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We study the observeB~ — X(3823K~ decay via rescattering mechanism and show that this bnagichi
ratio is well reproduced by this mechanism. We further extthis theoretical framework to investigate the
decays 0B~ — 7 (D,)/vs((D3)K™, where thep(*D,) and theys(®Ds) are D-wave charmonium partners of
the X(3823). Our results show that the branching rat®s,— 7 (*D2)K~ andB~ — y3(3D3)K-, are of the
order of 106%, which can be accessible at LHCDb, Belle and forthcomingeBiell

PACS numbers: 14.40.Pq, 13.25.Hw

I. INTRODUCTION earlier time, authors in Refs1§, 17] have already applied
a rescattering mechanism to study non-lept@imeson de-

In the past decade, abundant charmonium and charmoniurfi&Ys:
like states have been discovered. Some of them cannot fit In 2013, Belle observed a new charmonium-like state
into traditional quark model predictions and leave many-puzcalled X(3823) in the yay final state in the process
zles. So it attracts great attention to explore their intreics B~ —  X(3823K~ [18] with measured mass 3823.1
ture and interaction mechanism (see Refs.] for a re-  +1.8(stat.}0.7(syst.) MeV and significance 38 Recently,
view). An important feature is that mangYZ or charmo- BESIII confirmedX(3823) in the process’e™ — nfn " yya
nium states strongly couple to open charmed mesons, and asth measured mass 382%+%.3(stat.}:0.7(syst.) MeV, width
a result, it leads to a quite interesting phenomenon in maniess than 16 MeV and significance 6.219. X(3823) is ex-
processes, which is called a rescatteriffige. For example, pected to be the long missing(13D,) with JP¢ = 27, This
in a hadronic transition process of a charmonium, instead of because, first, the mass ¥{3823) is consistent with the
gluon-emission, the charmonium can first decay into charmeduark model prediction20, 21]. Secondly, since the mass
and anti-charmed mesons, and these two mesons rescattdrX(3823) is below any open charm thresholRX channel
each other into a charmonium plus a light meson. Such & forbidden by parity conservation), the width is quite-nar
rescattering #ect has been extensively studied by many autow as expected and as observeH(3823) largely decays
thors (see Refs3F11]). Their results indicate that rescatter- to yc1y, which is the channel discovered in Belle and BE-
ing efects can significantly change the line shapes of threeSlIl. Furthermore, the upper Imit of the rati(X(3823) —
body decays and enhance the results of the Okubo-Zweig«2y)/B(X(3823) - xc1y) was determined to be 0.41 by
lizuka (OZl)-suppressed processes. Belle and< 0.42 by BESIII, which is consistent with the-

Another example is given in the situation that the rescatoretical predictions in Refs2D-23]. ThereforeX(3823) is
tering efect is combined with non-lepton® meson decays. believed to bey>(°D>).

As we will see later, such a rescatterinfjeet even plays a  |n Ref. [24], authors studied the OZI-suppressed process
dominant role. On the other hand, in a naive factorization apx(3823) — Jyxr via a rescatteringfect. Their calculation
proach which is normally adopted for non-leptonic processe shows that since the mass ¥{3823) is close to théD*

the amplitudes of some processes sucBas> oK™ vanish  threshold, a rescatteringfect can significantly change the
(see Secll). In Ref. [12], authors explained the large exper- line shape of the finatzr mass spectrum. In this work, we
imental branching fraction of the proceBs — xcoK™ ap-  will focus on another aspect to investigate the resactjesfn
plying the rescattering mechanism. Later, they also stlidiefect onX(3823), i.e., theX(3823) production via & meson

B~ — hcK™ process using the same mechanism and predictegecay. We will illustrate that the naive factorized amiiof

its branching ratio13]. In Ref. [14], authors systematically the proces8~ — X(3823K™ vanishes, and hence it provides

studied rescatteringfiects on non-leptoni& meson decays ys another good example to see how important the scattering
and their impact on direct CP violations. Referentd ptud-  effect is.

) 5 . . ;
e e e BESiesK (3623, threar il mising vo ohBevave
: [bw-lying charmonia, i.e.e(*D2) with JP° = 27+ and

Y2(3D3) with JP¢ = 37, Their predicted masses and decay

properties are given in Refs2(), 21]. The naive factorized
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This paper is organized as follows. After introduction, wekeV [20] and I'(X(3823) —» Jynnr) ~ 160 keV R4], re-
study the decay proce8s — X(3823K™ through the rescat- spectively. Summing up all the above partial widths, we can
tering mechanism in Sed.. In Sec.lll, we make predictions roughly estimate the total decay width ¥{3823) to be 470
of the production rates for the proces€®s — noK~ and  keV, with which we getBR(X(3823)— xc1y) = 46%. Then,

B~ — y2K~. In the final Section, we give discussions andwe can extract
conclusion.

BR(B™ — X(3823K") = (2.10+ 0.65)x 10°°, ()

Il. B~ — X(3823K~ VIA RESCATTERING MECHANISM . . .
- X X where the error comes from the combined branching fraction

. il sh hat th Vet L e of the Belle measurement. It shows that there exists a non-
First we will show that the naive factorization approacte(se zero contribution to th&- — X(3823K- decay.

Ref. [25]) fails to describe our discussed processes. When
studyingB~ — X(3823K™ in this approach, thefkective
weak Hamiltonian is written as

To understand the discrepancy between the experimental
data and theoretical estimate from the naive factorizadjon
proach, we stud~ — X(3823K™ by introducing the rescat-

_ G ; tering mechanism, which was proposed in R&2][ They
Hw = %{VCchs[Cl(ﬂ)Ol(ﬂ) + C2(u)O2(u)] indicated that such a nonleptonic process should have a larg
10 nonfactorizable contribution that comes from the resdatge
—thVt*sZ e ('u)} +H.c. . (1) mechanism. For the discussBd — X(3823K™ processB~
4 first decays into intermediate charmed and anti-charmed me-
son pair, and then they transit into final stat¥63823) and
where the operatoi@; read as K~. The typical diagram describing the rescatterifige on
3 3 B~ — X(3823K~ can be found in Figl. In the following,
01 = (Subp)v-a(CsCa)v-n we calculate these rescattering process@s of> X(3823K -
02 = (Sybo)v-A(CsCa)v-n , to test whether the extracted branching ratio given by By. (

can be understood under the rescattering mechanism.

O3i5) = (S:be)v-a Z(qﬁ%)va(vm) ,
q

Ua(ps) K~ (ps)

Ose) = (Sebp)v-a Z(qﬁqa)V—A(V+A),
q

3 _ _
O7(9) = Q(S“b")V*AZ €q(qs0s)v+ANV-2) >
q

3 _ _
Og(10) E(Sa bg)v-a Z €q(Ts0a)v+ANV-A) -
q

Thus, the factorized amplitude of the proceBs —
X(3823K™ can be expressed as
M(B™ — X(3823K")

G
\/z i=35,7,9

X(X(3823](cc)v=al0) )

aa(ﬂ)] (K7I(Sb)v-alB™)

with a; = ¢ + ¢1/N; anda; = ¢ + Giy1/Ne. In this work,
X(3823) is treated as B-wave charmonium with quantum
numbers)®C = 2-=. When checking the factorized amplitude ) o )
in Eq. (2), we find the matrix elemeriX(3823)(cc)y=al0) = O F[G. 1: (color (1n||ne). The schematic Q|agrams for depgtihe
due to the Lorentz invariance. Hence this leads to vanishin d:n)(;t(sg?(?gzs?ecay via the rescattering mechanism. Note that
of the branching ratio oB~ — X(3823K" in the naive fac- 2 '
torization approach.

However, the Belle measuremertt§ shows combined
branching fractiorBR(B~ — X(3823K") x BR(X(3823)— In order to calculate these triangle diagrams at hadron
yery) = (9.7 £ 28 + 1.1) x 10°%. To obtain the value of level, we need to introduce thefective Lagrangians corre-
BR(B~ — X(3823K"), we consider the theoretical partial sponding to each interaction vertex. As for the weak vertex
widths of X(3823) decaying intq 1y, xc2y, 999, andJ/ynn B~ — D(*)ODS‘)’, we also assume the naive factorization of
which are given by'(X(3823) — yc1y) = 215 keV R1], the amplitude. Neglecting the small contributions from the
I'(X(3823)— xc2y) = 59 keV [21], I'(X(3823)— ggg) = 36  operator; ~ Ojp in EQ. (1), the transition matrix element
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can be factorized as heavy quark symmetry. For example, the field ofthmlou-
G blet (D, D*) or (Ds, DY) is given by
<D(*)OD(S*)_|HW|B_> — TchbVé‘saﬁD‘*)OlV” — AB")

R AP .
(P, ~ A0, (4) e (T) (O 1D ©

wherea; = ¢ + ¢2/Nc. One should notice that this naive with a the flavor index and/ the meson velocity, where the

factorization for the procesd” — D°D{)" had been shown fields D}* and D, contain a normalization factog/y and
to be a good approximation in Re2q]. The matrix element  have dimension 2.

appearing in Eq.4) can be simply written in terms of form  For anH field coupled with an octet chiral multiplet, the

factors and decay constants. . effective Lagrangian readg9:
we use the following matrix elements that contain only one
form factor¢, i.e., Isgur-Wise functiong7]: Ly = igHTr[Hbyy,},sﬂﬁ |_Ta] (10)
a 9

(DOWV)IVHB™(v)) = Vmemp&(v-V)(V + V),

whereA, = i/f:0"Mpa + ... with Mpg the octet of light pseu-

=0 — _ Vi g
DV, VLB (V)) = T VTBMo-£(V - V)pmape™ VIV, doscalar mesons arfg = 132 MeV. H, satisfies the relation
DOV, OIAIB™(vV)) = VMgmp-&(v-V)((1+V-V)g™ Ha = y°Hiy°. By expanding the Lagrangian in E4.Q), ef-
fective Lagrangians for the vertex8§’D®K are explicitly
—v“\/”)e*, ven b
o given by
(O|A|Ds(V)) = fp,mp V¥, _ -
(OV¥ID5(v. ) = fo,mpyet. Looy = ook Dy, DI, (11)
_ _ _ o Lok = —igo,o-kDsD, K, (12)
Using these matrix elements, one further obtains the tiansi =SB
amplitudes: Lo:pk = —Obiprk€uapd DS'0" DK, (13)
(D°(p2) D5 (p3)IB™(va)) where the coupling constants are relatedyas,
Ge . ¢
= $Vcbvcsal Vmmpg(v - V') (EZ + ‘/f) fapa. » () Uobik = OpDk = \/WZ?H , (14)
<D*O(p2)Dzi(p3)|Bi(Vl)> ‘,ngmD* ZgH
Ge pe Opipk = m—D* s (15)
= VN VTR V)V, - (L ), k
The vertexeX(3823D®D* and X(3823)D$'D;, are addi-
+V1Vp_2” € famge (6) tionally involved in our calculation, for which we also uset
m effective Lagrangians respecting the heavy quark symmetry.
(D%(p2) D5 (Ps)IB™(va)) However, for a charmonium system, the heavy quark flavor

G symmetry does not hold, where only the heavy quark spin
= —FVcbVésal \/mf(V'\/)( 2 4 \/I) famges, . (7) symmetry remains30]. Thus, charmonia with the same or-

V2 . bital angular momentunh but with different total spin can
(D*%(p2) D3 (p3)|B~ (V1)) form a multiplet. In our caseX(3823) belongs to ®-wave
multiplet [30, 31], which is defined by

3|

G . . ps
= —Fvcbvcsal AVMmé(v - v/ )(|eﬂmﬁ —Z\é - (1+ W)y
\/2 My uv 1+ y va 1 daf v voap
X = — lﬁg Yo + —(E” V&'}’wwgﬁ +e€ V&’ywlﬁg’g)
P2u ] . 2 NG
+vy,— |6 fapy (8)
m V15

o (7 = VW 0y =)
where my andmy, are the masses & andD®)°, respectively, 1 1
f3 is a decay constant of t_he pgrticle carrying a momerpgm ——— (0" = V'V )y U + ,{2”;/5} 5 v .
anday = ¢; + ¢;/N; as defined in Eq.4). V15
BDEK | i i -

For_theDS D K interactions, we adopt thefective La In the above expression, the fields, v», ¥, andn, denote
grangians respecting both the heavy quark symmetry and c he charmonia with quantum numbel = 3—, 2, 1
ral symmetry. For a heavy-light meson system, there exis nd 2%, respectively, wheré, corresponds to tﬁe diécussed
heavy quark spin symmetry and heavy quark flavor symmetr;k(3823’) ’

[28] in the heavy quark limilmg — co. As a consequence, "o o coupling ofD-wave chamonium multiplet with
heavy-light mesons are degenerate and are classified fato d'charmed mesons, theiffective Lagrangian readg4]

ferent multiplets, such as ath doublet (0, 17) with quantum ' grang

number of light degrees of freedojﬁ = %7. The multiplet T RSy T

can be described by arffective hadron field respecting the Lx = x| X*"Haa( 0, — 9 u)yvHea . (17)

(16)
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whereHqa is given by Eq. §), andHg, is The total absorptive part of the amplitude of the process
B~ — X(3823K"is
* . 1 - W _ _
Hga = (D' + 'Days)(T) : (18) AbS(M[B™ — X(3823K]) = > Abs ™",

i=ia...3b
which is obtained by the charge conjugation transformationyith which we can estimate the decay width of the process
T_he fieldsHg, and Hoa appearing in Eq.17) are defined as  g- _, X(3823K" as

Haa = yOH%ayO andHga = yOHTQa)/O, respetively. Then, the L

explicit forms of theX(3823D®D* (y,D™D*) interactions I'(B~ — X(3823K") = —ﬂ|Abs(M)|2 : (26)

can be obtained as 8r mg

Here,p denotes the three-momentum of final states in the cen-

Ly,o0: = Gu.00¥; (6,0D; ~ DI, D) ter of mass frame d3~ meson, andhg is the mass oB meson.

+Gy00- ¥ (D}0,D - 3,D:D),  (19) In principle, we may include the real part (dispersive part
2 M U
Lyo0 = 100,00 Erapd v’ D; 9°D"P of the scattering amplitude through the absorptive part:
+i0y,0 D Eapd ¥ 9" DD (20) 1 [ Ab s
s e DisM(R)) = = f ADSIM(S)) @27)
where ) 8- g
Uy,oDr = Véngm, (21) However, as discussed in Rel4], this real part has large
uncertainties that come from a newly introduced cflitpa-
4gy /Mo Mp- My, y pa
UuDD = —0x 0-Mo- M, ) (22)  rameter and integration itself. Furthermore, since thesros
V6 my, theB meson is far from th® meson pair threshold, the imag-

inary part can largely increase and become dominant in full

The Lagrangians of vertexesD$ Dy are similar to those amplitude. Hence we assume the absorptive part is dominant
shown in Egs. 19)-(20), where the corresponding coupling as in Ref. 4], and ignore the dispersive part.
constants satisfg,,o,0; = Gy,op- @andgy,p:p; = Yy,00- if In order to obtain the results, the values of various param-
the SU(3) flavor symmetry holds. eters should be specified, which include the weak Fermi cou-

Applying the Cutkosky cutting rule3@], the imaginary  pling constanGr = 1.16638x 10° GeV 2, Vg, = 0.04 and
parts of the decay amplitudes & — X(3823K™ can Vs = 1.0 [33, decay constantéy, = fp, = 0.24 GeV and
be obtained, for example, for the amplitude of the diagramwilson codficienta; = 1.0 [13]. As for the mass 0K(3823),

Fig.1(1a) as we adopt the BESIII's resulinksszs) = 3.8217 GeV L9
. as an input. The strong coupling constagts ~ 0.57 and
Abs(la)wZ gx ~ 1.4 GeV %2 are given in Ref. 24]. As for the Isgur-
Ipal Gr P! wise function, we adopt the form calculated in REf7|f
* 2
~ 320m, f 4275 VenVes VimM£(w) (VI * E) faba, £w) = 1- 122w — 1)+ 0.85 — 1) . 28)
i o p‘w%] . So far i lculation the only unk left
(=i €™ (D2y + Pav) | =G + . o far in our calculation the only unknown parameter le
(800657 (Par + P )( S mﬁ 900k Pe is @ in Eq. 25). The rescattering mechanism becomes soft

1
Py -

4 /1

2 2 in the case of the B meson decay because of heaviness of B
F°(Pg) - (23)  meson mass. Since the rescattering mechanism as a long-
distant contribution plays an important role to understand

Herem (i = 1,2,3,..) denotes the mass of the particle B~ — X(3823K", we try to reproduce the experimental
carrying momentunp; in Fig. 1, andw = v-V. Other !oranchmg ratiooB™ — X(3823)<* shownin Eq. ) by vary-
amplitudes are given in Appendix. On the other hand, we neetPd the parameter to obtain @ = 0.70+0.05, where the error
also introduce form factors to compensate tifesbell éfect ~ COmMes from Eq.3). Itis obvious that this is not the end of
of the exchange®( in Fig. 1. The concrete expression of 1€ Whole story. This value f can be applied to study sim-
the form factor is 4, 14] ilar processes like the productionsigs(*D2)/y3(°D3) plus a

kaon viaB meson decays, wherg,(*D.,) andys(°Ds) are as

A2 —mP the D-wave charmonium partnersX¢3823). In the next sec-
m 5 (24)  tion, we illustrate the details of the corresponding deiduct

X

F(P) =

where the cutfi parameteA can be parameterized as
[1l. PREDICTION OF B~ - 5e(*D2)K~ AND

A=m+ Q’AQCD (25) B — 11/3(3D3)K_

with Agcp = 220 MeV.mdenotes the mass of the exchanged After discussing thé8~ — X(3823K™ decay, in this sec-
meson. tion we further investigate the productions of two D-wave
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charmoniaye(tD,) with JP¢ = 27+ andy3(®Ds) with JPC = The total absorptive part of the amplitude of the process
3~ through similarB decay processes. Hemgp(*D2) and B~ — oK™ is
¥3(3D3) have not yet been observed in experiment, which also . )
stimulates us to predict the production ratesBof— neK™ Abs(M[B™ — 1K) = Z AbS(E:) ek
andB™ — y3K™. i=la...3b

Similar to the proces8  — X(3823K~, the processes
B~ — neK” andB~ — y3K™ are also forbidden if sim-
ply considering the naive factorization contribution, cgn
ne2(27)I(CC)v=al0) = 0 and (y3(37)I(CC)v=al0) = O.
According to the former experience of study & —
X(3823K™, we need to introduce the rescattering mechanism
to estimate the decay rates of these two processes.

In order to calculate the processBs — 7e(*D2)K~ and
B~ — y3(3D3)K ™, one needs to have th&ective Lagrangian
given in Eq. (7). For the vertexeg.,DD* andn.D*D*, the
corresponding Lagrangians read

Ly,00 = iGy,00-174(0,DD;, - D3,D;)

~igy.o0-75(D;3,D - 3,D:D) ,  (29) )
LopD = Gyub D Euvapd 1y D™ 9,DF (30)
] FIG. 2: (color online). The schematic diagrams for the dd8ay-
with 3K~ via the rescattering mechanism.
0yeDD: = 20x +/MpMp.-M,,, (31)
-4 A/Mp-Mp- M, (32) ForB~ — y3K™, the relevant diagrams are shown in Eig.
DD = 49X my., ’ The absorptive parts of the amplitudes of the prod&ss—

3K~ can be obtained, for example, for the amplitude of the

For the vertexy3D*D*, the Lagrangian is diagram Fig2 (1a) as

Ly,pp = 9¢3D*D*¢gva(5y5jDZ - 5’;6,1D(’;) (33)

B —y3K™
_ Abs "
with Iy G o
__l, Gty v virecoien P2
QoD = 4gy /DD, s . (34) = 3202my fdQ \/EVcchsal m1m2§(w)(l8y§7lﬂmzv‘i
The Lagrangians for the vertexgsD$’D;, andy;D;D: have P2y P3P2o

-1 —~ | fapl [ -0 i9y,0'D*
the same form as those shown in Eqg9)( (30), and (33), (+@)Gsy +Vag mz) 3p3( o * me )Ig%D b

where we only need to have the relations among the involved Day Pao 1
coupling constants, i.€9,,p.p; = Gy,DD*» GyD:D; = Jye,D D XEEWQ(I% + P2y) (—gva + rfnz ]gD*DsK pi-,’z—mz
andgy.p:p: = Oy,0-D+, Which are obtained by assuming the 1 Py—my
SU(3) flavor symmetry. xF2(p3) - (36)

For B~ — nK™, the corresponding diagrams are the same ) )
as those 0B~ — X(3823K", where we only need to make a Note _thatm (i=12 3 ...)_denotes the mass of the partlcle
replacemenk(3823) — 7 in the diagrams shown in Fig. ~ carrying momentunp; in Fig. 2. The rest of the amplitudes
With the above preparation, the absorptive parts of the amplar€ given in Append!x. _
tudes in the procesB~ — 5K~ can be obtained, for exam-  The total _absorp'uve part of the amplitude of the process
ple, for the amplitude of the diagram Fig(1a) as B™ — ys3K™ is

Absfl;l)_)nczK’ Abs(M[B™ — y3KT]) = | lz:mAbs(Eis)*—»ng* .
i=1la,...,

G . Py
= 32|:22||T]1 f dQTFchchsal Vmimpé(w) (VI + Ez) fapsy Other input parameters are the masses of two unobserved
charmoniayc; andyss, which are given byn, ,.p,) = 3.811
X(=1)Gyep0- €5 (P2y + Pay) (_gua + p4:ng4a)gDsD*K pg  GeVandm,ep, = 3815 GeV PI.  We vary +50 MeV
0 to account for the uncertainties of these predicted masses.
2 2 When takinga = 0.70 = 0.05, the same value as that for
&°(pa) » 35 B > X(3823K™, we obtain the branching fractions for the
processe8™ — npK™ andB™ — y3K™,

1
P - m

4 4

X

wherem (i = 1,2,3,...) denotes the mass of the particle car- ~ 1 ~ 5
rying momentunp; in Fig. 1. The rest of the amplitudes are BR(B™ = ne2("D2)K™) = (172 0.47)x 107, (37)
given in Appendix. BR(B™ — y3(®D3)K™) = (0.80+ 0.21)x 10°°, (38)



where the errors come from the uncertaintieseofind the  sizable branching ratios. These two processes are alsb idea

masses ofic; andyz. The results are sizable and are the samehannels to search fag(*D2) andyz(3D3). If future exper-

order of magnitude aB~ — X(3823K™~, which means that iment can find these predicted decays, it will not only make

these two decay channels can be accessible in future expedur knowledge ofB meson decays become more abundant,

ments. but also be helpful in establishing the charmonium family.
There are some remarks on our theoretical uncertainties. In summary, experimental study Bf — ne(*D,)K- and

The uncertainties come from three parts, the lack of reatpar g- _, w3(3Ds)K - will be a potential issue in near future. If

of the amplitudes, the weak vertexes and the strong Vertexgfiese channels can be confirmed in experiments, the role of
in loops. As for the rt_-zal parts of the amplitudes, we asy,qo rescattering mechanism BT — 7c(*D2)K- andB~ —
sume they are not dominant as in RAML As for th? vv_eak_ w3(3D3)K™ can be further identified, which will deepen our
vertexes, there are actually much smaller uncertaintiesesi understanding of non-perturbative QCD behavior.

either the naive factorization assumption ®r— D®*D
(Eq. @)) or the form factor of the matrix element (EQ8)
has been proven to have a good agreement with experiment.
The dominant uncertainties come from strong vertexes: the
coupling constants, the cufarameterr and the predicted
masses 0fj(*D2) and y3(3D3). Since the coupling con-
stantsgy in Eq. (10) andgy in Eq. (17) appear in all the am-
plitudes as global factors, after fitting to the proc&ss—
X(3823K™, the uncertainties caused Iy andgx are just
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1V. CONCLUSIONSAND DISCUSSION

The rescattering mechanism has been widely applied to
the studies involved in hadronic transitiods-11] and B de-
cays [L2-17]. As a long distant contribution, the rescat-
tering mechanism is a typical non-perturbative QCiee.
Stimulated by the observation & — X(3823K~ [18],
we study the contribution from the rescattering mechanism
to B~ — X(3823K~ since the naive factorization contribu-
tion to B~ — X(3823K~ vanishes. With a reasonable cut-

off parameter, we can reproduce the experimental branch- _

ing ratio of B~ — X(3823K~. Under the same theoreti-
cal framework and with fitted parameters, we further inves-
tigate the process® — n(*D2)K~ andB™ — y3(°D3)K™.
Our results showBR(B~ — ne(*D2)K™) = 1.7 x 10°° and
BR(B~ — y3(°D3)K~) = 0.8 x 107°, which are compara-
ble to BR(B~ — X(3823K™) ~ 2.1 x 10™° extracted from
experimental data. Our study shows that non-factorizable
contribution toB~ — X(3823K~, B~ — n(*D2)K~ and
B~ — y3(®D3)K™ are sizable. Thus, experimental explo-
ration of B~ — n(*D2)K™ and B~ — y3(°D3)K™ be-
comes possible at future experiments like LHCb, Belle, and
the forthcoming Bellell. We also expect that our predicsion
of B~ = ne(*D2)K~ andB~ — y3(®D3)K™ can be confirmed
in experiments.

So far, two D-wave charmoniage(*D,) and y3(3Da3)
are still missing in experiments. When exploriy —
ne(*D2)K~ andB™ — y3(°D3)K ™, a key point is how to iden-
tify ne2(*D2) andy3(3D3) experimentally, whose task is full of
challenges faced by experimentalists. Since the presgay st
shows thatB~ — n(*D2)K™ and B~ — y3(3D3)K™ have

Appendix: Therest of the amplitudes of the processes
B~ — X(3823K™, B~ - K™ and B~ — 3K~

The amplitudes of the procefs — X(3823K™ depicted
in the diagrams Figl (1b)-(3b) are:
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The amplitudes of the proceBs — nK~ depicted in the
diagrams Figl (1b)-(3b) are:
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The amplitudes of the proceBs — y3K~ depicted in the
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