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In this work, the soft rescattering parameters in the B� → π�πþπ− and B� → K�πþπ− decays with the
light scalar meson f0ð500Þ as the intermediate resonance are studied within the quantum chromodynamics
(QCD) factorization. Considering the interference effect between ρð770Þ0 and f0ð500Þ, we utilize the
experimentally more direct event yields for fitting and get the soft rescattering parameters jρSPk j ¼
3.29� 1.01 and jρPSk j ¼ 2.33� 0.73 in B → PS and B → SP decays (P and S denote pseudoscalar and
scalar mesons, respectively), respectively. We also study the branching ratios and CP asymmetries in the
decay modes involving other scalar mesons, including f0ð980Þ, a0ð980Þ, a0ð1450Þ and K�

0ð1430Þ, to test
the rationality of the values of jρSPk j and jρPSk j. Meanwhile, the wealth of experimental data facilitate the
examination of the forward-backward asymmetry induced CP asymmetries (FB-CPAs), and the localized
CP asymmetries (LACPs). We investigate these asymmetries resulting from the interference between
ρð770Þ0 and f0ð500Þ for B� → π�πþπ− and B� → K�πþπ− decays when the invariant mass of πþπ−

locates in the low-energy region 0.445 GeV < mππ < 0.795 GeV. Our theoretical results of FB-CPAs and
LACPs align with the experimental findings. We propose that the interference between ρð770Þ0 and
f0ð500Þ can be extended to other beauty and charmed mesons decays.

DOI: 10.1103/PhysRevD.111.016017

I. INTRODUCTION

The inclusive CP asymmetries of B� → π�πþπ−, B� →
K�πþπ− and some other charmless three-body decays were

measured in 2014 [1]. The dynamical origin of these CP
asymmetries can be better understood with the amplitude
analyses of decay channels. These analyses were based on a
data sample corresponding to an integrated luminosity of
3 fb−1 of pp collisions recorded with the LHCb detector.
The distributions of CP asymmetries in the Dalitz plots
were also studied and the LHCb Collaboration proposed
two different sources of CP violation. The first one may be
associated with the πþπ− → KþK− rescattering strong-
phase difference in the region around 1.0 to 1.5 GeV [2,3],
while the second one, observed in both B� → π�πþπ− and
B� → K�πþπ− decays around the ρð770Þ0 mass region,
can be attributed to the final-state interference between the
S-wave and P-wave components in the Dalitz plots. In
2020, the LHCb Collaboration conducted a more detailed
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amplitude analysis of the three-body decay B� → π�πþπ−

and reported their new findings [4,5]. They used three
different approaches (the isobar model, the K-matrix model,
and a quasi-model-independent binned approach) to study
the S-wave component of this decay. According to the isobar
model, theS-wave fit fractionwas approximately 0.25which
is mainly influenced by the f0ð500Þ resonance and signifi-
cant CP violation was observed due to the interference
between the P-wave and S-wave components. Based on the
theoretical analysis, the aforementioned important CP vio-
lation is attributed to the interference between ρð770Þ0 and
f0ð500Þ, which can well be explained based on a QCD
factorization approach for weak decays of B meson.
The decays of B mesons offer a rich testing ground for

exploring the flavor pictures of the Standard Model and
probing the potential hints of new physics. To ensure reliable
predictions, a key aspect involves evaluating the short-
distance QCD corrections to the hadronic matrix elements
of B decays. Various theoretical approaches, such as QCD
factorization (QCDF) [6,7], perturbativeQCD (pQCD) [8,9],
and the soft-collinear effective theory (SCET) [10,11], are
extensively employed to calculate the decay amplitudes ofB
mesons. In the QCDF, the calculation of hard spectator and
weak annihilation corrections always suffers from the
divergence at the endpoint of convolution integrals of
meson’s light-cone distribution amplitudes. To estimate
the endpoint contribution, phenomenological parameter Xk
is introduced, which includes the strength parameter ρk and
the possible strong phase parameter ϕk. Both of them are
utterly unknown from the first principles of QCD dynamics,
and thus can only be obtained through fitting the exper-
imental data. It is precisely because of these two soft
rescattering parameters, the hard spectator and weak anni-
hilation contributions also play an indispensable role for
evaluating the CP asymmetry.
Recently, the new observables for the forward-backward

asymmetries (FBAs) and forward-backward asymmetry
induced CP asymmetries (FBA-CPAs) were proposed
[12,13] for the B meson decays. In fact, FBAs have been
recognized as valuable observables since as early as 1956,
for example, in the discovery of the parity violation of weak
interaction [14,15], the precision measurement of the Z
boson [16], and the study of the lepton universality [17,18].
However, they relatively rarely appear in studies of beauty
and charmed meson decays. The FBA-CPA can be used to
isolate CP violation caused by the interference between
adjacent resonance states and can be directly obtained
based on the reported number of events, demonstrating its
apparent advantages of directness and efficiency. Since the
FBA-CPA has not been studied widely for nonleptonic
decays of B and D mesons, it is urgent to investigate this
important observable in large experiments like LHCb.
This paper is structured as follows. In the next section,

we review the formalism for B decays in the QCD
factorization approach. In Sec. III, we present the definition

of the FBA and FBA-CPA for three-body decays of the B
meson. The numerical results are given in Sec. IV and we
summarize and discuss our work in Sec. V. In Appendix,
we give the amplitudes of the B meson decays and the
propagators of the intermediate resonances.

II. B DECAYS IN THE QCD FACTORIZATION

In the following, we provide a brief overview of the
nonannihilation and annihilation amplitudes for B two-
body decays utilizing the QCDF approach. For more
detailed information, please refer to Refs. [7,19]. The
effective weak Hamiltonian for charmless hadronic B
decays can be represented as

Heff ¼
GFffiffiffi
2

p
X10
i¼1

X
p¼u;c

λðDÞ
p CiðμÞQq

i ðμÞ; ð1Þ

where GF is the Fermi constant, λðDÞ
p ¼ V�

pbVpD (D ¼ d or
s) is the Cabibbo-Kobayashi-Maskawa (CKM) factor, and
CiðμÞ is the Wilson coefficient which is perturbatively
calculable from first principles, the four-quark effective
operators Qq

1;2, Q3;···;6 and Q7;···;10 are tree-level, QCD
penguin, and electroweak penguin operators, respectively.
The nonannihilation and annihilation amplitudes can be
influenced by these effective operators. The effective
Hamiltonian matrix elements can be written as

hM1M2jHeff jBi ¼
X
p¼u;c

λðDÞ
p hM1M2jT p

A þ T p
BjBi; ð2Þ

where T p
A and T p

B describe the contributions from non-
annihilation and annihilation amplitudes, respectively,
which can be expressed in terms of api and bpi .
Generally, api includes the contributions from naive fac-
torization, vertex correction, penguin amplitude and spec-
tator scattering, and can be expressed as follows [7]

api ðM1M2Þ ¼
�
Ci þ

Ci�1

Nc

�
NiðM2Þ

þ Ci�1

Nc

CFαs
4π

�
ViðM2Þ þ

4π2

Nc
HiðM1M2Þ

�
þ Pp

i ðM2Þ; ð3Þ
where Ci are the Wilson coefficients, the upper (lower)
signs apply when i is odd (even), NiðM2Þ are leading-order
coefficients, CF ¼ ðN2

c − 1Þ=2Nc with Nc ¼ 3, the quan-
tities ViðM2Þ account for one-loop vertex corrections,
HiðM1M2Þ describe hard spectator interactions with a hard
gluon exchange between the emitted meson and the
spectator quark of the B meson, and Pp

i ðM1M2Þ are from
penguin contractions [7]. When M1M2 ¼ VP;PV (V and
P denote vector and pseudoscalar mesons, respectively.),
the correction from the hard gluon exchange between M2

and the spectator quark is given by [7,19]
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HiðM1M2Þ ¼
fBfM1

2mVϵ
�
V · pBF

B→M1

0 ð0Þ

Z
1

0

dξ
ξ
ΦBðξÞ

Z
1

0

dx
Z

1

0

dy

�
ΦM2

ðxÞΦM1
ðyÞ

x̄ ȳ
þ rM1

χ
ΦM2

ðxÞΦm1
ðyÞ

xȳ

�
; ð4Þ

for i ¼ 1–4; 9; 10,

HiðM1M2Þ ¼ −
fBfM1

2mVϵ
�
V · pBF

B→M1

0 ð0Þ

Z
1

0

dξ
ξ
ΦBðξÞ

Z
1

0

dx
Z

1

0

dy

�
ΦM2

ðxÞΦM1
ðyÞ

xȳ
þ rM1

χ
ΦM2

ðxÞΦm1
ðyÞ

x̄ ȳ

�
; ð5Þ

for i ¼ 5; 7 and HiðM1M2Þ ¼ 0 for i ¼ 6; 8.
When M1M2 ¼ SP; PS [7,20],

HiðM1M2Þ ¼
fBfM1

fM2
FB→M1

0 m2
B

Z
1

0

dξ
ξ
ΦBðξÞ

Z
1

0

dx
Z

1

0

dy
�
ΦM2

ðxÞΦM1
ðyÞ

x̄ ȳ
þ rM1

χ
ΦM2

ðxÞΦm1
ðyÞ

xȳ

�
; ð6Þ

for i ¼ 1–4, 9, 10,

HiðM1M2Þ ¼ −
fBfM1

fM2
FB→M1

0 m2
B

Z
1

0

dξ
ξ
ΦBðξÞ

Z
1

0

dx
Z

1

0

dy

�
ΦM2

ðxÞΦM1
ðyÞ

xȳ
þ rM1

χ
ΦM2

ðxÞΦm1
ðyÞ

x̄ ȳ

�
; ð7Þ

for i ¼ 5, 7 and HiðM1M2Þ ¼ 0 for i ¼ 6, 8. The coefficients of flavor operators αpi can be expressed in terms of the
effective coefficients api as

α1ðM1M2Þ ¼ a1ðM1M2Þ;
α2ðM1M2Þ ¼ a2ðM1M2Þ;

αp3 ðM1M2Þ ¼
�
ap3 ðM1M2Þ − ap5 ðM1M2Þ; if M1M2 ¼ VP; SP;

ap3 ðM1M2Þ þ ap5 ðM1M2Þ; if M1M2 ¼ PV; PS;

αp4 ðM1M2Þ ¼
�
ap4 ðM1M2Þ þ rM2

χ ap6 ðM1M2Þ; if M1M2 ¼ PV;

ap4 ðM1M2Þ − rM2
χ ap6 ðM1M2Þ; if M1M2 ¼ VP;PS; SP;

αp3;EWðM1M2Þ ¼
�
ap9 ðM1M2Þ − ap7 ðM1M2Þ; if M1M2 ¼ VP; SP;

ap9 ðM1M2Þ þ ap7 ðM1M2Þ; if M1M2 ¼ PV; PS;

αp4;EWðM1M2Þ ¼
�
ap10ðM1M2Þ þ rM2

χ ap8 ðM1M2Þ; if M1M2 ¼ PV;

ap10ðM1M2Þ − rM2
χ ap8 ðM1M2Þ; if M1M2 ¼ VP;PS; SP;

ð8Þ

where the chiral factors rχ are given by

rPχ ðμÞ ¼
2m2

P

mbðμÞðm1ðμÞ þm2ðμÞÞ
; rVχ ðμÞ ¼

2m2
V

mbðμÞ
f⊥V ðμÞ
fV

;

rSχðμÞ ¼
2m2

S

mbðμÞ
f̄SðμÞ
fS

¼ 2m2
S

mbðμÞðm1ðμÞ þm2ðμÞÞ
: ð9Þ

Weak annihilation contributions are described by the terms bi and bi;EW , which have the following expressions:

b1 ¼
CF

N2
c
C1Ai

1; b2 ¼
CF

N2
c
C2Ai

1;

bp3 ¼ CF

N2
c
½C3Ai

1 þ C5ðAi
3 þ Af

3Þ þ NcC6A
f
3 �; bp4 ¼ CF

N2
c
½C4Ai

1 þ C6Ai
2�;

bp3;EW ¼ CF

N2
c
½C9Ai

1 þ C7ðAi
3 þ Af

3Þ þ NcC8A
f
3 �; bp4;EW ¼ CF

N2
c
½C10Ai

1 þ C8Ai
2�; ð10Þ
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where the subscripts 1, 2, 3 of Ai;f
n (n ¼ 1; 2; 3) correspond to the possible Dirac structures ðV − AÞðV − AÞ,

ðV − AÞðV þ AÞ, and ðS − PÞðSþ PÞ, respectively, and the superscripts i and f refer to gluon emission from the initial-
and final-state quarks, respectively. Their explicit expressions are given by [7,20]

Ai
1 ¼ παs

Z
1

0

dxdy

8>><
>>:

�
ΦM2

ðxÞΦM1
ðyÞ	 1

yð1−xȳÞ þ 1
x̄2y



− rM1

χ rM2
χ Φm2

ðxÞΦm1
ðyÞ 2

x̄y

�
; for M1M2 ¼ VP;PS;�

ΦM2
ðxÞΦM1

ðyÞ	 1
yð1−xȳÞ þ 1

x̄2y


þ rM1
χ rM2

χ Φm2
ðxÞΦm1

ðyÞ 2
x̄y

�
; for M1M2 ¼ PV; SP;

Ai
2 ¼ παs

Z
1

0

dxdy

8>><
>>:

�
−ΦM2

ðxÞΦM1
ðyÞ	 1

x̄ð1−xȳÞ þ 1
x̄y2

þ rM1

χ rM2
χ Φm2

ðxÞΦm1
ðyÞ 2

x̄y

�
; for M1M2 ¼ VP;PS;�

−ΦM2
ðxÞΦM1

ðyÞ	 1
x̄ð1−xȳÞ þ 1

x̄y2


− rM1

χ rM2
χ Φm2

ðxÞΦm1
ðyÞ 2

x̄y

�
; for M1M2 ¼ PV; SP;

Ai
3 ¼ παs

Z
1

0

dxdy

8>><
>>:

�
rM1
χ ΦM2

ðxÞΦm1
ðyÞ 2ȳ

x̄yð1−xȳÞ þ rM2
χ ΦM1

ðyÞΦm2
ðxÞ 2x

x̄yð1−xȳÞ
�
; for M1M2 ¼ VP;PS;�

−rM1
χ ΦM2

ðxÞΦm1
ðyÞ 2ȳ

x̄yð1−xȳÞ þ rM2
χ ΦM1

ðyÞΦm2
ðxÞ 2x

x̄yð1−xȳÞ
�
; for M1M2 ¼ PV; SP;

Af
3 ¼ παs

Z
1

0

dxdy

8>><
>>:

�
rM1
χ ΦM2

ðxÞΦm1
ðyÞ 2ð1þx̄Þ

x̄2y − rM2
χ ΦM1

ðyÞΦm2
ðxÞ 2ð1þyÞ

x̄y2

�
; for M1M2 ¼ VP; PS;�

−rM1
χ ΦM2

ðxÞΦm1
ðyÞ 2ð1þx̄Þ

x̄2y − rM2
χ ΦM1

ðyÞΦm2
ðxÞ 2ð1þyÞ

x̄y2

�
; for M1M2 ¼ PV; SP;

Af
1 ¼ Af

2 ¼ 0: ð11Þ

The calculations of the hard-spectator interaction cor-
rections involve the twist-3 distribution amplitude, Φmi

ðxÞ,
which is nonzero as x → 1 in convolutions. These con-
tributions lead to endpoint divergences due to the nonzero
endpoint behavior of Φmi

. One can extract this divergence
by defining a parameter XH through [7]

Z
1

0

dx
x̄
Φmi

ðxÞ¼Φmi
ð1Þ

Z
1

0

dx
x̄
þ
Z

1

0

dx
x̄
½Φmi

ðxÞ−Φmi
ð1Þ�;

≡Φmi
ð1ÞXMiMj

H þ
Z

1

0

dx
½x̄�þ

Φmi
ðxÞ; ð12Þ

with x̄ ¼ 1 − x. Although the remaining integral is finite,
the parameter XMi

H representing the soft-gluon interaction
with the spectator quark is unknown. It is expected that

X
MiMj

H ∼ lnðmb=ΛQCDÞ because it arises in a perturbative
calculation of these soft interactions that are regulated in
principle by a physical scale of order ΛQCD, however with a
potentially complex coefficient, since multiple soft scatter-
ings can introduce a strong-interaction phase. We encounter
a similar endpoint divergence issue in weak-annihilation
processes, and can address it using the same approach as
the power corrections for hard-spectator scatterings. The
divergent subtractions are interpreted as

Z
1

0

dx
x

→ X
MiMj

A ;
Z

1

0

dx
ln x
x

→ −
1

2
ðXMiMj

A Þ2: ð13Þ

The contributions from hard-scattering and weak-anni-
hilation topologies, which are subleading in 1=mb, have yet
to be systematically addressed in QCDF. However, they can
be chirally enhanced and contribute sizable corrections to

leading-order results. To parametrize QCD effects in X
MiMj

H

and X
MiMj

A , additional phenomenological parameters, jρkj
and ϕk, were introduced as in the following (Xk could be

X
MiMj

H and X
MiMj

A ):�Xk ¼ð1þρkÞ lnmB
Λh
;

ρk ¼ jρkjeiϕk ;
with ϕk∈ ½0;2π�; Λh ¼ 0.5GeV:

ð14Þ
In general, the total amplitude of the Bmeson three-body

decay B → M1M2M3 (m1,m2, m3 being the masses ofM1,
M2, andM3, respectively) can be defined as a coherent sum
of N different components, each of which can be described
by a parametrized function Fj (j ¼ 1; · · ·; N) representing
the contribution of the jth intermediate resonance state,

Mðm2
12; m

2
23Þ ¼

XN
j

eiδjFjðm2
12; m

2
23Þ; ð15Þ

where δj is a strong phase, mik is the invariant mass of the
system of Mi and Mk (i; k ¼ 1; 2; 3), and the function Fj

contains not only weak interaction but also strong inter-
action contributions, which, for a resonance decaying into
M1 and M2, is parametrized as
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Fjðm2
12;m

2
23Þ¼Mwjðm2

12;m
2
23Þ ·Rðm12Þ ·Msjðp⃗; q⃗Þ; ð16Þ

where Mwjðm2
12; m

2
23Þ and Msjðp⃗; q⃗Þ are the decay ampli-

tudes for the weak decay of the B meson and the strong
decay of the intermediate resonance, respectively, Rðm12Þ
describes the propagator of this intermediate resonance, p⃗
represents the momentum ofM3, q⃗ denotes the momentum
ofM1, where both p⃗ and q⃗ are evaluated in the rest frame of
the M1M2 system.

III. THE DEFINITIONS OF THE FBA
AND THE FB-CPA

The localized CP asymmetry, AL
CP, has received

extensive attention from both experimental and theoretical
perspectives for a three-body decay B → M1M2M3 as
shown in Fig. 1 (the conjugate process is B̄ →
M̄1M̄2M̄3), with Mi (i ¼ 1; 2; 3) being light mesons.
Take B− as an example, AL

CP is a function of the B−

and Bþ decay event yields (NB− and NBþ) as,

AL
CP ¼ NB−ðForwardþ BackwardÞ − NBþðForwardþ BackwardÞ

NB−ðForwardþ BackwardÞ þ NBþðForwardþ BackwardÞ ; ð17Þ

where the “Forward” describes the events in which M1

moves forward with respect to the initial state B in the c.m.
frame of the M1M2 system, marked by θ < π

2
, and con-

versely, “backward” describes events corresponding to the
backward motion ofM1 with θ > π

2
. The event yield of each

bin i, NB�;i has the following form:

NB�;i ¼ η

Z
cos θ≷0

RjMB�→M�
1
Mþ

2
M−

3
j2m12¼m12;i

d cos θ; ð18Þ

where η is the ratio of the total number of events to the
total decay width, and here we treat it as an unknown
parameter, R is the phase-space factor with the form R¼ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðm2

12−4m2
M2
Þ½m2

B−ðm12−mM3
Þ2�½m2

B−ðm12þmM3
Þ2�

q
,1

and m12;i is the average value of m12 in each bin i.
One can introduce a new physical quantity FB-CPA

to study the CP asymmetry in the multibody decay
processes of B mesons. It can provide a good approach
for isolating the interference effects between nearby inter-
mediate resonances. The specific form of FB-CPA is as
follows: [12,13,21]

ACP
FB ¼ 1

2
ðAFB − ĀFBÞ; ð19Þ

where AFB and ĀFB are the forward-backward asymme-
tries for B → M1M2M3 and its conjugate process,
respectively. Generating a significant forward-backward
asymmetry is challenging when only even or odd spin
resonanaces are present. However, it becomes relatively

easy to achieve a substantial FBA when considering the
interference contributions from nearby spin-odd (and even)
resonances. In the forward and backward hemispheres, the
specific definition of FBA in Eq. (19) is [22]

AFB ¼ NB∓ðForwardÞ − NB∓ðBackwardÞ
NB∓ðForwardÞ þ NB∓ðBackwardÞ ;

¼ NB∓ðcos θ > 0Þ − NB∓ðcos θ < 0Þ
NB∓ðcos θ > 0Þ þ NB∓ðcos θ < 0Þ : ð20Þ

Theoretically, when we focus on the phase space near the
intermediate resonant state X, the corresponding decay
will be dominated by the cascade decay B → XM3 →
M1M2M3. Then, this part of phase space can be further
divided into two parts according to whether θ is larger or
smaller than π=2 (that is, cos θ < 0 or cos θ > 0). Thus, the
forward-backward asymmetry, AFB, can be described in
these two different phase spaces as [21]

FIG. 1. The definition of θ in the c.m. frame of the M1M2

system (M is chosen to be the B meson).

1Since we integrate over the phase space angle θ instead of
the invariant mass squarem2

23, a factorDF, ðm2
23;max −m2

23;minÞ=2
appears due to the relation cos θ ¼ m2

23
−ðm2

23;maxþm2
23;minÞ=2

ðm2
23;max−m

2
23;minÞ=2

. By

applying the boundary conditions of the Dalitz plot and absorbing
the denominator ofDF into the amplitude,DF becomes R, where

R¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðm2

12−4m2
M2
Þ½m2

B−ðm12−mM3
Þ2�½m2

B−ðm12þmM3
Þ2�

q
.
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AFB ¼
R
1
0 hjMj2id cos θ − R

0
−1hjMj2id cos θR

1
−1hjMj2id cos θ ; ð21Þ

where hjMj2i takes the specific form 1
2

R
h
g ðm2

23;max−
m2

23;minÞjMj2dm2
12, with ½g; h� being the integration inter-

val of m12 on which we focus, i.e., the region
ðmX − ΓXÞ < m12 < ðmX þ ΓXÞ, where mX and ΓX are
the mass and the decay width of X, respectively,
m2

23;minðmaxÞ is the minimum (maximum) value of m23 for

fixed m12, cos θ ¼ p⃗1·p⃗3

jp⃗1jjp⃗3j in the c.m. frame of the M1M2

system, where p⃗i is the momentum of Mj. After a
derivation, one can get the relationship between cos θ

and m23 as cos θ ¼ m2
23
−ðm2

23;maxþm2
23;minÞ=2

ðm2
23;max−m

2
23;minÞ=2

. In terms of par-

tial waves, the decay amplitude M can be expressed
as M ¼ P

l alPlðcos θÞ, then the FBA becomes

AFB ¼ 2
Σj½hjajj2i=ð2jþ1Þ�

P
evenl
oddk

flkRðhala�kiÞ with flk ¼R
1
0 PlPkd cos θ ¼ ð−1Þðlþkþ1Þ=2l!k!

2lþk−lðl−kÞðlþkþ1Þ½ðl=2Þ!�2½ðk−1Þ=2�!2, where the

numerator only includes the interference term between
even- and odd- waves, implying that in order to obtain
relatively large FBA, the interference between even- and
odd- waves must be considered [12,13].

IV. NUMERICAL RESULTS

Let us clarify the input parameters before presenting the
numerical results. The values of the Wolfenstein parameters
are given as [23]

A ¼ 0.790þ0.017
−0.012 ; λ ¼ 0.22650þ0.00048

−0.00048 ;

ρ̄ ¼ 0.141þ0.016
−0.017 ; η̄ ¼ 0.357þ0.011

−0.011 : ð22Þ
For the quark masses, we use [23]

msðμÞ=mqðμÞ¼ ð0.0273þ0.0007
−0.0013Þ×103; msð2GeVÞ¼ 0.093þ0.011

−0.005 GeV; mbðmbÞ¼ 4.18þ0.03
−0.02 GeV;

mc ¼ 1.67�0.07GeV; mb¼ 4.78�0.06GeV; mt¼ 172.76�0.30GeV; mq ¼ðmuþmdÞ=2: ð23Þ

The nonperturbative inputs used in this work include decay constants (in units of GeV), Gegenbauer moments and form
factors for the pseudoscalar and vector mesons (for the scalars see Table I), we take [24–27]

fπ ¼ 0.130; fK ¼ 0.156; fB ¼ 0.190; fρð770Þ0 ¼ 0.216� 0.003; f⊥
ρð770Þ0 ¼ 0.165� 0.009;

αρð770Þ
0

1 ¼ 0; αρð770Þ
0

2 ¼ 0.15� 0.07; αρð770Þ
0

1;⊥ ¼ 0; αρð770Þ
0

2;⊥ ¼ 0.14� 0.06;

FB→π
0 ð0Þ ¼ 0.25� 0.03; FB→K

0 ð0Þ ¼ 0.35� 0.04; AB→ρ
0 ð0Þ ¼ 0.303� 0.029: ð24Þ

In this work, we focus on the B� → π�πþπ− and B� →
K�πþπ− decays. Following the general framework in
Sec. III, before exploring CP asymmetry observables
caused by the interference between ρð770Þ0 and f0ð500Þ
intermediate resonances, such as FBA-CPAs and LCPAs,
one should pay attention to the event yield distributions, as
they are served as crucial links between theory and
experiment studies. Prior to considering the contributions

from the ρð770Þ0 and f0ð500Þ, we first investigate the event
yield distributions with only the presence of the ρð770Þ0
using Eq. (18) theoretically. For the endpoint divergence
parameters of B → VP and B → PV decays, we adopt the
jρPVk j ≈ 0.87, jρVPk j ≈ 1.07, ϕPV

k ≈ −30° and ϕVP
k ≈ −70° as

in Ref. [32], and assign an error of �0.1 to ρVP=PVk and

�20° to ϕVP=PV
k , thus the unknown parameters η is left.

The experimental event yields in each bin i are listed in

TABLE I. Form factors of B → S transitions at q2 ¼ 0 [20], the scalar decay constants f̄s (in units of MeV) and
the Gegenbauer moments at the scale μ ¼ 1 GeV [28–31].

F F(0) Scalar f̄s B1 B3

FBf0ð500Þ
0

0.25 f0ð500Þ 350� 20ðf̄nf0Þ [29] −0.42� 0.07 0.01� 0.04

−107� 6ðf̄sf0Þ −0.42� 0.07 0.01� 0.04

FBf0ð980Þ
0

0.25 f0ð980Þ 113� 6ðf̄nf0Þ −0.78� 0.08 0.02� 0.07

370� 20 (f̄sf0 ) [29] −0.78� 0.08 0.02� 0.07

FBa0ð980Þ
0

0.25 a0ð980Þ 365� 20 −0.93� 0.10 0.14� 0.08

FBa0ð1450Þ
0

0.26 a0ð1450Þ 460� 50 0.89� 0.20 −1.38� 0.18

F
BK�

0
ð1430Þ

0
0.26 K�

0ð1430Þ −300� 30 0.58� 0.07 −1.20� 0.08
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Table II, which are obtained from the data of LHCb [1].
With respect to the mass of ππ pair, the interval
0.445 GeV < mππ < 0.795 GeV is selected. Although
both the Kπ and ππ systems have impacts on the decay
rates within this small in the Dalitz plots, the influence
of the Kπ resonance is significantly weakened when
studying the event yields. Therefore, we can safely consider
the effects dominated by the ρð770Þ0 and f0ð500Þ reso-
nances.2 By general fitting with χ2=d:o:f: ¼ 37.30 and
η ¼ 7.67 GeV−1, one get the related theoretical results
which are displayed in Fig. 2 and comparing with the
experimental data. It is noted that there is a significant
discrepancy between the theoretical and experimental
results from Fig. 2, thus we discard this scenario and take
into account the aforementioned interference between
ρð770Þ0 and f0ð500Þ.
The quark structure of the light scalar mesons below or

near 1 GeV has been quite controversial, though it is
commonly believed that the f0ð500Þ, f0ð980Þ, and
a00ð980Þ are primarily four-quark or molecular states. In
fact, it is difficult to provide quantitative predictions for
B → SP=PS decays based on the four-quark model, as
this not only involves unknown form factors and decay
constants beyond the traditional quark model, but also
includes difficult-to-estimate additional nonfactorizable

contributions. Therefore, in order to facilitate the applica-
tion of QCDF, this work is based on the qq̄ assignment for
the scalar mesons for research. When consider the inter-
ference between ρð770Þ0 and f0ð500Þ, there exist jρkj and
ϕk (especially jρkj) in the expression of Xk in Eq. (14),
which are utterly unknown from the first principles of QCD
dynamics. We treat the parameters jρkj and ϕk for the
B → SP=PS processes as distinct unknown parameters,
jρSPk j, jρPSk j, ϕSP

k , and ϕPS
k , respectively.3 Regarding the

strong phases associated with ρð770Þ0 and f0ð500Þ reso-
nances in Eq. (15), we can make the following convention:
taking δρð770Þ0 ¼ 0, and δf0ð500Þ as an unknown quantity,
i.e., the relative strong phase. Thus, when dealing with the
amplitudes caused by ρð770Þ0, f0ð500Þ and their interfer-
ence, there six free parameters left, the relative strong phase
δf0ð500Þ, the four variables mentioned in the analysis of the
endpoint divergences and the introduced parameter η in
Eq. (18). The event yields may be more suitable than other
physical quantities to extract these six unknown parame-
ters, because they are the most direct and raw observables
presented by experiments. The required decay amplitudes
and propagators are listed in Appendixes A and B,
respectively. We have performed simultaneous fitting of
the theoretical event yields in each bin i with the six
variables in Eq. (18) to the experimental results of the
B� → π�πþπ− and B� → K�πþπ− decay processes which
are listed in Table II, and the corresponding fitted curves are
shown in Fig. 3. The corresponding goodness-of-fit param-
eter is χ2=d:o:f: ¼ 3.79, and the associated values of the
fitting parameters are

TABLE II. The event yields for B� → π�πþπ− and B� → K�πþπ− decays withmππ ranging from 0.445 GeV to 0.795 GeV based on
Figs. 4 and 5 in Ref. [1], where Niðcos θ ≷ 0Þ and N̄iðcos θ ≷ 0Þ for B− → π−ðK−Þπþπ− and Bþ → πþðKþÞπþπ− decays, respectively,
and the uncertainties are statistical only.

Bin (GeV)

B� → π�πþπ− B� → K�πþπ−

Niðcos θ > 0Þ Niðcos θ < 0Þ N̄iðcos θ > 0Þ N̄iðcos θ < 0Þ Niðcos θ > 0Þ Niðcos θ < 0Þ N̄iðcos θ > 0Þ N̄iðcos θ < 0Þ
0.445–0.495 139� 12 112� 11 108� 10 48� 7 89� 9 197� 14 20� 4 34� 6
0.495–0.545 153� 12 152� 12 148� 12 38� 6 49� 7 226� 15 20� 4 64� 8
0.545–0.595 159� 13 165� 13 182� 13 48� 7 89� 9 244� 16 20� 4 76� 9
0.595–0.645 196� 14 263� 16 265� 16 60� 8 158� 13 358� 19 89� 9 128� 11
0.645–0.695 368� 19 302� 17 446� 21 130� 11 227� 15 539� 23 236� 15 202� 14
0.695–0.745 721� 27 473� 22 813� 29 321� 18 719� 27 815� 29 660� 26 388� 20
0.745–0.795 1140� 34 472� 22 1089� 33 623� 25 1172� 34 856� 29 1005� 32 496� 22

2Let us take the K�
0ð1430Þ resonance as an example, the ratio

of the event numbers generated by theK�
0ð1430Þ can be expressed

as ϖ ¼ Γ2

ρð770Þ0
Δsππ

BrðB→K�
0
ð1430ÞπÞ

BrðB→ρð770Þ0KÞ in the overlap of the ρð770Þ0 band
and the K�

0ð1430Þ band, where Δsππ is the difference between the
maximum value sππ;max and the minimum value sππ;min of
the invariant mass square of the ππ pair when mKπ ¼
mK�

0
ð1430Þ in the Dalitz plot, that is Δsππ ¼ sππ;max − sππ;min.

One can get
Γ2

ρð770Þ0
Δsππ

≈ 10−3, BrðB→K�
0
ð1430ÞπÞ

BrðB→ρð770Þ0KÞ ¼ 10 and then

ϖ ¼ 10−2 (with mπ ¼ 0.140 GeV, mK ¼ 0.494 GeV,
mρð770Þ0 ¼ 0.775 GeV, Γρð770Þ0 ¼ 0.150 GeV, mK�

0
ð1430Þ ¼

1.425 GeV and ΓK�
0
ð1430Þ ¼ 0.270 GeV). Therefore, the contri-

bution from the K�
0ð1430Þ resonance is negligible.

3There are quite abundant experimental data and theoretical
studies for the B → PP or VPðPVÞ decays compared with the
B → SPðPSÞ decays. Therefore, we have adopted the endpoint
divergence parameters for the B → VPðPVÞ decays as in
Ref. [32], while treating the endpoint divergence parameters
for the B → SPðPSÞ decay channel as unknowns.

PROBING THE SOFT RESCATTERING PARAMETERS IN B … PHYS. REV. D 111, 016017 (2025)

016017-7



8>><
>>:
jρSPk j¼3.29�1.01; jϕSP

k j¼0.85�0.31;

jρPSk j¼2.33�0.73; jϕPS
k j¼0.15�0.08;

δf0ð500Þ ¼0.85�0.39; η¼ð2.47�0.83ÞGeV−1:

ð25Þ

By comparing Figs. 2 and 3, we can see that the
theoretical results can fit well with the experimental data
after incorporating the contribution from the f0ð500Þ
resonance. However, the results of jρSPk j and jρPSk j in
Eq. (25) are contradictory to the traditional choice of
ρk < 1. In general, Xk in Eq. (14) is expected to be around
lnðmb=ΛQCDÞ which is regulated by a physical scale of
order ΛQCD. However, due to the lack of a complete
understanding of the degrees of freedom and their inter-
actions below this scale, the numerical value of the complex
parameter Xk is unknown and model dependent, thus in
QCDF a conservative convention jρkj < 1 is adopted and it
is assumed that xk it is universal for all decay processes.

The large value of jρkj implies that the contributions of
hard-scattering and weak-annihilation which are formally
1=mb power suppressed, are not only non-negligible but
also significant, especially for the flavor-changing neutral-
current dominated and pure annihilation decays. There are
many studies suggesting the existence of unexpected large
annihilation contributions by CDF, Belle and LHCb in
Bs → ππ and Bd → KK decays [33–35], and the possible
non-negligible large weak-annihilation contributions were
also noticed in the pQCD approach [36]. In other words, if
jρkj < 1 is confirmed, another potential explanation for our
findings could be that the two-quark model interpretation of
the scalar mesons may not be applicable. Of course, this
would also pose new challenges for QCDF, as the incor-
poration of scalar mesons in the four-quark model would
introduce extra nonperturbative parameters, potentially
making QCDF powerless in this situation.
It should be noted that we adopt the same set of endpoint

divergenceparameters for both light andheavy scalarmesons

(a) (b)

FIG. 2. The fitted curves for the (a) B� → π�πþπ− and (b) B� → K�πþπ− decays, the event yields are from the data of LHCb [1].
The contribution from the ρð770Þ0 are only considered in our theoretical calculations.

FIG. 3. The fitted curves for the (a) B� → π�πþπ− and (b) B� → K�πþπ− decays, the event yields are from the data of LHCb [1].
The contribution from the ρð770Þ0 and f0ð500Þ are considered in our theoretical calculations.
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for an attempt. Using the fitted results of jρSPk j and jρPSk j in
Eq. (25), we calculate the branching ratios and CP violating
asymmetries for theB decays involving other scalar mesons,
which are listed in Tables III and IV, respectively, and
compared them with other theoretical and experimental
results to investigate whether the large value of jρSPk j and
jρPSk j is reasonable. The nonperturbative inputs include decay
constants, the Gegenbauer moments and form factors, which
are summarized in Table I, respectively. It is essential to
clarify that all the form factors are evaluated at q2 ¼ 0 due to
the smallness ofm2

π andm2
K comparedwithm2

B [7].We adopt
the Flatté model and LASS model to deal with the propa-
gators of the f0ð980Þ and K�

0ð1430Þ, and for other scalar
mesons we use the Breit-Wigner forms.
In the naive qq̄ quark model, f0ð980Þ is purely an ss̄

state, and f0ð500Þ is a nn̄ state with nn̄ ¼ ðuūþ dd̄Þ= ffiffiffi
2

p
.

However, there exist some experimental evidences clearly
showing the existence between the strange and nonstrange
quarks in f0ð980Þ. Therefore, isoscalars f0ð980Þ and
f0ð500Þ should mixing with each other:� jf0ð980Þi

jf0ð500Þi

�
¼

�
cos θ sin θ

− sin θ cos θ

�� jss̄i
jnn̄i

�
; ð26Þ

where θ is the mixing angle between f0ð980Þ and f0ð500Þ.
LHCb found θ lies in the range of 0° < θ < 30° when

measuring the upper limit on the branching ratio product

BðB0 → J=ψf0ð980Þ → J=ψππÞ [46]. Besides, when
explaining the large rates of f0ð980ÞK and f0ð980ÞK�
modes, it was found θ is around 20° in Ref. [28], with the
specific value being θ ¼ 17°. In our calculations, we also
adopt this value for studying B− → π−ðK−Þf0ð500Þ and
B− → π−ðK−Þf0ð980Þ decays. Using the QCD sum rule
method and θ ¼ 17° [20], one can get the scalar decay
constants with different quark components, which are listed
in Table I. The superscript n and s of the decay constants
correspond to the nonstrange and strange quark contents of
f0ð500Þ and f0ð980Þmesons, respectively. However, when
analyzing the Gegenbauer moments, we do not distinguish
the impacts of different quark components. We estimate the
Gegenbauer moments of the f0ð500Þ meson, which are
B1 ¼ −0.42� 0.07 and B3 ¼ 0.01� 0.04 with the QCD
sum rule in Ref. [20], respectively. Combining the total
branching fraction ð15.2� 1.4Þ × 10−6 in B− → π−πþπ−
measured by BABAR [47] and the fit fraction ð25.2� 0.5�
5.0Þ% of the f0ð500Þ meson [4,5], then the experimental
result of decay branching fraction of B− → f0ð500Þπ− →
π−πþπ− decay is ð3.83� 0.76Þ × 10−6 [29]. Because of
the broad width of the f0ð500Þ meson, it is not appro-
priate to deal with the branching fraction of the B− →
π−f0ð500Þ decay using BðB−→π−f0ð500Þ→π−πþπ−Þ¼
BðB−→π−f0ð500ÞÞBðf0ð500Þ→πþπ−Þ. One can absorb

TABLE III. Branching fractions (in units of 10−6) of B decays to final states containing scalar mesons. In order to compare theory with
experiment for decays involving f0ð980Þ, a0ð980Þ or a0ð1450Þ, we use Bðf0ð980Þ → πþπ−Þ ¼ 0.50þ0.07

−0.09 and Bða0ð980Þ → ηπÞ ¼
0.845� 0.017 [28]. Experimental results are taken from [23] or [37].

Decay channels This work QCDF pQCD Experiment

B− → π−f0ð500Þ 4.03� 0.98 5.15þ1.31þ0.86
−1.16−1.29 [31] � � � 3.11� 0.62

B− → K−f0ð500Þ 13.58� 3.72 � � � � � � � � �
B− → π−f0ð980Þ 2.07� 0.47 0.26þ0.04þ0.05þ0.18

−0.03−0.04−0.12 [28] 2.5� 1.0 [38] <3.0
B− → K−f0ð980Þ 20.11� 4.82 16.1þ1.9þ1.2þ30.8

−1.8−1.8−11.0 [28] [16, 18] [39] 18.8þ1.8
−2.0

B− → π−a0ð980Þ0 4.75� 0.63 4.9þ0.4þ1.2þ0.5
−0.3−1.1−0.7 [28] 2.8þ0.0þ0.0þ0.0

−0.8−0.9−0.6 [40] <6.9
B− → K−a0ð980Þ0 0.73� 0.41 0.34þ0.08þ0.45þ1.02

−0.06−0.13−0.07 [28] 3.5þ0.4þ0.4þ1.0
−0.4−0.6−1.0 [41] <3.0

B− → π0a0ð980Þ− 0.87� 0.30 0.70þ0.22þ0.09þ0.22
−0.16−0.08−0.14 [28] 0.41þ0.00þ0.00þ0.00

−0.13−0.14−0.12 [40] <1.7
B− → K̄0a0ð980Þ− 0.12� 0.09 0.08þ0.12þ0.58þ2.12

−0.07−0.08−0.02 [28] 6.9þ0.8þ1.1þ2.0
−0.7−1.1−1.7 [41] <4.6

B− → π−a0ð1450Þ0 6.29� 0.82 5.1þ0.5þ1.2þ1.3
−0.4−1.1−1.3 [28] 6.01þ2.91þ1.08

−1.72−0.99 [42] � � �
B− → K−a0ð1450Þ0 4.07� 0.48 2.2þ0.7þ2.3þ7.7

−0.5−1.0−1.9 [28] 12.2þ0.1þ5.9
−0.1−4.7 [42] � � �

B− → π0a0ð1450Þ− 5.01� 0.50 2.1þ0.7þ0.2þ0.8
−0.5−0.2−0.6 [28] 1.24þ0.53þ0.08

−0.31−0.10 [42] � � �
B− → K̄0a0ð1450Þ− 10.34� 0.91 4.2þ1.6þ4.9þ18.1

−1.2−2.1−4.2 [28] 16.3þ0.5þ8.4
−0.3−6.5 [42] � � �

B− → π−K̄�
0ð1430Þ0 46.32� 3.93 12.9þ4.6þ4.1þ38.5

−3.7−3.4−9.1 [28] 47.6þ11.3
−10.1 [41] 39þ6

−5
33.37þ1.48þ4.28þ18.52

−1.04−7.29−14.95 [43] 36.6� 11.3� 3.9 [44]

B− → K−K�
0ð1430Þ0 4.07� 0.62 3.19þ0.18þ0.36þ1.73

−0.14−0.62−1.39 [43] 3.99� 1.38� 0.43 [44] 0.38� 0.13

3.37þ1.03þ0.55þ0.34
−0.85−0.48−0.39 [45]

B− → π0K�
0ð1430Þ− 12.96� 3.66 7.4þ2.4þ2.1þ20.1

−1.9−1.8−5.0 [28] 28.8þ6.8
−6.1 [41] 11.9þ2.0

−2.3
18.42þ0.82þ2.18þ9.52

−0.58−3.73−7.80 [43] 12.7� 4.2� 1.4 [44]

B− → K0K�
0ð1430Þ− 0.23� 0.06 0.08−0.00−0.02−0.03−0.00þ0.01þ0.04 [43] 0.38� 0.22� 0.04 [44] � � �

0.11þ0.05þ0.01þ0.01
−0.04−0.06−0.09 [45]
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the finite width effect into a factor ξ, that is, BðB−→
π−f0ð500Þ→π−πþπ−Þ¼ξBðB−→π−f0ð500ÞÞBðf0ð500Þ→
πþπ−Þ. It can be determined that ξ ¼ 1.85 using the method
as in Ref. [48]. With the Bðf0ð500Þ → πþπ−Þ ¼ 2=3, we
obtain BðB− → π−f0ð500Þ ¼ ð3.11� 0.62Þ × 10−6, which
is listed in the first row and fifth column of Table III. It is
noted that the decay branching ratios for the decay channel
B− → π−f0ð980Þ in this work differ from those in
Ref. [30]. This is mainly because in Ref. [30], jρkj ¼ 0
and ϕk ¼ 0 were taken while in our work, the parameters
jρSP=PSk j and ϕSP=PS

k are determined by the experimental
data and take different values from those in Ref. [30].
The production of a0ð980Þ in hadronic B decays has not

been well detected, and only certain limitations have been
set as listed in Table III. In contrast, the production of
a0ð980Þ in charm decays has been observed in various
decays, including D0 → πþπ−η and Dþ → πþπ0η by
BESIII [49]. With the values of jρSPk j and jρPSk j fitted in
present work, our predicted results all fall within the
constraints of experimental limitations. We also show the
branching ratios of the B → a0ð1450ÞπðKÞ and B →
K�

0ð1430ÞπðKÞ decays in Table III. We adopt the scenario
that a0ð1450Þ and K�

0ð1430Þ are the first excited states
of low lying light qq̄ scalars a0ð980Þ and K�

0ð700Þ in
our calculations. The data of B → a0ð1450ÞπðKÞ and
B → K�

0ð1430ÞπðKÞ can be accommodated within the
framework of QCDF when considering the contribution
from the power corrections due to weak-annihilation,

for example, most of the predictions of B →
K�

0ð1430ÞπðKÞ are consistent with the experimental
data except the decay B− → K−K�

0ð1430Þ0, which is
BðB−→K−K�

0ð1430Þ0Þ¼ð4.07�0.62Þ×10−6 and agrees
with the previous works, ð3.19þ0.18þ0.36þ1.73

−0.14−0.62−1.39 Þ×10−6 [43],
ð3.37þ1.03þ0.55þ0.34

−0.85−0.48−0.39 Þ×10−6 [45] in QCDF and ð3.99�
1.38� 0.43Þ × 10−6 in pQCD [44]. Because of the large

ratio between the chiral factors γ
K�0

0
χ and γK

0

χ (≈9∶1) using
Eq. (9), one can observe that the branching ratio of the
B− → K−K�

0ð1430Þ0 decay is much larger than that of
the B− → K0K�

0ð1430Þ− in Table III. We also calculated the
CP violating asymmetries of B → SP and the results
are summarized in Table IV. It can be seen that our
theoretical results agree with other theoretical results or
existing experimental data. This indicates that larger values
of jρkj fitted in present work may be reasonable and
acceptable.
So far, there is an important issue that needs to be verified,

which is the rationality of the endpoint divergence parameter
for theB → VP=PV processes. Our target physical quantity
is the direct CP violation in the B� → ρð770Þ0π� decay
process. There are numerous studies on the direct CP
violation in the B� → ρð770Þ0π� decay, as summarized
in Ref. [31]. In the past four years, the LHCb experiment has
conducted a more in-depth study of the B� → ρð770Þ0π�
decay process. In 2020, three different methods were
utilized for this decay process and it was found that the

TABLE IV. Direct CP violating asymmetries (in %) of the B decays involving scalar mesons. Experimental results are taken from [23]
or [37], except for that in the first row.

Decay channels This work QCDF pQCD Experiment

B− → π−f0ð500Þ 18.23� 5.39 15.10þ0.31þ8.36
−0.30−11.38 [31] � � � 16.0� 1.7� 2.2 [4,5]

B− → K−f0ð500Þ −13.28� 3.23 � � � � � � � � �
B− → π−f0ð980Þ 25.01� 6.21 19.0þ3.1þ2.0þ36.1

−2.6−2.4−28.4 [28] � � � −50� 54

B− → K−f0ð980Þ −11.47� 2.66 1.4þ0.2þ0.5þ1.1
−0.2−0.4−1.4 [28] � � � −9.5�þ4.9

−4.2
B− → π−a0ð980Þ0 −7.04� 0.73 −8.8þ0.6þ0.0þ0.9

−0.6−0.0−0.8 [28] � � � � � �
B− → K−a0ð980Þ0 −15.19� 4.68 −13.3þ2.7þ7.3þ56.8

−2.7−6.1−40.1 [28] � � � � � �
B− → π0a0ð980Þ− −47.81� 6.53 −32.8þ5.6þ3.2þ20.3

−6.2−2.8−21.6 [28] � � �
B− → K̄0a0ð980Þ− 7.14� 1.23 0.63þ0.74þ54.22þ2.49

−0.57−0.49−2.86 [28] � � � � � �
B− → π−a0ð1450Þ0 −12.07� 2.04 −13.1þ0.9þ0.0þ4.9

−0.9−0.0−4.3 [28] � � � � � �
B− → K−a0ð1450Þ0 −5.20� 0.83 −1.79þ0.69þ0.64þ16.61

−0.82−0.06−17.75 [28] � � � � � �
B− → π0a0ð1450Þ− −20.40� 5.06 −24.6þ3.4þ2.4þ25.3

−3.8−2.1−23.5 [28] � � � � � �
B− → K̄0a0ð1450Þ− −6.12� 1.35 0.22þ0.04þ0.06þ0.59

−0.03−0.03−47.94 [28] � � � � � �
B− → π−K̄�

0ð1430Þ0 4.52� 0.73 1.3þ0.1þ0.0þ5.9
−0.1−0.0−4.8 [28] −1.5 [41] 6.1� 3.2

0.57þ0.02þ0.07þ0.13
−0.02−0.07−0.13 [43] −1.3� 0.5 [44]

B− → K−K�
0ð1430Þ0 −15.04� 5.13 −12.25þ0.48þ1.42þ2.23

−0.47−1.47−2.25 [43] 17.9� 0.4� 8.0� 0.9 [44] 10� 17

−2.06þ0.60þ0.85þ5.46
−0.65−0.69−6.67 [45]

B− → π0K�
0ð1430Þ− 7.96� 0.68 3.0þ0.4þ0.5þ10.7

−0.4−0.4−7.8 [28] 16.0 [41] 26þ18
−14

5.20þ0.16þ0.37þ0.64
−0.16−0.18−0.46 [43] 1.5� 1.0 [44]

B− → K0K�
0ð1430Þ− 16.09� 5.92 18.58þ0.71þ1.79þ2.67

−0.72−0.79−1.94 [43] −18.4� 5.8� 2.7� 5.4 [44] � � �
−5.27þ0.50þ0.31þ2.59

−0.59−0.57−2.82 [45]
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associated violation is nearly zero, with the result being
ACPðB� → ρð770Þ0π�Þ ¼ ð0.7� 1.1� 0.6� 4.0Þ% [4,5]
in the isobarmodel. In 2023, theLHCbexperiment adopted a
new method that does not rely on the full amplitude
analysis [50], yielding the corresponding result as
ACPðB� → ρð770Þ0π�Þ ¼ ð−0.4� 1.7Þ%. We have theo-
retically predicted the CP violation in this decay, and the
corresponding result is ð−0.69� 0.38Þ%which agrees with
the experimental data. Our uncertainties come from the
nonperturbative parameters and the power corrections due to
soft glue interactions. In QCDF, there are two kinds of 1=mb
power corrections which come from the hard scattering and
weak annihilation interactions, respectively. Their contri-
butions to ACPðB� → ρð770Þ0π�Þ weaken rather than
enhance each other, thus making ACPðB� → ρð770Þ0π�Þ
compatible with zero. This indicates that using the two sets
of divergence parameter values for B → VP=PV decay are
appropriate, eliminating one of our major concerns.
Based on the central values of the fitted parameters in

Eq. (25), we have calculated the FBA-CPAs and the LCPAs
of the B� → π�πþπ− and B� → K�πþπ− decays.
Substituting Eq. (21) and the expression of its conjugate
process into Eq. (19), one can get the theoretical prediction of
FBA-CPAs. Similarly, usingEq. (20), the specific formof the
conjugate process, the event yields summarized in Table II
and Eq. (19), the experimental results for FBA-CPAs can be

obtained easily. With AL
CP ¼

R
L
ds12ds23ðjMj2−jM̄j2ÞR

L
ds12ds23ðjMj2þjM̄j2Þ, we also

get the results of the LCPAs theoretically. By substituting the
event yields from Table II into Eq. (19), one can derive the
experimental observation of LCPAs. For comparison, both
the theoretical and the experimental results for FBA-CPAs
and LCPAs are presented in Figs. 4(a) and 4(b), respectively.
Figure 4 illustrates a good agreement between the theoretical
and experimental results regarding the FBA-CPAs and the
LCPAs, indicating that the contribution of the f0ð500Þ

resonance is indispensable when studying asymmetrical
quantities near the ρð770Þ0 resonance were considered. In
fact, if the interference effect from f0ð500Þwere disregarded,
i.e., only the contribution from the ρð770Þ0 was considered,
the theoretical results would have not matched with the
experimental results [12]. It is noted that FBA-CPA show
peaks and troughs with maxima of 30% and 40% for B� →
K�πþπ− and B� → π�πþπ−, respectively, when the invari-
ant mass of the ππ pair is around 0.60 GeV in Fig. 4(a).
Therefore, it can be concluded that the most pronounced
interference enhancements for these two decays occur at
mππ ≈ 0.60 GeV for FBA-CPAs. Within the region of our
interest, LCPAs are predominantly positive for B� →
π�πþπ− and B� → K�πþπ− decays, varying from −5%
to 20% and 20% to 80%, respectively, with LCPAs relatively
modest forB� → π�πþπ−.When themass of theππ pair is in
the vicinity of 0.75 GeV, sign changes are observed in both
FBA-CPA and LCPA for B� → π�πþπ−. However, for the
B� → K�πþπ− decay, only FBA-CPA undergoes a sign
change while LCPA remains constant, with the invariant
mass of the ππ pair at approximately 0.56 and 0.61 GeV,
respectively. In conclusion, when investigating the CP
asymmetry caused by the ρð770Þ0, the influence of the
f0ð500Þ resonance should not be disregarded. We suggest
that the above interference effect can be extended, for
instance, to other decays processes of B or D mesons.

V. SUMMARY

As of now, the soft rescattering mechanism in B decays
involving scalar mesons has been a focus of research in
hadron physics. Within the framework of the QCDF,
selecting the B� → π�πþπ− and B� → K�πþπ− decay
channels as the focus of this work, we have performed a
global fit of the soft rescattering paremeters jρSP=PSk j and
ϕSP=PS
k with the aid of the event yields measured by the

FIG. 4. Comparisons of the theoretical results and experimental data for ACP
FB and localized CP violation for B� → π�πþπ− and

B� → K�πþπ− decays, respectively, with (a) for the forward-backward asymmetry induced CP asymmetries ACP
FB, and (b) for the

localized CP asymmetries ACP
L .
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LHCb Collaboration. Though the fitting procedure with the
interference effect between ρð700Þ0 and f0ð500Þ being
considered, we have obtained jρSPk j ¼ 3.29� 1.01 and
jρPSk j ¼ 2.33� 0.73, which are not consistent with the
traditional constraint jρkj < 1. This seems to indicate a
large soft gluon interaction effect in the B decays. Using the
obtained values of the jρSPk j and jρPSk j, we have calculated
the branching ratios and CP violating asymmetries for
some other two-body decays of the B meson involving
scalar mesons which are listed in Tables III and IV,
respectively. The results coincide well generally with
the experimental data or other theoretical predictions.
Moreover, there are experimental and theoretical studies
indicating the existence of substantial annihilation contri-
butions. So the large values of jρSPk j and jρPSk j seem to be
reasonable. Furthermore, we have investigated the
FB-CPAs and the LACPs for the B� → π�πþπ− and B� →
K�πþπ− decays. The results show evidently that the
ρð770Þ0 and f0ð500Þ interference mechanism can better
explain the experimental data of these asymmetries in the

region of mππ ∈ ½0.445; 0.795� GeV. We propose that this
interference mechanism can also be extended to decays of
other beauty and charmed mesons, which may help to
further explore the soft gluon interactions and the structures
of scalar mesons.
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APPENDIX A: AMPLITUDES OF THE
B MESON TWO-BODY DECAYS

Within the framework of QCD factorization, the decay
amplitude of B → M1M2 can be finally given as

MðB− → ρð770Þ0π−Þ ¼ hρ0π−jHeff jB−i

¼
X
p¼u;c

λðdÞp
GFffiffiffi
2

p
�
ðα1δpu þ αp4 þ αp4;EWÞρ0πmρ0A

B→ρ0

0 ð0Þfπ

þ
�
α2δpu − α4 þ

3

2
αp3;EW þ 1

2
αp4;EW

�
πρ0

mρ0F
B→πð0Þfρ0

−
�
b2δpu − bp3 þ

1

2
bp3;EW

�
πρ0

fBfρ0fπmρ0=ðmBpcÞ

þ ðb2δpu þ bp3 þ bp3;EWÞρ0πfBfρ0fπmρ0=ðmBpcÞ
�
; ðA1Þ

MðB− → ρð770Þ0K−Þ ¼ hρ0K−jHeff jB−i

¼
X
p¼u;c

λðsÞp
GFffiffiffi
2

p
�
ðα1δpu þ αp4 þ αp4;EWÞρ0Kmρ0A

B→ρ0

0 ð0ÞfK þ
�
α2δpu þ

3

2
αp3;EW

�
Kρ0

×mρ0F
B→Kð0Þfρ0 þ ðb2δpu þ bp3 þ bp3;EWÞρ0KfBfρ0fKmρ0=ðmBpcÞ

�
; ðA2Þ

MðB− → f0ð500Þπ−Þ ¼ hf0π−jHeff jB−i

¼
X
p¼u;c

λðdÞp
GFffiffiffi
2

p
�
ðα1δpu þ αp4 þ αp4;EWÞfn

0
π
ðm2

f −m2
BÞFB→π

0 ð0Þfπ

þ
�
α2δpu þ 2α3 þ α4 þ

1

2
αp3;EW −

1

2
αp4;EW

�
πfn

0

ðm2
B −m2

πÞFB→π
0 ð0Þf̄nf0

þ ð
ffiffiffi
2

p
αp3 −

ffiffiffi
2

p
αp3;EWÞπfs

0

ðm2
B −m2

πÞFB→π
0 ð0Þf̄sf0 − ðb2δpu þ bp3 þ bp3;EWÞfn

0
π
fBfπf̄nf0

þ
�
b2δpu þ bp3 −

1

2
bp3;EW

�
πfn

0

fBfπf̄nf0

�
; ðA3Þ
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MðB− → f0ð500ÞK−Þ ¼ hf0K−jHeff jB−i

¼
X
p¼u;c

λðsÞp
GFffiffiffi
2

p
�
ðα1δpu þ αp4 þ αp4;EWÞfn

0
Kðm2

f0
−m2

BÞFB→f0
0 ð0ÞfK

þ
�
α2δpu þ 2α3 þ

1

2
αp3;EW

�
Kfn

0

ðm2
B −m2

KÞFB→K
0 ð0Þf̄nf0

þ
� ffiffiffi

2
p

αp3 þ
ffiffiffi
2

p
αp4 −

1ffiffiffi
2

p αp3;EW −
1ffiffiffi
2

p αp4;EW

�
Kfs

0

ðm2
B −m2

KÞFB→K
0 ð0Þf̄sf0

− ðb2δpu þ bp3 þ bp3;EWÞfn
0
KfBfKf̄

n
f0
−

ffiffiffi
2

p
ðb2δpu þ bp3 þ bp3;EWÞKfs

0

fBfKf̄sf0

�
; ðA4Þ

MðB− → f0ð980Þπ−Þ ¼
X
p¼u;c

λðdÞp
GFffiffiffi
2

p
�
ðα1δpu þ αp4 þ αp4;EWÞfn

0
π
ðm2

f0
−m2

BÞFB→f0
0 ð0Þfπ

þ
�
αp3 −

1

2
αp3;EW

�
πfs

0

ðm2
B −m2

πÞFB→π
0 ð0Þf̄sf0

þ
�
α2δpu þ 2αp3 þ

1

2
α3;EW þ αp4 −

1

2
αp4;EW

�
πfn

0

ðm2
B −m2

πÞFB→π
0 ð0Þf̄nf0

− ½ðb2δpu þ bp3 þ bp3;EWÞfn
0
π
þ ðb2δpu þ bp3 þ bp3;EWÞπfn

0

�fBfπf̄nf0
�
; ðA5Þ

MðB− → f0ð980ÞK−Þ ¼
X
p¼u;c

λðsÞp
GFffiffiffi
2

p
��

αp3 þ αp4 −
1

2
αp3;EW −

1

2
αp4;EW

�
Kfs

0

ðm2
B −m2

KÞFB→K
0 ð0Þf̄sf0

þ ðα1δpu þ αp4 þ αp4;EWÞfn
0
Kðm2

f0
−m2

BÞFB→f0
0 ð0ÞfK

þ
�
α2δpu þ 2αp3 þ

1

2
α3;EW

�
Kfn

0

ðm2
B −m2

KÞFB→K
0 ð0Þf̄nf0 þ ðb2δpu þ bp3 þ bp3;EWÞfn

0
KfBfKf̄

n
f0

þ ðb2δpu þ bp3 þ bp3;EWÞKfs
0

fBfKf̄nf0

�
; ðA6Þ

where for ease of description, we do not distinguish the decay constants, f̄nf0 and f̄sf0 , for the scalar mesons f0ð500Þ and
f0ð980Þ in the B− → f0ð500ÞP and B− → f0ð980ÞP decays. However, different values for these decay constants are
assigned to f0ð500Þ and f0ð980Þ as shown in Table I in our calculations.

MðB− → a0π−Þ ¼
X
p¼u;c

λðdÞp
GF

2

�
ðα1δpu þ αp4 þ αp4;EWÞa0πðm2

a0 −m2
BÞFB→a0

0 ð0Þfπ

þ
�
α2δpu − αp4 þ

3

2
α3;EW þ 1

2
αp4;EW

�
πa0

ðm2
B −m2

πÞFB→π
0 ð0Þf̄a0

þ ½ðb2δpu þ bp3 þ bp3;EWÞa0π − ðb2δpu þ bp3 þ bp3;EWÞπa0 �fBfπf̄a0
�
; ðA7Þ

MðB− → a0K−Þ ¼
X
p¼u;c

λðsÞp
GF

2
fðα1δpu þ αp4 þ αp4;EWÞa0Kðm2

a0 −m2
BÞFB→a0

0 ð0ÞfK

þ ða2ÞKa0ðm2
B −m2

KÞFB→K
0 ð0Þf̄a0 þ ðb2δpu þ bp3 þ bp3;EWÞa0KfBfKf̄a0g; ðA8Þ

where a0 stands for a0ð980Þ or a0ð1450Þ.
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MðB− → π−K̄�
0ð1430Þ0Þ ¼

X
p¼u;c

λðsÞp
GFffiffiffi
2

p
��

αp4 −
1

2
α4;EW

�
πK�

0

ðm2
B −m2

πÞFB→π
0 ð0Þf̄K̄�

0

þ ðb2δpu þ bp3 þ bp3;EWÞπK̄�
0

fBfπf̄K̄�
0

�
; ðA9Þ

MðB− → π0K�
0ð1430Þ−Þ ¼

X
p¼u;c

λðsÞp
GF

2

�
ðα1δpu þ αp4 þ αp4;EWÞπK�

0

ðm2
B −m2

KÞFB→π
0 ð0Þf̄K�0

0

þ ðb2δpu þ bp3 þ bp3;EWÞπK�
0

fBfπf̄K�
0
þ
�
α2δpu þ

3

2
αp3;EW

�
K�

0
π

fBfπf̄K�
0

�
; ðA10Þ

MðB− → K−K�
0ð1430Þ0Þ ¼

X
p¼u;c

λðdÞp
GFffiffiffi
2

p
��

αp4 −
1

2
α4;EW

�
KK�

0

ðm2
B −m2

KÞFB→K
0 ð0Þf̄K�

0

þ ðb2δpu þ bp3 þ bp3;EWÞKK�
0

fBfKf̄K�
0

�
; ðA11Þ

MðB− → K0K�
0ð1430Þ−Þ ¼

X
p¼u;c

λðdÞp
GFffiffiffi
2

p
��

αp4 −
1

2
α4;EW

�
K�

0
K
ðm2

B −m2
K�

0
ÞFB→K�

0
ð0ÞfK

0

þ ðb2δpu þ bp3 þ bp3;EWÞK�
0
KfBfKf̄K�

0

�
; ðA12Þ

APPENDIX B: THE PROPAGATORS OF THE
INTERMEDIATE RESONANCES

The Gounaris-Sakurai (GS) model is widely used for
handling the ρð770Þ0 resonance, as it enables the intro-
duction of an analytic dispersive term to maintain unitarity
at a distance from the pole mass. This model was employed
by both BABAR and LHCb Collaborations [4,5,47] in their
analyses of the ρð770Þ0 resonance in the B� → π�πþπ−

decay. The GS line shape for ρð770Þ0 takes the form [51]

RρðsÞ ¼
1þDΓ0

ρ=mρ

ðm2
ρ − sÞ þ fðsÞ − imρΓρðsÞ

; ðB1Þ

where

ΓρðsÞ¼Γ0
ρ

�
q
q0

�
3mρffiffiffi

s
p X2ðjq⃗jrRBWÞ with Γ0

ρ¼Γρðm2
ρÞ; ðB2Þ

and an additional mass dependence

fðsÞ¼Γ0
ρ
m2

ρ

q30

�
q2½hðsÞ−hðmρÞ�þðm2

ρ−sÞq20
dh
ds






mρ

�
; ðB3Þ

where

hðsÞ ¼ 2

π

qffiffiffi
s

p log

� ffiffiffi
s

p þ 2q
2mπ

�
; ðB4Þ

and

dh
ds






mρ

¼ hðmρÞ½ð8q20Þ−1 − ð2m2
ρÞ−1� þ ð2πm2

ρÞ−1: ðB5Þ

The constant parameter D is given by

D ¼ 3

π

m2
π

q20
log

�
mρ þ 2q0

2mπ

�
þ mρ

2πq0
−
m2

πmρ

πq30
: ðB6Þ

As the CP asymmetry in the S-wave below the inelastic
(KK̄) threshold seen in the Dalitz plot cannot be explained
via ππ → KK̄ rescattering, it has a different origin. The
f0ð500Þ meson is represented as a simple pole description,
parametrized as [4,52,53]

Rf0ðsÞ¼
1

s−sf0
¼ 1

s−ðm2
f0
−Γ2

f0
ðsÞ=4−imf0Γf0ðsÞÞ

; ðB7Þ

with

Γf0ðsÞ ¼ Γ0
f0

�
q
q0

�
mf0ffiffiffi
s

p : ðB8Þ

APPENDIX C: FLATTÉ MODEL

As suggested by D. V. Bugg [54], the Flatté model [55]
for f0ð980Þ is slightly modified and is parametrized as
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TRðmππÞ¼
1

m2
R− sππ − imRðgππρππþgKKF2

KKρKKÞ
; ðC1Þ

where mR is the f0ð980Þ pole mass, the parameters gππ and
gKK are the f0ð980Þ coupling constants with respect to the
πþπ− and KþK− final states, respectively, and the phase-
space factors ρ are given as the Lorentz-invariant phase
spaces

ρππ ¼
2

3

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 −

4m2
π�

sππ

s
þ 1

3

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 −

4m2
π0

sππ

s
;

ρKK ¼ 1

2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 −

4m2
K�

sππ

s
þ 1

2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 −

4m2
K0

sππ

s
: ðC2Þ

In Eq. (C1), compared with the normal Flatté function, a
form factor FKK ¼ expð−αk2Þ is introduced above the KK
threshold and serves to reduce the ρKK factor as sππ
increases, where k is momentum of each kaon in the
KK rest frame, and α ¼ ð2.0� 0.25Þ GeV−2 [54]. This
parametrization slightly decreases the f0ð980Þ width above
the KK threshold. The parameter α is fixed to be
2.0 GeV−2, which is not very sensitive to the fit.

APPENDIX D: LASS MODEL

The S-wave Kþπ− resonance at low mass is modeled
using a modified LASS lineshape [56–58], which has been
widely used in experimental analyses

TðmKπÞ ¼
mKπ

jq⃗jcotδB− ijq⃗j þ e2iδB
m0Γ0

m0

jq0j
m2

0− s2Kπ − im0Γ0
jq⃗j
mKπ

m0

jq0j
;

ðD1Þ

with

cot δB ¼ 1

ajq⃗j þ
1

2
rjq⃗j; ðD2Þ

where the first term is an empirical term from the elastic kaon-
pion scattering and the second term is the resonant contribu-
tion with a phase factor to retain unitarity. Herem0 and Γ0 are
the polemass andwidth of theK�

0ð1430Þ state, respectively, q⃗
is the momentum vector of the resonance decay product
measured in the resonance rest frame, and jq0!j is the value of
jq⃗j when mKπ ¼ mK�

0
ð1430Þ. In Eq. (D2), the parameters a ¼

ð3.1� 1.0Þ GeV−1 and r ¼ ð7.0� 2.4Þ GeV−1, being the
scattering length and effective range [58], respectively, which
are universal in application for the description of different
processes involving a kaon-pion pair.
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[55] S. M. Flatté, Phys. Lett. 63B, 228 (1976).
[56] D. Aston et al., Nucl. Phys. B296, 493 (1988).
[57] B. Aubert et al. (BABAR Collaboration), Phys. Rev. D 72,

072003 (2005).
[58] R. Aaij et al. (LHCb Collaboration), Eur. Phys. J. C 78,

1019 (2018).

QI, WANG, ZHANG, WEI, and GUO PHYS. REV. D 111, 016017 (2025)

016017-16

https://doi.org/10.1140/epja/i2009-10893-3
https://doi.org/10.1140/epja/i2009-10893-3
https://doi.org/10.1103/PhysRevD.99.076010
https://doi.org/10.1103/PhysRevD.87.114001
https://arXiv.org/abs/2005.06080
https://doi.org/10.1103/PhysRevD.77.014034
https://doi.org/10.1103/PhysRevD.77.014034
https://doi.org/10.1103/PhysRevD.106.113004
https://doi.org/10.1103/PhysRevD.80.114008
https://doi.org/10.1103/PhysRevD.80.114008
https://doi.org/10.1103/PhysRevLett.108.211803
https://doi.org/10.1103/PhysRevLett.108.211803
https://doi.org/10.1103/PhysRevD.87.031103
https://doi.org/10.1103/PhysRevD.87.031103
https://doi.org/10.1007/JHEP10(2012)037
https://doi.org/10.1007/JHEP10(2012)037
https://doi.org/10.1103/PhysRevD.85.094003
https://doi.org/10.1103/PhysRevD.85.094003
https://doi.org/10.1140/epjc/s10052-020-8156-7
https://doi.org/10.1140/epjc/s10052-020-8156-7
https://doi.org/10.1088/1674-1137/33/7/002
https://doi.org/10.1088/1674-1137/33/7/002
https://doi.org/10.1103/PhysRevD.74.114010
https://doi.org/10.1103/PhysRevD.74.114010
https://doi.org/10.1088/1674-1137/34/5/002
https://doi.org/10.1088/1674-1137/34/5/002
https://doi.org/10.1140/epjc/s10052-007-0231-9
https://doi.org/10.1140/epjc/s10052-007-0231-9
https://doi.org/10.1103/PhysRevD.105.033003
https://doi.org/10.1103/PhysRevD.105.033003
https://doi.org/10.1103/PhysRevD.105.016002
https://doi.org/10.1103/PhysRevD.105.016002
https://doi.org/10.1007/JHEP03(2020)162
https://doi.org/10.1007/JHEP03(2020)162
https://doi.org/10.1103/PhysRevD.91.074022
https://doi.org/10.1103/PhysRevD.91.074022
https://doi.org/10.1103/PhysRevD.87.052001
https://doi.org/10.1103/PhysRevD.87.052001
https://doi.org/10.1103/PhysRevD.79.072006
https://doi.org/10.1103/PhysRevD.79.072006
https://doi.org/10.1016/j.nuclphysb.2019.114788
https://arXiv.org/abs/2404.09219
https://doi.org/10.1103/PhysRevD.108.012013
https://doi.org/10.1103/PhysRevD.108.012013
https://doi.org/10.1103/PhysRevLett.21.244
https://doi.org/10.1103/PhysRevLett.21.244
https://doi.org/10.1016/j.physrep.2016.09.001
https://doi.org/10.1103/PhysRevD.71.054030
https://doi.org/10.1103/PhysRevD.78.074023
https://doi.org/10.1016/0370-2693(76)90655-9
https://doi.org/10.1016/0550-3213(88)90028-4
https://doi.org/10.1103/PhysRevD.72.072003
https://doi.org/10.1103/PhysRevD.72.072003
https://doi.org/10.1140/epjc/s10052-018-6447-z
https://doi.org/10.1140/epjc/s10052-018-6447-z

	Probing the soft rescattering parameters in B decays involving a scalar meson with QCD factorization
	I. INTRODUCTION
	II. B DECAYS IN THE QCD FACTORIZATION
	III. THE DEFINITIONS OF THE FBA AND THE FB-CPA
	IV. NUMERICAL RESULTS
	V. SUMMARY
	ACKNOWLEDGMENTS
	APPENDIX A: AMPLITUDES OF THE B MESON TWO-BODY DECAYS
	APPENDIX B: THE PROPAGATORS OF THE INTERMEDIATE RESONANCES
	APPENDIX C: FLATTÉ MODEL
	APPENDIX D: LASS MODEL
	References


