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Abstract LHCb Collaboration studied the resonant struc-
ture of By — D K~ mt decays using the Dalitz plot anal-
ysis technique, based on a data sample corresponding to
an integrated luminosity of 3.0fb~! of pp collision. The
K~mt components have been analyzed in the amplitude
model, where the decay amplitude is modeled to be the res-
onant contributions with respect to the intermediate reso-
nances K*(892), K;j(1430) and K3 (1430). Motivated by
the experimental results, we investigate the CKM-favored
quasi-two-body B — D'kn decays in the framework of
the perturbative QCD (PQCD) approach. We calculate the
the branching fractions by introducing the appropriate wave
functions of K pair. Our results are in agreement well the
available data, and others can be tested in LHCb and Belle-
IT experiments. Using the narrow-width-approximation, we
also extract the branching fractions of the corresponding two-
body B — DR decays, which agree to the previous theoret-
ical calculations and the experimental data within the errors.
There are no C P asymmetries in these decays in the standard
model, because these decays are all governed by only the tree
operators.

1 Introduction

Three-body non-leptonic B meson decays constitute a large
portion of the branching fraction and therefore attract a lot of
attentions for several phenomenological applications, such as
deeply testing the standard model (SM), the study of C P vio-
lation and the exaction of the CKM angles [1]. The branching
fractions and C P asymmetries of a large number of channels
have been studied extensively by BaBar [2—7], Belle [8—11]
and LHCb [12—16]. Stimulated by the abundant experimental
measurements, the theoretical explorations have been carried
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out in the recent years. Many three-body nonleptonic decays
of heavy mesons have been studied in detail in QCD factor-
ization [17-23], PQCD approach [24-33] and other theoret-
ical methods [34-37].

Different from the two-body B decays where the momenta
of final states are fixed, The kinematics of the three-body
decay is completely determined by two of the three kine-
matic invariants s12, 513 and s»3, with the definition s;; =
(Pi+P j)2 /M 123. The physical kinematical region in the plane
of two invariants (the Dalitz plot) is given by a triangle. The
Dalitz plot analysis has been proved to be a powerful tool for
studies of multi-body decays, and has been applied widely
in the experimental analysis. The analysis of three-body B
decays using this technique enables one to study the prop-
erties of various resonances. Indeed, most of the quasi-two-
body B decays are extracted from the Dalitz-plot analysis of
three-body ones. In addition, the Dalitz plot analysis of three-
body B decays provides a nice methodology for extracting
information on the unitarity triangle in SM. For example, the
Dalitz analysis together with the isospin symmetry allows
one to extract the angle o from the B — wnw decays with
the vector resonance p [38].

On the theoretical side, three-body decays of heavy B
mesons are rather more complicated as they receive resonant
and nonresonant contributions and involve 3-body matrix ele-
ments. The interference between nonresonant and resonant
amplitudes makes it difficult to disentangle these two dis-
tinct contributions clearly. The experimental measurements
show that some three-body B decays are dominated by inter-
mediate vector, scalar and tensor resonances, namely, they
proceed via quasi-two-body decays containing a resonance
state and a bachelor. While for some others, the nonresonant
contributions govern the decay amplitudes [18,39]. Summa-
rizing the experimental measurements, we find that there is a
large nonresonant fraction in the penguin-dominant modes.
For example, the nonresonant fraction reaches about 90% in
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B — KKK decays, 17 —40% in B — Knr decays, and
only 14% in B — mrwm decays [40]. However, there is not
any reliable theoretical description of the amplitudes of B
meson three-body decays so far, and most studies is are still
model dependent. The isobar model [41] and the K-matrix
formalism [42] are popularly adopted in the experimental
analysis, especially the former [12]. In these models, the res-
onant amplitudes are modeled and the non-resonant contri-
butions are often described by an empirical distribution in
order to reproduce the whole phase space [43].

Besides alarge number of charmless three-body B decays,
a lot of charmed three-body decays have also been mea-
sured in B factories [44] and LHCb [45-48]. For example,
By, — D’K~n* have been detailed analyzed in LHCb in
Ref. [45], where the resonant structures of the BOK ~ and
K~ 7™ components have been studied using the Dalitz plot
technique. For the DK~ component, a structure is found
at Mo, A 2.86 GeV, which is viewed as an admixture of
spin-1 and spin-3 resonances. For the K ~7 ™ component, K*
resonances and the corresponding fit fractions have been well
measured and the branching fractions of the corresponding
quasi-two-body decays were also reported, based on the fit
fraction and the branching fraction of the By — BOK “nt
from previous LHCb measurement [49]. Motivated by this,
we shall investigate the CKM-favored B(s) — DK decays
in PQCD approach, and focus on the S, P and D-wave res-
onant contributions with respect to the K7 component.

We all know that the resonant three-body decays (quasi-
two-body decays) correspond to the edge of the Dalitz plot,
where the two particles move collinearly with large energy
and the bachelor particle recoils back. The meson-pair and
the rest one move fast and back-to-back in the B meson rest
frame so that the interaction between the meson-pair and the
bachelor meson is highly suppressed. If we regard the meson-
pair as a whole, the quasi-two-body decay is very similar
to a two-body decay and the factorization formula for two-
body decay can be applied safely. In practice, we also need
to introduce a new wave function to describe the meson-
pair, including the angular momenta. The soft interactions
between two mesons are also absorbed in this nonperturbative
wave function.

In PQCD approach, the amplitude of quasi-two-body B
decay can be factorized into different parts according to the
“characteristic” scales. As we know, the physics above the
mass of W boson my is weak interaction and can be cal-
culated perturbatively. The physics between my scale and b
quark mass m;, scale can be contained in the Wilson coeffi-
cient C(u), which can be calculated within the renormaliza-
tion group equation and the Wilson coefficient at the scale
mw. The physics between my scale and the factorization
scale Ay is dominated by exchanging one hard gluon and
can be calculated perturbatively. This part is also called hard
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kernel H. The physics below Ay scale is soft and nonpertur-
bative, which can be described by the universal wave func-
tions. Therefore, the decay amplitude of B — D(R —)Knx
decay in PQCD can be decomposed into the convolution as
[50]

o ~ /dxidbi[C(t) ® H(x;, b, t) ® ®p(x1, b1)
QD p(x2, by) ® Pr (13, b3) ® e*S“)], (1)

where x; are the momentum fraction of the quarks in the ini-
tial and final mesons, and b; are the conjugate variables of
the intrinsic transverse momentum kr; of the quarks. ®p,
& p are the wave functions of the B meson and the D meson,
respectively. @k is the new introduced two-meson wave
function. The exponential term e3¢ is the Sudakov form
factor obtained from the resummation of the double loga-
rithms arising from the retained intrinsic transverse momen-
tum K7 of the inner quarks [51-53].

The layout of the present paper is as follows. In Sect. 2,
we firstly show the Hamiltonian governing those quasi-two-
body B — DK decays considered in this paper. The wave
functions of K — m pair are also discussed. In Sect. 3 we
address the numerical results of the branching fractions of
those quasi-two-body decays. In this section based on the
obtained branching fractions we will also probe the corre-
sponding two-body B — DR (R denoting the intermedi-
ate resonance) decays and compare them with the previous
results and the experimental data. Finally, we conclude this
work in Sect. 4

2 The decay formalism and wave function

For the quasi-two-body decays, the Dalitz plot analysis help
us to interpret the decay amplitude in isobar model con-
veniently, which is popularly used to describe the complex
amplitude of three-body decays by the experimentalists. In
this model the total decay amplitude is represented by a
coherent sum of amplitudes from N individual decay chan-
nels with different resonances,

N
g = ad, )
i=1

where a; is the complex coefficient showing the relevant
magnitude and the phase of different decay channels. The
phase is a new source of the C P asymmetry, namely, the
C P asymmetry caused by the interference among the dif-
ferent channels. <7 is the amplitude of the quasi-two-body
decay associated with the certain resonance, which can be
perturbatively calculated in PQCD.
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The weak Hamiltonian JZ; 7 of b — cuq governing the
B(s) — DK decays can be expressed as [54]

Gr
V2

where V., and V,, are the CKM matrix elements. The C;
and C» are the so-called Wilson coefficients corresponding to
the four-quark operators O and O» respectively, which are
all tree operators. The explicit expressions of the operators
are written as

Ay = L ViV €101+ 00 gmas . )

01 = (bocp)v—aliipga)v—a;
02 = (baca)v—aliiggp)v—a. 4)

We all know that the direct C P asymmetry is related to the
interference between the tree type contribution and that of the
penguin operators. Therefore, there are no direct local C P
asymmetries in decays induced by the b — ¢ug transition in
SM, because the penguin operators do not involved in these
decays.

It can be found from the factorization formula as shown in
Eq. (1) that the most important inputs are the wave functions
of the initial and final mesons. For the initial B meson and
the final D meson, their wave functions have been well deter-
mined and adopted widely in the studies of two-body B(y) —
PP,PV,VV [52,55-57] and By — DP,DV,DS, DT
[58—64] decays and other decay processes [65-67], and we
will not discuss them any more in this paper. In the quasi-
two-body decays, the new introduced parameters are the two-
meson wave functions corresponding to different resonances.
In current work, according to the LHCb analysis [45], we will
consider the resonant contributions from the scalar resonance
K5 (1430), the vector resonances K*(892) and K*(1410),
and the tensor resonance K3(1430) to the B, — DKn
decays. So, three kinds of wave functions will be discussed
in the following sections. It should be noted that at present
the forms of the two-meson wave functions based on QCD-
inspired approach are still absent, and many phenomenolog-
ical attempts have been performed to determine these forms
and to constrain the involved parameters based on the avail-
able experimental data.

We firstly discuss the S-wave Km pair wave function
®s k., which can be given as [68],

1 \)
= 2N [Phs(z, ¢ w) + wd§(z, ¢, ®)

+o(fip — D¢z, ¢, )], (&)

with P and w denoting the momentum and the invariant
mass of the K pair respectively, satisfying P2 = w?. The
light-like vectors n = (1,0,07) and v = (0, 1,07) are
the dimensionless vectors. ¢g and ¢§” are the twist-2 and
twist-3 light-cone distribution amplitudes (LCDAs), respec-
tively. The inner parameter z is the momentum fraction of

q)S,KTT

the spectator quark, and & is the momentum fraction of the
K meson in the K pair. Similar to the LCDA of the meson,
the LCDAs of the Km pair can also be decomposed into
the Gegenbauer polynomials together with the correspond-
ing Gegenbauer moments, which are given as

6
¢s(z, 8, 0) = 2«/WFS(Q))Z(1 —2)
x[ML+31C13/2(1—22)+B3C§’/2(1—ZZ)],
N
(6)
s 1
b5z, 8, 0) = —2«/2_1\’L~FS(CU)’ )
1
t — —
¢5(z2, &, w) = 2«/WFS(Q))(I 22), (®)
with
w
s = ——, ©)
mo — my

where m | are the masses of the running current quarks in
the resonance K (1430). Cf/?,z(t) and Bj 3 are the Gegen-
bauer polynomials and corresi)onding Gegenbauer moments
respectively. For the twist-3 LCDAs, the asymptotic forms
are adopted for simplicity. However, the values of the inner
parameters Bj 3 in twist-2 LCDA have not been determined
by the QCD-inspired approach so far. We determined them to
be B = —0.4£0.2 and B3 = 0.7 + 0.4 by phenomenolog-
ical method together with the available experimental mea-
surements of the By — D’k 7" decay [45]. In Ref. [29],
we had investigated the B, — K 0(fo)l( £7F and fitted
B = —-0.44+0.2 and B3 = —0.8 £0.4. It is obvious that the
values of B; are almost same and the signs of B3 are differ-
ent. We also note that, in previous studies of the charmless
By - K 0(f0)1( *7F decays the terms proportional to the
fraction (A’;—; )2 have been neglected since the mass of the final
K or 7 is small enough to be omitted, in comparison with the
mass Mp of B meson. In this work, when we consider the
charmed B meson decays with massive D meson involved in
final states, the terms proportional to the fraction (%—g)z can
not be neglected any more, which will change the behaviour
of the propagator of the inner quarks. Compared with By, B3
has a large fluctuation in the fitting procedure. As a result,
the new fitted Bz differs from the previous result, which is
also confirmed in Ref. [69]. In Ref. [70], these parameters
were also taken as the same as those in wave function of the
K§(1430) meson with large uncertainties considered.
Unlike the distribution amplitudes of meson, the time-like
form factor Fs(w) is involved. In particular, this form factoris
parameterized by the relativistic Breit—-Wigner (RBW) model
which is adopted extensively in experimental analysis, and
has been proved to be a valid model for describing the narrow
resonance that can be well separated from the other resonant
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and non-resonant contributions. However, RBW model fails
to describe the Fg(w) associated with the K(’)‘(1430) reso-
nance, because K (1430) resonance interferes strongly with
a slowly varying non-resonant contribution [71]. In order
to overcome this deficiency, the so-called LASS line shape
[72,73] is developed to describe the combined contributions
including the resonant and non-resonant parts, which explicit
expression is given as

mol‘*om

|pol i (10)

2 _ 2 Lpil mo
my— zmol"ow o

@ 2i8

Al W P

where the phase § is determined by cot§ = ﬁ + r'g"

with the scattering length @ = 1.95 & 0.09 GeV~! and the
effective range r = 1.76 & 0.36 GeV~! [74]. The |p1l is
the magnitude of the momentum of one of daughter of the
resonance K5 (1430) in the center-of-mass frame of the K
pair and the |pg| is the value of the |pi| when w = my.
Finally, mo and I'y are the pole mass and width of the res-
onance K;j(1430). From Eq. (10), one can easily find that
the first term represents the non-resonant contribution, while
the second term is the resonant one. Usually, a cutoff at
o = 1.7 GeV is suggested for the nonresonant contribu-
tions, which implies that there is only resonant contribution
when the invariant mass is larger than 1.7 GeV. In this paper
we will also adopt the LASS model to evaluate the S-wave
contributions to the Bs) — DKm decays, which has also
been adopted by LHCb.

Phenomenologically, the wave function of the P-wave
K 7 pair can be modeled from the wave function of the vector
meson. Due to the law of conservation of angular momentum,
only the longitudinal polarization component contributes to
the decay amplitude of B — D(R —)K, so we only keep
the longitudinal wave function

DPp kr

1
= \/2—TC|:E¢P(Z’ ga (,()) + a)¢SP(Z’ E’ (,())

+1?1 P2 — P2

t
w(zs — 1) ¢P(Z7§’a))j|v (11)

where the expressions of twist-2 and twist-3 LCDAs are

3F) ()

V2N¢

x [1 +arC () + azcg/z(z)] QE — 1),
(12)

op(z,8, w) = z(1—-2)

Pp(z. & )—MI(ZE—D (13)
PZ’ ’w_z\/m )

3Fp ()

2 f—
th 2t -1, (14)

Pp(z, 6, 0) =
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with ¢+ = 1 — 2z. For the twist-3 LCDAs ¢§,’t, we also take
the asymptotic forms. The Gegenbauer moments a; > in the
twist-2 LCDA are taken as a; = —0.4 and a» = 0.46 [69].

For the time-like form factor F JJ, corresponding to the res-
onances K*(892) and K*(1410), it can be well modeled by
the RBW model, and be given as [73]

2
mq

15)

Frpw () = ,

m3 — w? — imoT'(w)
with the nominal mass mq of the resonance. The mass-
dependent width I'(w) corresponding to a resonance with
spin L can be expressed as [3]

2L+1

M) =T (@) (%) X ipab. 16)
| ol w

with the same definitions as the Eq. (10) for the 'y, | p1| and

|pol- The X is the Blatt—Weillkopf barrier factor [75], which

depends on the angular momentum of the meson pair, with

the expression as

L=0,Xoa) =1, (17)

1+a§
L=1X = , 18
@) =\ s (18)
4 2
a, +3ai +9
L=2X(a) =20, 19
2(a) a*+3a>+9 (19)

ap being the value of the a at the pole mass of the resonance.
The inner parameter » in Eq. (16) reflects the effective barrier
of the resonance, and is usually taken to be r = 4 GeV~ !l ~
0.8 fm [76] for each resonance, because it dose not affect the
numerical results remarkably. Currently, X;(a) is used for
the P-wave longitudinal time-like form factor, that is

Fl(w) = Frew (@) |11 - (20)

For the transverse time-like form factor, F }% (w) can be
obtained using the relation [25]

Fp _ fr

Fl v’

21

with the decay constants f‘(,J‘) of the vector resonance.

Now, we turn to discussion of the wave function of the D-
wave K 7 pair. Because the initial B meson and final state D
meson are all pseudoscalars, the helicity A = 32 components
vanish due to the conservation of the angular momentum.
Therefore, the behavior of the D-wave Km pair are very
similar to the P-wave one [77]. The only differences are the
LCDAs ¢p, ¢‘B, and (])’D, whose expressions are

ép(z,§, w)

_ [26F) ()
= \/gz TNCZ(I —2) X [BapRz — D] P2(25 — 1), (22)




Eur. Phys. J. C (2022) 82:1076

Page 5of 11 1076

Fig. 1 Typical Feynman
diagrams for the quasi-two-body
decay BY — BO(R —)Km in
PQCD, where the black squares
stand for the weak vertices,
large (purple) spots on the quark
lines denote possible
attachments of hard gluons, and
the green ellipse represents

K mr-pair and the red one is the
light bachelor D° meson

¢p(2. &, w)
B \/?—9Ff;(w) 5
3 4J2Nc
¢ (2. &, )

_ [29F5(w) )
=\318m " [an(1 =62+ 62) 0z = D] 225 = 1),
(24)

[aD(l 67+ 622)] Py2E — 1), (23)

where the Gegenbauer moment ap is determined to be 0.25
and function P;(¢) is the Legendre polynomial. F' g (w) and
F 3 (w) are the D-wave longitudinal and transverse time-like
form factors respectively, which can also be well parameter-
ized by RBW model with the spin-2 resonance K3 (1430).

In light of the effective Hamiltonian Eq. (3), we plot the
Feynman diagrams contributing to quasi-two-body B, —
DK decays at the leading order in Fig. 1. Based on the
factorization formula and the wave functions of initial and
final states, we then calculate the total decay amplitudes with
the CKM matrix elements and the wilson coefficients, which
are presented as

(B > D' (K*n—)) = % o Vs
x [(cl + Co/3)FEL + czx//,%ﬁ] . (25
(B - D™ (K*x%) = % 2 Vs

x [(c1/3 +C)FEE + cl//z,gL] . (26)

(a) s

#(B® - D7 (Kt7%) = Vib

Gr
\/E cb
<[+t anit]. @D

G
o (B* — D (K*x%) = 7; 5 Vs [(Cl/3 +C).Fht + Cragt
€1+ Co/TEE + CottE] . (28)
—0, Gr
A (Bs > D (K nt) = —ViV,
(B ( ) N d

x [(Cl +Cy/3)FEL + szfz,éﬁ] .29
Gr .,

o/ (By — Dy (K*7%) = 75 Vb Vs
x[€13+ 7Bt +cralt (30)
H(C1 4+ o3 AL + Cz”///KﬁTL] . @D

In above decay amplitudes, the symbols .# 1%;1;( D)y M ,%5( D)
o, 15;%( p) and V/Iéf( p) denote the contributions from the fac-
torizable emission type diagrams, the hard-rescattering emis-
sion diagrams, the W boson annihilation type diagrams, and
the W boson exchange type diagrams, respectively. The sub-
script K (D) represents the K pair (D meson) is recoiled,
and the superscript L L stands for the contributions coming
from (V — A) @(V — A) current. For the sake of simplic-
ity, the expressions of the y,%iw), %éi(D), 4247’;([)) and
Wk py are not given any more, which can be obtained by
making the following substitutions in the results of Ref. [28],

oy” = ¢p, ¢k =0, rk = rp =ma/mp. (32)

@ Springer
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We also point out that when considering the resonant contri-
bution from the D-wave resonance K5 (1430), the contribu-
tion .7 3L disappears due to the fact that the tensor structure
can not be produced through (V — A) current.

3 Numerical results and discussions

In this section, we firstly list the parameters we used in the
numerical calculations, including the QCD scale, the masses
and the lifetimes of the B/B; mesons, the mass of the D
meson, the masses and the widths of the intermediate reso-
nances, and the CKM matrix elements,

AQcp =025+£0.05GeV, mp =5.279 GeV,
mp, = 5.366 GeV,
T+ = 1.638 ps, tgo = 1.519 ps, 7p, = 1.520 ps,
mpo = 1.865 GeV, mp+ = 1.869 GeV,
. = 1.96 GeV,
mi+s92) = 0.892 GeV, mgr410) = 1.414 GeV,
msaz0) = 1.425 GeV,
mic1a30) = 1427 GeV, Tg+(go2) = 51.4 MeV,
Tk+(1410) = 232 MeV,
Tk:(1430) = 270 MeV, Tk (1430) = 100 MeV,
Ve = 0.041827000083, V,q = 0.97435 £ 0.00016,
Vis = 0.22500 £ 0.00067. (33)

mp

In Table 1, we present the numerical results of quasi-two-
body B(s) — DK decays, together with the experimental
data from LHCD [45,46]. In our calculations, we take three
kinds of errors into accounts to evaluate the theoretical uncer-
tainties. The first uncertainties arise from the nonperturba-
tive parameters in the wave functions of the initial and final
states, such as the decay constants fp = (0.19 £0.02) GeV
and fp, = (0.23 £0.02) GeV of B and B; meson respec-
tively; the shape parameter wp = (0.4 £ 0.04) GeV and
wp, = (0.5 £ 0.05) GeV for B meson and B; meson;
the Gegenbauer moments in LCDAs of K pair and the
D meson. We emphasize that this kind of uncertainties is
dominant, but these uncertainties could be reduced with the
improvements of the experimental measurements and the
developments of the nonperturbative approaches. The sec-
ond uncertainties origin from the unknown contributions
from QCD radiative corrections [78,79] and the power cor-
rections [80,81], which are characterized by varying the
Aqcp = 0.25£0.05 GeV and the factorization scale ¢ from
0.87 to 1.2¢. In recent years, there are some attempts to study
these two kinds of corrections in two-body B decays [82—
84], but the relate researches on three-body B decays have
not been carried out yet. The last uncertainties are caused by
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the uncertainties of the CKM matrix elements V., and V,.4(s),
which have marginal effects on the branching fractions.

From Table 1, it can be seen that for the By — BO(K * >
YK~ 7T decays the branching fractions we calculated are
in good agreement with the LHCb experimental measure-
ments that are based on a data sample corresponding to
an integrated luminosity of 3.0 fb~! of pp collision data
with respect to the K*(892), K*(1410), K;(1430) and
K7 (1430) resonances. Using the fitted wave functions of
K pair we also calculate the branching fractions of other
By — D(K* —)Km decays, and they are expected to
be tested in experiments in future. Due to the enhancement
by the large CKM elements, most branching fractions are at
the range 107% — 10~*, which are measurable in LHCb and
Belle-1I experiments.

For the quasi-two-body By — EO(R —)K ™7t decays
corresponding to the S, P and D wave intermediate reso-
nances K*, the branching fractions are larger than the other

corresponding decays, because the quasi-two-body By —

D’k ~nt decays are governed by the process b — cud,

which is enhanced by | % |> compared to the other decays
us

such as quasi-two-body BY — DK+n decays governed
by b — cus. As a result, the By — D K~ n+ decays
are firstly measured in the LHCb experiment. However,
for the quasi-two-body B? — DK +70 decays that are
also governed by the b — cud transition and enhanced
by the large CKM elements V., V4, the branching frac-
tions are far smaller than those of By — D’k ~mT decays,
because they are pure annihilation type decays. In particular,
they are viewed as to be power suppressed in comparison
with the emission diagrams. For the By — D’K-n+ and
BY — BOK T~ decays with the D emitted, the branch-
ing fractions corresponding to the S and D wave resonances
are also sizable or even similar to that of the P wave res-
onance. However, the S and D wave resonant branching
fractions of the BY — D~K*+7° B+ — D K+x0 and
By — DJK +70 decays with K7 pair emitted are much
smaller than that of P wave resonant branching fractions,
and it is because the amplitudes with S wave or D wave
K — 7 pair emission are highly suppressed or forbidden.

In light of SU(3) symmetry, we define a ratio between
the quasi-two-body By — BO(K* —)K~nt and B® —
BO(K * )K"~ decays, and the naive estimation is given
as

o Br(B— DY(K* =) K~ nt) Y,
Br(B® — D (K* —)K+x—)  Vas Tpo

278 g

(34)
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Table 1 The flavour-averaged branching ratios (in 1072) of By — DKx decays with resonances K*(892)/(1410), K;(1430) and K5 (1430) in
PQCD approach, together with the experimental data [45,46] from LHCb

Decay modes

PQCD

EXP

BY = D (K*0(892) —)K*+r—
BY = DY (K*0(1410) —)KTr~
B = D K+~ (LASS)

B® - D’ (K0(1430) —>)K+r~
B - D'K*n~(LASSNR)

BY — D’ (K3°(1430) >)K 7~
BY > D= (K*t(892) -)KTn°
B > D= (K*t(1410) =)K ="
B - D= KtnO(LASS)

B® — D™ (K;"(1430) —»)K ="
B - D=Ktn%(LASSNR)

B — D™(K;T(1430) ->)K Tx0
B — D7 (K*t(892) —)K+n"
BY — D7 (K*T(1410) -»)KT7°
BY — D7 K*+7O(LASS)

B® — Dy (K;T(1430) >)K Tx0
BY — D7 K*7O(LASSNR)

BY — D7 (K;T(1430) —>)K 70
Bt — D (K*+(892) —)K+70
BT — DU(K*T(1410) —)K 7"
Bt — D KtrO(LASS)

B+ — D" (K}t (1430) —)K*7°
Bt — D K*t7(LASSNR)

B* — D" (K3 (1430) =) K+ 7°
B, — D (K°(892) =)k n+
B, — D (K (1410) )K=+
KT (LASS)

By — D (K} (1430) >)K 7+
K-nT(LASSNR)

By — D (K3 (1430) =) K7+
Bs — D7 (K*(892) —)K 70
By — D7 (K*T(1410) =)K Tr°
By — D7 K*t7(LASS)

By — D™(K;T(1430) ->)K Tx0
By — D~ K*7O(LASSNR)

By — Dy (K;T(1430) —>)K *x0

By —

Ll

Sl

By —

| 71+1.00+0.33+0.02
—0.82—-0.31-0.08
0.10F0:03+004+0.01
2.01F a0 000
1.587081+027+0.13
1.1 0+0.60+0.20+0. 12
—0.47-0.26—0.00
025+ 15+0.06+0.08
12445513408
0.80+03319-00+0.03
0.18 )08 H0-00-+0-00
0.127006+002+001
0.10+395+0.01+0.00
0.175 0 00000008
5.15T ]I 06+043
0.3600970.04 70 01
0.2340 167013700
0.21431370:0510 00
0.124505 10011000
0.93+032+0.09+0.10
16.7 1433407
123405010257 0.08
2.14+176+000+0.03
10325864015 70:00

—+0.904-0.16+0.12
1'20—0‘63—0.20—0.00

0.25+0 10065 0 00
28.67153745703
L7403 050 007
2570 1 o0

+11.043.740.22
19'7—85—6‘9—0.00

141787535407

3.951 &5 056 000
11733559703

0.661 9370131903
0.160 05503000
01240080 03+ 0 0%
0.09%0:03+002+003
0.24%0160:6870 00

342£0.13£0.10£0.16 £ 0.40
0.07 £0.03 £ 0.08 £ 0.07 £ 0.01
0.61 £0.25 +£0.25 +0.49 £ 0.07
0.47 £0.18 £0.22 £ 0.31 £ 0.05
0.44 +£0.34 £ 0.34 = 0.61 = 0.05
0.68 £0.15+0.104+0.18 £0.08

28,6 £0.6+£0.7£09+42
1.7£05+£02+14+0.2
214£14+£1.0+£47+3.1
200£1.6£0.7£33+£29
13.7£25£1.5+41+£2.0
37+£06+04£1.1£0.5
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Table 2 The branching ratios (in 107) of B(sy — DK* decays probed from the quasi-two-body Bsy — D(K* —)Km decays based on the
narrow-width-approximation(NWA), together with the experimental data [85] and the former PQCD predictions from Refs. [59,61,64]

Decay modes NWA EXP Former PQCD

BY — D’K"(892) 2574137 45406 2,614

B — D' k*0(1410) 1514088 <67

B® - DK30(1430) 2.5514) 07407 3.19557%3

B® - D°K30(1430) 0.75+04 21409 145703

B® — D~ K**(892) 37.2171 45+7 3837133

B® — D=K*+(1410) 36.31103 -

B — DK;T(1430) 0.397019 0.797949

B - DK (1430) 1021078 L1640

B® — D K*(892) 154755 3.5+1.0 18.2+03

_ 5.9

BY — D7 K*T(1410) 16.3%5¢

B® — DK} (1430) 0.67+033 141102

BY — D7 KX+ (1430) 5504318 6.06*1 3¢

Bt — D K*(892) 50.17234 53+4 6377302
—0 27.4

Bt — D K*(1410) 55.975%%¢

Bt - DUK*(1430) 3.3272 04 4.72%35

Bt - DUK}*(1430) 150714 3.335%

B, — D'K(892) 4291238 4£6 43.67370

B, — D'K*(1410) 39.5+264 39 +35

By — D K. (1430) 31,9199 30+7 5397272

B, — D K (1430) 11.8%%) 1144 203159

B, — Dy K*+(892) 3337147 2814193

By, — D7 K*T(1410) 30.0115% -

By — D K{T(1430) 0.38%0%3 0.39701%

B, — Dy K3+ (1430) 1.447)20 197405

Accordingly, we also evaluate these ratios from Table 1 as

o BrB — DY (K*(892) =)K~7t)
Br(B® — D (K*(892) —)K+1-)
+17.2
2860,y 6.7+143

—12.1°
1_71+1.05
—0.88

o BB~ DY(R*(1410) —)K~7t)

Br(B® — D' (K*(1410) —)K+7-)

+1.11
JURLELL Y SRS
0'104—0.06 =127
—0.05

o BrBi— D’ (R;(1430) >)K~7+)

 Br(B" — D (K} (1430) —)K+7-)

+11.6

197009 125100

+0.87 094>
1.58 7 50

@ Springer

(35)

(36)

(37)

o _ Br(B > D'(K;(1430) —)K )
Br(BY — D’ (K$(1430) —)K+7~)

+2.70
3950 16.0+147
0.25791 ol

(38)

It is obvious that there are large uncertainties in the results
Egs. (35-38). The acceptable deviation between our calcula-
tions and naive estimations attributes to the complicate wave
functions of the K pair. As aforementioned, although there
are some attempts to study the wave functions of meson pair,
the wave functions based on the first principle are still absent.
Therefore, we have to employ the phenomenological models
that are introduced in Sect. 2. In this regard, the accuracy of
wave functions of heavy mesons should be further improved
in future.

Under the narrow-width-approximation (NWA), the quasi-
two-body decay and corresponding two-body process satisfy
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the factorization relation

BF(B — MR — M\M,M3) ~ BF(B — M R)
xBF(R — MayM3), (39)

where the R represents the resonance. Therefore, we could
extract the branching fractions of the related two-body
decays, by combining our numerical results and the corre-
sponding branching fractions of the resonances decay to the
K. In turn, the comparison with the experimental data of
two-body decays can help us to further verify the reliability of
the wave functions of meson pair. In PDG [85], the branching
fractions of the resonances decays to K are summarized as
follows,

BF(K*(892) — Km) ~ 1, (40)
BF(K*(1410) — K7) = (6.6 & 1.3)%, (41)
BF(K;(1430) — K7) = (93 + 10)%, (42)
BF(K3(1430) > K7) = (49.9 + 1.2)%. (43)

Using above data and the results in Table 1, we roughly
extract the branching fractions of the corresponding two-
body B — DR decays and present the results in Table 2.
It can be seen that most branching fractions determined
from NWA agree well with the available experimental
data [85] and the previous predictions [59,61,64] based on
PQCD within the uncertainties. Of course, if we wonder
to test PQCD approach with these decays, the uncertain-
ties in both theoretical and experimental sides should be
reduced in future. We also note that for the pure annihilation
B? — D K**(892) decay channel, the branching fraction
(15.41‘3:8) % 1073 we obtained is much larger than the exper-
imental data (3.5+1.0) x 107, though it is still in agreement
with the previous study (18.27-2) x 107> [59]. In fact, the
BY — D; K**(892) decay occurs only with the annihilation
diagrams, which are power suppressed. This deviation may
indicate that the contributions from high power corrections
become important, and we left this study to be our future
work.

4 Summary

In this work we have investigated the resonant contributions
of the quasi-two-body B — DK decays with the vector
resonances K *(892)/(1410), the scalar resonance K j(1430)
and the tensor resonance K3 (1430). We first fitted the param-
eters in the wave functions of the K pair with the exper-
imental results from LHCb. With the wave functions we
then calculated the other quasi-two-body B(;) — D(K* —
)Km decays. Most branching fractions are at the range of
107® ~ 107*, which is very promising to be measured
experimentally. With the narrow-width-approximation, we

also explored the branching fractions of the corresponding
two-body decays, and most results are in agreement with the
available experimental data. We hope our results to be further
tested in experiments, so as to test the wave functions of K
pair and PQCD approach. Because all decays are governed
by only tree operators, there are no direct C P asymmetries
in these decays. If large C P asymmetry is observed in exper-
iments, it would be a signal of new physics beyond SM.
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