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Within a Bethe-Salpeter model, we investigate the production of possible D,D; (X;) and DD (X,;)
bound states in B decays. The bound state properties of the two heavy meson systems are studied in the
one-boson-exchange kernel, and the resulting normalized Bethe-Salpeter wave functions are used to
calculate the branching fractions of B* — X ;K" and B — X K. We find that bound-state solutions for
the DD system exist for all three coupling sets considered, whereas the D, D, system supports a bound state
solution only in a restricted parameter region. The predicted branching fractions are in the ranges of
1.09 x 1075-20.06 x 10~* for the D, D, bound state and 1.56 x 107°—4.14 x 10~* for the DD bound state.
In particular, if X(3915) is interpreted as a predominantly D;D; bound state, its production branching

fraction in B decay is found to be 5.79 x 1074,
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I. INTRODUCTION

In 1964, Gell-Mann [1] and Zweig [2] independently
proposed the quark model, in which conventional hadrons
are classified into mesons composed of a quark and an
antiquark (¢g) and baryons composed of three quarks
(gqq). Beyond these conventional configurations, QCD
also allows for more complicated hadron structures, such
as tetraquark states, pentaquark states, hexaquark states,
glueballs, and hybrid states, which are collectively referred
to as exotic hadrons. In 2003, the Belle Collaboration
reported the X(3872) in the exclusive decay process
B — Kzt z~J/y, which has since become one of the
most prominent candidates for exotic hadrons [3]. Since
then, numerous exotic candidates have been observed
experimentally, including Y (4260), Z.(3900), Z.,(3985),
P.,T,., T, and X(6900) [4]. A notable feature of many of
these states is that their masses are located close to the
thresholds of two conventional hadrons, which suggests a
possible hadronic molecule interpretation, namely, loose
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bound states generated by deuteronlike meson-exchange
forces. The study of exotic hadrons has attracted extensive
attention from both experimentalists and theorists, provid-
ing valuable insight into hadron spectroscopy and non-
perturbative QCD.

The LHCb Collaboration reported the X(3960) in
the decay B — D{D;K" [5] and the y.(3930) in
BY — DTD"K™" [6]. Since both structures lie close to
the DD, threshold, their nature has attracted considerable
attention. The Particle Data Group (PDG) currently assigns
both of them to X (3915) with 1(JF€) = 0(0*), which was
first observed by the Belle Collaboration in the J/ww
invariant mass spectrum [7]. On the theoretical side, the
D} D; invariant mass distribution measured in Bt —
Dy D7 K™ can be described within nonrelativistic effective
field theory by introducing a D Dy bound or virtual state
below threshold [8]. In addition, a coupled-channel study
of the DD and DD interactions in B¥ — D*D~K™ found
two bound states below the D,D, and DD thresholds,
respectively, and reproduced the near-threshold enhance-
ment in the D Dy mass distribution, which is in agreement
with the LHCb observation [9]. These results suggest that
the near-threshold enhancement can be understood without
introducing an additional X(3960) state and is compatible
with the current PDG assignment.

The possible existence of DD, and DD bound states has
been investigated using a variety of theoretical approaches.
Lattice QCD studies of coupled-channel DD and DD
scattering predicted a DD bound state and a narrow 0+
resonance slightly below the D D, threshold [10]. Related
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studies have also been carried out within the contact-range
theory [11], the vector-meson-dominance model [12], the
one-boson-exchange model [13-15], the Lippmann-
Schwinger equations [16], the coupled-channel Bethe-
Salpeter (BS) equations [17], and the unitarized coupled-
channel framework [18]. Most theoretical studies support
the existence of a DD bound state, whereas the existence of
a D,D; bound state remains unsettled.

In addition, the production rates of D,D, and DD
molecules in B and B, decays have been discussed in
Refs. [19,20]. The DD invariant mass distributions in the
processes yy — DD [21,22], B - DDK [23], w(3770) —
yDD [24], and A, — ADD [25], as well as the 1,
invariant mass distribution in the decay B~ — Ky,
[26], have been analyzed in connection with these bound
state interpretations. The coupled-channel interaction
between DD and DD, in the decay B~ — K~J/yw has
also been investigated [27]. Moreover, the decay properties
of X(3915) as a D,D, bound state have been studied in
Refs. [28,29]. Nevertheless, whether y.,(3930) can be
identified as a D,D, bound state remains unsettled, and
no experimental candidate for a DD bound state has yet
been firmly established. Further investigations of these
states are therefore highly needed.

The decay properties of the S-wave D;D; bound state
were investigated in our previous work [29]. In the present
work, we extend our study to the production of DD and
DD bound states in B decays. Following the notation of
Ref. [19], these two bound states are denoted by X, ; and
X, respectively. By solving the BS equations with the
vector-meson exchange kernel under the ladder and instan-
taneous approximations, we obtain the BS wave functions
of the D,D, and DD bound states. These Lorentz-covariant
BS wave functions include the essential internal dynamics
of the bound states and are subsequently employed to
calculate their production rates in B decays. We further
analyze how the bound-state properties affect the predicted
production rates, which may provide useful guidance for
future experimental searches.

The remainder of this paper is organized as follows.
In Sec. II, we present the amplitudes for BT — X K™
and B* — X K™, together with the BS equations for the
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S-wave DD, and DD bound states under the ladder and
instantaneous approximations. The numerical solutions of
the BS equations and the dependence of the production
rates on the binding energy are presented in Sec. III. Our
conclusions are given in the final section.

II. THEORETICAL FORMALISM

In this work, we focus on the triangle-diagram contri-
butions shown in Fig. 1, which are assumed to provide the
dominant production mechanism for X ; and X, in B*
decays. In this mechanism, the B meson first undergoes a
weak decay into a pair of charmed mesons. The inter-
mediate D** or D" meson then decays strongly, and the
remaining meson pair subsequently rescatters to form
the bound state X. Such a rescattering mechanism has
been successfully employed in the studies of exotic
hadron production in B decays and other heavy-flavor
processes [20,30-34].

A. Weak decays of the B meson

For the weak interaction part, the BT meson decays into a
pair of charmed mesons through the processes Bt —
D:*D° and Bt — D} D*0. At the quark level, the b quark
decays into a ¢ quark by emitting a virtual W boson,
which subsequently decays into a c¢s quark pair. Both
processes are Cabibbo favored, as depicted in Fig. 2.

Within the operator product expansion, the effective
weak Hamiltonian relevant to the decays B* — DD and
B* — D} D*° can be written as [35]

G
Heff = 7gvchva [c1(W)Q1 + c2() Qo] + Hee., (1)

where G is the Fermi constant, V., and V. are the
Cabibbo-Kobayashi-Maskawa (CKM) matrix elements,
and ¢ ,(p) are the Wilson coefficients at the renormaliza-
tion scale p. Contributions from penguin operators are
neglected because they are CKM suppressed in bottom-
meson decays. The four-quark operators Q , are given by

K+
—_—

DO

————
Xog

(b)

FIG. 1. Diagrams for the hadron-level processes (a) BY — XK and (b) B* — X K*.
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FIG. 2. Quark-level diagrams for (a) B* — D D** and (b) BT — D:TD°.

01 = [c7,(1 —ys)si][bjy* (1 —ys)c;].

0, = [Ciru (L =vs)s;l[bjr* (1 = vs)cil, (2)

where s, ¢, and b denote the corresponding quark fields and
the subscripts i and j denote color indices.
In the factorization approximation, the hadronic ampli-
tudes for B¥ — D**D" and B* — D D" are expressed as
A(BT - D D)
GF * - ) * 5
==V Via (DY ](e5)[0)(D™|(be)|BT).  (3)

V2

and

A(B* - D:*tD)
= Oty Vi d, (D3 (29)|0)(DY| (Be) [BY).  (4)

V2

V(q®)

DO (ch)|BTY = el ijevdbp g, — L7
(Dlch)) = ei{ e pgy

where (§,q,) denotes the V — A current g;7*(1 — y5)q, and

ag/) = ¢| + ¢, /N, is the effective Wilson coefficient in the
naive factorization approach, with N, being the effective
number of colors.

The current matrix elements between the vacuum and the
pseudoscalar or vector meson are parametrized as

(DY1(s2)[0) = fs Py
(D37[(s2)[0) = mpy+ f ;- € (5)

where fp: =250 MeV and fp+ =272 MeV are the
decay constants of D and D;*, respectively, and e;,
represents the polarization vector of D}™.

The BT — D™ transition matrix elements are para-
meterized in terms of form factors as [36]

Az(‘lz)

= g¥(mpo + mp-)A (q*) + PP ————

mpy-o + mp+

Mmpo0 +m Mp+ — Mp0 2m a0
+q' P [%Al(qz) - %AQ(QZ) - q—é’(Ao(qz)} }
NO h + u mé+ B szO i 2 m%}+ B m2D0 i 2
(D°|(ch)|BT) = |(pB+ + Ppo) —Tf] Fip(q )+TQ Fop(q”), (6)

where P = pg+ + ppo, and ¢ and ¢’ represent the mo-
menta of D and D*™, respectively.
The form factors of Fop (), Fip(t), Ag.12(t), and V(1)

with t = ¢()? are parametrized as [36]

F(0)

PO = T atm) + o)

(7)

with a and b being parameters.
|

_ G
Mﬂ<B+ - D;D*O) = _FVcbvzsalfDS{_(’I/4<’/HBJr + ml_)*o)Al(qz) + anllPﬂ

V2

[

Combining Egs. (5) and (0), the_weak decay amplitudes
for Bt - D{D*® and B* — D:*D° can be written as

A(B* — Di D) = M, (B* — Di D) (pp),
A(B — D;*D%) = M,(B" - D;*D%)e*(pp+).  (8)

with

Ay(q)
mB+ + mD*O

+ Py [(mps + mpo)Ai(q*) = (mps — mpo)As(q®) = 2mpeAg(g?)] }

) 2G
M, (B* = D:*D°) r

= Nl Ve Visdimpes fpe ppo, Fip(q?). )
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B. BS equation for a two pseudoscalar system

After the weak decay, the final-state strong interactions
induce the rescattering of the produced charmed meson
pairs into the DD, and DD bound states. This process
involves two ingredients: the strong decay vertices D* —
D,K and D! — DK and the D,D, (DD) interaction
mediated by light vector-meson exchanges. Based on the
heavy-quark symmetry and chiral symmetry, the relevant
effective Lagrangians are given by [37]

Lp-pp = —igp-pp(D}9,P;;D} - D{*'9,P;;D;) + H.c.,

‘CDDV = _igDDVDj‘ a”Dj(V)’:j -+ H.C., (10)

where D) = (D)0 D)+ D_(Y*H) and P and V are 3 x 3
matrices of the pseudoscalar octet and vector meson nonet,
respectively,

- ° 7 0

P=| = ~vutw X (11)
K- K° —\/3n

and

@ /’0 + *
Bntwe P K

V= - o _ 2 g0 12
pm B K (12)
K* I_(*O ¢

The flavor wave functions of the isoscalar DD, and DD
systems are taken as
Xophio =~
DD/ 1=0 /2
1Xp,p,)1=0 = |Dy D7) (13)

(ID*D7) +[D°D")).

For these two systems, the BS wave function of a bound
state is defined as

xp(x1.x2) = (0|Tp(x1)9 (x2)|P)

4
—em [ SR, (4)

where ¢(x;) and ¢(x,) are the field operators of the
constituent mesons, P = Mwv is the total momentum of
the bound state, with v its 4-velocity, p is the relative
momentum, X = A;x; + Ax,, and x = x; —x, are the
center-of-mass and relative coordinates, with 1;, =
my,/(my + m,), where m; and m, are the masses of the
pseudoscalar meson and the antipseudoscalar meson,

respectively. Accordingly, the constituent momenta are
P1 :ﬂlp‘Fp and P2 :j,zP—p

By expanding the four-point Green’s function in terms of
the two-particle irreducible kernel K, one obtains the
homogeneous BS equation,

4

(2;)14 Kp(p. pxe(@)S(p2).  (15)

together with the normalization condition for the BS wave
function,

xp(p) = S(pl)/

4o g4
i/d(gj)s )?P(p)a%)[lp(p,p’) +Kp(p. P )ze(p) =1,

POZEP, (16)

where 1p(p.q) = —(22)*6"(p — q)S~'(p1)S™'(p2) and
Kp(p,q) is the sum of all the two-particle irreducible
Feynman diagrams. For convenience, we decompose the
relative momentum into a longitudinal component along v,
p,=v-p, and a transverse component, p; = p* — p;v*.
Then, the constituent propagators can be written as

i

(WM + p))* =wi’
i

(oM = p))* = w3’

S(Pl) =

S(p2) = (17)

\ mi, = pi-

Based on the effective Lagrangian, the t-channel inter-
action kernel at tree level in the ladder approximation is
given by

with W1’2 =

Kp(p.p') = (22)*6*(py + Py — p1 = P2)

X Boy(P1 + P (s + P A (), (18)
where k = p; — p} is the momentum of the exchanged
vector meson and A, (k) is its propagator.

To account for the internal structure and finite-size
effects of the interacting hadrons, a monopole form factor
is introduced at each t-channel vertex,

A% —m?
F(kz) = rkzv, (19)

where my is the mass of the exchanged meson and A is the
corresponding cutoff. Since the DD interaction can proceed
through the exchange of mesons with different masses,
the cutoff is parametrized as A = my + aAgep With
Aqcp =220 MeV. The dimensionless parameter a,

expected to be of order unity, depends on the specific
exchanged and external particles. Since it cannot be
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determined from first principles, it is treated as a phenom-
enological input.

The ladder approximation adopted above retains only the
leading-order interactions mediated by vector meson (p, @,
¢) exchanges. The higher-order contributions, such as the
box and crossed diagrams, involve additional loop inte-
grations over heavy intermediate propagators and are
therefore strongly suppressed. This is consistent with
Ref. [38], where, using the dimensional regularization
and the minimal-subtraction scheme, the ratio of the
crossed graph contribution to that of the ladder graph
was found to be less than 15%, due to the suppression of the
vector meson in the propagators. For the box diagram in the
present work, which involves the larger masses of D* and
D* mesons in the propagators, its contribution is expected
to be even smaller.

To simplify the BS equation (15), we further adopt the
covariant instantaneous approximation for the kernel by
setting p; = p; = 0. In this approximation, the energy
exchange between the constituents is neglected, while their
longitudinal momenta along » remain unchanged. This
approximation is justified for the present systems because
the binding energies of the D,D, and DD systems are much
smaller than the masses of the charmed-strange and
charmed mesons. Under this approximation, the kernel
reduces to Kp(p,, p}).

C. Production amplitudes for B* — XK*

Combining the weak-decay amplitudes with the BS
wave functions of the bound states, we obtain the pro-
duction amplitudes for B — X K* and B — X ;K" as

d*p _
AB+—>X”I(+ —/WQD*DXKMM(B+ — D D*)
_i(gw_l’”wopywn/m%w)
XPktv™3 2D D - D_ )(P(p)a
50~ Mp0 +impol o
d4p + *+ 10
AB*-»XWI(+ = W.@U);D[(Mu (Bt —Di"D%)

_i(gﬂp - p}Z)TerDDTJr/m%)ﬁ)
X PRty ST —
Dt

. (20
- +l.rnwrwJ{p(p) (20)

With these amplitudes, the differential decay width of the
BT meson is given by

1 ||
dr = —— | M|? dQ, 21
2 MP (21)

where pg+ is the momentum of the K™ meson in the rest
frame of the B meson and dQ = sin 0dfd¢ is the solid
angle of K.

III. NUMERICAL RESULTS

In this work, the BS wave functions are employed to
describe the internal dynamics of the DD, and DD bound
states and to investigate how they influence the production
rates of these bound states in B decays. The formation of
the D,D; and DD bound states depends sensitively on the
couplings gygy, with H = D, D, and V = p, w, ¢. For the
DD, system, the relevant coupling is 9p.p,¢» Whereas for
the DD system the relevant couplings are 9ppp and gppy,-
These couplings can be estimated from the parameter f
associated with heavy-quark and chiral symmetries [37,39],
or extracted from nonperturbative approaches such as
lattice QCD [40] and QCD sum rules [41]. In the present
analysis, we adopt the results of Ref. [42], in which the
couplings were evaluated in a unified QCD light-cone sum-
rule framework including improved corrections beyond the
leading order in a,. The resulting values are

0+O.93

9p,p,p=3.650755, 0705

9ppy=4.3010%. gpp,=2.80103%.
For numerical convenience, we define three input sets,
denoted as set A, set B, and set C, corresponding to the
lower, central, and upper values of the relevant couplings,
respectively.

After fixing the couplings, the model contains only one
free parameter, the cutoff A, which is parametrized as
A = my + algcp, where a is a dimensionless parameter
of order unity, constrained by the typical hadronic size
scale. To search for possible bound state solutions, we vary
a in the range [0.5, 9]. The binding energy is defined as
E, =m, +m, — M, and the D;D; and DD systems are
treated as shallow bound states with E;, € [1,30] MeV. For
a given binding energy, the corresponding value of « is then
obtained by solving the BS equation.

For the weak decay inputs, we take Gp=
1.166 x 107° GeV~2, V., =0.041, V. =0.987, fp =
250 MeV, and fp: = 272 MeV, following Ref. [4]. The
transition form factors are adopted from the covariant light-
front quark model: (F,p(0),a.b)8 ~P"=(0.67,1.22,0.36),
(Ap(0).a.b)B =P =(0.68,1.21,0.36), (A,(0).a.b)8 =P’ =
(0.65,0.60,0.00), and (A,(0),a,b)? =" = (0.61,1.12,
0.31). The effective Wilson coefficients are fixed as a; =
0.93 and &} = 0.81 [19], which are extracted from the
measured branching fractions of Bt — D D*? and BT —
D:*D°. The couplings 9prpogx+ and gp-+pog+ are deter-
mined using SU(3)-flavor symmetry, g+ pog+ =gp-+pog+ =
V2gp0p0,, Where gpop, is extracted from the measured
decay width D** — Dz [4]. Since the main purpose of this
work is to examine how the production rates depend on the
BS wave functions of the D D, and DD bound states, the
uncertainties of these input parameters are not further
considered.
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FIG. 3. Values of @ and E,, for the possible bound states for the

DD, system.

The numerical results for the possible DD, and DD
bound states are shown in Figs. 3 and 4, respectively. For
the DD, system, sets A and B do not support bound state
solutions, since the required values of a are too large to be
phenomenologically acceptable. Only when g, p, 4 takes
its upper value (set C) does a bound state solution emerge,
with a € [6.64, 8.35]. Values of @ much larger than unity are
generally considered less natural in this phenomenological
parametrization. Therefore, for the DD, system, the large
values of a required to produce even a shallow bound state
indicate that binding is not easily achieved through the ¢
exchange interaction alone. In principle, additional
exchanges, such as those mediated by ¢(1680) and
f0(980) (the o exchange contribution is very small [43,44]),
may also contribute to the D D, interaction. However,
since their couplings to D, mesons are presently poorly
known, these contributions are not included in the present
calculation.

For the DD system, bound state solutions are found for all
three coupling sets. The corresponding ranges of a are
[4.10,5.92], [2.84,4.20], and [2.09,3.08] for sets A, B, and C,

o —SetA ]
— Set B

—SetC ]

FIG. 4. Values of @ and E,, for the possible bound states for the
DD system.

T T T T T T T T T T T T T T T T

Ep=5 MeV
— — - Ep=15MeV
----- E,=30 MeV

Normalized BS wave function

T 15 20
Pl (GeV)

FIG. 5. Normalized BS wave function for the DD, bound
state.

respectively. Compared with the D D, system, the signifi-
cantly smaller values of a required for DD bound states
indicate a stronger effective attraction in this system. This
suggests that the DD interaction is more favorable for
forming a shallow bound state within the present framework.
In addition, the noticeable shift of the allowed « interval
among the three coupling sets shows that the DD solutions
are quantitatively sensitive to the input couplings.

The normalized scalar BS wave functions for the D D,
and DD bound states are shown in Figs. 5 and 6,
respectively, for three representative binding energies,
E, =5, 15, and 30 MeV. As seen from both figures, as
the binding energy increases, the peak value of the BS wave
functions in the low-momentum region decreases signifi-
cantly. Figure 6 further shows that, for a fixed binding
energy, the normalized BS wave functions of the DD
bound state are insensitive to the choice of the coupling set,
since the results for sets A, B, and C are very close to
each other.

Since the BS wave function yp(p) is Lorentz covariant, it
can be directly incorporated into the decay amplitudes of

T T T — T T T T T T

Ep=5 MeV
— — - Ep=15MeV
Ey=30 MeV

800 |-

Normalized BS wave function

Ep=5 MeV

T

Ey=5 MeV

— — - Ep=15MeV — — - E,=15MeV

Ep=30 MeV

Ep=30 MeV

1.0

2.0

|pt| (GeV)

FIG. 6. Normalized BS wave functions for the DD bound state.
The blue, red, and purple curves correspond to sets A, B, and C,
respectively.
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FIG. 7. Branching ratios of BT — XK with X as the
possible DD, bound state.

the processes B* — XK+ and B* — X ,K". Because
xp(p) includes the internal dynamics of the bound states,
the corresponding branching ratios are sensitive to the BS
wave functions of the D,D; and DD systems, which are
identified here with X 5 and X 5, respectively. The resulting
branching ratios as functions of the binding energy are
displayed in Figs. 7 and 8. For the D D, bound state,
corresponding to the process Bt — X K™, the branching
ratio shown in Fig. 7 ranges from 1.09 x 107> to
20.06 x 107*. If X(3915) is interpreted as a D,D, bound
state and its mass is taken as Mxz9;5) = 3922.1 MeV
from the PDG [4], the predicted branching fraction is
B(BT = X(3915)K*) = 5.79 x 10~*. Although this value
is somewhat above the PDG upper limit 2.8 x 1074, it
remains comparable to other theoretical estimates based on
the same D D, molecular interpretation, such as (9 =+
2.5) x 10~* in Ref. [19] and 6 x 10~ in Ref. [28].

For the DD bound state, the branching fraction for B* —
X,zK* is found to lie in the ranges 3.05 x 1076 to

4l — SetA ]
r — SetB
— SetC

O = o ]

0 5 10 15 ‘ 20 25 30
Ey (MeV)

FIG. 8. Branching ratios of B* — X K" with X . as the
possible DD bound state. The blue, red, and purple curves
correspond to sets A, B, and C, respectively.

4.14 x 107*, 2.05 x 107° t0 2.75 x 10~%, and 1.56 x 10~°
t01.96 x 107, forsets A, B, and C, respectively. We find that
the branching fraction decreases as the couplings increase,
while its dependence on the coupling set becomes weaker for
a smaller binding energy. This behavior reflects the interplay
between the interaction kernel of the bound state and the
normalization of the BS wave function. If the DD bound state
decays predominantly into 7.7, the process BT — n.nK™
may provide an experimentally accessible probe of this
molecular configuration. The current experimental upper
limit, B(BT — n.nK*) < 2.2 x 1074, can therefore serve as
a useful reference. In the effective Lagrangian approach of
Ref. [19], the branching fraction for B* — X K" was
estimated to be in the range (1.3+£0.4)x10™ to
(5.2 +1.5) x 1074, which is somewhat larger than our
present results. For the DD bound state with a binding
energy E;, = 4 MeV, as suggested by lattice QCD [10], we
obtain B(BT - X,;K") =0.19 x 107, 0.12 x 107*, and
0.10 x 10~ for sets A, B, and C, respectively.

IV. CONCLUSIONS

In this work, we have investigated the production of
possible DD, and DD bound states in B decays within the
BS model. The BS equations for the two heavy meson
systems were solved in the one-boson-exchange kernel, and
the resulting BS wave functions were incorporated into the
weak decay amplitudes to evaluate the branching fractions
for BY - X K* and Bt — X ;K.

Our numerical analysis shows that the two systems
exhibit markedly different binding behaviors. For the
DD, system, a bound-state solution can be obtained only
for the largest coupling set, and relatively large values of
the cutoff parameter a are required. This indicates that,
within the present framework, the attraction generated by ¢
exchange alone is not strong enough to naturally produce a
shallow DD, bound state. In contrast, for the DD system,
boundstate solutions exist for all three coupling sets with
considerably smaller values of «, suggesting that this
system is more favorable for binding in the present model.

The corresponding normalized BS wave functions were
obtained for representative binding energies and were then
used to calculate the production rates in B decays. For the D D,
bound state, the predicted branching fraction of BT — X K™
ranges from 1.09 x 107 to 20.06 x 107*. If X(3915) is
interpreted as a D, D, bound state, the corresponding branch-
ing fraction is found to be 5.79 x 10~*. For the DD bound
state, the branching fraction of B — X, K™ is predicted to lie
in the range from 1.56 x 107 to 4.14 x 10~#, depending on
the binding energy and the choice of the coupling set.

These results indicate that B meson decays may provide
a useful production environment for searching for heavy
meson molecular states. In particular, within the present BS
model, the DD system appears to be a more promising
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bound-state candidate than the D D, system. Further
improvements in constraining the relevant heavy meson
couplings and in incorporating additional interaction mech-
anisms would be valuable for enhancing the quantitative
reliability of the present predictions.
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