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Phenomenological analysis of the quasi-two-body
B — D(R —)Kr decays in PQCD approach
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The quasi-two-body B — D(R —)Kr decays are calculated in PQCD approach based on the iy
factorization by introducing the wave functions of Kz pair associated with the resonances K*(892),
K;(1430), and K3(1430). The results show that most branching fractions are at the order of 10~/ or even
smaller. However, for B® — D°(K* —)Kr decays enhanced by the Cabibbo-Kobayashi-Maskawa (CKM)
element V., their branching fractions are at the order of 107, 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 107> 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., sj, and s;3 with the definition
m;; = (p; + p;)*). All the allowed physical kinematics
define a triangle region in the m,-m;3 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

*zouzt@ytu.edu.cn

Published by the American Physical Society under the terms of
the Creative Commons Attribution 4.0 International license.
Further distribution of this work must maintain attribution to
the author(s) and the published article’s title, journal citation,
and DOI. Funded by SCOAP’.

2470-0010/2023,/108(11)/113007(10)

113007-1

the nonresonant contributions, corresponding to the case that
the three final particles fly apart with large energy E ~ my/3.
If one final particle is almost at rest and the other two particles
fly back to back with energy E ~ my/2, this case falls into the
three corners of the Dalitz plot. Finally the edges of the Dalitz
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-body B meson 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 CKM matrix weak angles a, f and y. For instance,
the charmed three-body B® — DK* 7z~ decay can used to
constrain the CKM angle y within the interference between
b — ¢us and b — ics amplitudes. For the decays B® —
D(K*® -)K*z~ and B° — D°(K* -)K*z~ that are
induced by b — cus and b — @ic5 respectively, the two
amplitudes are close in magnitude, leading to sizable direct
CP asymmetries in decays B — D, K*z~. Moreover, B —
DK™ n~ 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 y [17,18]. In recent years, LHCb
collaboration has performed the Dalitz plot analysis and
measured the branching fractions of the B® — D%z 7z,
B = D(D°)K*7~, B* - D*°K*z~, BY - D*K~x*, and
BT — D™ K'r" 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 B, — DKn decays with P-wave resonances
K*(892) and K*(1410), the S-wave resonance K;(1430) and
the D-wave resonance K;(1430) in PQCD approach by
adopting an appropriate two-meson wave functions of Kz
pair [24]. The theoretical results agree well with the exper-
imental data. To keep completeness, we shall extend our
studies to the B — DKr decays also with the K*(892)/
(1410), K7,,(1430) resonances using the well-determined

wave functions of the Kz 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 Kz-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. I'V.

II. DECAY FORMALISM AND DECAY
AMPLITUDES

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

B(pg) = M(p1) + Ms(p>) + M3(p3), (1)

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

mi, = (p1 + p2)*, miy = (p1+p3)?*. (2
Thus, the amplitude of the three-body decay is a function of
the two kinematic variables, m?}, and m?;. 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,

o = Zaidh (3)

where o7; is the amplitude of one quasi-two-body decay
with respect to a certain resonance R;. The complex
coefficient a; reflecting the relevant magnitude and the
relative phase of the different channels can be determined
from the experimental data, while the amplitude 27; can be
theoretically calculated within QCD-inspired approach. In
this work, the PQCD approach that is based on the kr
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 =Py QHRJ QS Q Py, @ Pp.  (4)

all of which are well defined and gauge-invariant. J and S
denote the jet function from threshold resummation and the
Sudakov factor from k7 resummation, respectively. @5 and
&), are the wave functions of the B meson and D meson,
describing how two inner quarks are combined into the
heavy mesons. @, y, ; is the wave function of Kz pair,
where both the soft interactions between two mesons and
the contributions from R; 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 b —
ucq(q = s,d) decay is give by [28]

G
H sy = fivzbch [C10, + C,0,], (5)

where the V,;, and V., are the CKM matrix elements. C,
and C, are the wilson coefficients (WCs) corresponding to
the tree level four-quark current-current operators O; and
O,, respectively. The tree operators O, , are given as

0,
0,

bor* (1 = ys)ugtpr,(1 = 75) g0
bar*(1 = vs)uapr,(1 = vs)apg (6)

where o and S 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 — D(R —)Kr 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 I(h) are referred to as the
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Leading quark-level Feynman diagrams for the B — D(R —)Kr 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.

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 Kz pair with respect to the
S-wave, P-wave, and D-wave K™ resonances are less
studied. The S-wave Kz pair wave function @g g, is given
as [29,30],

L

(I)S,Kﬂ = 2\/1T [Pﬁbg(z’ é? a)) + w¢g‘(z7 é:* a))
+ o(tf - 1)¢s(z.{, o)), ()

where P and w are the momentum and the invariant mass of
the Kz pair respectively, satisfying P> = @?. The dimen-
sionless vectors n = (1,0,07) and v = (0,1,0;) are the
lightlike vectors. ¢§ and ¢§:’ are the twist-2 and twist-3
distribution amplitudes (DAs), respectively. The inner
parameter z is the momentum fraction of the spectator
quark, and £ is the momentum fraction of the K meson in
the Kr pair. For the wave function of the P-wave K pair,
due to the law of conservation of angular momentum, we
here only consider the longitudinal polarization compo-
nent, which is given as

1
@p kr = 5= | PP5(2. 6. 0) + 0pp(z.&, o)

V2N
PPy — PP, ,
mfﬁp(&f’w) > (8)

where ¢% is the twist-2 DA, and ¢§;’ are twist-3 ones. For the
same reason, the behavior of the D-wave Kz pair is very
similar to the P-wave one [31], and only differences are the
DAs ¢%, ¢}, and ¢f,. 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 the DA of meson, 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 O and O, are (V — A)(V — A) current, there
are only four kinds of amplitudes marked as .%, .#, <7, 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
K pair are listed as

1 0
yISJTCFméfD/ dxldx3/ bldblb3db3¢3(x1,b1)
0 0
X A[(1 4 2xp = (14 2x2)75 = (1 4 x2)73) P (x3)
+ (1= 3x3)r3ps (x3) 4 (1 = 2x3) r3p (x3)| Eep (1) g [x1, X3(1 = 13), by, b3
— [ (x3) = 2305 (x3) | E (1) B p[x3. %1 (1 = 13), b3, by ]}, )
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2 1 00
lﬂ: 16\/;Cpﬂméj; dxldxzdx3/0 b]dblbzdb2¢3(xl,b1)¢D(X2)

x {[((x3 = 2x2)r§ + x2) % (x3) — r3x30% (x3) + V3x3¢§((xs)]Eenf(fc)henf(avﬂ]»bl»bz)
(1 + x5 =0 = (203 + 1 = x2)r3 = (43 + 2 = 2x2)73) % (x3) — X373 (x3)
— x373% (X3) | Eenf (ta) heng(@, B, by, by) ¥, (10)

1 ©
o = =8Cufummy [ dvadys [ badbabsdbpo()

X A[((1 = 2x3)73 + x3 = x373) % (x2) + 2(1 + x3)rar3% (X2)|Ep (20 ) hag (@1, B. ba. b3)
+ [(1 +2x3)73 = x2 + X273) % (x2) + (1 = 2x3) ra 3 (x2)
— (14 2x3) rarspx (X2) | Eqp (1) hap (2, By b2, b3) }, (11)

2 1 o0
W = 16\/;CF”””§;A dxldxzdx3A bydb bydbyp(xy, by )p(x3)

X A{[(r3 + (1= x5+ 2x3) 13 = x2) @ (x2) = r2r3((2 + x3 4 23) P (x2)

+ (X0 = x3)P% (X2) )| Eanf (2) hans(a. fr. by, by)

+ (3 + (32 = 2x3)13) % (x2) + rars (x5 + x2) Py (x2)

— (%2 = x3)@x (2 )| Eang (tn) hang (. 2, b1, ba) }, (12)

with X denoting S,P,D for different waves. The hard functions 4,f o1 4 ,.any» the dynamic scales ¢;, the Sudakov form factors
Ef enf.af.any @nd the distribution amplitudes ¢, ¢, and ¢$"" 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 B(,) — DKx 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

Gr . [ C ]
(B - D°(K*n™)) = 7gVuchs _(Cl + ?2)9‘ + Cz///_ , (13)
(B, - Dk = ZEve v [, + ) 7 + et (14)

N \/Z ub”’ ¢ i 3 -’
(B, - D (k1) = ZEve v [ (Shc)) 7+ oo (15)

s \/2 ub cd_ 3 2 1 _,

+ O(r+,0Y) — Gr v/ AP G

M(B —)D (K T )) —ﬁvuhvcs Cl +? F +C2%+ ?+C2 d—FClW . (16)

o P Gr . (o8 . C,
(B; = Dy (K™= )):ﬁvubvw ?+C2 F+ C M+ CM—? o+ C |, (17)
o (B® — D (K~ %)) :&V* Vall C +Q A+ CW (18)

K \/E ub ¥ ¢ 1 3 ’
/(BT - DT (K*n7)) :&V* Ve g+C2 g+ C\W (19)

\/i ub’ cs 3 1 )
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o/ (Bt - D (K "))

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,
|

=4
Abcp = 0.25£0.05 GeV,
7p+ = 1.638 ps,
mpp = 1.865 GeV,
mK*<892) =0.892 GeV,
m,(;(1430) = 1.427 GeV,
FK3(1430) =270 MCV,
V., = 0.22486,

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

d% _ _ |ppllPk|

_ 2 22
dmy;  ° 32mm3 ’ (22)

|

7p being the B meson lifetime. The magnitudes of three-
momenta of one kaon and the bachelor particle in the rest
frame of the Kz-pair are given as

I — 2 7 2
A(mg, mp,, m33) A(m3yz, my.ms)
2m23

|ﬁD| = ’ |l_51<| =

’

2m23
(23)

with the standard Killén function A(a, b,c) = a® + b*+
c? =2(ab + ac + bc).

The numerical results of the branching fractions of the
B/B; - DKr decays with the S, P, and D wave K 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 B mesons, D mesons and Kz
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

mp = 5.279 GeV,
Tpo = 1.519 ps,
mp+ = 1.869 GeV,
Mg+ (1410) = 1.414 GeV,
[k (g92) = 51.4 GeV,
I'k:(1430) = 100 MeV,
V. = 0.00369 £ 0.00011,

they are enhanced by the large WC C,. 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
the D meson, the masses and the widths of the intermediate
resonances, and the CKM matrix elements,

mp, = 5.366 GeV,

Tp, = 1.520 ps,

mp, = 1.968 GeV,
mK6(1430> = 1.425 GCV,

V,, = 0.97349. (21)

|
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 Agcp = 0.25 4 0.05 GeV
and varying the factorization scales ¢ from 0.8¢ to 1.2¢. The
last uncertainties come from the uncertainties of the CKM
matrix element V,,. 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
b — igc (g = d or s) in which the ¢¢ system forms a color-
singlet D" or D} meson; (2) a “color-suppressed” ampli-
tude C, associated with the transition » — ¢ug in which the
cu system forms a color-singlet D° meson; (3) an
“exchange” amplitude E in which the b quark and an
initial ¢ quark in the decaying neutral B meson exchange a
W and become ¢ and u; and (4) an “annihilation” amplitude
A contributing only to charged B decay through the
subprocess bu — gc by means of a W in the direct channel.
In the tables, all the decays are thus classified according to
the dominant contribution.
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TABLE 1. The branching ratio (in 10~¢) of the three-body B/B, — DK decays with the resonance K} (1430) in

the PQCD approach.

Decay modes Class PQCD

B® — DOK* 7~ (LASS) 171408455505

B® — DO(K:0(1430) —)K* 7~ C L2103 0520

BY = DK+~ (LASSNR) 0.97 036 054 0%

B, — DK~z (LASS) (6.5017 5011000 ) > 1072
B, — DO(K{*(1430) —»)K~z* C (4.301750 050 030 ) 1072
B, — D"K~x*(LASSNR) (3501 g0 0702030 ) X 1072
B* = DK+ 2%(LASS) 0.67- 0134050

Bt — DO(K;*(1430) —)K* 20 C 0.39 1050 0 Tetn0s

B — D°K*7°(LASSNR) 0.341 00110

B, — D*K~n"(LASS) 0.331 007 002 008

B, — D*(K*(1430) )K" T 0.295043 00500

B, — D*K~n°(LASSNR) 0.182004 %001 001

B, — Dy K-2°(LASS) 7801191039 048

B, — D (K;(1430) —)K* 20 T 8 Uikanyanyne

B, — Dy K-7°(LASSNR) 443155510305

B" — DY K~z"(LASS) (2002035 020015 ) x 1072
B® - Df (K;=(1430) —)K~2° E (1402035700053 ) > 107
B’ > DfK~n°(LASSNR) (100193 G 50 10) x 1072
B — D*K*n~(LASS) 0. 110000000

B* — D*(K(1430) —)K* 7~ A 0.097 005 005000

B — D*K*n (LASSNR) 0.06003 505000

Bt — DfK nt(LASS) (0.90 106010304 040) 5 102
BY — DY (K;?(1430) —)K z* A (0762530 03000 ) x 1072
B* - DK n*(LASSNR) (0.501 030 0 o) x 1072

In order to include the effects of resonance, the timelike ~ resonant contributions and the branching fractions

form factor Fg(my;) 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*(892) and the K%(1430). However, RBW
model fails to describe the S-wave resonance K (1430),
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

(LASSNR) including contributions from nonresonance,
as shown in Table I. An alternative scenario has also been
proposed [30], where the form factor F' S(mf]) was derived
from the matrix element of the vacuum to K final state and
was related to the corresponding scalar timelike form
factor F§*(m3;).

Compared with the B/B; — DK decays calculated in
the Ref. [24], B/B; — DKr decays are suppressed by the
CKM matrix elements |V,;,/V,|*, especially for those
strangeness decays. Thus, the branching fractions of the
B/B; — DKr decays with the vector resonances K*(892)
and K*(1410) are smaller than those of corresponding
B/B; — DKr decays. From the Table II, one finds that the
branching fraction of the B, — D (K*~(892) —)K~ 7" is
much larger than those of other decay modes, and it is at the
order of 107>, In fact, this decay is a “T” type channel,
which is enhanced by both the large WC C,/3 + C, and
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TABLE II.  The branching ratios (in 107°) of the three-body B/B, — DKr decays with the resonances K*(892)
and K*(1410) in the PQCD approach.

Decay modes Class PQCD

BY — DO(K™(892) =K' a c 196 010 o1
BY — DO(K**(1410) —)K "2~ C 0215558 005 001

B, — D(K*(892) )K" x* c 0.08 503 005000

B, — D°(K*°(1410) »)K~z+ C (0.871 02719 905) x 1072
B* — DO(K*+(892) —)K* 7 ¢ K0V R Gy

B* — DO(K**(1410) —)K*2° C 0.0910 03001000

B, — D*(K*(892) )K" T 0.62075 0a-004

B, — D*(K*~(1410) —)K~2° T (7.0053 007201 9-80) x 1072
B, — D{ (K*~(892) )K" T 13.353047075 079

B, — D{ (K*~(1410) —)K~a° T 1507033008 009

BY —» D (K*~(892) —)K~x° E (0.53 19010 191900) x 1072
B® - DY (K*~(1410) =)K~x° E (0.051 100 1900) x 1072
B* — D*(K*(892) —)K ‘7~ A 021556 005000

B* - DT (K*°(1410) —»)K "z~ A (1705980997 99) x 1072
B* — D} (K*(892) =)K~n* A (1.401 08040404 020) % 102
B* - D{(K*°(1410) —»)K-n* A (0.121 982140011941 ) x 1072

TABLEIIL.  The branching ratio (in 10~°) of the three-body B/B, — DK decays with the resonance K’ (1430) in

the PQCD approach.

Decay modes Class PQCD

B = DU(KP(1430) =K c L00- 3 T
B, — D"(K5(1430) —)K~n* c (3407730050 050 ) x 1072
B* — D(K3"(1430) =)K 2" C 0.492037 0000102

B, — D*(K*(1430) —)K~20 T 013138500100
B, — D{ (K37 (1430) —)K ‘" T 2,590 5 0 01

B = D; (K~ (1430) = )K= E (03300 x 107
B D (KP(1430) =)K 1~ A (0.0523821901199)
B* — DE(KS(1430) -)K7* A (030703199) w102

the large CKM matrix element V ;. However, due to the
suppression by the small CKM element V,, another “T”
type decay channel B, — D" (K*~(892) —»)K~ 2" has a
small branching fraction, the order of which is equivalent to
those of color-suppressed channels with large CKM
element V., such as the B* — D(K**(892) —)K*z°
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 C, 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™® or even bigger.

We note that for the S and D waves the branching fractions
of B/B; - D(Ka“(2)(1430) —)Kn decays are close to or
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even larger than those of B/B; — D(K&z)(1430) —)Kn
decays, for example, %(B°— D (K;(1430)—)K*z")~
7.1x107%>AB(B° - D~ (K (1430) —»)K*2%) ~1.2x 1075.
In fact, the decays B/B, — D(K&2>(1430) —)Kz with D
meson emission are color suppressed, while the decays
B/B, — D(K;(1430) —)Kz are color-favored with
Kr-pair emission. When the Kz-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 emitted Kz-pairis a D-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 C; are also
canceled by each other. For B® — D (K{,(1430) —)K*x°
decays, D} meson is emitted and the factorizable emission
diagrams with large WCs C,/3 + C, 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

%[B g MIR b M1M2M3]

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* — Kz 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* — Kr have been measured with high precision [1], and
the results are given as

B(K*(892) - Kn) ~ 1, (25)

B(K*(1410) > Kr) = (6.6 £ 1.2)%,  (26)

B(K(1430) — Kr) = (93 + 10)%, (27)

AB(K5(1430) - Kn) = (49.9 £ 1.2)%. (28)
Within above data and the numerical results listed in tables,
we can estimate the branching fractions of the B/B, —
DK* decays, and the results are presented in Table I'V. 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

TABLE 1IV. The branching ratios (in 107°) of By — DK*
decays probed from the quasi-two-body B, — D(K* —)Kx
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
B® — DVK*0(892) 2.941169 1.92433
B — DYK*0(1410) 4.774330

B® — DK;°(1430) 1957103 1.02t8;78§
B - DOK* (1430) 3.001183 4.18+] 98
B, — DOK*°(892) 0.12709%

B, — D'K*(1410) (0. 19+8373) x 1072

B, — D"K:0(1430) 0.07:0%5 0.06250;
B, — DOK*0(1430) 0.101097 0.14700¢
B, — DYK*(892) 184092 142506
B, - DTK*(1410) 3.041038

B, — DK*(1430) 0.951034 076195
B, — D" K*~(1430) 0.7510%¢ 1127938
B* — DK**(892) 3.001142 2055559
Bt — DK*t(1410) 4917350

B* — DK;*(1430) 1.251092 21375
B* > DK}t (1430) 291482 37358
B, - DY K*~(892) 400012070 33.105379
B, — D} K*~(1410) 68.40132:32

B, — DK (1430) 22.90+1%06 14.507 3%
B, — D} K35 (1430) 15.60710:28 20.6011120

B® — D} K*=(892) (1.698) x 1072 (1.68%511) x 1072
B® - Dy K*~(1410)  (2.30%]40) x 102
B — DIKy~ 1430) (4.501160) x 107

B® — D} K5(1430) 0.0275] 0.067005

Bt - DYK*(892) 0.31704¢ 0.111509
Bt — DTK*0(1410) 0.38797

0.15%045 0. 41t8021§0
BT — DTK3°(1430) 0.1570:% 0.52757%

B* — D{K*0(892 (2.105]39) x 1072
B* - D{K*0(1410)  (2.707]19) x 1072
B* = DyK°(1430)  (1.207990) x 1072
BT — DK;°(1430)  (1.2019%0) x 1072

(0.50702]) x 1072

o —

(2.501] %) x 1072

(
(
(
(14
(
(
B — DTK;’(1430)
(
(
(
(
( (3.407140) x 1072

tree operators contribute to the considered quasi-two-body
B/B; — D(K* —)Kr 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
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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
Kr-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 Kz-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 B, — D(R — Kn)
decays, R being the vector resonance K*(892), the scalar

resonance K(j(1430) and the tensor one K%(1430). In the
calculations, we adopted the wave functions of the
K pair that are determined in previous studies of the B —
D(K* —)Kr decays. Due to the suppression of the small
CKM elements V,;,V .4y, especially for those decays with
the four-quark operators without strange quark, the resonant
branching fractions are in range of 107°~107°. The T-type
B, — Dy (Kr)~ decays enhanced by V., 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 the Kz pair wave function, we
extracted the branching fractions of the corresponding
two-body B/B, — 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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