞ
and BðB → b1ð1235ÞlþνlÞ mainly come from the form
factors and the CKM matrix element Vub, and the errors
of other branching ratios also come from the mixing
angles θK1

, θ3P1
, or θ1P1

. For the BðBþ → f1lþνlÞ and
BðBþ → h1lþνlÞ, we listed the results in two cases. We
find that every branching ratio is obviously different in two
cases except BðBþ → h1ð1170ÞlþνlÞ. For the BðB0

s →
K−

1 l
þνlÞ decays, their branching ratios are affected by the

mixing angle θK1
, the results are obtained by using

θK1
∈ ½52°; 65°� [30] and θK1

¼ ð33� 4Þ° [41], which are
denoted by ♮ and ♮ in Table II, respectively. One can see
that the predictions of BðB0

s → K1ð1270Þ−lþνlÞ in two
cases are similar; nevertheless, the predictions of BðB0

s →
K1ð1400Þ−lþνlÞ are slightly different.
As for the B → Tlþνl decays, no decay mode has

been measured. The data of BðBþ → f2ð1270Þl0þνl0 Þ
may be obtained by BðBþ → f2ð1270Þ0l0þνl0 Þ ¼
BðBþ→πþπ−l0þνl0 ÞExpf2ð1270Þ0
Bðf2ð1270Þ0→πþπ−ÞExp from Ref. [39], as follows:

BðBþ → f2ð1270Þ0l0þνl0 ÞExp ¼ð3.21�1.65Þ×10−5: ð9Þ
The relations of theB → Tlþνl decays inTable Iwill be used
for the form factors AT

1 ð0Þ. Other form factors Fið0Þ ¼
VTð0Þ; AT

0 ð0Þ; AT
2 ð0Þ can be expressed as ri × AT

1 ð0Þ, and
thevalues of the ratios ri ¼ Fið0Þ

AT
1
ð0Þ are taken fromRef. [42]. The

form factor AT
1 ð0Þ is determined by the experimental data

given in Eq. (9), and we obtain AT
1 ð0Þ ¼ 0.14� 0.06 (it only

include part, such as CT but not 1ffiffi
2

p cos θf2), which is slightly

smaller than 0.19þ0.04
−0.03 in Ref. [42]. Then the branching ratios

TABLE I. SU(3) amplitudes for B → Mlþνl decays due to the b̄ → ūlþνl transitions. CM ¼ cM0 þ cM1 þ cM2 ;
C0M ¼ cM0 − 2cM1 þ cM2 , and CM ¼ C0M if ignoring the SU(3) breaking effects.

Decay modes SU(3) hadronic amplitudes Decay modes SU(3) hadronic amplitudes

Bþ → a1ð1260Þ0lþνl 1ffiffi
2

p CA Bþ → a2ð1320Þ0lþνl 1ffiffi
2

p CT

Bþ → f1ð1285Þ0lþνl 1ffiffi
6

p ð ffiffiffi
2

p
cos θ3P1 þ sin θ3P1ÞCA Bþ → f2ð1270Þlþνl 1ffiffi

2
p cos θf2C

T

Bþ → f1ð1420Þ0lþνl − 1ffiffi
6

p ð ffiffiffi
2

p
sin θ3P1 − cos θ3P1ÞCA Bþ → f02ð1525Þlþνl 1ffiffi

2
p sin θf2C

T

B0 → a1ð1260Þ−lþνl CA B0 → a2ð1320Þ−lþνl CT

Bþ → b1ð1235Þ0lþνl 1ffiffi
2

p CB B0
s → K�

2ð1430Þ−lþνl C0T

Bþ → h1ð1170Þ0lþνl 1ffiffi
6

p ð ffiffiffi
2

p
cos θ1P1 þ sin θ1P1ÞCB

Bþ → h1ð1415Þ0lþνl − 1ffiffi
6

p ð ffiffiffi
2

p
sin θ1P1 − cos θ1P1ÞCB Bþ → ρð1450Þ0lþνl=ρð1700Þ0lþνl 1ffiffi

2
p CVE=DV�

ub

B0 → b1ð1235Þ−lþνl CB Bþ → ωð1420Þlþνl=ωð1650Þlþνl 1ffiffi
2

p CVE=DV�
ub

B0
s → K1ð1270Þ−lþνl ðsin θK1

C0A þ cos θK1
C0BÞ B0 → ρð1450Þ−lþνl=ρð1700Þ−lþνl CVE=DV�

ub

B0
s → K1ð1400Þ−lþνl ðcos θK1

C0A − sin θK1
C0BÞ B0

s → K�ð1410Þ−lþνl=K�ð1680Þ−lþνl C0VE=DV�
ub

TABLE II. Branching ratios of theB → Alþνl decayswithin1σ
error (in units of 10−4); here, l0 ¼ e, μ. ForBðBþ → f1=h1lþνlÞ,
a denotes the results obtained by using the θ1P1

=θ3P1
mixing

angles and the form factors obtained by the SU(3) flavor symmetry
relationships. b denotes ones obtained by using the αf1=αh1
mixing angles and the B → f1q=h1q form factors taken from
Ref. [40]. For BðB0

s → K−
1 l

þνlÞ, ♮ denotes the results by using
θK1

∈ ½52°; 65°� [30], and ♯ denotes ones by using θK1
¼ ð33� 4Þ°

[41]. The a, b, ♮; ♯ signs are same in Tables V and VI.

Branching ratios
Predictions
with l ¼ l0

Predictions
with l ¼ τ

BðBþ → a1ð1260Þ0lþνlÞ 16.33� 4.01 6.91� 1.87
BðBþ → b1ð1235Þ0lþνlÞ 28.16� 10.01 13.26� 4.42
BðBþ → f1ð1285Þ0lþνlÞ ½8.32×10−4;15.67�a

13.39�3.99b
½3.35×10−4;6.43�a
5.44�1.69b

BðBþ → f1ð1420Þ0lþνlÞ 9.60�7.99a

2.24�1.69b
3.87�3.23a

0.90�0.67b

BðBþ → h1ð1170Þ0lþνlÞ 30.87�11.65a

32.82�12.32b
14.79�4.95a

15.11�5.97b

BðBþ → h1ð1415Þ0lþνlÞ ½5.37×10−8;5.82�a
½2.82×10−7;0.56�b

½2.36×10−8;2.45�a
½1.21×10−7;0.24�b

BðB0 → a1ð1260Þ−lþνlÞ 30.31� 7.39 12.85� 3.47
BðB0 → b1ð1235Þ−lþνlÞ 52.21� 18.57 24.63� 8.23
BðB0

s → K1ð1270Þ−lþνlÞ 72.42�19.60♮

74.43�19.53♯
31.24�9.18♮

33.19�9.41♯

BðB0
s → K1ð1400Þ−lþνlÞ 5.73�3.82♮

3.03�2.16♯
2.89�1.96♮

1.17�0.89♯
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of the B → Tlþνl decays can be predicted in terms of the
constrained AT

1 ð0Þ, and they are listed in Table III.
For the B → VE;Dlþνl decays, there is still no measured

mode. The form factors of the B → K�ð1410Þ and B →
K�ð1680Þ transitions are taken from Ref. [43], which are
calculated by the large energy effective theory, and other
form factors of B → VE;D are related with them by the
SU(3) flavor symmetry given in Table I. Then the branch-
ing ratios of the B → VE;Dlþνl decays are obtained and
listed in Table IV. In addition, the form factors of B → VE
transitions are also calculated by the light-front quark
models [44], and they are listed in Table XI of
Appendix A. The branching ratios of the B → VElþνl
decays are also predicted by using the form factors within
the light-front quark models, and they are given in Table IV,
too. One can see that branching ratios obtained by the light-
front quark models are slightly smaller than ones obtained
by the large energy effective theory. In the following
analysis, the results from the large energy effective theory
will be used.

III. CHARMLESS DECAYS B → PVl+ νl
WITH THE RESONANCES

A. BðB → PVl+ νlÞ with the narrow
width approximation

For the B → PVlþνl decays with the resonances, if the
decay widths of the resonance states are very narrow, the
resonant branching ratios can be written as

BðB → Rlþνl; R → PVÞ
¼ BðB → RlþνlÞ × BðR → PVÞ; ð10Þ

where R denotes the resonances, and R ¼ A=T in this
work. This relation is also a good approximation for wider
resonances [34]. The branching ratios of the two-body
nonleptonic decays BðA → PVÞ and BðT → PVÞ have
been studied in our previous work [30]. Using the expres-
sions of BðB → A=TlþνlÞ given in Sec. II and BðA=T →
PVÞ given in Ref. [30], we may predict the branching ratios
of the B → AðA → PVÞlþνl and B → TðT → PVÞlþνl
decays, which are listed in the second and third columns of
Tables V and VI, respectively, named as the results in
S1 case.
From the second and third columns of Tables V and VI,

one can see that some branching ratios with the
axial-vector meson resonances, such as BðBþ →
ρ∓π�lþνlÞ½a1ð1260Þ0;h1ð1170Þ0�, BðBþ→ρ0π0lþνlÞ½h1ð1170Þ0�,
BðBþ → ωπ0lþνlÞ½b1ð1235Þ0�, BðBþ→ρ0ηl0þνl0 Þ½b1ð1235Þ0�,
BðB0 → ρ0π−lþνlÞ½a1ð1260Þ−�, BðB0→ρ−π0lþνlÞ½a1ð1260Þ−�,
BðB0 → ωπ−lþνlÞ½b1ð1235Þ−�, BðB0 → ρ−ηlþνlÞ½b1ð1235Þ−�,
BðB0

s → K�−π0lþνlÞ½K1ð1270Þ−�, BðB0
s → K̄�0π−lþ×

νlÞ½K1ð1270Þ−;K1ð1400Þ−�, BðB0
s → ρ0K−lþνlÞ½K1ð1270Þ−�,

BðB0
s→ρ−K̄0lþνlÞ½K1ð1270Þ−�, and BðB0

s→ωK−lþ×
νlÞ½K1ð1270Þ−�, are on the order of Oð10−4–10−3Þ, and other
branching ratios with the axial-vector meson resonances

TABLE III. Branching ratios of B → Tlþνl decays within 1σ error (in units of 10−5). † denotes BðBþ →
f2ð1270ÞlþνlÞ are obtained by BðBþ → πþπ−l0þνl0 ÞExp:f2ð1270Þ=Bðf2ð1270Þ → πþπ−ÞExp from Ref. [39].

Branching ratios Our predictions ðl ¼ l0Þ Our predictions ðl ¼ τÞ
BðBþ → a2ð1320Þ0lþνlÞ 2.92� 1.51 0.93� 0.58
BðBþ → f2ð1270ÞlþνlÞ 3.21� 1.65† 1.06� 0.66
BðBþ → f02ð1525ÞlþνlÞ ð4.56� 3.03Þ × 10−2 ð1.27� 0.91Þ × 10−2

BðB0 → a2ð1320Þ−lþνlÞ 5.41� 2.79 1.72� 1.07
BðB0

s → K2ð1430Þ−lþνlÞ 4.72� 2.48 1.50� 0.94

TABLE IV. Branching ratios of B → VE=Dlþνl decays within 1σ error (in units of 10−5). a denotes the form
factors calculated by the large energy effective theory, and b denotes the form factors calculated by the light-front
quark models.

Branching ratios Our predictions ðl ¼ l0Þ Our predictions ðl ¼ τÞ
BðBþ → ρð1450Þ0lþνlÞ 10.36� 1.52a, 8.14� 1.15b 4.43� 0.71a, 3.18� 0.48b

BðBþ → ωð1420ÞlþνlÞ 11.34� 2.20a, 9.00� 1.77b 5.02� 1.14a, 3.64� 0.82b

BðB0 → ρð1450Þ−lþνlÞ 19.26� 2.87a, 15.14� 2.15b 8.23� 1.34a, 5.91� 0.91b

BðB0
s → K�ð1410Þ−lþνlÞ 24.14� 3.17a, 23.69� 3.19b 11.21� 1.55a, 10.16� 1.44b

BðBþ → ρð1700Þ0lþνlÞ 5.25� 0.73a 1.87� 0.29a

BðBþ → ωð1650ÞlþνlÞ 5.66� 0.85a 2.10� 0.35a

BðB0 → ρð1700Þ−lþνlÞ 9.77� 1.35a 3.47� 0.53a

BðB0
s → K�ð1680Þ−lþνlÞ 11.35� 1.55a 4.33� 0.65a
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TABLE V. SU(3) branching ratios of B → PVl0þνl0 decays within 1σ error (in units of 10−4). B½A=T� denote the branching ratio with
the axial-vector/tensor meson resonant contributions. In the S1 case, the results are obtained by using the narrow width approximation in
Eq. (10). In the S2 case, the width effects are considered as given in Eq. (11). The definitions of BA=T and S1;2 cases are same in Table VI.

Decay modes B½A� in S1 case B½T� in S1 case B½A� in S2 case B½T� in S2 case

Bþ → ρ−πþl0þνl0 6.58� 2.71½a1ð1260Þ0� 0.10� 0.06½a2ð1320Þ0� 3.68� 1.42½a1ð1260Þ0� 0.090� 0.048½a2ð1320Þ0�
or 6.93�3.85a

7.53�3.10b ½h1ð1170Þ0�
4.27�2.45a

4.59�1.62b ½h1ð1170Þ0�
Bþ → ρþπ−l0þνl0 0.64�0.64a

0.045�0.045b ½h1ð1415Þ0�
0.54�0.54a

0.029�0.029b ½h1ð1415Þ0�

Bþ → ρ0π0l0þνl0 6.96�3.87a

7.57�3.12b ½h1ð1170Þ0�
4.35�2.50a

4.66�1.69b ½h1ð1170Þ0�
0.64�0.64a

0.045�0.045b ½h1ð1415Þ0�
0.54�0.54a

0.029�0.029b ½h1ð1415Þ0�

Bþ → ωηl0þνl0 0.66�0.35a

0.68�0.26b ½h1ð1170Þ0�
0.24�0.12a

0.25�0.09b ½h1ð1170Þ0�
0.150�0.150a

0.012�0.012b ½h1ð1415Þ0�
0.10�0.10a

0.0067�0.0067b ½h1ð1415Þ0�

Bþ → ϕηl0þνl0 0.022�0.022a

0.018�0.018b ½h1ð1170Þ0�
0.0053�0.0053a

0.0055�0.0055b ½h1ð1170Þ0�
0.0225�0.0225a

0.0032�0.0032b ½h1ð1415Þ0�
0.0050�0.0050a

0.00061�0.00061b ½h1ð1415Þ0�

Bþ → ωπ0l0þνl0 18.50� 7.32½b1ð1235Þ0� 15.59� 5.70½b1ð1235Þ0�

Bþ → ρ0ηl0þνl0 1.44� 0.61½b1ð1235Þ0� 0.41� 0.17½b1ð1235Þ0�

Bþ → K�þK−l0þνl0 0.32� 0.14½a1ð1260Þ0� 0.00016� 0.00009½a2ð1320Þ0� 0.15� 0.06½a1ð1260Þ0� 0.000079� 0.000046½a2ð1320Þ0�
or 0.12� 0.05½b1ð1235Þ0� 0.00025� 0.00015½f2ð1270Þ0� 0.059� 0.021½b1ð1235Þ0� 0.000095� 0.000058½f2ð1270Þ0�
Bþ → K�−Kþl0þνl0 0.045�0.045a

0.08�0.04b ½f1ð1285Þ0�
0.00028� 0.00020½f0

2
ð1525Þ0� 0a;b ½f1ð1285Þ0� 0.00022� 0.00015½f0

2
ð1525Þ0�

2.20�2.20a

0.47�0.47b ½f1ð1420Þ0�
1.34�1.34a

0.27�0.27b ½f1ð1420Þ0�
0.27�0.20a

0.29�0.21b ½h1ð1170Þ0�
0.081�0.057a

0.094�0.062b ½h1ð1170Þ0�
0.127�0.127a

0.037�0.037b ½h1ð1415Þ0�
0.096�0.096a

0.024�0.024b ½h1ð1415Þ0�

Bþ → K�0K̄0l0þνl0 0.31� 0.13½a1ð1260Þ0� 0.00013� 0.00007½a2ð1320Þ0� 0.14� 0.06½a1ð1260Þ0� 0.000064� 0.000037½a2ð1320Þ0�
or 0.11� 0.04½b1ð1235Þ0� 0.00022� 0.00013½f2ð1270Þ0� 0.051� 0.018½b1ð1235Þ0� 0.000085� 0.000052½f2ð1270Þ0�
Bþ → K̄�0K0l0þνl0 0.012�0.012a

0.02�0.01b ½f1ð1285Þ0�
0.00025� 0.00018½f0

2
ð1525Þ0� 0a;b ½f1ð1285Þ0� 0.00019� 0.00014½f0

2
ð1525Þ0�

1.96�1.96a

0.42�0.42b ½f1ð1420Þ0�
1.19�1.19a

0.24�0.24b ½f1ð1420Þ0�
0.26�0.19a

0.28�0.20b ½h1ð1170Þ0�
0.075�0.053a

0.089�0.059b ½h1ð1170Þ0�
0.109�0.109a

0.032�0.032b ½h1ð1415Þ0�
0.085�0.085a

0.021�0.021b ½h1ð1415Þ0�
B0 → ρ0π−l0þνl0 12.19� 5.02½a1ð1260Þ−� 0.19� 0.10½a2ð1320Þ−� 6.84� 2.63½a1ð1260Þ−� 0.17� 0.09½a2ð1320Þ−�
B0 → ρ−π0l0þνl0 12.25� 5.06½a1ð1260Þ−� 0.19� 0.10½a2ð1320Þ−� 6.89� 2.64½a1ð1260Þ−� 0.17� 0.09½a2ð1320Þ−�
B0 → ωπ−l0þνl0 34.16� 13.48½b1ð1235Þ−� 6.37� 2.26½b1ð1235Þ−�
B0 → ρ−ηl0þνl0 2.69� 1.14½b1ð1235Þ−� 0.52� 0.22½b1ð1235Þ−�

B0 → K�0K−l0þνl0 1.17� 0.50½a1ð1260Þ−� 0.00053� 0.00030½a2ð1320Þ−� 0.54� 0.22½a1ð1260Þ−� 0.00027� 0.00015½a2ð1320Þ−�
0.42� 0.17½b1ð1235Þ−� 0.21� 0.08½b1ð1235Þ−�

B0 → K�−K0l0þνl0 1.18� 0.51½a1ð1260Þ−� 0.00056� 0.00032½a2ð1320Þ−� 0.54� 0.22½a1ð1260Þ−� 0.00026� 0.00015½a2ð1320Þ−�
0.43� 0.17½b1ð1235Þ−� 0.21� 0.09½b1ð1235Þ−�

B0
s → K�−π0l0þνl0 5.39�3.23♮

5.60�3.40♯ ½K1ð1270Þ−�
0.040� 0.022½K�

2
ð1430Þ−� 4.48�2.50♮

4.55�2.50♯ ½K1ð1270Þ−�
0.035� 0.020½K�

2
ð1430Þ−�

1.73�1.19♮

0.95�0.69♯ ½K1ð1400Þ−�
1.20�0.83♮

0.82�0.58♯ ½K1ð1400Þ−�

B0
s → K̄�0π−l0þνl0 10.58�6.34♮

10.97�6.66♯ ½K1ð1270Þ−�
0.076� 0.043½K�

2
ð1430Þ−� 8.76�4.87♮

8.89�4.89♯ ½K1ð1270Þ−�
0.067� 0.038½K�

2
ð1430Þ−�

3.42�2.35♮

1.89�1.36♯ ½K1ð1400Þ−�
2.36�1.64♮

1.61�1.15♯ ½K1ð1400Þ−�

B0
s → ρ0K−l0þνl0 12.39�3.49♮

12.64�3.38♯ ½K1ð1270Þ−�
0.014� 0.008½K�

2
ð1430Þ−� 5.73�1.47♮

5.83�1.33♯ ½K1ð1270Þ−�
0.015� 0.009½K�

2
ð1430Þ−�

0.066�0.066♮

0.022�0.022♯ ½K1ð1400Þ−�
0.037�0.037♮

0.016�0.016♯ ½K1ð1400Þ−�

(Table continued)
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and all branching ratios with the tensor meson resonances
are small.

B. BðB → PVl+ νlÞ with the width effects

Some decay widths of the resonance states, such as ones
of h1ð1170Þ, h1ð1415Þ, b1ð1235Þ, a1ð1260Þ, K1ð1270Þ,
K1ð1400Þ, f2ð1270Þ, f02ð1270Þ, a2ð1320Þ, and K2ð1400Þ,
are not very narrow. We will consider the width effects of
the resonance states. After considering the width effects of
the resonance states, the decay branching ratios of B →
PVlþνl are [45,46]

BðB→PVlþνlÞR
¼ 1

π

Z ðmRþnΓRÞ2

ðmR−nΓRÞ2
dtR

Z ðmB−
ffiffiffi
tR

p Þ2

m2
l

dq2

×
ffiffiffiffi
tR

p
dBðB→Rlþνl;tRÞ=dq2BðR→PV;tRÞΓR

ðtR−m2
RÞ2þm2

RΓ2
R

; ð11Þ

where dBðB → Rlþνl; tRÞ=dq2 and BðR → PV; tRÞ are
obtained from dBðB → RlþνlÞ=dq2 and BðR → PVÞ by
replacing mR →

ffiffiffiffi
tR

p
. The form factors of the B → Rlþνl

decays and the coefficients of the R-V-P vertexes follow the
SU(3) flavor symmetry relations. And then the predicted
branching ratios are obtained, which are listed in the last
two columns of Tables V and VI and named as ones in the
S2 case. Comparing with the results with the narrow width
approximation, one can see that some results considered the
resonant width effects are obviously smaller. For BðBþ →
K��K∓lþνlÞ½f1ð1285Þ0�, BðBþ → K�0K̄0lþνlÞ½f1ð1285Þ0�,
and BðBþ → K̄�0K0lþνlÞ½f1ð1285Þ0�, they are not allowed
in the S2 case, since the decay width of f1ð1285Þ0 is small.
Note that for f1ð1285Þ0 → K�þK−; K�−Kþ; K�0K̄0; K̄�0K0

decays, their phase spaces are very narrow, and their
branching ratios have been obtained by considering the
decay widths of both f1ð1285Þ0 and K� mesons in
Ref. [30]. However, we only consider the decay width
of f1ð1285Þ0 meson in the S2 case, and this is the reason

that the predictions are different between the S1 and
S2 cases.

C. BðB → PVl+ νlÞ with the excited
vector resonance states

In addition, the excited vector meson contributions to the
branching ratios of four-body semileptonic decays will be
calculated by the narrow width approximation in this
subsection. Since BðB → VE;DlþνlÞ have been listed in
Table IV, now we just need to calculate BðVE;D → PVÞ to
get BðB → PVlþνlÞ with the excited vector resonance
states.
The branching ratios of the VE;D → PV strong decays

can be written as [47]

BðV 0 → PVÞ ¼ τV 0p3
c

12πm2
V 0
g2V 0→PV; ð12Þ

where V 0 ¼ VE or VD, and pc ≡
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
λðm2

V0 ;m
2
P;m

2
V Þ

p
2mV0

and gV 0→PV

are the strong coupling constants. gV 0→PV can be para-
metrized by the SU(3) flavor symmetry

gV 0→PV ¼ gV 0V 0i
jP

k
i V

j
k; ð13Þ

where gV 0 are the corresponding nonperturbative parame-
ters. The strong coupling constants of these decays are
listed in Table VII.
For the VD → PV strong decays, only K�ð1680Þ →

ρK;K�π decays have been measured [39], as follows:

BðK�ð1680Þ → ρKÞExp ¼ ð31.4þ5.0
−2.1Þ%;

BðK�ð1680Þ → K�πÞExp ¼ ð29.9þ2.2
−5.0Þ%; ð14Þ

and they can be used to constrain the nonperturbative
parameter gVD

. We obtain gVD
¼ 6.48� 1.59 from

BðK�ð1680Þ → K�πÞExp and gVD
¼ 5.33� 1.33 from

BðK�ð1680Þ → K�πÞExp. The communication between
them, gVD

∈ ½4.88; 6.66�, will be used to obtained the

TABLE V. (Continued)

Decay modes B½A� in S1 case B½T� in S1 case B½A� in S2 case B½T� in S2 case

B0
s → ρ−K̄0l0þνl0 23.97�6.63♮

24.51�6.56♯ ½K1ð1270Þ−�
0.027� 0.016½K�

2
ð1430Þ−� 10.62�2.73♮

10.88�2.49♯ ½K1ð1270Þ−�
0.028� 0.017½K�

2
ð1430Þ−�

0.13�0.13♮

0.044�0.044♯ ½K1ð1400Þ−�
0.072�0.072♮

0.032�0.032♯ ½K1ð1400Þ−�

B0
s → ωK−l0þνl0 6.88�1.92♮

7.01�1.87♯ ½K1ð1270Þ−�
0.015� 0.011½K�

2
ð1430Þ−� 4.94�1.30♮

5.08�1.18♯ ½K1ð1270Þ−�
0.016� 0.011½K�

2
ð1430Þ−�

0.064�0.064♮

0.021�0.021♯ ½K1ð1400Þ−�
0.035�0.035♮

0.016�0.016♯ ½K1ð1400Þ−�

B0
s → K�−ηl0þνl0 0.37�0.19♮

0.38�0.19♯ ½K1ð1270Þ−�
0.0028� 0.0017½K�

2
ð1430Þ−� 0.15�0.08♮

0.14�0.08♯ ½K1ð1270Þ−�
0.0014� 0.0009½K�

2
ð1430Þ−�

0.15�0.10♮

0.11�0.10♯ ½K1ð1400Þ−�
0.078�0.052♮

0.080�0.068♯ ½K1ð1400Þ−�

B0
s → ϕK−l0þνl0 0.22�0.15♮

0.12�0.09♯ ½K1ð1400Þ−�
0.00019� 0.00012½K�

2
ð1430Þ−� 0.11�0.08♮

0.082�0.059♯ ½K1ð1400Þ−�
0.00012� 0.00007½K�

2
ð1430Þ−�
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TABLE VI. SU(3) branching ratios of Bþ → PVτþντ decays within 1σ error (in units of 10−4).

Decay modes B½A� in S1 case B½T� in S1 case B½A� in S2 case B½T� in S2 case

Bþ → ρ−πþτþντ 2.79� 1.19½a1ð1260Þ0� 0.033� 0.021½a2ð1320Þ0� 1.41� 0.56½a1ð1260Þ0� 0.028� 0.018½a2ð1320Þ0�

or 3.22�1.67a

3.56�1.30b ½h1ð1170Þ0�
1.98�1.07a

2.08�0.67b ½h1ð1170Þ0�

Bþ → ρþπ−τþντ 0.27�0.27a

0.019�0.019b ½h1ð1415Þ0�
0.23�0.23a

0.013�0.013b ½h1ð1415Þ0�

Bþ → ρ0π0τþντ 3.24�1.67a

3.58�1.31b ½h1ð1170Þ0�
2.00�1.09a

2.08�0.67b ½h1ð1170Þ0�
0.27�0.27a

0.019�0.019b ½h1ð1415Þ0�
0.23�0.23a

0.013�0.013b ½h1ð1415Þ0�

Bþ → ωητþντ 0.30�0.15a

0.32�0.12b ½h1ð1170Þ0�
0.094�0.049a

0.10�0.04b ½h1ð1170Þ0�
0.066�0.066a

0.0050�0.0050b ½h1ð1415Þ0�
0.042�0.042a

0.0029�0.0029b ½h1ð1415Þ0�

Bþ → ϕητþντ 0.010�0.010a

0.0088�0.0088b ½h1ð1170Þ0�
0.0019�0.0019a

0.0019�0.0019b ½h1ð1170Þ0�
0.010�0.010a

0.0014�0.0014b ½h1ð1415Þ0�
0.0019�0.0019a

0.00025�0.00025b ½h1ð1415Þ0�

Bþ → ωπ0τþντ 8.38� 3.00½b1ð1235Þ0� 7.18� 2.31½b1ð1235Þ0�

Bþ → ρ0ητþντ 0.67� 0.26½b1ð1235Þ0� 0.18� 0.07½b1ð1235Þ0�

Bþ → K�þK−τþντ 0.13� 0.05½a1ð1260Þ0� 0.000053� 0.000035½a2ð1320Þ0� 0.045� 0.019½a1ð1260Þ0� 0.000022� 0.000014½a2ð1320Þ0�

or 0.057� 0.022½b1ð1235Þ0� 0.000080� 0.000055½f2ð1270Þ0� 0.025� 0.009½b1ð1235Þ0� 0.000024� 0.000016½f2ð1270Þ0�

Bþ → K�−Kþτþντ 0.019�0.018a

0.032�0.018b ½f1ð1285Þ0�
0.000079� 0.000060½f0

2
ð1525Þ0� 0½f1ð1285Þ0� 0.000059� 0.000044½f0

2
ð1525Þ0�

0.89�0.89a

0.19�0.19b ½f1ð1420Þ0�
0.49�0.49a

0.10�0.10b ½f1ð1420Þ0�
0.13�0.09a

0.14�0.10b ½h1ð1170Þ0�
0.031�0.022a

0.037�0.025b ½h1ð1170Þ0�
0.056�0.056a

0.016�0.016b ½h1ð1415Þ0�
0.040�0.040a

0.0099�0.0099b ½h1ð1415Þ0�

Bþ → K�0K̄0τþντ 0.13� 0.05½a1ð1260Þ0� 0.000042� 0.000028½a2ð1320Þ0� 0.043� 0.017½a1ð1260Þ0� 0.000018� 0.000011½a2ð1320Þ0�

or 0.050� 0.020½b1ð1235Þ0� 0.000071� 0.000049½f2ð1270Þ0� 0.022� 0.008½b1ð1235Þ0� 0.000022� 0.000014½f2ð1270Þ0�

Bþ → K̄�0K0τþντ 0.0047�0.0048a

0.0075�0.0044b ½f1ð1285Þ0�
0.000071� 0.000053½f0

2
ð1525Þ0� 0½f1ð1285Þ0� 0.000053� 0.000039½f0

2
ð1525Þ0�

0.80�0.80a

0.17�0.17b ½f1ð1420Þ0�
0.43�0.43a

0.09�0.09b ½f1ð1420Þ0�
0.12�0.09a

0.13�0.10b ½h1ð1170Þ0�
0.029�0.021a

0.035�0.023b ½h1ð1170Þ0�
0.047�0.047a

0.013�0.013b ½h1ð1415Þ0�
0.035�0.035a

0.0088�0.0088b ½h1ð1415Þ0�

B0 → ρ0π−τþντ 5.17� 2.21½a1ð1260Þ−� 0.062� 0.039½a2ð1320Þ−� 2.64� 1.06½a1ð1260Þ−� 0.052� 0.033½a2ð1320Þ−�

B0 → ρ−π0τþντ 5.20� 2.22½a1ð1260Þ−� 0.062� 0.040½a2ð1320Þ−� 2.65� 1.04½a1ð1260Þ−� 0.053� 0.033½a2ð1320Þ−�

B0 → ωπ−τþντ 15.48� 5.53½b1ð1235Þ−� 2.88� 0.92½b1ð1235Þ−�

B0 → ρ−ητþντ 1.25� 0.50½b1ð1235Þ−� 0.23� 0.09½b1ð1235Þ−�

B0 → K�0K−τþντ 0.49� 0.20½a1ð1260Þ−� 0.00017� 0.00011½a2ð1320Þ−� 0.16� 0.07½a1ð1260Þ−� 0.000073� 0.000047½a2ð1320Þ−�
0.20� 0.08½b1ð1235Þ−� 0.088� 0.036½b1ð1235Þ−�

B0 → K�−K0τþντ 0.49� 0.20½a1ð1260Þ−� 0.00018� 0.00012½a2ð1320Þ−� 0.16� 0.07½a1ð1260Þ−� 0.000073� 0.000047½a2ð1320Þ−�
0.20� 0.08½b1ð1235Þ−� 0.087� 0.036½b1ð1235Þ−�

B0
s → K�−π0τþντ 2.37�1.45♮

2.53�1.57♯ ½K1ð1270Þ−�
0.013� 0.008½K�

2
ð1430Þ−� 1.93�1.07♮

2.01�1.13♯ ½K1ð1270Þ−�
0.011� 0.007½K�

2
ð1430Þ−�

0.86�0.60♮

0.36�0.28♯ ½K1ð1400Þ−�
0.57�0.39♮

0.31�0.23♯ ½K1ð1400Þ−�

B0
s → K̄�0π−τþντ 4.66�2.85♮

4.95�3.09♯ ½K1ð1270Þ−�
0.024� 0.016½K�

2
ð1430Þ−� 3.78�2.09♮

3.92�2.19♯ ½K1ð1270Þ−�
0.021� 0.014½K�

2
ð1430Þ−�

1.71�1.19♮

0.71�0.55♯ ½K1ð1400Þ−�
1.12�0.77♮

0.60�0.45♯ ½K1ð1400Þ−�

(Table continued)
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branching ratios and decay widths of the VD → PV
strong decays. After considering the bounds of
BðK�ð1680Þ → PVÞ ≤ 63.2%, Bðρð1700Þ→PVÞ≤100%,
and Bðωð1650Þ → PVÞ ≤ 130%, the predictions are
obtained and listed in Table VIII. Please note that
Bðωð1650Þ → PVÞ, which is defined as Bðωð1650Þ→
ρπÞþBðωð1650Þ→K�KÞþBðωð1650Þ→ωηÞ, is always

larger than 1, so we have to extend that
Bðωð1650Þ → PVÞ ≤ 130%, which means that all branch-
ing ratio predictions of every ωð1650Þ → PV modes
should be smaller than our predictions. Moreover, we
set BðK�ð1680Þ → PVÞ ≤ 63.2%, since BðK�ð1680Þ→
KπÞ¼ð38.7�2.5Þ% and BðK�ð1680Þ→KηÞ¼ð1.4þ1.0

−0.8Þ%
are deducted [39].

TABLE VI. (Continued)

Decay modes B½A� in S1 case B½T� in S1 case B½A� in S2 case B½T� in S2 case

B0
s → ρ0K−τþντ 5.34�1.63♮

5.62�1.62♯ ½K1ð1270Þ−�
0.0044� 0.0029½K�

2
ð1430Þ−� 2.32�0.64♮

2.45�0.61♯ ½K1ð1270Þ−�
0.0046� 0.0030½K�

2
ð1430Þ−�

0.031�0.031♮

0.0085�0.0085♯ ½K1ð1400Þ−�
0.016�0.016♮

0.0064�0.0064♯ ½K1ð1400Þ−�

B0
s → ρ−K̄0τþντ 10.33�3.11♮

10.92�3.16♯ ½K1ð1270Þ−�
0.0086� 0.0057½K�

2
ð1430Þ−� 4.29�1.17♮

4.51�1.12♯ ½K1ð1270Þ−�
0.0087� 0.0058½K�

2
ð1430Þ−�

0.061�0.061♮

0.017�0.017♯ ½K1ð1400Þ−�
0.031�0.031♮

0.013�0.013♯ ½K1ð1400Þ−�

B0
s → ωK−τþντ 2.97�0.89♮

3.11�0.89♯ ½K1ð1270Þ−�
0.0049� 0.0036½K�

2
ð1430Þ−� 1.99�0.54♮

2.10�0.53♯ ½K1ð1270Þ−�
0.0051� 0.0038½K�

2
ð1430Þ−�

0.030�0.030♮

0.0082�0.0082♯ ½K1ð1400Þ−�
0.015�0.015♮

0.0062�0.0062♯ ½K1ð1400Þ−�

B0
s → K�−ητþντ 0.17�0.09♮

0.17�0.09♯ ½K1ð1270Þ−�
0.00089� 0.00060½K�

2
ð1430Þ−� 0.056�0.033♮

0.057�0.033♯ ½K1ð1270Þ−�
0.00041� 0.00027½K�

2
ð1430Þ−�

0.079�0.052♮

0.043�0.036♯ ½K1ð1400Þ−�
0.034�0.022♮

0.028�0.024♯ ½K1ð1400Þ−�

B0
s → ϕK−τþντ 0.11�0.08♮

0.048�0.037♯ ½K1ð1400Þ−�
0.000059� 0.000041½K�

2
ð1430Þ−� 0.044�0.03♮

0.027�0.020♯ ½K1ð1400Þ−�
0.000032� 0.000021½K�

2
ð1430Þ−�

TABLE VII. Strong coupling constants of the V 0 → PV decays by the SU(3) flavor symmetry.

Decay modes Strong couplings gV 0→PV Decay modes Strong couplings gV0→PV

K�ð1410Þþ=K�ð1680Þþ → ρ0Kþ 1ffiffi
2

p gV 0 K�ð1410Þ0=K�ð1680Þ0 → ρ−Kþ gV 0

K�ð1410Þþ=K�ð1680Þþ → ωKþ 1ffiffi
2

p gV 0 K�ð1410Þ0=K�ð1680Þ0 → ρ0K0 1ffiffi
2

p gV0

K�ð1410Þþ=K�ð1680Þþ → ρþK̄0 gV 0 K�ð1410Þ0=K�ð1680Þ0 → ωK0 1ffiffi
2

p gV0

K�ð1410Þþ=K�ð1680Þþ → ϕKþ gV 0 K�ð1410Þ0=K�ð1680Þ0 → ϕK0 gV 0

K�ð1410Þþ=K�ð1680Þþ → K�þπ0 1ffiffi
2

p gV 0 K�ð1410Þ0=K�ð1680Þ0 → K�þπ− gV 0

K�ð1410Þþ=K�ð1680Þþ → K̄�0πþ gV 0 K�ð1410Þ0=K�ð1680Þ0 → K�0π0 − 1ffiffi
2

p gV 0

K�ð1410Þþ=K�ð1680Þþ → K�þη ðcos θPffiffi
6

p − sin θPffiffi
3

p ÞgV0 K�ð1410Þ0=K�ð1680Þ0 → K�0η ðcos θPffiffi
6

p − sin θPffiffi
3

p ÞgV 0

K�ð1410Þþ=K�ð1680Þþ → K�þη0 ðsin θPffiffi
6

p þ cos θPffiffi
3

p ÞgV0 K�ð1410Þ0=K�ð1680Þ0 → K�0η0 ðsin θPffiffi
6

p þ cos θPffiffi
3

p ÞgV 0

ρð1450Þ0=ρð1700Þ0 → ρ0η ð2 cos θPffiffi
6

p − 2 sin θPffiffi
3

p ÞgV 0 ρð1450Þþ=ρð1700Þþ → ρþη ð2 cos θPffiffi
6

p − 2 sin θPffiffi
3

p ÞgV0

ρð1450Þ0=ρð1700Þ0 → ρ0η0 ð2 sin θPffiffi
6

p þ 2 cos θPffiffi
3

p ÞgV 0 ρð1450Þþ=ρð1700Þþ → ρþη0 ð2 sin θPffiffi
6

p þ 2 cos θPffiffi
3

p ÞgV 0

ρð1450Þ0=ρð1700Þ0 → ωπ0
ffiffiffi
2

p
gV 0 ρð1450Þþ=ρð1700Þþ → ωπþ

ffiffiffi
2

p
gV 0

ρð1450Þ0=ρð1700Þ0 → K�þK− 1ffiffi
2

p gV 0 ρð1450Þþ=ρð1700Þþ → K�þK̄0 gV 0

ρð1450Þ0=ρð1700Þ0 → K�−Kþ 1ffiffi
2

p gV 0 ρð1450Þþ=ρð1700Þþ → K̄�0Kþ gV 0

ρð1450Þ0=ρð1700Þ0 → K̄�0K0 − 1ffiffi
2

p gV 0

ρð1450Þ0=ρð1700Þ0 → K�0K̄0 − 1ffiffi
2

p gV 0

ωð1420Þ=ωð1650Þ → ρ0η ð2 cos θPffiffi
6

p − 2 sin θPffiffi
3

p ÞgV 0 ωð1420Þ=ωð1650Þ → K�þK− 1ffiffi
2

p gV0

ωð1420Þ=ωð1650Þ → ρ0η0 ð2 sin θPffiffi
6

p þ 2 cos θPffiffi
3

p ÞgV 0 ωð1420Þ=ωð1650Þ → K�−Kþ 1ffiffi
2

p gV0

ωð1420Þ=ωð1650Þ → ρ0π0
ffiffiffi
2

p
gV 0 ωð1420Þ=ωð1650Þ → K̄�0K0 1ffiffi

2
p gV0

ωð1420Þ=ωð1650Þ → ρþπ−
ffiffiffi
2

p
gV 0 ωð1420Þ=ωð1650Þ → K�0K̄0 1ffiffi

2
p gV0

ωð1420Þ=ωð1650Þ → ρ−πþ
ffiffiffi
2

p
gV 0
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TABLE VIII. Branching ratios and decay widths of the VD → PV strong decays by the SU(3) flavor symmetry.

VD → PV decays Branching ratios (%) Decay width (MeV) VD → PV decays Branching ratios (%) Decay width (MeV)

K�ð1680Þþ → ρ0Kþ 5.90� 1.43 21.61� 2.63 K�ð1680Þ0 → ρ−Kþ 11.80� 2.86 43.25� 5.27
K�ð1680Þþ → ωKþ 5.76� 1.40 21.11� 2.59 K�ð1680Þ0 → ρ0K0 5.84� 1.42 21.39� 2.61
K�ð1680Þþ → ρþK̄0 11.68� 2.83 42.81� 5.23 K�ð1680Þ0 → ωK0 5.70� 1.39 20.90� 2.57
K�ð1680Þþ → ϕKþ 3.72� 1.13 13.39� 2.45 K�ð1680Þ0 → ϕK0 3.63� 1.11 13.07� 2.42
K�ð1680Þþ → K�þπ0 7.55� 1.82 27.44� 3.03 K�ð1680Þ0 → K�þπ− 15.06� 3.63 54.70� 6.04
K�ð1680Þþ → K̄�0πþ 14.90� 3.59 54.15� 6.01 K�ð1680Þ0 → K�0π0 7.48� 1.80 27.16� 3.01
K�ð1680Þþ → K�þη 1.87� 0.72 6.69� 1.83 K�ð1680Þ0 → K�0η 1.84� 0.71 6.54� 1.79
K�ð1680Þþ → K�þη0 � � � � � � K�ð1680Þ0 → K�0η0 � � � � � �
K�ð1680Þ → K�π 22.50� 5.41 81.74� 9.03 K�ð1680Þ → K�η 1.85� 0.71 6.62� 1.81
K�ð1680Þ → ρK 17.61� 4.27 64.53� 7.87 K�ð1680Þ → ωK 5.73� 1.40 21.00� 2.58
K�ð1680Þ → ϕK 3.67� 1.12 13.23� 2.43
ρð1700Þ0 → ρ0η 14.99� 5.41 44.08� 10.83 ρð1700Þþ → ρþη 14.99� 5.41 44.11� 10.83
ρð1700Þ0 → ρ0η0 0.020� 0.020 0.048� 0.048 ρð1700Þþ → ρþη0 0.020� 0.020 0.050� 0.050
ρð1700Þ0 → ωπ0 48.50� 12.03 141.91� 15.14 ρð1700Þþ → ωπþ 48.37� 12.00 141.56� 15.12
ρð1700Þ0 → K�þK− 4.77� 1.31 14.09� 2.05 ρð1700Þþ → K�þK̄0 9.42� 2.59 27.78� 4.06
ρð1700Þ0 → K�−Kþ 4.77� 1.31 14.08� 2.05 ρð1700Þþ → K̄�0Kþ 9.39� 2.59 27.69� 4.06
ρð1700Þ0 → K̄�0K0 4.63� 1.28 13.65� 2.01 ρð1700Þ → ρη 14.99� 5.41 44.09� 10.83
ρð1700Þ0 → K�0K̄0 4.63� 1.28 13.65� 2.01 ρð1700Þ → ρη0 0.020� 0.020 0.049� 0.049
ρð1700Þ → ωπ 48.43� 12.02 141.74� 15.13 ρð1700Þ → K�K 18.81� 5.19 55.48� 8.11
ωð1650Þ → ωη 10.13� 2.51 34.84� 9.12 ωð1650Þ → K�þK− 3.11� 0.50 10.80� 1.73
ωð1650Þ → ωη0 � � � � � � ωð1650Þ → K�−Kþ 3.11� 0.50 10.80� 1.73
ωð1650Þ → ρ0π0 36.43� 2.98 126.71� 10.30 ωð1650Þ → K̄�0K0 3.00� 0.49 10.41� 1.72
ωð1650Þ → ρþπ− 36.32� 2.97 126.33� 10.27 ωð1650Þ → K�0K̄0 3.00� 0.49 10.41� 1.72
ωð1650Þ → ρ−πþ 36.32� 2.97 126.33� 10.27 ωð1650Þ → K�K 12.21� 1.97 42.42� 6.89
ωð1650Þ → ρπ 108.97� 8.90 378.99� 30.82

TABLE IX. Branching ratios and decay widths of the VE → PV strong decays by the SU(3) flavor symmetry.

VE → PV decays Branching ratios (%) Decay width (MeV) Decay modes Branching ratios (%) Decay width (MeV)

K�ð1410Þþ → ρ0Kþ 3.47� 2.53 7.58� 5.25 K�ð1410Þ0 → ρ−Kþ 6.94� 5.06 15.16� 10.51
K�ð1410Þþ → ωKþ 3.22� 2.36 7.03� 4.89 K�ð1410Þ0 → ρ0K0 3.35� 2.45 7.32� 5.08
K�ð1410Þþ → ρþK̄0 6.70� 4.90 14.64� 10.17 K�ð1410Þ0 → ωK0 3.10� 2.27 6.77� 4.73
K�ð1410Þþ → ϕKþ � � � � � � K�ð1410Þ0 → ϕK0 � � � � � �
K�ð1410Þþ → K�þπ0 8.06� 5.61 17.71� 11.55 K�ð1410Þ0 → K�þπ− 16.00� 11.14 35.14� 22.93
K�ð1410Þþ → K̄�0πþ 15.69� 10.94 34.47� 22.51 K�ð1410Þ0 → K�0π0 7.91� 5.51 17.37� 11.34
K�ð1410Þþ → K�þη � � � � � � K�ð1410Þ0 → K�0η � � � � � �
K�ð1410Þþ → K�þη0 � � � � � � K�ð1410Þ0 → K�0η0 � � � � � �
K�ð1410Þ → K�π 23.83� 16.60 52.35� 34.16 K�ð1410Þ → ωK 3.16� 2.31 6.90� 4.81
K�ð1410Þ → ρK 10.23� 7.47 22.35� 15.50
ρð1450Þ0 → ρ0η 5.05� 4.07 19.56� 15.22 ρð1450Þþ → ρþη 5.07� 4.09 19.55� 15.21
ρð1450Þ0 → ρ0η0 � � � � � � ρð1450Þþ → ρþη0 � � � � � �
ρð1450Þ0 → ωπ0 32.93� 22.86 125.28� 80.47 ρð1450Þþ → ωπþ 32.78� 22.77 124.72� 80.13
ρð1450Þ0 → K�þK− 0.94� 0.80 3.43� 2.78 ρð1450Þþ → K�þK̄0 1.78� 1.52 6.48� 5.30
ρð1450Þ0 → K�−Kþ 0.94� 0.80 3.43� 2.78 ρð1450Þþ → K̄�0Kþ 1.78� 1.52 6.47� 5.30
ρð1450Þ0 → K̄�0K0 0.84� 0.72 3.05� 2.52 ρð1450Þ → ρη 5.06� 4.08 19.56� 15.21
ρð1450Þ0 → K�0K̄0 0.84� 0.72 3.05� 2.52 ρð1450Þ → K�K 3.55� 3.03 12.95� 10.60
ρð1450Þ → ωπ 32.85� 22.82 125.00� 80.30
ωð1420Þ → ωη 2.17� 2.06 9.70� 9.35 ωð1420Þ → K�þK− 0.37� 0.37 1.65� 1.65
ωð1420Þ → ρ0η0 � � � � � � ωð1420Þ → K�−Kþ 0.37� 0.37 1.65� 1.65
ωð1420Þ → ρ0π0 20.54� 12.84 95.67� 60.95 ωð1420Þ → K̄�0K0 0.32� 0.32 1.42� 1.42
ωð1420Þ → ρþπ− 20.42� 12.77 95.14� 60.57 ωð1420Þ → K�0K̄0 0.32� 0.32 1.42� 1.42
ωð1420Þ → ρ−πþ 20.42� 12.77 95.14� 60.57 ωð1420Þ → K�K 1.37� 1.37 6.14� 6.14
ωð1420Þ → ρπ 61.27� 38.31 285.42� 181.72
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From Table VIII, one can see that the errors of some
predictions are large, and the errors mainly come from the
nonperturbative parameter gVD

and the decay widths such as
ΓK�ð1680Þ ¼ 320� 110 MeV, Γρð1700Þ ¼ 250� 100 MeV,
and Γωð1650Þ ¼ 315� 35 MeV [39]. Our prediction of
BðK�ð1680Þ → K�πÞ is consistent with its experimental
data within 1σ error, nevertheless, our prediction of
BðK�ð1680Þ → ρKÞ is smaller than its experimental data,
since we only use the experimental data to obtain
gVD

∈ ½4.88; 6.66�, but do not use the data given in
Eq. (14) to further constrain the predictions. The reason is
thatwithin the 1σ error of the theoretical inputs and the exper-
imental data, it is difficult to satisfy BðK�ð1680Þ → ρKÞExp
and BðK�ð1680Þ → K�πÞExp at the same time. If we extend
the experimental errors to 2σ, the experimental data of
BðK�ð1680Þ→ρKÞ and BðK�ð1680Þ→K�πÞ can be satis-
fied at the same time, and the errors of the BðK�ð1680Þ→
PVÞ predictions are very small, for example:

BðK�ð1680Þ → K�πÞ ¼ ð34.12� 0.18Þ%;

BðK�ð1680Þ → ρKÞ ¼ ð27.34� 0.14Þ%;

BðK�ð1680Þ → ωKÞ ¼ ð8.90� 0.05Þ%;

BðK�ð1680Þ → K�ηÞ ¼ ð2.85� 0.44Þ%;

BðK�ð1680Þ → ϕKÞ ¼ ð5.89� 0.18Þ%: ð15Þ

Nevertheless, other predictions including ΓðKð1680Þ →
PVÞ still contain large errors. The branching ratio
predictions in Table VIII will be used to obtain BðB→
PVlþνlÞ½VD� later.
Strong decays of the excited vector mesons have been

studied by using effective relativistic quantum field theo-
retical model based on flavor symmetry [48], in which the
charges of the final state particle are not distinguished. For
convenient comparison with them, our decay width pre-
dictions are also listed in Table VIII. Our prediction of
ΓðK�ð1680Þ → K�ηÞ is 1 order of magnitude larger than
the one in Ref. [48]. Our predictions of other decay widths
of the VD → PV decays are on the same order of magnitude
as the ones in Ref. [48] with smaller errors.
As for the VE → PV decays, no modes have been

measured at present, and there are only two limits [39],
as follows:

BðK�ð1410Þ → K�πÞ > 40%;

BðK�ð1410Þ → ρKÞ < 7%; at the 95%CL; ð16Þ

and they cannot be satisfied at same time within the
SU(3) flavor symmetry. Therefore, gVE

¼ 18.4�3.8
16.5�3.5 gVD

from
Ref. [48] with gVD

∈ ½4.88; 6.66� will be used to obtain
the predictions of the VE → PV decays. After further

TABLE X. Excited vector resonance state VE=D contributions to the branching ratios of the B → PVlþνl decays within 1σ error (in
units of 10−4).

Decay modes B½VE� with l ¼ l0 B½VD� with l ¼ l0 B½VE� with l ¼ τ B½VD� with l ¼ τ

Bþ → ρ−πþlþνl
or Bþ → ρþπ−lþνl 0.26� 0.18½ωð1420Þ� 0.22� 0.03½ωð1650Þ� 0.12� 0.08½ωð1420Þ� 0.080� 0.014½ωð1650Þ�
or Bþ → ρ0π0lþνl
Bþ → ωηlþνl 0.023� 0.022½ωð1420Þ� 0.057� 0.015½ωð1650Þ� 0.0098� 0.0092½ωð1420Þ� 0.021� 0.005½ωð1650Þ�
Bþ → ωπ0lþνl 0.34� 0.24½ρð1450Þ� 0.26� 0.09½ρð1700Þ� 0.15� 0.10½ρð1450Þ� 0.094� 0.031½ρð1700Þ�
Bþ → ρ0ηlþνl 0.052� 0.042½ρð1450Þ� 0.081� 0.032½ρð1700Þ� 0.022� 0.018½ρð1450Þ� 0.029� 0.011½ρð1700Þ�
Bþ → ρ0η0lþνl � � � 0.00010� 0.00010½ρð1700Þ� � � � 0.000036� 0.000036½ρð1700Þ�
Bþ → K�þK−lþνl 0.0097� 0.0081½ρð1450Þ� 0.025� 0.008½ρð1700Þ� 0.0041� 0.0034½ρð1450Þ� 0.0090� 0.0029½ρð1700Þ�
or Bþ → K�−Kþlþνl 0.0039� 0.0039½ωð1420Þ� 0.018� 0.003½ωð1650Þ� 0.0017� 0.0017½ωð1420Þ� 0.0065� 0.0011½ωð1650Þ�
Bþ → K�0K̄0lþνl 0.0086� 0.0074½ρð1450Þ� 0.024� 0.008½ρð1700Þ� 0.0036� 0.0031½ρð1450Þ� 0.0087� 0.0028½ρð1700Þ�
or Bþ → K̄�0K0lþνl 0.0034� 0.0034½ωð1420Þ� 0.017� 0.003½ωð1650Þ� 0.0014� 0.0014½ωð1420Þ� 0.0063� 0.0010½ωð1650Þ�
B0 → ωπ−lþνl 0.63� 0.44½ρð1450Þ� 0.48� 0.16½ρð1700Þ� 0.27� 0.19½ρð1450Þ� 0.17� 0.06½ρð1700Þ�
B0 → ρ−ηlþνl 0.096� 0.078½ρð1450Þ� 0.15� 0.06½ρð1700Þ� 0.040� 0.033½ρð1450Þ� 0.054� 0.021½ρð1700Þ�
B0 → ρ−η0lþνl � � � 0.00020� 0.00020½ρð1700Þ� � � � 0.000070� 0.000070½ρð1700Þ�
B0 → K�0K−lþνl 0.034� 0.029½ρð1450Þ� 0.091� 0.030½ρð1700Þ� 0.014� 0.012½ρð1450Þ� 0.033� 0.011½ρð1700Þ�
B0 → K�−K0lþνl 0.034� 0.029½ρð1450Þ� 0.092� 0.030½ρð1700Þ� 0.014� 0.012½ρð1450Þ� 0.033� 0.011½ρð1700Þ�
B0
s → K�−π0lþνl 0.19� 0.13½K�ð1410Þ� 0.088� 0.027½K�ð1680Þ� 0.090� 0.062½K�ð1410Þ� 0.034� 0.011½K�ð1680Þ�

B0
s → K̄�0π−lþνl 0.38� 0.26½K�ð1410Þ� 0.17� 0.05½K�ð1680Þ� 0.18� 0.12½K�ð1410Þ� 0.067� 0.021½K�ð1680Þ�

B0
s → ρ0K−lþνl 0.082� 0.058½K�ð1410Þ� 0.069� 0.021½K�ð1680Þ� 0.038� 0.027½K�ð1410Þ� 0.026� 0.008½K�ð1680Þ�

B0
s → ρ−K̄0lþνl 0.16� 0.11½K�ð1410Þ� 0.14� 0.04½K�ð1680Þ� 0.073� 0.052½K�ð1410Þ� 0.052� 0.016½K�ð1680Þ�

B0
s → ωK−lþνl 0.076� 0.054½K�ð1410Þ� 0.067� 0.020½K�ð1680Þ� 0.035� 0.025½K�ð1410Þ� 0.026� 0.008½K�ð1680Þ�

B0
s → K�−ηlþνl � � � 0.022� 0.009½K�ð1680Þ� � � � 0.0082� 0.0033½K�ð1680Þ�

B0
s → ϕK−lþνl � � � 0.043� 0.014½K�ð1680Þ� � � � 0.016� 0.005½K�ð1680Þ�
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considering BðK�ð1410Þ → PVÞ ≤ 94.7%, Bðρð1450Þ →
PVÞ ≤ 100%, and Bðωð1420Þ → PVÞ ≤ 100%, the
branching ratio predictions and the decay width predictions
of the VE → PV decays are obtained and listed in Table IX.
Our predictions of the decay widths are consistent with
ones in Ref. [48]; nevertheless, our errors of the predi-
cations are quite large, due to the nonperturbative param-
eter gVE

¼ 5.78� 2.07 and the decay widths of the exci-
ted vector mesons such as ΓK�ð1410Þ ¼ 232� 21 MeV,
Γρð1450Þ ¼ 400� 60 MeV, and Γωð1650Þ ¼ 290� 190 MeV.
Now, in terms of the narrow width approximation given

in Eq. (10), BðB → VE;DlþνlÞ given in Table IV, and
BðVE;D → PVÞ given in Tables VIII and IX, the branching
ratios of the B → VE;DðVE;D → PVÞlþνl are obtained,
and are listed in Table X. Comparing with the contributions
of the axial-vector resonance states and the tensor reso-
nance states given in Tables Vand VI, one can see that only
the ρð1700Þ resonance state contributes to the Bþ →
ρ0η0lþνl and B0 → ρ−η0lþνl decays, the branching ratios
with some excited vector resonance state contributions
and ones with the tensor resonance state contributions are
on the same order of magnitude; other excited vector
resonance state contributions are at least 1 order larger
than the tensor ones. In all B → PVlþνl decays except
B → ρη0lþνl, the dominant contributions still come from
the axial-vector resonance states.
Before we conclude, two comments of the interference

effects and the SU(3) flavor breaking effects are given.
Please note that the total branching ratios of the B →

PVlþνl are not given in this work, since there are the
interference terms between different resonant contributions
and between nonresonant and resonant contributions,
which we cannot determine by the SU(3) flavor symmetry
now. As discussed in Refs. [33,49], the interference effects
between different partial waves vanish upon angular
integration in the branching ratios. Nevertheless, there still
are the interference effects between different resonances
with the same partial wave. We take Bþ → ρ−πþlþνl as an
example, both a1ð1260Þ0 and h1ð1170Þ0 resonances
give large contributions to BðBþ → ρ−πþlþνlÞ, hence
their interference terms might be large. Likewise, the

interference effects might also be important for the
Bþ → ϕηlþνl, B → K�K̄lþνl, Bs → K�πlþνl, and
B0
s → K�−ηlþνl decays, in which the two or more kinds

of contributions are important.
Although the interference effects have not been stud-

ied in this work, the total branching ratios of the B →
PVlþνl decays can be estimated based our results.
BðBþ→ρ∓π�lþνl=ρ0π0l0þνl0=ωπ0lþνl=K�∓K�l0þνl0 Þ,
BðB0 → ωπ−l0þνl0 Þ, and BðB0

s → K�−π0l0þνl0=
K̄�0π−lþνl=ρ−K̄0l0þνl0 Þ might reach the order of 10−3.
BðBþ → ρ0π0τþντ =ωηl0þνl0 =K�∓K�τþντ =K�0K̄0lþνl=
K̄�0K0lþνlÞ, BðB0→ρ0π−lþνl=ρ−π0lþνl=ωπ−τþντ=
ρ−ηl0þνl0=K�0K−l0þνl0=K�−K0l0þνl0 Þ, and BðB0

s →
ρ0K−lþνl=ωK−lþνl=K�−π0τþντ=ρ−K̄0τþντÞ might
reach the order of 10−4. BðBþ → ρ0ηlþνl=ωητþντÞ,
BðB0 → ρ−ητþντ=K�0K−τþντ=K�−K0τþντÞ, and BðB0

s →
K�−ηlþνl=ϕK−l0þνl0 Þ might reach the order of 10−5.
BðBþ → ϕηlþνlÞ and BðB0

s → ϕK−τþντÞ might reach the
order of 10−6.
In addition, the SU(3) flavor breaking corrections due to

a nonzero strange quark mass are not considered in this
work. There are very little experimental data in the B →
A=T=VE;Dlþνl and B → PVlþνl decays, therefore, we
cannot judge how large are the possible SU(3) breaking
effects. The SU(3) breaking effects are usually of the
order of ∼20% in some amplitudes, which would con-
servatively expect an error of 40% in some branching
ratios [37,38,50–53].

IV. SUMMARY

The four-body semileptonic B → PVlþνl decays are
more difficult to calculate than the three-body semileptonic
B → Mlþνl decays. SU(3) flavor symmetry can provide
an opportunity to relate different decay modes and can give
some valuable information about the decays. The charmless
B → PVlþνl decays with the axial-vector resonance
states, the tensor resonance states, and the excited vector
resonance states have been studied by the SU(3) flavor
analysis in this work. Our main results can be summarized
as follows.
The hadronic amplitudes of the B → A=T=VE;Dlþνl

decays have been related by the nonperturbative parameters,
and the branching ratio predictions of B → A=T=VE;Dlþνl
have been obtained. Most branching ratios of the B →
Alþνl decays are on the order of Oð10−4–10−3Þ, all
branching ratios of the B → VE;Dlþνl decays are on the
order of Oð10−5–10−4Þ, most branching ratios of the B →
Tlþνl decays are on the order of Oð10−5Þ, and they are
reached in current experiments.
In terms of the predictions of the B → A=T=VE;Dlþνl

and VE;D → PV decays in this work and the A=T → PV
decays in Ref. [30], the branching ratios of the
B → AðA → PVÞlþνl, B → TðT → PVÞlþνl, and
B → VE;DðVE;D → PVÞlþνl decays have been obtained

TABLE XI. Form factors of B → VE transitions obtained by
the light-front quark models [44], Fðq2Þ can be similarly obtained
as the ones in Ref. [42], and FB→ωð1420Þ are the same as
FB→ρð1450Þ.

Form factors Fð0Þ b Form factors Fð0Þ b

VB→ρð1450Þ 0.33 −1.07 VBs→K�ð1410Þ 0.38 −2.19
AB→ρð1450Þ
0

0.28 −1.25 ABs→K�ð1410Þ
0

0.30 −2.56

AB→ρð1450Þ
1

0.21 5.43 ABs→K�ð1410Þ
1

0.24 3.18

AB→ρð1450Þ
2

0.16 3.63 ABs→K�ð1410Þ
2

0.20 1.02
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by the narrow width approximation or further considering
the width effects. We have found that Bþ → ϕηlþνl only
receive the contributions of the axial-vector meson reso-
nances; Bþ → ρ0η0lþνl and B0 → ρ−η0lþνl only receive
the contributions of the excited vector resonances;
Bþ → ρ0π0lþνl, Bþ → ωηlþνl, Bþ → ωπ0lþνl,
Bþ → ρ0ηlþνl, B0 → ωπ−lþνl, and B0 → ρ−ηlþνl
receive the contributions of both axial-vector and excited
vector meson resonances; and other decays receive the
contributions of all three kinds of resonance contributions.
Some predicted branching ratios with the axial-vector
meson resonances are on the order of Oð10−4–10−3Þ,
and other branching ratios with the axial-vector meson
resonances and all branching ratios with the tensor and
excited vector meson resonances are small. After consid-
ering the resonant width effects of the axial-vector and
tensor mesons, some branching ratios are obviously smaller
than ones obtained by the narrow width approximation.

SU(3) flavor symmetry is a powerful tool in analyzing
decays. The branching ratios of the B → A=T=VE;Dlþνl
and B → A=T=VE;DðA=T=VE;D → PVÞlþνl decays have
been calculated with the SU(3) flavor symmetry. According
to our rough predictions, some decays could be tested in the
future experiments such as Belle II and LHCb. They are
useful for testing and understanding the nonperturbative
effects in the semileptonic decays.
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APPENDIX A: HADRONIC AMPLITUDES AND FORM FACTORS

The hadronic amplitudes can be written as [54–56]

HA
� ¼ ðmBq

−mAÞVA
1 ðq2Þ ∓

2mBq
jp⃗Aj

ðmBq
−mAÞ

Aðq2Þ; ðA1Þ

HA
0 ¼ 1

2mA

ffiffiffiffiffi
q2

p
�
ðm2

Bq
−m2

A − q2ÞðmBq
−mAÞVA

1 ðq2Þ −
4m2

Bq
jp⃗Aj2

mBq
−mA

VA
2 ðq2Þ

�
; ðA2Þ

HA
t ¼ 2mBq

jp⃗Ajffiffiffiffiffi
q2

p VA
0 ðq2Þ; ðA3Þ

for the B → Alþνl decays,

HT
� ¼ 2jp⃗T j

2
ffiffiffi
2

p
mT

�
ðmBq

þmTÞAT
1 ðq2Þ ∓

2mBq
jp⃗T j

ðmBq
þmTÞ

VTðq2Þ
�
; ðA4Þ

HT
0 ¼ jp⃗T jffiffiffi

2
p

mT

1

2mT

ffiffiffiffiffi
q2

p
�
ðm2

Bq
−m2

T − q2ÞðmBq
þmTÞAT

1 ðq2Þ −
4m2

Bq
jp⃗T j2

mBq
þmT

AT
2 ðq2Þ

�
; ðA5Þ

HT
t ¼ jp⃗T jffiffiffi

2
p

mT

2mBq
jp⃗T jffiffiffiffiffi
q2

p AT
0 ðq2Þ; ðA6Þ

for the B → Tlþνl decays,

HV 0
� ¼ ðmBq

þmV 0 ÞAV 0
1 ðq2Þ ∓ 2mBq

jp⃗V 0 j
ðmBq

þmV 0 ÞVðq
2Þ; ðA7Þ

HV 0
0 ¼ 1

2mV 0
ffiffiffiffiffi
q2

p
�
ðm2

Bq
−m2

V 0 − q2ÞðmBq
þmV 0 ÞAV 0

1 ðq2Þ −
4m2

Bq
jp⃗V 0 j2

mBq
þmV 0

AV 0
2 ðq2Þ

�
; ðA8Þ

HV 0
t ¼ 2mBq

jp⃗V 0 jffiffiffiffiffi
q2

p AV 0
0 ðq2Þ; ðA9Þ
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for B → V 0lþνl decays with V 0 ¼ VE or VD, where jp⃗Mj≡
ffiffiffi
λ

p
=2mBq

. The form factors Aðq2Þ and VA
0;1;2;3ðq2Þ (VTðq2Þ and

AT
0;1;2ðq2Þ) are given by [42,57,58]

hAðp; ε�Þjūkγμð1 − γ5Þb̄jBðpBÞi ¼
2iAðq2Þ
mB −mA

ϵμναβε
�νpα

Bp
β

−
�
ε�μðmB −mAÞVA

1 ðq2Þ − ðpB þ pÞμðε�:pBÞ
VA
2 ðq2Þ

mB −mA

�

þ qμðε�:pBÞ
2mA

q2
½VA

3 ðq2Þ − VA
0 ðq2Þ�; ðA10Þ

hTðp; ε�Þjūkγμð1 − γ5ÞbjBðpBÞi ¼
2iVTðq2Þ
mB þmT

ϵμναβe�νpα
Bp

β

þ 2mT
e� · q
q2

qμAT
0 ðq2Þ þ ðmB þmTÞ

�
e�μ −

e� · q
q2

qμ

�
AT
1 ðq2

�

−
e� · q

mB þmT

��
pB þ pÞμ −

m2
B −m2

T

q2
qμ

�
AT
2 ðq2

�
; ðA11Þ

hV 0ðp; ε�Þjūkγμð1 − γ5ÞbjBðpBÞi ¼
2VV 0 ðq2Þ
mB þmV 0

ϵμναβε
�νpα

Bp
β

− i

�
ε�μðmB þmV 0 ÞAV 0

1 ðq2Þ − ðpB þ pÞμðε�:pBÞ
AV 0
2 ðq2Þ

mB þmV 0

�

þ iqμðε�:pBÞ
2mV 0

q2
½AV 0

3 ðq2Þ − AV 0
0 ðq2Þ�; ðA12Þ

with e�ν ≡ ε�μν·pBμ

mB
.

APPENDIX B: MESON MULTIPLET

Bottom pseudoscalar triplet Bi is composed of an anti-b
quark and a light u/d/s quark, as follows:

Bi ¼ ðBþðb̄uÞ; B0ðb̄dÞ; B0
sðb̄sÞÞ: ðB1Þ

The octet and the singlet components of axial-vector
mesons are presented in the matrix of A and B [59], as
follows:

A ¼

0
BBBBB@

a0
1ffiffi
2

p þ f1ffiffi
3

p þ f8ffiffi
6

p aþ1 Kþ
1A

a−1 − a0
1ffiffi
2

p þ f1ffiffi
3

p þ f8ffiffi
6

p K0
1A

K−
1A K̄0

1A
f1ffiffi
3

p − 2f8ffiffi
6

p

1
CCCCCA
; ðB2Þ

B ¼

0
BBBBB@

b0
1ffiffi
2

p þ h1ffiffi
3

p þ h8ffiffi
6

p bþ1 Kþ
1B

b−1 − b0
1ffiffi
2

p þ h1ffiffi
3

p þ h8ffiffi
6

p K0
1B

K−
1B K̄0

1B
h1ffiffi
3

p − 2h8ffiffi
6

p

1
CCCCCA
; ðB3Þ

where A denotes the axial-vector mesons with the spin-
parity quantum number of JPC ¼ 1þþ, and B corresponds
to the mesons with JPC ¼ 1þ−.
Mesons K1ð1270Þ and K1ð1400Þ can be regarded as the

mixtures of K1A and K1B with the mixing angle θK1
, as

follows:

�
K1ð1270Þ
K1ð1400Þ

�
¼

�
sin θK1

cos θK1

cos θK1
− sin θK1

��
K1A

K1B

�
: ðB4Þ

The value range of θK1
has been investigated in our

previous work; θK1
∈ ½52°; 65°� within 1σ error [30] will

be used in this work.
Mesons f1ð1285Þ, f1ð1420Þ can be expressed by the

mixing angle θ3P1
while h1ð1170Þ, h1ð1415Þ are mixed by

θ1P1
, as follows:

�
f1ð1285Þ
f1ð1420Þ

�
¼

�
cos θ3P1

sin θ3P1

− sin θ3P1
cos θ3P1

��
f1
f8

�
; ðB5Þ

�
h1ð1170Þ
h1ð1415Þ

�
¼

�
cos θ1P1

sin θ1P1

− sin θ1P1
cos θ1P1

��
h1
h8

�
; ðB6Þ
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where θ1P1
∈ ½5°; 56°�; θ3P1

∈ ½56°; 125°�within 1σ error [30]
will be used in our analysis. There are different definitions
of the mixing angles for f1 and h1 [41], as follows:

AL ¼ sin αAAq þ cos αAAs; ðB7Þ

AH ¼ cos αAAq − sin αAAs; ðB8Þ

where ALðAHÞ is the light(heavier) axial vector, Aq and As

denotes the corresponding components ðuūþ dd̄Þ= ffiffiffi
2

p
and

ss̄ in the wave functions. αf1 ¼ ð69.7� 8Þ° and αh1 ¼
ð86.7� 6Þ° are also analyzed in this work [41].
Light pseudoscalar mesons and vector mesons are

represented as [60]

P¼

0
BBB@

π0ffiffi
2

p þ η8ffiffi
6

p þ η1ffiffi
3

p πþ Kþ

π− − π0ffiffi
2

p þ η8ffiffi
6

p þ η1ffiffi
3

p K0

K− K̄0 −2η8ffiffi
6

p þ η1ffiffi
3

p

1
CCCA; ðB9Þ

V ¼

0
BBB@

ρ0ffiffi
2

p þ ωffiffi
2

p ρþ K�þ

ρ− − ρ0ffiffi
2

p þ ωffiffi
2

p K�0

K�− K̄�0 ϕ

1
CCCA: ðB10Þ

The excited vector mesons VE and VD are similar to V
given in Eq. (B10). The pseudoscalar mesons η and η0 are
the mixtures of η1 ¼ uūþdd̄þss̄ffiffi

3
p and η8 ¼ uūþdd̄−2ss̄ffiffi

6
p with a

mixing angle denoted as θP [61], as follows:
�

η

η0

�
¼

�
cos θP − sin θP
sin θP cos θP

��
η8

η1

�
: ðB11Þ

In our numerical analysis, we will utilize the mixing angle
range of θP ¼ ½−20°;−10°� from the PDG [39].
The exchange of the lowest multiplet of p-wave tensor

mesons with JPC ¼ 2þþ takes the form [62,63]

T ¼

0
BBB@

a0
2ffiffi
2

p þ fq
2ffiffi
2

p aþ2 K�þ
2

a−2 − a0
2ffiffi
2

p þ fq
2ffiffi
2

p K�0
2

K�−
2 K̄�0

2 fs2

1
CCCA: ðB12Þ

In this paper, the isovector mesons a2ð1320Þ, isodoublet
states K�

2ð1430Þ and two isosinglet mesons f2ð1270Þ and
f02ð1525Þ are investigated; f2ð1270Þ and f02ð1525Þ are
mixed by fq2 and fs2 with the mixing angle θf2 , as follows:

�
f2ð1270Þ
f02ð1525Þ

�
¼

�
cos θf2 sin θf2
sin θf2 − cos θf2

��
fq2
fs2

�
; ðB13Þ

where θf2 ∈ ½8°; 10°� [64] will be used in our calculation.

[1] X. G. He, Eur. Phys. J. C 9, 443 (1999).
[2] X. G. He, Y. K. Hsiao, J. Q. Shi, Y. L. Wu, and Y. F. Zhou,

Phys. Rev. D 64, 034002 (2001).
[3] H. K. Fu, X. G. He, and Y. K. Hsiao, Phys. Rev. D 69,

074002 (2004).
[4] Y. K. Hsiao, C. F. Chang, and X. G. He, Phys. Rev. D 93,

114002 (2016).
[5] X. G. He and G. N. Li, Phys. Lett. B 750, 82 (2015).
[6] M. Gronau, O. F. Hernandez, D. London, and J. L. Rosner,

Phys. Rev. D 50, 4529 (1994).
[7] M. Gronau, O. F. Hernandez, D. London, and J. L. Rosner,

Phys. Rev. D 52, 6356 (1995).
[8] S. H. Zhou, Q. A. Zhang, W. R. Lyu, and C. D. L, Eur. Phys.

J. C 77, 125 (2017).
[9] H. Y. Cheng, C. W. Chiang, and A. L. Kuo, Phys. Rev. D 91,

014011 (2015).
[10] M. He, X. G. He, and G. N. Li, Phys. Rev. D 92, 036010

(2015).
[11] N. G. Deshpande and X. G. He, Phys. Rev. Lett. 75, 1703

(1995).
[12] S. Shivashankara, W. Wu, and A. Datta, Phys. Rev. D 91,

115003 (2015).

[13] R. M. Wang, Y. G. Xu, C. Hua, and X. D. Cheng, Phys. Rev.
D 103, 013007 (2021).

[14] R. M. Wang, X. D. Cheng, Y. Y. Fan, J. L. Zhang, and Y. G.
Xu, J. Phys. G 48, 085001 (2021).

[15] Y. Grossman and D. J. Robinson, J. High Energy Phys. 04
(2013) 067.

[16] D. Pirtskhalava and P. Uttayarat, Phys. Lett. B 712, 81
(2012).

[17] H. Y.Cheng andC.W.Chiang, Phys.Rev.D86, 014014 (2012).
[18] M. J. Savage and R. P. Springer, Phys. Rev. D 42, 1527

(1990).
[19] M. J. Savage, Phys. Lett. B 257, 414 (1991).
[20] G. Altarelli, N. Cabibbo, and L. Maiani, Phys. Lett. 57B,

277 (1975).
[21] C. D. Lü, W. Wang, and F. S. Yu, Phys. Rev. D 93, 056008

(2016).
[22] C. Q. Geng, Y. K. Hsiao, Y. H. Lin, and L. L. Liu, Phys.

Lett. B 776, 265 (2018).
[23] C. Q. Geng, Y. K. Hsiao, C. W. Liu, and T. H. Tsai, Phys.

Rev. D 97, 073006 (2018).
[24] C. Q. Geng, Y. K. Hsiao, C. W. Liu, and T. H. Tsai, J. High

Energy Phys. 11 (2017) 147.

QIAO, SHENG, XU, and WANG PHYS. REV. D 112, 033002 (2025)

033002-14

https://doi.org/10.1007/s100520050037
https://doi.org/10.1103/PhysRevD.64.034002
https://doi.org/10.1103/PhysRevD.69.074002
https://doi.org/10.1103/PhysRevD.69.074002
https://doi.org/10.1103/PhysRevD.93.114002
https://doi.org/10.1103/PhysRevD.93.114002
https://doi.org/10.1016/j.physletb.2015.08.048
https://doi.org/10.1103/PhysRevD.50.4529
https://doi.org/10.1103/PhysRevD.52.6356
https://doi.org/10.1140/epjc/s10052-017-4685-0
https://doi.org/10.1140/epjc/s10052-017-4685-0
https://doi.org/10.1103/PhysRevD.91.014011
https://doi.org/10.1103/PhysRevD.91.014011
https://doi.org/10.1103/PhysRevD.92.036010
https://doi.org/10.1103/PhysRevD.92.036010
https://doi.org/10.1103/PhysRevLett.75.1703
https://doi.org/10.1103/PhysRevLett.75.1703
https://doi.org/10.1103/PhysRevD.91.115003
https://doi.org/10.1103/PhysRevD.91.115003
https://doi.org/10.1103/PhysRevD.103.013007
https://doi.org/10.1103/PhysRevD.103.013007
https://doi.org/10.1088/1361-6471/abffdd
https://doi.org/10.1007/JHEP04(2013)067
https://doi.org/10.1007/JHEP04(2013)067
https://doi.org/10.1016/j.physletb.2012.04.039
https://doi.org/10.1016/j.physletb.2012.04.039
https://doi.org/10.1103/PhysRevD.86.014014
https://doi.org/10.1103/PhysRevD.42.1527
https://doi.org/10.1103/PhysRevD.42.1527
https://doi.org/10.1016/0370-2693(91)91917-K
https://doi.org/10.1016/0370-2693(75)90075-1
https://doi.org/10.1016/0370-2693(75)90075-1
https://doi.org/10.1103/PhysRevD.93.056008
https://doi.org/10.1103/PhysRevD.93.056008
https://doi.org/10.1016/j.physletb.2017.11.062
https://doi.org/10.1016/j.physletb.2017.11.062
https://doi.org/10.1103/PhysRevD.97.073006
https://doi.org/10.1103/PhysRevD.97.073006
https://doi.org/10.1007/JHEP11(2017)147
https://doi.org/10.1007/JHEP11(2017)147


[25] C. Q. Geng, C. W. Liu, T. H. Tsai, and S. W. Yeh, Phys. Lett.
B 792, 214 (2019).

[26] W. Wang, Z. P. Xing, and J. Xu, Eur. Phys. J. C 77, 800
(2017).

[27] D. Wang, Eur. Phys. J. C 79, 429 (2019).
[28] D. Wang, P. F. Guo, W. H. Long, and F. S. Yu, J. High

Energy Phys. 03 (2018) 066.
[29] S. Müller, U. Nierste, and S. Schacht, Phys. Rev. D 92,

014004 (2015).
[30] Y. Qiao, Y. X. Liu, Y. G. Xu, and R. M. Wang, Eur. Phys. J.

C 84, 1110 (2024).
[31] R. M. Wang, Y. Qiao, Y. J. Zhang, X. D. Cheng, and Y. G.

Xu, Phys. Rev. D 107, 056022 (2023).
[32] T. Feldmann, D. Van Dyk, and K. K. Vos, J. High Energy

Phys. 10 (2018) 030.
[33] S. Faller, T. Feldmann, A. Khodjamirian, T. Mannel, and D.

van Dyk, Phys. Rev. D 89, 014015 (2014).
[34] C. S. Kim, G. L. Castro, and S. L. Tostado, Phys. Rev. D 95,

073003 (2017).
[35] B. Ananthanarayan and K. Shivaraj, Phys. Lett. B 628, 223

(2005).
[36] M. A. Ivanov, J. G. Körner, J. N. Pandya, P. Santorelli, N. R.

Soni, and C. T. Tran, Front. Phys. 14, 64401 (2019).
[37] D. Xu, G. N. Li, and X. G. He, Int. J. Mod. Phys. A 29,

1450011 (2014).
[38] X. G. He, G. N. Li, and D. Xu, Phys. Rev. D 91, 014029

(2015).
[39] S. Navas et al. (Particle Data Group), Phys. Rev. D 110,

030001 (2024).
[40] R. C. Verma, J. Phys. G 39, 025005 (2012).
[41] X.W. Kang, T. Luo, Y. Zhang, L. Y. Dai, and C. Wang, Eur.

Phys. J. C 78, 909 (2018).
[42] L. Chen, Y.W. Ren, L. T. Wang, and Q. Chang, Eur. Phys.

J. C 82, 451 (2022).
[43] H. Hatanaka and K. C. Yang, Eur. Phys. J. C 67, 149

(2010).
[44] Liting Wang and Qin Chang (to be published).

[45] H. Y. Cheng, C. Y. Cheung, W. Dimm, G. L. Lin, Y. C. Lin,
T. M. Yan, and H. L. Yu, Phys. Rev. D 48, 3204 (1993).

[46] S. Y. Tsai and Y. K. Hsiao, arXiv:2107.03634.
[47] J. Liang, S. Chen, Y. Chen, C. Shi, and W. Sun, Sci. China

Phys. Mech. Astron. 68, 251011 (2025).
[48] M. Piotrowska, C. Reisinger, and F. Giacosa, Phys. Rev. D

96, 054033 (2017).
[49] X.W. Kang, B. Kubis, C. Hanhart, and U. G. Meißner,

Phys. Rev. D 89, 053015 (2014).
[50] G. S. Yang and H. C. Kim, Phys. Rev. C 92, 035206 (2015).
[51] M. E. Carrillo-Serrano, I. C. Cloët, and A.W. Thomas,

Phys. Rev. C 90, 064316 (2014).
[52] C. Q. Geng, Y. K. Hsiao, C. W. Liu, and T. H. Tsai, Eur.

Phys. J. C 78, 593 (2018).
[53] R. Flores-Mendieta, E. E. Jenkins, and A. V. Manohar, Phys.

Rev. D 58, 094028 (1998).
[54] Y. J. Sun, Z. G. Wang, and T. Huang, Chin. Phys. C 36, 1046

(2012).
[55] R. H. Li, C. D. Lu, and W. Wang, Phys. Rev. D 79, 034014

(2009).
[56] P. Colangelo, F. De Fazio, and F. Loparco, Phys. Rev. D

100, 075037 (2019).
[57] H. Y. Cheng and X.W. Kang, Eur. Phys. J. C 77, 587

(2017); 77, 863(E) (2017).
[58] H. Y. Cheng, C. K. Chua, and C. W. Hwang, Phys. Rev. D

69, 074025 (2004).
[59] L. Roca, J. E. Palomar, and E. Oset, Phys. Rev. D 70,

094006 (2004).
[60] X. G. He, Y. J. Shi, and W. Wang, Eur. Phys. J. C 80, 359

(2020).
[61] A. Bramon, A. Grau, and G. Pancheri, Phys. Lett. B 283,

416 (1992).
[62] C. Chen, N. Q. Cheng, L. W. Yan, C. G. Duan, and Z. H.

Guo, Phys. Rev. D 108, 014002 (2023).
[63] G. Ecker and C. Zauner, Eur. Phys. J. C 52, 315 (2007).
[64] H. Y. Cheng and K. C. Yang, Phys. Rev. D 83, 034001

(2011).

FLAVOR SU(3) ANALYSIS OF THE CHARMLESS … PHYS. REV. D 112, 033002 (2025)

033002-15

https://doi.org/10.1016/j.physletb.2019.03.056
https://doi.org/10.1016/j.physletb.2019.03.056
https://doi.org/10.1140/epjc/s10052-017-5363-y
https://doi.org/10.1140/epjc/s10052-017-5363-y
https://doi.org/10.1140/epjc/s10052-019-6925-y
https://doi.org/10.1007/JHEP03(2018)066
https://doi.org/10.1007/JHEP03(2018)066
https://doi.org/10.1103/PhysRevD.92.014004
https://doi.org/10.1103/PhysRevD.92.014004
https://doi.org/10.1140/epjc/s10052-024-13387-0
https://doi.org/10.1140/epjc/s10052-024-13387-0
https://doi.org/10.1103/PhysRevD.107.056022
https://doi.org/10.1007/JHEP10(2018)030
https://doi.org/10.1007/JHEP10(2018)030
https://doi.org/10.1103/PhysRevD.89.014015
https://doi.org/10.1103/PhysRevD.95.073003
https://doi.org/10.1103/PhysRevD.95.073003
https://doi.org/10.1016/j.physletb.2005.09.047
https://doi.org/10.1016/j.physletb.2005.09.047
https://doi.org/10.1007/s11467-019-0908-1
https://doi.org/10.1142/S0217751X14500110
https://doi.org/10.1142/S0217751X14500110
https://doi.org/10.1103/PhysRevD.91.014029
https://doi.org/10.1103/PhysRevD.91.014029
https://doi.org/10.1103/PhysRevD.110.030001
https://doi.org/10.1103/PhysRevD.110.030001
https://doi.org/10.1088/0954-3899/39/2/025005
https://doi.org/10.1140/epjc/s10052-018-6385-9
https://doi.org/10.1140/epjc/s10052-018-6385-9
https://doi.org/10.1140/epjc/s10052-022-10391-0
https://doi.org/10.1140/epjc/s10052-022-10391-0
https://doi.org/10.1140/epjc/s10052-010-1293-7
https://doi.org/10.1140/epjc/s10052-010-1293-7
https://doi.org/10.1103/PhysRevD.48.3204
https://arXiv.org/abs/2107.03634
https://doi.org/10.1007/s11433-024-2588-0
https://doi.org/10.1007/s11433-024-2588-0
https://doi.org/10.1103/PhysRevD.96.054033
https://doi.org/10.1103/PhysRevD.96.054033
https://doi.org/10.1103/PhysRevD.89.053015
https://doi.org/10.1103/PhysRevC.92.035206
https://doi.org/10.1103/PhysRevC.90.064316
https://doi.org/10.1140/epjc/s10052-018-6075-7
https://doi.org/10.1140/epjc/s10052-018-6075-7
https://doi.org/10.1103/PhysRevD.58.094028
https://doi.org/10.1103/PhysRevD.58.094028
https://doi.org/10.1088/1674-1137/36/11/003
https://doi.org/10.1088/1674-1137/36/11/003
https://doi.org/10.1103/PhysRevD.79.034014
https://doi.org/10.1103/PhysRevD.79.034014
https://doi.org/10.1103/PhysRevD.100.075037
https://doi.org/10.1103/PhysRevD.100.075037
https://doi.org/10.1140/epjc/s10052-017-5170-5
https://doi.org/10.1140/epjc/s10052-017-5170-5
https://doi.org/10.1140/epjc/s10052-017-5423-3
https://doi.org/10.1103/PhysRevD.69.074025
https://doi.org/10.1103/PhysRevD.69.074025
https://doi.org/10.1103/PhysRevD.70.094006
https://doi.org/10.1103/PhysRevD.70.094006
https://doi.org/10.1140/epjc/s10052-020-7862-5
https://doi.org/10.1140/epjc/s10052-020-7862-5
https://doi.org/10.1016/0370-2693(92)90041-2
https://doi.org/10.1016/0370-2693(92)90041-2
https://doi.org/10.1103/PhysRevD.108.014002
https://doi.org/10.1140/epjc/s10052-007-0372-x
https://doi.org/10.1103/PhysRevD.83.034001
https://doi.org/10.1103/PhysRevD.83.034001

	Flavor SU(3) analysis of the charmless semileptonic B&rarr;PV&ell;+&nu;&ell; decays
	I. INTRODUCTION
	II. SEMILEPTONIC CHARMLESS B&rarr;M&ell;+&nu;&ell; DECAYS
	A. Theoretical frame
	B. Numerical results

	III. CHARMLESS DECAYS B&rarr;PV&ell;+&nu;&ell; WITH THE RESONANCES
	A. B(B&rarr;PV&ell;+&nu;&ell;) with the narrow width approximation
	B. B(B&rarr;PV&ell;+&nu;&ell;) with the width effects
	C. B(B&rarr;PV&ell;+&nu;&ell;) with the excited vector resonance states

	IV. SUMMARY
	ACKNOWLEDGMENTS
	DATA AVAILABILITY
	APPENDIX A: HADRONIC AMPLITUDES AND FORM FACTORS
	APPENDIX B: MESON MULTIPLET
	References


