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We study the observed B~ — X(3823)K~ decay via the rescattering mechanism and show that this
branching ratio is well reproduced by this mechanism. We further extend this theoretical framework to
investigate the decays of B~ — 1,,('D,)/yw3;(3D3)K~, where the 5, (' D,) and the w5 (*D;) are D-wave
charmonium partners of the X(3823). Our results show that the branching ratios, B~ — 7.,('D,)K~ and
B~ — y3(3D3)K~, are of the order of 107>, which can be accessible at LHCb, Belle and forthcoming

Bellell.
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I. INTRODUCTION

In the past decade, abundant charmonium and charmo-
nium-like states have been discovered. Some of them
cannot fit into traditional quark model predictions and
leave many puzzles. So it attracts great attention to explore
their inner structure and interaction mechanism (see
Refs. [1,2] for a review). An important feature is that
many XYZ or charmonium states strongly couple to open
charmed mesons, and as a result, it leads to a quite
interesting phenomenon in many processes, which is called
a rescattering effect. For example, in a hadronic transition
process of a charmonium, instead of gluon emission, the
charmonium can first decay into charmed and anticharmed
mesons, and these two mesons rescatter each other into a
charmonium plus a light meson. Such a rescattering effect
has been extensively studied by many authors (see
Refs. [3—11]). Their results indicate that rescattering effects
can significantly change the line shapes of three-body
decays and enhance the results of the Okubo-Zweig-lizuka
(OZI)-suppressed processes.

Another example is given in the situation that the
rescattering effect is combined with nonleptonic B meson
decays. As we will see later, such a rescattering effect even
plays a dominant role. On the other hand, in a naive
factorization approach which is normally adopted for
nonleptonic processes, the amplitudes of some processes
such as B~ — y K~ vanish (see Sec. II). In Ref. [12],
authors explained the large experimental branching fraction
of the process B~ — y. K~ applying the rescattering
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mechanism. Later, they also studied the B~ — h.K~
process using the same mechanism and predicted its
branching ratio [13]. In Ref. [14], authors systematically
studied rescattering effects on nonleptonic B meson decays
and their impact on direct CP violations. Reference [15]
studied process B” — 5.K* using the rescattering mecha-
nism and reproduced the experimental data. We also notice
that in an earlier time, authors in Refs. [16,17] have already
applied a rescattering mechanism to study nonleptonic D
meson decays.

In 2013, Belle observed a new charmonium-like state
called X(3823) in the y.,y final state in the process B~ —
X (3823)K~ [18] with measured mass 3823.1 + 1.8(stat) £
0.7(syst) MeV and significance 3.8c. Recently, BESIII
confirmed X(3823) in the process e’e” — ztn yy.
with measured mass 3821.7 £ 1.3(stat) &+ 0.7(syst) MeV,
width less than 16 MeV and significance 6.2¢ [19].
X(3823) is expected to be the long missing y,(1°D,)
with JP€ = 27, This is because, first, the mass of X(3823)
is consistent with the quark model prediction [20,21].
Second, since the mass of X(3823) is below any open
charm threshold (DD channel is forbidden by parity
conservation), the width is quite narrow as expected and
as observed. X(3823) largely decays to y. 7, which is the
channel discovered in Belle and BESIII. Furthermore, the
upper limit of the ratio B(X(3823) — y.,7)/B(X(3823) -
xe1y) was determined to be < 0.41 by Belle and < 0.42 by
BESIII, which is consistent with theoretical predictions
in Refs. [20-23]. Therefore X(3823) is believed to
be y,(°D;).

In Ref. [24], authors studied the OZI-suppressed process
X(3823) — Jyazr via a rescattering effect. Their calcula-
tion shows that since the mass of X(3823) is close to the
DD* threshold, a rescattering effect can significantly
change the line shape of the final zz mass spectrum. In
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this work, we will focus on another aspect to investigate the
rescattering effect on X(3823), i.e., the X(3823) production
via a B meson decay. We will illustrate that the naive
factorized amplitude of the process B~ — X(3823)K~
vanishes, and hence it provides us another good example
to see how important the scattering effect is.

Besides X(3823), two other D-wave low-lying charmo-
nia are still missing, i.e., n,('D,) with JF¢€ =2+ and
w>(®D3) with JP€ =37~ Their predicted masses and
decay properties are given in Refs. [20,21]. The naive
factorized amplitudes for the processes B~ — 1.,K~ and
B~ — y, K~ vanish, for which we will also apply the
rescattering mechanism. Their production rates in the B
decay will be a valuable information for experiments.

This paper is organized as follows. After the
Introduction, we study the decay process B~ —
X(3823)K~ through the rescattering mechanism in
Sec. II. In Sec. III, we make predictions of the production
rates for the processes B~ — 17,K~ and B~ — y,K~. In
the final section, we give discussions and the conclusion.

II. B~ — X(3823)K~ VIA RESCATTERING
MECHANISM

First we will show that the naive factorization approach
(see Ref. [25]) fails to describe our discussed processes.
When studying B~ — X(3823)K~ in this approach, the
effective weak Hamiltonian is written as

Hy = % {vcbvzx 1O () + ¢ () O ()]

10
—VszstCi(ﬂ)Oi(ﬂ)} +H.c., (1)
i=3

where the operators O; read as

O1 = (Subp)y_a(Cpca)y_a-
0, = (Eaba)V—A<EﬂCﬂ)V—A7

Oy5) = (Eaba)V—AZ(EI/}Q/})V—A(VJrA)?
q

Ou) = (abp)v-a Z(Q/}qa)V—A(VJrA)’
q

Or0) =5 (Suba)v-n Y _eq(pdp)viav-a)-

q

(Eabﬁ)V—AZeq(é/}’Q(l)V-&-A(V—A)-
q

Og(10) =

N W W

Thus, the factorized amplitude of the process B~ —
X(3823)K~ can be expressed as
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M(B~ - X(3823)K")

=Sy 3 a0 ) kelbh )

i=35.7.9
x (X(3823)[(cc)yzal0) (2)

with ay = ¢, +¢;/N,. and a; = c; + ¢;y1/N.. In this
work, X(3823) is treated as a D-wave charmonium with
quantum numbers JP¢ = 27=. When checking the factor-
ized amplitude in Eq. (2), we find the matrix element
(X(3823)|(¢c)y+4/0) =0 due to the Lorentz invariance.
Hence this leads to vanishing of the branching ratio of
B~ — X(3823)K" in the naive factorization approach.
However, the Belle measurement [18] shows
combined branching fraction BR(B~—X(3823)K™)x
BR(X(3823) = y.17)=(9.7£2.841.1)x107°. To obtain
the value of BR(B~ — X(3823)K~), we consider the
theoretical partial widths of X(3823) decaying into y.,7,
Xe2Ys 999, and J/wrr which are given by I'(X(3823) —
xey) =215keV  [21], T(X(3823) = y.y) =59 keV
[21], T(X(3823) = ggg) =36keV [20] and I'(X(3823) —
Jyrr) = 160 keV [24], respectively. Summing up all the
above partial widths, we can roughly estimate the total
decay width of X(3823) to be 470 keV, with which we get
BR(X(3823) — y.17) = 46%. Then, we can extract

BR(B~ — X(3823)K~) = (2.10 £ 0.65) x 1075,  (3)

where the error comes from the combined branching
fraction of the Belle measurement. It shows that
there exists a nonzero contribution to the B~ —
X(3823)K~ decay.

To understand the discrepancy between the experimental
data and theoretical estimate from the naive factorization
approach, we study B~ — X(3823)K~ by introducing the
rescattering mechanism, which was proposed in Ref. [12].
They indicated that such a nonleptonic process should
have a large nonfactorizable contribution that comes from
the rescattering mechanism. For the discussed B~ —
X(3823)K~ process, B~ first decays into intermediate
charmed and anticharmed meson pair, and then they transit
into final states, X(3823) and K~. The typical diagram
describing the rescattering effect on B~ — X(3823)K~ can
be found in Fig. 1. In the following, we calculate these
rescattering processes of B~ — X(3823)K ™ to test whether
the extracted branching ratio given by Eq. (3) can be
understood under the rescattering mechanism.

In order to calculate these triangle diagrams at hadron
level, we need to introduce the effective Lagrangians
corresponding to each interaction vertex. As for the weak
vertex B~ — D(*)ODﬁ*)_, we also assume the naive fac-
torization of the amplitude. Neglecting the small contribu-
tions from the operators O3 ~ O in Eq. (1), the transition
matrix element can be factorized as
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(1a) ¥a(ps) (1b) K~ (ps)

K~ (po)

V2(ps)

K=(po)

V2(ps)

K~ (ps)

FIG. 1. The schematic diagrams for depicting the B~ —
X(3823)K~ decay via the rescattering mechanism. Note that
w, denotes X (3823).

*)— GF
(DWODT | Hy[B~) = 2LV, Viay (DO|VE — A¥|B)
NG
(DY |V, - A,[0), (4)

where a; = ¢; + ¢,/N,. One should notice that this naive
factorization for the process B~ — DD had been
shown to be a good approximation in Ref. [26]. The matrix
element appearing in Eq. (4) can be simply written in terms
of form factors and decay constants.

We use the following matrix elements that contain only
one form factor ¢, i.e., Isgur-Wise function [27]:

(DO(v")|[V¥[B~(v))
(D €)|V,|B(v))
(D', €)|A[B~(v))

Vmgmpé(v-v") (v + v)H,
in/mpip-E(v - V)€, 5" V0P,
Vmgmp&(v - o) ((1+ v - 0')g™

- ’[](11)/”)6'(1,
(0|A#|Dy(v)) = fp,mp,v",
(0[v#|D3(v.€)) = fp;mp;e".

Using these matrix elements, one further obtains the

transition amplitudes:

(D°(p2)D5 (p3)|B~(v1))

G H
\/Iz cchsa1\/m1mzf(U 11)(51—22-1-1)’{)]”31?3,“ (5)
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(D*(p2) Dy~ (p3)|B~(v1))

G P5
\/i cchsal A mlm2§(v v ) < /ll/llﬁ 2 ﬁ (1 + w)gu/z
2 ny

P2 %
o, —”) e famscl (6)
my

(D°(p2) Dy~ (p3)|B~(v1))

G /4
\/Ii vacsal./mlmzf(v 11)( 2+Ul)f3l’}7,3€3ﬂ, (7)

(D*(p2)D5 (p3)|B~(v1))
GF % Pg 1
_\/— cb csal\/m1m2§(y ”) mzaﬁ 2 ( +a))gl/ﬂ
Py
b2 Yer )
where m; and m, are the masses of B~ and D®*),

respectively, f3 is a decay constant of the particle carrying
a momentum p;, and a; =c|+ c,/N,. as defined
in Eq. (4).

For the Dg*)D(*)K interactions, we adopt the effective
Lagrangians respecting both the heavy quark symmetry and
chiral symmetry. For a heavy-light meson system, there
exist heavy quark spin symmetry and heavy quark flavor
symmetry [28] in the heavy quark limit my — co0. As a
consequence, heavy-light mesons are degenerate and are
classified into different multiplets, such as an H doublet
(0‘, 1‘) with quantum number of light degrees of freedom
j% =1~. The multiplet can be described by an effective

hadron field respecting the heavy quark symmetry. For
example, the field of an H doublet (D, D*) or (D, D}) is
given by

L+2\, . .
H,= <T> (Daﬂ}/ﬂ + lD075) (9)

with a the flavor index and v the meson velocity, where the
fields D,/ and D,, contain a normalization factor ,/m,, and
have dimension 3/2.

For an H field coupled with an octet chiral multiplet, the
effective Lagrangian reads [29]

Ly = igyTe[Hyy,ys Ay H,). (10)

where Aj = i/f,0"M,, + - - with My, the octet of light
pseudoscalar mesons and f, = 132 MeV. H, satisfies the
relation H, = y°H,y°. By expanding the Lagrangian in
Eq. (10), effective Lagrangians for the vertexes Dg*)D(*>K
are explicitly given by

Lpp:x = igpp;x D5 DK, (11)
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‘CDSD*K = —l'gDXD*KDsDZa”Ka (12)
ED;D*K = —QD;D*K%mﬁaﬂbﬁyaal)*ﬂlﬂ (13)

where the coupling constants are related to gy as

2g
9pprk = Yp,p*k = +/Mp:Mp fH (14)
V3
A /mD;mD* 29
9p:D*Kk = Yo =S (15)
M p« fﬂ

The vertexes X(3823)D*)D* and X(3823)D§*)D}‘ are
additionally involved in our calculation, for which we also
use the effective Lagrangians respecting the heavy quark
symmetry. However, for a charmonium system, the heavy
quark flavor symmetry does not hold, where only the heavy
quark spin symmetry remains [30]. Thus, charmonia with
the same orbital angular momentum L but with different
total spin can form a multiplet. In our case, X(3823)
belongs to a D-wave multiplet [30,31], which is defined by

1+2 1
X =—— {w’émra % (€D 57 + 2P vsyphp)

2
15
)
! L\ 1-2
—\/—I—S(QFV—U”U”)Y(IW“JFU’; YS}T- (16)

In the above expression, the fields y3, y,, v, and 7, denote
the charmonia with quantum numbers J PC — 3= 2—— 1~
and 277, respectively, where y, corresponds to the dis-
cussed X(3823).

For the coupling of D-wave charmonium multiplet with
charmed mesons, their effective Lagrangian reads [24]

- «—

EX - gXTr[X# HQ (a a;t)yuHQa]’ (17)

where Hy, is given by Eq. (9), and Hyp, is

Hou= D27+ i) (*57). (9

which is obtained by the charge conjugation transforma-
tion. The fields HQa and HQa appearing in Eq. (17) are

defined as HQa = yOHTQay and HQa =y HQay , respec-

tively. Then, the explicit forms of the X(3823)D"*)D
(w,D D*) interactions can be obtained as

= gy/ZDD*wgy(abl_)D; - DabD;)
+ gy/zDD* ll/gy(D;auD - 8I/D;D)’ (19)

‘CylzDD*
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LWZD* lgy/ D*D* ﬂuaﬂa W;ﬂD*aaD*ﬂ

—+ lgylzD*D* e/waﬁaﬂl//2 80!D;D*ﬂ’ (20)

where
9y,DD* = \/ggX\/mDmD*my/z’ (21)
_4gX \/Mp-Mp=Mm,,,
Gy, D D* = . (22)
w2 \/6 m'llz

The Lagrangians of vertexes l//2D§*>D§ are similar to those

shown in Egs. (19) and (20), where the corresponding
coupling constants satisty g,,,p p: = 9y,pp- and gy, p:p: =
Gy,p-p+ if the SU(3) flavor symmetry holds.

Applying the Cutkosky cutting rule [32], the imaginary
parts of the decay amplitudes of B~ — X(3823)K~ can be
obtained, for example, for the amplitude of diagram (1a) in
Fig. 1 as

B -y, K~
Abs(1a> 2
|P2|

G
=327 dQ\/E Ve Visaiy/mimyé(m) (v}l'
|

4
P
+—2) fapsy
my

. % PauPia
X (_l)gy/zDD* esﬂy(pZD + p4v) <_g;m + :;12 -
4

> gD.\D*KpZ

1
<) (23)

Here m; (i = 1,2, 3, ...) denotes the mass of the particle
carrying momentum p; in Fig. 1, and @ = v - v'. Other
amplitudes are given in the Appendix. On the other hand,
we need also introduce form factors to compensate the off-
shell effect of the exchanged DE;‘)) in Fig. 1. The concrete

expression of the form factor is [4,14]

A2 _ m2
8(q*) = Az——qz’ (24)
where the cutoff parameter A can be parametrized as

A =m—+ aAQCD (25)

with Agcp =220 MeV. m denotes the mass of the
exchanged meson.

The total absorptive part of the amplitude of the process
B~ — X(3823)K~

Abs(M[B~ — X(3823)K~]) =

with which we can estimate the decay width of the process
B~ — X(3823)K™ as
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I'(B~ — X(3823)K~) = ;—ﬂ% |Abs(M)2.  (26)

Here, p denotes the three-momentum of final states in the
center of mass frame of B~ meson, and mjy is the mass of
the B meson.

In principle, we may include the real part (dispersive
part) of the scattering amplitude through the absorptive
part:

Dis(M(m3)) = - / R ANSIMIS)) yo o og)

n s'—m3
However, as discussed in Ref. [14], this real part has large
uncertainties that come from a newly introduced cutoff
parameter and integration itself. Furthermore, since the
mass of the B meson is far from the D meson pair threshold,
the imaginary part can largely increase and become
dominant in full amplitude. Hence we assume the absorp-
tive part is dominant as in Ref. [14], and ignore the
dispersive part.

In order to obtain the results, the values of various
parameters should be specified, which include the weak
Fermi coupling constant Gy = 1.16638 x 107> GeV~2,
Ve =0.04 and V. = 1.0 [33], decay constants [, =
Sfp: = 0.24 GeV and Wilson coefficient a; = 1.0 [13]. As
for the mass of X(3823), we adopt the BESIII’s result
Mmy3g3) = 3.8217 GeV [19] as an input. The strong
coupling constants g = 0.57 and gy = 1.4 GeV—/? are
given in Ref. [24]. As for the Isgur-wise function, we adopt
the form calculated in Ref. [27]:

fw)=1-122(w-1)+085(w—1)%.  (28)

So far in our calculation the only unknown parameter left
is @ in Eq. (25). The rescattering mechanism becomes soft
in the case of the B meson decay because of heaviness of
the B meson mass. Since the rescattering mechanism
as a long-distant contribution plays an important role to
understand B~ — X(3823)K~, we try to reproduce the
experimental branching ratio of B~ — X(3823)K~ shown
in Eq. (3) by varying the parameter a to obtain
a = 0.70 = 0.05, where the error comes from Eq. (3). It
is obvious that this is not the end of the whole story. This
value of a can be applied to study similar processes like the
productions of 7., (' D,) /w3 (*D3) plus a kaon via B meson
decays, where 1., ('D,) and y5(®D;) are as the D-wave
charmonium partners of X(3823). In the next section, we
illustrate the details of the corresponding deduction.

III. PREDICTION OF B~ = 51,,(1D,)K~
AND B~ - y;(3D3y)K-

After discussing the B~ — X(3823)K~ decay, in this
section we further investigate the productions of two
D-wave charmonia 75.,('D,) with JP€ =2"" and
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w3(*D3) with JP€ = 37~ through similar B decay proc-
esses. Here, 7.,(!D,) and y3(®D3) have not yet been
observed in experiment, which also stimulates us to predict
the production rates of B~ - 5,K~ and B~ — y3;K".

Similar to the process B~ — X(3823)K~, the processes
B~ — n, K™ and B~ — w3 K™ are also forbidden if simply
considering the naive factorization contribution, since
(12 (27)] (€€)y2410) = 0 and {y3(37)](2€) y5410) = 0.
According to the former experience of study of
B~ — X(3823)K~, we need to introduce the rescattering
mechanism to estimate the decay rates of these two
processes.

In order to calculate the processes B~ — 1., ('D,)K~
and B~ — y3(3D3)K~, one needs to have the effective
Lagrangian given in Eq. (17). For the vertexes #.,DD* and
neD*D*, the corresponding Lagrangians read

En(.zDD* = igr/L.zDD*”’cl;(avDD; - D@DD;)
— ig, .opMes(D;0,D — 8,D:D), (29)

EﬂezD*D* = gnczD*D*8yuaﬁaﬂn/c)§D*a8pD*ﬂ (30)

with
9nuDD* = 29X\/mDmD*mrh,2 (31)
\/Mp=NpNi .
9y.D*D* = 4gx Y —— 2 (32)

Ne2

For the vertex w3 D*D*, the Lagrangian is
EW3D*D* = 9w3D*D*l//l3wa(8ﬂD;D?; - DiaﬂDz) (33)

with

GyiD*D* = 4gx/mp-np: my.. (34)

The Lagrangians for the vertexes nc.2D§*>D}f and w3 DD}
have the same form as those shown in Egs. (29), (30), and
(33), where we only need to have the relations among the
involved coupling constants, i.e., g, pp: = Gy,0D*
DD = Gpop'pe A0 Gy pip: = gy,pep, Which are
obtained by assuming the SU(3) flavor symmetry.

For B~ — n.,K~, the corresponding diagrams are the
same as those of B~ — X(3823)K~, where we only need to
make a replacement X (3823) — 7, in the diagrams shown
in Fig. 1. With the above preparation, the absorptive parts
of the amplitudes in the process B~ — n.,K~ can be
obtained, for example, for the amplitude of diagram (la)
in Fig. 1 as
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Absﬁ_aT”"zK -

_ |P2| dQGF
3271'2m1 \/_

X (_1)gnczDD*€§ﬂy(p2y + p4v> <_gﬂ(l +

1
pi—

4
. p
Vcbvcsal vV m1m2§<w) <vJ{ +m_22>f3p3y

p4;4 p4a

>9D D*Kps
4

S, (35)

where m; (i = 1,2,3,...) denotes the mass of the particle
carrying momentum p; in Fig. 1. The rest of the amplitudes
are given in the Appendix.

The total absorptive part of the amplitude of the process
B~ - n,K is

AbS(M [B_ e HCZK

Z AbsB ~nak”

For B~ — y3K~, the relevant diagrams are shown in
Fig. 2. The absorptive parts of the amplitudes of the process
B~ — w3 K~ can be obtained, for example, for the ampli-
tude of diagram (la) in Fig. 2 as

B -y K~
Abs(la) v
’P2| Gr . pZ Vi
= 327[21’”1 dQ\/— csal\/mlm2§( ) lgy&r/ﬂm_zvl
s
PP .
= (1 + w)gs, + v15 )f3P3 <—9§1 + 341220() i9,.0 D"
2
% )4 p 1
X € (Pay + Pou) <_gu9 + )gm; kP
4 P4 —my
x & (p3)- (36)

Note that m; (i =1,2,3,...) denotes the mass of the
particle carrying momentum p; in Fig. 2. The rest of the
amplitudes are given in the Appendix.

(1a) V3(ps) (1b) K™ (po)

~m

K~ (ps) ¥3(ps)
¥3(ps) (2b) K~ (ps)
¥3(ps)

FIG. 2. The schematic diagrams for the decay B~ — w3 K~ via
the rescattering mechanism.
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The total absorptive part of the amplitude of the process
B~ - y3K™ is

Abs(M[B~ = y3K7]) =

Other input parameters are the masses of two unobserved
charmonia 7., and w3, which are given by m, ap,) =
3.811 GeV and My, (p,) = =3.815 GeV [21]. We vary
450 MeV to account for the uncertainties of these pre-
dicted masses. When taking a = 0.70 £ 0.05, the same
value as that for B~ — X(3823)K~, we obtain the branch-

ing fractions for the processes B~ — n.,K~ and
B™ - y3K™,

BR(B~ = n,('Dy)K™) = (1.72 £ 0.47) x 1073, (37)
BR(B~ = w3(?D3)K~) = (0.80 +0.21) x 1073, (38)

where the errors come from the uncertainties of « and the
masses of 7., and y3. The results are sizable and are the
same order of magnitude as B~ — X(3823)K~, which
means that these two decay channels can be accessible
in future experiments.

There are some remarks on our theoretical uncertainties.
The uncertainties come from three parts, the lack of real
parts of the amplitudes, the weak vertexes and the strong
vertexes in loops. As for the real parts of the amplitudes, we
assume they are not dominant as in Ref. [14]. As for the
weak vertexes, there are actually much smaller uncertain-

ties since either the naive factorization assumption for B —

pHp [Eqg. (4)] or the form factor of the matrix element
[Eqg. (28)] has been proven to have a good agreement with
experiment. The dominant uncertainties come from strong
vertexes: the coupling constants, the cutoff parameter o and
the predicted masses of 7.,('D,) and w5(*D;). Since the
coupling constants gy in Eq. (10) and gy in Eq. (17) appear
in all the amplitudes as global factors, after fitting to the
process B~ — X(3823)K~, the uncertainties caused by g
and gy are just canceled when calculating the processes
B~ = 5,("Dy)K~ and B~ — w3(3D3)K~. The uncertain-
ties from cutoff  and the predicted masses of 77.,(! D,) and
w3(3D3) have already been considered in the text. As a
whole, we stress that these uncertainties do not influence
our main conclusion.

IV. CONCLUSIONS AND DISCUSSION

The rescattering mechanism has been widely applied to
the studies involved in hadronic transitions [4—11] and B
decays [12—-17]. As a long distant contribution, the rescat-
tering mechanism is a typical nonperturbative QCD effect.
Stimulated by the observation of B~ — X(3823)K~ [18],
we study the contribution from the rescattering mechanism
to B~ — X(3823)K~ since the naive factorization
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contribution to B~ — X(3823)K~ vanishes. With a reason-
able cutoff parameter, we can reproduce the experimental
branching ratio of B~ — X(3823)K~. Under the same
theoretical framework and with fitted parameters, we further
investigate the processes B~ —1.,('D,)K~ and B~ —
w3(®D3)K~. Our results show BR(B™—=n,('Dy)K™)=
1.7x107> and BR(B~—w3(*D3)K~)=0.8x 107>, which
are comparable to BR(B~ — X(3823)K~) =2.1 x 107°
extracted from experimental data. Our study shows that
nonfactorizable contributions to B~ — X(3823)K~, B~ —
Neo('Dy)K= and B~ — w3 (PD3;)K~ are sizable. Thus,
experimental exploration of B~ — 5.,('D,)K~ and B~ —
w3(*D3)K~ becomes possible at future experiments like
LHCD, Belle, and the forthcoming Bellell. We also expect
that our predictions of B~ — 7,('D,)K~ and B~ —
w3(*D3)K~ can be confirmed in experiments.

So far, two D-wave charmonia 7.,('D,) and y;(?Ds)
are still missing in experiments. When exploring B~ —
ne2("Dy)K~ and B~ — y3(*D3)K ™, a key point is how to
identify 7., (' D,) and y3(3D3) experimentally, whose task
is full of challenges faced by experimentalists, since the
present study shows that B~ — n,('D,)K~ and B~ —
w3(®D3)K~ have sizable branching ratios. These two
processes are also ideal channels to search for 5., ('D,)
and y5(3D3). If future experiments can find these predicted
decays, it will not only make our knowledge of B meson
decays become more abundant, but also be helpful in
establishing the charmonium family.

In summary, experimental study of B~ — 5.,('D,)K~
and B~ — y;(*D3;)K~ will be a potential issue in the near
future. If these channels can be confirmed in experiments,
the role of the rescattering mechanism in B~ —
Ne2('D,)K~ and B~ — w3 (?D3)K~ can be further identi-
fied, which will deepen our understanding of nonperturba-
tive QCD behavior.

ACKNOWLEDGMENTS

This project is supported by the National Natural Science
Foundation of China under Grants No. 11222547 and
No. 11175073. X. Liu is also supported by the
Fundamental Research Funds for the Central Universities
and the National Youth Top-notch Talent Support Program
(“Thousands-of-Talents Scheme”).

APPENDIX: THE REST OF THE AMPLITUDES
OF THE PROCESSES B~ — X(3823)K,
B~ - 5,K~ AND B~ — y3K~

The amplitudes of the process B~ — X(3823)K~
depicted in diagrams (1b)-(3b) in Fig. 1 are
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