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The quasi-two-body B → DðR →ÞKπ decays are calculated in PQCD approach based on the kT
factorization by introducing the wave functions of Kπ pair associated with the resonances K�ð892Þ,
K�

0ð1430Þ, and K�
2ð1430Þ. The results show that most branching fractions are at the order of 10−7 or even

smaller. However, for B0 → D0ðK� →ÞKπ decays enhanced by the Cabibbo-Kobayashi-Maskawa (CKM)
element Vcs, their branching fractions are at the order of 10−6, which are measurable in the current ongoing
experiments. Based on the narrow-width-approximation we also extract the branching fractions of the
corresponding two-body B → DK� decays and the results are in good agreement with previous predictions.
Because these decays are only governed by the tree operators, there are no CP asymmetries in these decays
in standard model.
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I. INTRODUCTION

It is known that rare B decays play important roles in
studying QCD, exploring the origin of CP violation, and
searching for possible effects of new physics beyond the
standard model (SM). In past decades, the B meson
nonleptonic decays have received particular scrutiny at
the B-factories Belle and BABAR, and the LHC-experi-
ments. Besides two-body B decay modes which have
attached more attentions in past, many three-body B decay
modes have also been observed with branching fractions of
order 10−5 in above experiments [1]. However, different
from the two-body B decays where the kinematics is fixed
totally, the amplitude of a three-body decay depend on two
invariant masses (e.g., s12 and s13 with the definition
mij ≡ ðpi þ pjÞ2Þ. All the allowed physical kinematics
define a triangle region in them12-m13 plane and the density
plot of the differential decay rate in this region is so-called
Dalitz plot, which is widely used in analyzing the three-body
decays in both experimental and theoretical studies. In
addition, both resonant and nonresonant contributions are
involved in the three-body decays, and the Dalitz plot
technique enables us to analyze the different contributions.
The Dalitz plot can be divided into different regions in term
of the characteristic kinematics. The central region represents

the nonresonant contributions, corresponding to the case that
the three final particles fly apart with large energyE ≃mB=3.
If one final particle is almost at rest and the other two particles
fly back to backwith energyE ≃mB=2, this case falls into the
three corners of theDalitz plot. Finally the edges of theDalitz
plot correspond to the situations that two of final particles
move collinearly and the bachelor recoils back. In this case,
two collinear particles might be produced from one inter-
mediate resonance. Therefore, the study of the edges of the
Dalitz plots enables us to probe the properties of the various
resonances. In the theoretical side, many approaches have
been proposed for analyzing the three-bodyBmeson decays,
such as the QCD factorization [2–7], the PQCD approach
[8–13], and methods based on symmetries [14–16].
Specifically, three-body B decays have been used to

extract the CKMmatrixweak angles α, β and γ. For instance,
the charmed three-body B0 → DKþπ− decay can used to
constrain the CKM angle γ within the interference between

b̄ → c̄us̄ and b̄ → ūcs̄ amplitudes. For the decays B0 →

D0ðK�0 →ÞKþπ− and B0 → D0ðK�0 →ÞKþπ− that are
induced by b̄ → c̄us̄ and b̄ → ūcs̄ respectively, the two
amplitudes are close in magnitude, leading to sizable direct
CP asymmetries in decaysB → D�Kþπ−. Moreover, B0 →
DKþπ− decays are especially advantageous since the charge
of the kaon unambiguously tags the flavor of the decaying B
meson, obviating the need for time-dependent analysis. This
appears to be one of the most promising channels to make a
precise measurement of γ [17,18]. In recent years, LHCb
collaboration has performed the Dalitz plot analysis and
measured the branching fractions of the B0 → D̄0πþπ−,
B0 → DðD̄0ÞKþπ−, B0 → D̄�0Kþπ−, B0

s → D̄�0K−πþ, and
Bþ → D−Kþπþ decays [19–23] for improving the precision
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to the CKM angles of existing and studying the properties of
various resonances. Motivated by the released results of
LHCb, we have investigated the CKM-favored charmed
three-body BðsÞ → D̄Kπ decays with P-wave resonances
K�ð892Þ andK�ð1410Þ, theS-wave resonanceK�

0ð1430Þ and
the D-wave resonance K�

2ð1430Þ in PQCD approach by
adopting an appropriate two-meson wave functions of Kπ
pair [24]. The theoretical results agree well with the exper-
imental data. To keep completeness, we shall extend our
studies to the B → DKπ decays also with the K�ð892Þ=
ð1410Þ, K�

0=2ð1430Þ resonances using the well-determined
wave functions of the Kπ pair.
The paper is organized as follows. In Sec. II, we shortly

review the formalism of PQCD approach in association
with the wave functions of meson and Kπ-pair, and then
present the perturbative calculations of considered decays.
The decay amplitudes are also collected in this section. The
numerical results and some discussions are given in
Sec. III. Finally, we summarize this work in Sec. IV.

II. DECAY FORMALISM AND DECAY
AMPLITUDES

For clarity, we define the kinematics of the three-body
decay as

BðpBÞ → M1ðp1Þ þM2ðp2Þ þM3ðp3Þ; ð1Þ

and it is customary to take these variables as two invariant
masses of two pairs of final state particles,

m2
12 ¼ ðp1 þ p2Þ2; m2

13 ¼ ðp1 þ p3Þ2: ð2Þ

Thus, the amplitude of the three-body decay is a function of
the two kinematic variables, m2

12 and m2
13. As aforemen-

tioned, the central parts of three edges mean that two
particles move collinearly with large energy and the other
particle recoils back. In this case, the interactions between
the meson-pair and the bachelor particle are power sup-
pressed naturally. This kind of process is also called quasi-
two-body process. The interactions in the meson-pair can
be absorbed into a two-meson wave function. Thus, the
quasi-two-body decay is very similar to a two-body decay,
and the factorization formula would be applied by replacing
one final particle by the meson-pair.
It should be stressed that the theoretical description of

the three-body B decays is still in the stage of modeling,
and the isobar model [25,26] and the K-matrix formalism
[27] are usually applied in the Dalitz plot analysis of
experimental data, especially the isobar model. Based on
the isobar model, the decay amplitude can be decomposed
into a coherent sum of amplitudes from N individual decay
channels with different resonances,

A ¼
XN
i¼1

aiA i; ð3Þ

where A i is the amplitude of one quasi-two-body decay
with respect to a certain resonance Ri. The complex
coefficient aj reflecting the relevant magnitude and the
relative phase of the different channels can be determined
from the experimental data, while the amplitude A i can be
theoretically calculated within QCD-inspired approach. In
this work, the PQCD approach that is based on the kT
factorization will be employed, where the spectator quark is
kicked by a hard gluon.
In the framework of PQCD, the amplitude of a charmed

quasi-two-body B meson decay can be written as a
convolution

A i ¼ ΦB ⊗ H ⊗ J ⊗ S ⊗ ΦM1M2;i ⊗ ΦD; ð4Þ

all of which are well defined and gauge-invariant. J and S
denote the jet function from threshold resummation and the
Sudakov factor from kT resummation, respectively. ΦB and
ΦD are the wave functions of the B meson and D meson,
describing how two inner quarks are combined into the
heavy mesons. ΦM1M2;i is the wave function of Kπ pair,
where both the soft interactions between two mesons and
the contributions from Ri are included. The hard kernel H
for the b quark decay, similar to the two-body case, starts
with the diagrams of single hard gluon exchange, and can
be calculated perturbatively.
The relevant effective weak Hamiltonian of b̄ →

ūcq̄ðq ¼ s; dÞ decay is give by [28]

H eff ¼
GFffiffiffi
2

p V�
ubVcq½C1O1 þ C2O2�; ð5Þ

where the Vub and Vcq are the CKM matrix elements. C1

and C2 are the wilson coefficients (WCs) corresponding to
the tree level four-quark current-current operators O1 and
O2, respectively. The tree operators O1;2 are given as

O1 ¼ b̄αγμð1 − γ5Þuβc̄βγμð1 − γ5Þqα;
O2 ¼ b̄αγμð1 − γ5Þuαc̄βγμð1 − γ5Þqβ; ð6Þ

where α and β are the color indexes.
The six-quark hard kernel H consists of the diagrams

with at least one hard gluon. The complete set of leading-
order diagrams for the B → DðR →ÞKπ decays is dis-
played in Fig. 1. Figures 1(a) and 1(b), referred to as the
factorizable emission diagrams, correspond to the leading
contribution in QCDF. Figures 1(c) and 1(d), are referred to
as the nonfactorizable emission diagrams. Figures 1(e)
and 1(f), and Figs. 1(g) and 1(h) are referred to as the
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factorizable annihilation diagrams and the nonfactorizable
annihilation ones, respectively.
We note that the wave functions of the B meson and D

meson have been well defined in the two-body B decays. In
contrast, the wave functions of Kπ pair with respect to the
S-wave, P-wave, and D-wave K� resonances are less
studied. The S-wave Kπ pair wave function ΦS;Kπ is given
as [29,30],

ΦS;Kπ ¼
1

2
ffiffiffiffiffiffi
Nc

p ½Pϕa
Sðz; ζ;ωÞ þ ωϕs

Sðz; ζ;ωÞ

þ ωð=n=v − 1Þϕt
Sðz; ζ;ωÞ�; ð7Þ

where P and ω are the momentum and the invariant mass of
the Kπ pair respectively, satisfying P2 ¼ ω2. The dimen-
sionless vectors n ¼ ð1; 0; 0TÞ and v ¼ ð0; 1; 0TÞ are the
lightlike vectors. ϕa

S and ϕs;t
S are the twist-2 and twist-3

distribution amplitudes (DAs), respectively. The inner
parameter z is the momentum fraction of the spectator
quark, and ξ is the momentum fraction of the K meson in
the Kπ pair. For the wave function of the P-wave Kπ pair,
due to the law of conservation of angular momentum, we
here only consider the longitudinal polarization compo-
nent, which is given as

ΦP;Kπ ¼
1ffiffiffiffiffiffiffiffiffi
2NC

p
�
Pϕa

Pðz; ξ;ωÞ þ ωϕs
Pðz; ξ;ωÞ

þ P1P2 − P2P1

ωð2ξ − 1Þ ϕt
Pðz; ξ;ωÞ

�
; ð8Þ

whereϕa
P is the twist-2 DA, andϕ

s;t
P are twist-3 ones. For the

same reason, the behavior of the D-wave Kπ pair is very
similar to the P-wave one [31], and only differences are the
DAs ϕa

D, ϕ
s
D, and ϕ

t
D. All distribution amplitudes have been

determined from the experimental data, and readers are
referred to our previous study [24]. It should be emphasized
that the DA contains both resonant and nonresonant con-
tributions.Different from theDAofmeson, the timelike form
factor is introduced to describe the resonant contribution.
Based on the factorization formula and the Hamiltonian

introduced above, we could calculate the decay amplitudes.
Because both O1 and O2 are ðV − AÞðV − AÞ current, there
are only four kinds of amplitudes marked asF ,M ,A , and
W , corresponding to the factorizable emission diagrams,
nonfactorizable emission diagrams, the factorizable anni-
hilation diagrams, and the nonfactorizable annihilation
diagrams, respectively. We now calculate the four kinds
of amplitudes corresponding to the diagrams with different
resonances. At first, the decay amplitudes including S-wave
Kπ pair are listed as

F ¼ 8πCFm4
BfD

Z
1

0

dx1dx3

Z
∞

0

b1db1b3db3ϕBðx1; b1Þ

× f½ð1þ x2 − ð1þ 2x2Þr22 − ð1þ x2Þr23Þϕa
Xðx3Þ

þ ð1 − 3x3Þr3ϕt
Sðx3Þ þ ð1 − 2x3Þr3ϕs

Xðx3Þ�EefðtaÞhef½x1; x3ð1 − r22Þ; b1; b3�
− ½r23ϕa

Sðx3Þ − 2r3ϕs
Xðx3Þ�EefðtbÞhef½x3; x1ð1 − r22Þ; b3; b1�g; ð9Þ

FIG. 1. Leading quark-level Feynman diagrams for the B → DðR →ÞKπ decays, where (a) and (b) are factorizable emission diagrams,
(c) and (d) are the nonfactorizable emission diagrams, (e) and (f) are the factorizable annihilation diagrams, and (g) and (h) are
nonfactorizable annihilation diagrams, respectively.
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M ¼ 16

ffiffiffi
2

3

r
CFπm4

B

Z
1

0

dx1dx2dx3

Z
∞

0

b1db1b2db2ϕBðx1; b1ÞϕDðx2Þ

× f½ððx3 − 2x2Þr23 þ x2Þϕa
Xðx3Þ − r3x3ϕs

Xðx3Þ þ r3x3ϕt
Xðx3Þ�EenfðtcÞhenfðα; β1; b1; b2Þ

þ ½ð1þ x3 − x2 − ð2x3 þ 1 − x2Þr22 − ðx3 þ 2 − 2x2Þr23Þϕa
Xðx3Þ − x3r3ϕt

Xðx3Þ
− x3r3ϕs

Xðx3Þ�EenfðtdÞhenfðα; β2; b1; b2Þg; ð10Þ

A ¼ −8CFfBπm4
B

Z
1

0

dx2dx3

Z
∞

0

b2db2b3db3ϕDðx3Þ

× f½ðð1 − 2x3Þr22 þ x3 − x3r23Þϕa
Xðx2Þ þ 2ð1þ x3Þr2r3ϕs

Xðx2Þ�EafðteÞhafðα1; β; b2; b3Þ
þ ½ðð1þ 2x3Þr23 − x2 þ x2r22Þϕa

Xðx2Þ þ ð1 − 2x3Þr2r3ϕt
Xðx2Þ

− ð1þ 2x3Þr2r3ϕs
Xðx2Þ�EafðtfÞhafðα2; β; b2; b3Þg; ð11Þ

W ¼ 16

ffiffiffi
2

3

r
CFπm4

B

Z
1

0

dx1dx2dx3

Z
∞

0

b1db1b2db2ϕBðx1; b1ÞϕDðx3Þ

× f½ðr22 þ ð1 − x3 þ 2x2Þr23 − x2Þϕa
Xðx2Þ − r2r3ðð2þ x3 þ x2Þϕs

Xðx2Þ
þ ðx2 − x3Þϕt

Xðx2ÞÞ�EanfðtgÞhanfðα; β1; b1; b2Þ
þ ½ðx3 þ ðx2 − 2x3Þr22Þϕa

Xðx2Þ þ r2r3ððx3 þ x2Þϕs
Xðx2Þ

− ðx2 − x3Þϕt
Xðx2ÞÞ�EanfðthÞhanfðα; β2; b1; b2Þg; ð12Þ

withX denoting S,P,D for different waves. The hard functions hef;enf;af;anf, the dynamic scales ti, the Sudakov form factors
Eef;enf;af;anf and the distribution amplitudes ϕB, ϕD and ϕa;s;t

X in the wave functions of mesons and meson-pairs are referred
to [32].
Within the analytic amplitudes of the each diagrams contributing to the quasi-two-body BðsÞ → DKπ decays at the

leading order in PQCD approach, we then obtain the total decay amplitudes with the CKM matrix elements and the WCs,
which are presented as

A ðB0 → D0ðKþπ−ÞÞ ¼ GFffiffiffi
2

p V�
ubVcs

��
C1 þ

C2

3

�
F þ C2M

�
; ð13Þ

A ðBs → D0ðK−πþÞÞ ¼ GFffiffiffi
2

p V�
ubVcd

��
C1 þ

C2

3

�
F þ C2M

�
; ð14Þ

A ðBs → DþðK−π0ÞÞ ¼ GFffiffiffi
2

p V�
ubVcd

��
C1

3
þ C2

�
F þ C1M

�
; ð15Þ

A ðBþ → D0ðKþπ0ÞÞ ¼ GFffiffiffi
2

p V�
ubVcs

��
C1 þ

C2

3

�
F þ C2M þ

�
C1

3
þ C2

�
A þ C1W

�
; ð16Þ

A ðBs → Dþ
s ðK−π0ÞÞ ¼ GFffiffiffi

2
p V�

ubVcs

��
C1

3
þ C2

�
F þ C1M þ

�
C1 þ

C2

3

�
A þ C2W

�
; ð17Þ

A ðB0 → Dþ
s ðK−π0ÞÞ ¼ GFffiffiffi

2
p V�

ubVcd

��
C1 þ

C2

3

�
A þ C2W

�
; ð18Þ

A ðBþ → DþðKþπ−ÞÞ ¼ GFffiffiffi
2

p V�
ubVcs

��
C1

3
þ C2

�
A þ C1W

�
; ð19Þ
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A ðBþ → Dþ
s ðK−πþÞÞ

¼ GFffiffiffi
2

p V�
ubVcd

��
C1

3
þ C2

�
A þ C1W

�
: ð20Þ

For the nonleptonic charmless two-body B decays, the
amplitudes of two nonfactorizable emission diagrams are
canceled by each other due to negligible masses of light
quarks. However, for the charmed B decays with the D
meson emission, two amplitudes no longer cancel each
other, as the mass of the charm quark is much larger than
that of light quark. In addition, though the amplitudes of
this kind of decays are suppressed by the CKM elements,

they are enhanced by the large WC C2. So, one expects that
the branching fractions of these CKM suppressed decays
are comparable with those of CKM-favored but color-
suppressed decays.

III. NUMERICAL RESULTS AND DISCUSSIONS

In this section, we first present the parameters used in our
numerical calculations, including the QCD scale, the
masses and the lifetimes of the B mesons, the mass of
theDmeson, the masses and the widths of the intermediate
resonances, and the CKM matrix elements,

Λf¼4
QCD ¼ 0.25� 0.05 GeV; mB ¼ 5.279 GeV; mBs

¼ 5.366 GeV;

τBþ ¼ 1.638 ps; τB0 ¼ 1.519 ps; τBs
¼ 1.520 ps;

mD0 ¼ 1.865 GeV; mDþ ¼ 1.869 GeV; mDs
¼ 1.968 GeV;

mK�ð892Þ ¼ 0.892 GeV; mK�ð1410Þ ¼ 1.414 GeV; mK�
0
ð1430Þ ¼ 1.425 GeV;

mK�
2
ð1430Þ ¼ 1.427 GeV; ΓK�ð892Þ ¼ 51.4 GeV; ΓK�ð1410Þ ¼ 232 MeV;

ΓK�
0
ð1430Þ ¼ 270 MeV; ΓK�

2
ð1430Þ ¼ 100 MeV;

Vcd ¼ 0.22486; Vub ¼ 0.00369� 0.00011; Vcs ¼ 0.97349: ð21Þ

With the total decay amplitude, the differential branching
fraction is written as

dB
dm23

¼ τB
jp⃗Djjp⃗Kj
32π3m3

B
jA j2; ð22Þ

τB being the B meson lifetime. The magnitudes of three-
momenta of one kaon and the bachelor particle in the rest
frame of the Kπ-pair are given as

jp⃗Dj ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
λðm2

B;m
2
D;m

2
23

p
Þ

2m23

; jp⃗Kj ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
λðm2

23;m
2
K;m

2
πÞ

p
2m23

;

ð23Þ

with the standard Källén function λða; b; cÞ ¼ a2 þ b2þ
c2 − 2ðabþ acþ bcÞ.
The numerical results of the branching fractions of the

B=Bs → DKπ decays with the S, P, and D wave Kπ pairs
are summarized in the Tables I–III, respectively. In the
calculations, there are many theoretical uncertainties. Here,
we evaluate three main kinds of uncertainties. The first
uncertainties origin from the hadronic parameters in the
distribution amplitudes of the Bmesons,Dmesons and Kπ
pair, which are nonperturbative but universal. It is noted
that they are only calculated from the nonperturbative QCD
approach or determined from data. As shown in the tables,
this kind of uncertainties are dominate. The second

uncertainties are estimated from the unknown higher order
and the higher power corrections. Due to the complexity of
calculations, the corrections from higher order and higher
power of three-body nonleptonic B decays have not been
explored, though part corrections of two-body hadronic B
decays have been preformed. In current work, we estimated
these uncertainties by choosing ΛQCD ¼ 0.25� 0.05 GeV
and varying the factorization scales t from 0.8t to 1.2t. The
last uncertainties come from the uncertainties of the CKM
matrix element Vub. We also note that the experimental
measurements of these decays are not available data till
now.
In the topological diagram approach, the amplitude can

be decomposed in term of graphical contributions. The
relevant graphs consist of the following (1) a (color-
favored) “tree” amplitude T, associated with the transition
b̄ → ūqc̄ (q ¼ d or s) in which the c̄q system forms a color-
singlet Dþ or Dþ

s meson; (2) a “color-suppressed” ampli-
tude C, associated with the transition b̄ → c̄uq̄ in which the
c̄u system forms a color-singlet D0 meson; (3) an
“exchange” amplitude E in which the b̄ quark and an
initial q quark in the decaying neutral B meson exchange a
W and become c̄ and u; and (4) an “annihilation” amplitude
A contributing only to charged B decay through the
subprocess b̄u → q̄c by means of aW in the direct channel.
In the tables, all the decays are thus classified according to
the dominant contribution.
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In order to include the effects of resonance, the timelike
form factor FSðm2

ijÞ is introduced in the distribution
amplitudes of two-meson wave functions [33]. In particu-
lar, this form factor is parameterized by the relativistic
Breit-Wigner (RBW) model [34], which has been adopted
extensively in experimental analysis and been regarded as a
valid model for describing a narrow resonances, such as
resonances K�ð892Þ and the K�

2ð1430Þ. However, RBW
model fails to describe the S-wave resonance K�

0ð1430Þ,
because the resonance interferes strongly with a slowly
varying nonresonant term. To help resolve this dilemma,
the so-called LASS model is developed, which consists of
the resonance as well as an effective-range nonresonant
component. Readers are referred to the Refs. [35–37] for
details. Therefore, for these S-wave decays we list three
types of branching fractions, i.e., the total branching
fractions (LASS) including both resonant and nonresonant
contributions, the branching fractions including only the

resonant contributions and the branching fractions
(LASSNR) including contributions from nonresonance,
as shown in Table I. An alternative scenario has also been
proposed [30], where the form factor FSðm2

ijÞ was derived
from the matrix element of the vacuum toKπ final state and
was related to the corresponding scalar timelike form
factor FKπ

0 ðm2
ijÞ.

Compared with the B=Bs → D̄Kπ decays calculated in
the Ref. [24], B=Bs → DKπ decays are suppressed by the
CKM matrix elements jVub=Vcbj2, especially for those
strangeness decays. Thus, the branching fractions of the
B=Bs → DKπ decays with the vector resonances K�ð892Þ
and K�ð1410Þ are smaller than those of corresponding
B=Bs → D̄Kπ decays. From the Table II, one finds that the
branching fraction of the Bs → Dþ

s ðK�−ð892Þ →ÞK−π0 is
much larger than those of other decay modes, and it is at the
order of 10−5. In fact, this decay is a “T” type channel,
which is enhanced by both the large WC C1=3þ C2 and

TABLE I. The branching ratio (in 10−6) of the three-body B=Bs → DKπ decays with the resonance K�
0ð1430Þ in

the PQCD approach.

Decay modes Class PQCD

B0 → D0Kþπ−ðLASSÞ 1.71þ0.83þ0.46þ0.12
−0.5−0.39−0.05

B0 → D0ðK�0
0 ð1430Þ →ÞKþπ− C 1.21þ0.56þ0.31þ0.05

−0.49−0.33−0.09

B0 → D0Kþπ−ðLASSNRÞ 0.97þ0.39þ0.24þ0.04
−0.36−0.24−0.07

Bs → D0K−πþðLASSÞ ð6.50þ3.60þ0.90þ0.20
−1.80−1.10−0.40 Þ × 10−2

Bs → D0ðK̄�0
0 ð1430Þ →ÞK−πþ C ð4.30þ2.90þ0.80þ0.30

−1.20−0.80−0.20 Þ × 10−2

Bs → D0K−πþðLASSNRÞ ð3.50þ1.90þ0.50þ0.10
−1.00−0.70−0.30 Þ × 10−2

Bþ → D0Kþπ0ðLASSÞ 0.67þ0.15þ0.30þ0.00
−0.45−0.30−0.15

Bþ → D0ðK�þ
0 ð1430Þ →ÞKþπ0 C 0.39þ0.16þ0.23þ0.06

−0.21−0.16−0.08

Bþ → D0Kþπ0ðLASSNRÞ 0.34þ0.08þ0.17þ0.00
−0.20−0.14−0.08

Bs → DþK−π0ðLASSÞ 0.33þ0.19þ0.02þ0.02
−0.07−0.02−0.02

Bs → DþðK�−ð1430Þ →ÞK−π0 T 0.29þ0.17þ0.02þ0.02
−0.13−0.02−0.02

Bs → DþK−π0ðLASSNRÞ 0.18þ0.10þ0.01þ0.01
−0.04−0.01−0.01

Bs → Dþ
s K−π0ðLASSÞ 7.80þ4.07þ0.37þ0.46

−1.73−0.55−0.48

Bs → Dþ
s ðK�−

0 ð1430Þ →ÞKþπ0 T 7.10þ3.70þ0.37þ0.42
−1.55−0.48−0.41

Bs → Dþ
s K−π0ðLASSNRÞ 4.43þ2.32þ0.22þ0.25

−0.98−0.31−0.27

B0 → Dþ
s K−π0ðLASSÞ ð2.00þ0.35þ0.01þ0.15

−0.45−0.20−0.15 Þ × 10−2

B0 → Dþ
s ðK�−

0 ð1430Þ →ÞK−π0 E ð1.40þ0.45þ0.10þ0.20
−0.28−0.10−0.03 Þ × 10−2

B0 → Dþ
s K−π0ðLASSNRÞ ð1.00þ0.2þ0.02þ0.10

−0.30−0.10−0.10Þ × 10−2

Bþ → DþKþπ−ðLASSÞ 0.11þ0.08þ0.04þ0.04
−0.09−0.02−0.00

Bþ → DþðK�0
0 ð1430Þ →ÞKþπ− A 0.09þ0.08þ0.04þ0.04

−0.09−0.02−0.00

Bþ → DþKþπ−ðLASSNRÞ 0.06þ0.07þ0.02þ0.04
−0.03−0.02−0.00

Bþ → Dþ
s K−πþðLASSÞ ð0.90þ0.60þ0.50þ0.40

−0.40−0.30−0.00 Þ × 10−2

Bþ → Dþ
s ðK�0

0 ð1430Þ →ÞK−πþ A ð0.76þ0.50þ0.20þ0.20
−0.40−0.20−0.00 Þ × 10−2

Bþ → Dþ
s K−πþðLASSNRÞ ð0.50þ0.30þ0.10þ0.20

−0.40−0.20−0.00 Þ × 10−2
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the large CKM matrix element Vcs. However, due to the
suppression by the small CKM element Vcd, another “T”
type decay channel Bs → DþðK�−ð892Þ →ÞK−π0 has a
small branching fraction, the order of which is equivalent to
those of color-suppressed channels with large CKM
element Vcs, such as the Bþ → D0ðK�þð892Þ →ÞKþπ0
decay. In calculating the decays with a light meson emitted,
two nonfactorizable diagrams are canceled by each other
significantly, then their total amplitude is smaller than that
of factorizable diagrams. However, for the color-suppressed
decay modes with a D meson emitted, because the mass of

charm quark is much larger than that of light quark, the
cancellation between two nonfactorizable diagrams does
not exist any more, which leads that the sum of two
amplitudes of two nonfactorizable diagrams becomes
sizable. Therefore, these two nonfactorizable diagrams
with the large WC C2 dominate the decay amplitude.
We thus suggest that the experimentalists can first observe
those CKM enhanced “T” and “C” type decays with the
branching ratios at the order of 10−6 or even bigger.
We note that for the S andDwaves the branching fractions

of B=Bs → DðKþ
0ð2Þð1430Þ →ÞKπ decays are close to or

TABLE II. The branching ratios (in 10−6) of the three-body B=Bs → DKπ decays with the resonances K�ð892Þ
and K�ð1410Þ in the PQCD approach.

Decay modes Class PQCD

B0 → D0ðK�0ð892Þ →ÞKþπ− C 1.96þ1.01þ0.52þ0.11
−0.87−0.41−0.12

B0 → D0ðK�0ð1410Þ →ÞKþπ− C 0.21þ0.09þ0.06þ0.01
−0.08−0.05−0.01

Bs → D0ðK̄�0ð892Þ →ÞK−πþ C 0.08þ0.05þ0.02þ0.00
−0.03−0.02−0.00

Bs → D0ðK̄�0ð1410Þ →ÞK−πþ C (0.87þ0.51þ0.2þ0.05
−0.27−0.2−0.05 Þ × 10−2

Bþ → D0ðK�þð892Þ →ÞKþπ0 C 1.00þ0.43þ0.20þ0.00
−0.48−0.27−0.07

Bþ → D0ðK�þð1410Þ →ÞKþπ0 C 0.09þ0.05þ0.03þ0.02
−0.03−0.01−0.00

Bs → DþðK�−ð892Þ →ÞK−π0 T 0.6þ0.30þ0.03þ0.04
−0.15−0.04−0.04

Bs → DþðK�−ð1410Þ →ÞK−π0 T (7.00þ3.00þ0.30þ0.40
−2.00−0.40−0.40 Þ × 10−2

Bs → Dþ
s ðK�−ð892Þ →ÞK−π0 T 13.3þ6.84þ0.76þ0.80

−3.04−0.73−0.79

Bs → Dþ
s ðK�−ð1410Þ →ÞK−π0 T 1.50þ0.77þ0.08þ0.09

−0.33−0.08−0.09

B0 → Dþ
s ðK�−ð892Þ →ÞK−π0 E ð0.53þ0.30þ0.10þ0.00

−0.30−0.10−0.03 Þ × 10−2

B0 → Dþ
s ðK�−ð1410Þ →ÞK−π0 E ð0.05þ0.03þ0.01þ0.00

−0.03−0.02−0.01 Þ × 10−2

Bþ → DþðK�0ð892Þ →ÞKþπ− A 0.21þ0.10þ0.03þ0.04
−0.06−0.02−0.00

Bþ → DþðK�0ð1410Þ →ÞKþπ− A ð1.70þ0.80þ0.03þ0.50
−0.80−0.30−0.00 Þ × 10−2

Bþ → Dþ
s ðK�0ð892Þ →ÞK−πþ A ð1.40þ0.80þ0.40þ0.20

−0.30−0.80−0.02 Þ × 10−2

Bþ → Dþ
s ðK�0ð1410Þ →ÞK−πþ A ð0.12þ0.05þ0.01þ0.01

−0.05−0.03−0.00 Þ × 10−2

TABLE III. The branching ratio (in 10−6) of the three-body B=Bs → DKπ decays with the resonance K�
2ð1430Þ in

the PQCD approach.

Decay modes Class PQCD

B0 → D0ðK�0
2 ð1430Þ →ÞKþπ− C 1.00þ0.59þ0.17þ0.06

−0.47−0.14−0.05

Bs → D0ðK̄�0
2 ð1430Þ →ÞK−πþ C ð3.40þ2.20þ0.50þ0.20

−1.40−0.50−0.20 Þ × 10−2

Bþ → D0ðK�þ
2 ð1430Þ →ÞKþπ0 C 0.49þ0.30þ0.06þ0.02

−0.27−0.09−0.02

Bs → DþðK�−ð1430Þ →ÞK−π0 T 0.13þ0.08þ0.01þ0.01
−0.06−0.01−0.01

Bs → Dþ
s ðK�−

2 ð1430Þ →ÞKþπ0 T 2.59þ1.81þ0.21þ0.17
−1.07−0.27−0.15

B0 → Dþ
s ðK�−

2 ð1430Þ →ÞK−π0 E ð0.33þ0.18þ0.05þ0.02
−0.15−0.07−0.04 Þ × 10−2

Bþ → DþðK�0
2 ð1430Þ →ÞKþπ− A ð0.05þ0.02þ0.01þ0.00

−0.02−0.01−0.01 Þ
Bþ → Dþ

s ðK�0
2 ð1430Þ →ÞK−πþ A ð0.39þ0.20þ0.05þ0.02

−0.20−0.06−0.07 Þ × 10−2
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even larger than those of B=Bs → D̄ðKþ
0ð2Þð1430Þ →ÞKπ

decays, for example, BðB0→Dþ
s ðK−

0 ð1430Þ→ÞKþπ0Þ∼
7.1×10−6>BðB0→D−ðKþ

0 ð1430Þ→ÞKþπ0Þ∼1.2×10−6.
In fact, the decays B=Bs → DðKþ

0ð2Þð1430Þ →ÞKπ with D

meson emission are color suppressed, while the decays
B=Bs → D̄ðKþ

0ð2Þð1430Þ →ÞKπ are color-favored with

Kπ-pair emission. When the Kπ-pair is a S-wave, the
factorizable emission diagrams with large WCs are highly
suppressed by the tiny vector decay constant of the emitted
scalar structure. Similarly, if the emittedKπ-pair is aD-wave,
the contributions from the factorizable emission diagrams
vanish, because the tensor structure cannot be produced
through the V − A currents. As stated above, the two non-
factorizable emission diagrams with small WC C1 are also
canceled by each other. For B0 → Dþ

s ðK−
0;2ð1430Þ →ÞKþπ0

decays, Dþ
s meson is emitted and the factorizable emission

diagrams with large WCs C1=3þ C2 dominate the whole
amplitudes, leading to large branching fractions.
Under the narrow-width-approximation, a branching

fraction of the quasi-two-body decay can be decomposed as

B½B → M1R → M1M2M3�
¼ B½B → M1R� ×B½R → M2M3�; ð24Þ

R being a resonance. This approximation provides us an
effective approach to extract the branching fractions of the
B → DK� decays, by combining the calculated branching
fractions of the above quasi-two-body decays and the
experimental data of the K� → Kπ decays. In turn, the
comparison between extracted branching fraction and
the available experimental data is also helpful to test our
theoretical predictions.
In the experimental side, the branching fractions of the

K� → Kπ have been measured with high precision [1], and
the results are given as

BðK�ð892Þ → KπÞ ∼ 1; ð25Þ

BðK�ð1410Þ → KπÞ ¼ ð6.6� 1.2Þ%; ð26Þ

BðK�
0ð1430Þ → KπÞ ¼ ð93� 10Þ%; ð27Þ

BðK�
2ð1430Þ → KπÞ ¼ ð49.9� 1.2Þ%: ð28Þ

Within above data and the numerical results listed in tables,
we can estimate the branching fractions of the B=Bs →
DK� decays, and the results are presented in Table IV. It is
found that the new obtained branching fractions are
consistent to the theoretical results based on PQCD
approach within the uncertainties.
It is well known to us that the direct CP asymmetries of

B meson decays origin from the interference between the
tree and the penguin contributions. However, in SM only

tree operators contribute to the considered quasi-two-body
B=Bs → DðK� →ÞKπ decays, which means that there are
no direct CP asymmetries in these decays. If a large CP
asymmetry were measured in the future, it would be a direct
signal of new physics beyond SM.
Currently, the theoretical study of three-body B decays is

still challenging, because it is hard for us to separate the
resonant and nonresonant contributions, or perturbative and
nonperturbative part. Therefore, the theoretical description
of the three-body decays is still in the stage of the modeling

TABLE IV. The branching ratios (in 10−6) of BðsÞ → DK�
decays probed from the quasi-two-body BðsÞ → DðK� →ÞKπ
decays based on the narrow-width-approximation(NWA), to-
gether with the experimental data [1] and the former PQCD
predictions from Refs. [32,38,39].

Decay modes NWA Former PQCD

B0 → D0K�0ð892Þ 2.94þ1.69
−1.45 1.92þ1.22

−0.94
B0 → D0K�0ð1410Þ 4.77þ2.50

−2.18 ….
B0 → D0K�0

0 ð1430Þ 1.95þ1.03
−0.96 1.02þ0.88

−0.71
B0 → D0K�0

2 ð1430Þ 3.00þ1.85
−1.48 4.18þ1.98

−1.66

Bs → D0K̄�0ð892Þ 0.12þ0.08
−0.05 ….

Bs → D0K̄�0ð1410Þ (0.19þ0.13
−0.07 Þ × 10−2 ….

Bs → D0K̄�0
0 ð1430Þ 0.07þ0.05

−0.02 0.06þ0.05
−0.04

Bs → D0K̄�0
2 ð1430Þ 0.10þ0.07

−0.05 0.14þ0.08
−0.06

Bs → DþK�−ð892Þ 1.8þ0.92
−0.45 1.42þ0.65

−0.51
Bs → DþK�−ð1410Þ 3.04þ1.38

−0.94 ….
Bs → DþK�−ð1430Þ 0.95þ0.54

−0.42 0.76þ0.81
−0.71

Bs → DþK�−ð1430Þ 0.75þ0.24
−0.18 1.12þ0.58

−0.48

Bþ → D0K�þð892Þ 3.00þ1.42
−1.66 2.05þ1.46

−0.92
Bþ → D0K�þð1410Þ 4.91þ2.80

−1.26 ….
Bþ → D0K�þ

0 ð1430Þ 1.25þ0.92
−0.88 2.13þ1.42

−1.33
Bþ → D0K�þ

2 ð1430Þ 2.91þ1.82
−1.44 3.73þ1.66

−1.56

Bs → Dþ
s K�−ð892Þ 40.00þ20.70

−9.60 33.10þ15.70
−12.28

Bs → Dþ
s K�−ð1410Þ 68.40þ35.52

−15.96 ….
Bs → Dþ

s K�−
0 ð1430Þ 22.90þ12.06

−5.38 14.50þ8.08
−6.31

Bs → Dþ
s K�−

2 ð1430Þ 15.60þ10.98
−6.68 20.60þ11.90

−10.10

B0 → Dþ
s K�−ð892Þ ð1.6þ0.8

−0.8 Þ × 10−2 ð1.68þ0.77
−0.55 Þ × 10−2

B0 → Dþ
s K�−ð1410Þ ð2.30þ1.40

−1.60 Þ × 10−2 ….
B0 → Dþ

s K�−
0 ð1430Þ ð4.50þ1.60

−1.00 Þ × 10−2 ….
B0 → Dþ

s K�−
2 ð1430Þ 0.02þ0.01

−0.01 0.06þ0.02
−0.02

Bþ → DþK�0ð892Þ 0.31þ0.16
−0.09 0.11þ0.03

−0.05
Bþ → DþK�0ð1410Þ 0.38þ0.21

−0.19 ….
Bþ → DþK�0

0 ð1430Þ 0.15þ0.15
−0.06 0.41þ0.19

−0.20
Bþ → DþK�0

2 ð1430Þ 0.15þ0.06
−0.07 0.527þ0.20

−0.19

Bþ → Dþ
s K�0ð892Þ ð2.10þ1.30

−1.30 Þ × 10−2 ð0.50þ0.21
−0.21 Þ × 10−2

Bþ → Dþ
s K�0ð1410Þ ð2.70þ1.10

−1.30 Þ × 10−2 ….
Bþ → Dþ

s K�0
0 ð1430Þ ð1.20þ0.90

−0.70 Þ × 10−2 ð2.50þ1.00
−1.30 Þ × 10−2

Bþ → Dþ
s K�0

2 ð1430Þ ð1.20þ0.60
−0.70 Þ × 10−2 ð3.40þ1.40

−1.30 Þ × 10−2
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now [40]. In this work, we only discuss the quasi-two-body
B decays where two final particles move collinearly and the
bachelor recoils back. In this case, the factorization
hypothesis might be valid, and the amplitude can be
factorized into three parts, namely the Wilson coefficient,
the hard kernel and the nonperturbative wave functions. In
the calculation, since the wave functions of light mesons
and initial B mesons have been well studied in two-body B
decays [41,42], the most important inputs are the wave
functions of the two-meson pair, which cannot be obtained
from the first principle till now. Here, the wave functions of
Kπ-pair for different waves are from the phenomenological
models, and the inner parameters are determined from the
experimental data. Although two meson wave functions
have been investigated based on light-cone QCD sum rules
recently [43,44], and we still call for more results with high
precision. Once the Kπ-pair wave functions were well
studied, the uncertainties of theoretical predictions would
be reduced remarkably, which will be helpful for us to
study the three-body B decays on a deeper level further.

IV. SUMMARY

Within PQCD approach, we calculate the branching
fractions of the quasi-two-body BðsÞ → DðR → KπÞ
decays, R being the vector resonance K�ð892Þ, the scalar

resonance K�
0ð1430Þ and the tensor one K�

2ð1430Þ. In the
calculations, we adopted the wave functions of the
Kπ pair that are determined in previous studies of the B →
D̄ðK� →ÞKπ decays. Due to the suppression of the small
CKM elements VubVcdðsÞ, especially for those decays with
the four-quark operators without strange quark, the resonant
branching fractions are in range of 10−9–10−6. The T-type
Bs → Dþ

s ðKπÞ− decays enhanced by Vcs have large branch-
ing fractions which would be measurable in the on-going
LHCb experiment. Other results could also be tested in
LHCb or Belle-II experiments. Furthermore, in order to
further verify the reliability of theKπ pair wave function, we
extracted the branching fractions of the corresponding
two-body B=Bs → DK� decays using the narrow-width-
approximation, and the results agree well with the previous
theoretical predictions. There are no local direct CP asym-
metries because all decays are governed by only tree
operators in SM.
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