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A series of vector charmonium(like) states, accompanied by a K meson, have been observed in the
decays of B meson. These processes are color-suppressed at the quark level, as inferred from topological
diagram analysis. In this work, we calculate the branching fractions of the decays B — wK, where y
denotes the charmonium(like) states w(1S), w(2S), w(4040), yw(3770), and w(4160). Our analysis
incorporates both short-distance (naive factorization approach) and long-distance (final-state interactions)
contributions. Within reasonable parameters, our results align with experimental data except for the
w(4160), suggesting its possible exotic nature. Furthermore, we find that long-distance contributions
dominate these decay processes, highlighting the crucial role of final-state interactions in the productions of

charmonium(like) states in B decays.

DOI: 10.1103/xtjr-zxpz

I. INTRODUCTION

With the large data samples collected by B factories and
LHCb experiments, B meson decays have become an ideal
platform for precisely testing the Standard Model and
searching for new physics signals [1,2]. Surprisingly, many
new hadron states beyond the conventional mesons and
baryons in the quark model, also known as exotic states,
have been observed in b-flavored hadron decays, which
provide the opportunity to deeply study the nonperturbative
strong interaction as well as explore the existence of
hadrons with unconventional configurations [3]. Over the
past two decades, revealing the nature of these exotic states
has been a primary focus for both experimentalists and
theorists. However, their underlying structure remains
highly debated [4—17]. Among them, the charmoniumlike
states as one of the major categories motivate intensive
discussions on their internal structure and properties [14].

The recent studies show that the charmoniumlike states
have strong couplings to a pair of charmed mesons. The
unquenched quark model has been utilized to analyze the
mass spectra of charmoniumlike states, demonstrating that
the inclusion of charmed meson pair effects significantly
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reduces the discrepancies between theoretical predictions
and experimental measurements [18-23]. On the other
hand, the spectra of these states can also be described at the
hadron level with the hadron-hadron interaction dressed by
the presence of bare states [24-28]. Moreover, the strong
decays of charmoniumlike states have shown that charmed
meson pairs play a crucial role in explaining the exper-
imental observations [29-32]. It is evident that hadronic
molecule components and bare components are intricately
mixed in charmoniumlike states, and these two components
may compete in the formation of such states. For some
states near the mass thresholds of charmed meson pairs
such as X(3872) [33], the hadronic molecule components
account for a significant proportion [34,35], which are even
regarded as pure hadronic molecules.

It is natural to investigate the internal structure of the
charmoniumlike states through B meson decays. However,
calculating their branching fractions at the quark level is
challenging due to the intricate nonperturbative effects and
the ambiguous internal structures of charmoniumlike states
[36]. The production of the X(3872) in B meson decay has
been garnered significant interest. In Ref. [37], Meng et al.,
adopted the QCD factorization approach well explaining
the absolute branching fraction of the decay B —
X(3872)K, but failing to explain the ratio of B[Bt —
X(3872)K*]/B[B° — X(3872)K"], where X(3872) is
assumed to be a y.(2P) state. On the other hand, by
assuming X(3872) to be a DD* molecule, we utilized the
final state interactions (FSIs) approach to successfully
describe both the absolute branching fraction and their
ratio [38], suggesting that X(3872) contains a significant

Published by the American Physical Society
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TABLE I.  Branching fractions (in units of 107*) for the decays of B mesons into vector charmonium(like) states accompanied by a
kaon meson [47].

Decay modes - y(1S) - w(2S) — y(4040) — w(3770) — w(4160)
Experiments 10.20 £ 0.19 6.24 £0.21 16.0£5.0 43+1.1 5.1+£2.7

molecular component, consistent with experimental analy-
ses [39,40]. Furthermore, our results indicate that the
long-distance  contributions dominate the decays
B — X(3872)K, similar to those of other charmoniumlike
states [41-43]. The FSIs approach has already been
extensively utilized to address the nonperturbative effects
inherent in the decays of heavy-flavored hadrons [44-46].
In this work, we employ the FSIs approach to study the
production of vector charmonium(like) states in B decays.

It should be noted that the number of experimental
observations of the vector charmonium(like) states is the
largest among all charmonium(like) states [47], and this
trend also holds true for their observations in B decays. In
Table I, we list the observed experimental branching
fractions of the B meson decaying into the vector charmo-
nium(like) states and a K meson. The absolute branching
fraction of the decay B — w(4415)K is absent although
w(4415) is observed in the decay B — DDK [47].
According to the potential model [21,48-50], the charmo-
niumlike states w(4040), w(3770), and w(4160) are
assigned as the w(3S), w(1D), and y(2D) states, where
the excited bare components account for large proportion.
By analyzing the experimental data [51], w(4040)
and w(3770) are assigned as y(3S) and w(1D) states,
while y(4160) and y(4230) are assigned as the same state
w(2D)." Up to now, a unified framework to interpret the
branching fractions of the B meson decaying into the vector
charmonium(like) states and a K meson, as listed in Table I,
is still missing, which is the primary objective of the
present work.

This work is organized as follows. In Sec. II, we begin
by briefly introducing the tree-level Feynman diagrams
and triangle Feynman diagrams, which account for the
short-distance and long-distance contributions, respec-
tively, in the decays of the B meson into vector charmo-
nium(like) states and a K meson. We also present the
effective Lagrangian approach in this section. The numeri-
cal results and discussions are provided in Sec. III. Finally,
a summary is given in the last section.

II. THEORETICAL FORMALISM

The decays of the B meson into the vector charmonium
(like) states and a K meson (denoted by B — wK) proceed
via the quark-level transition b — ccs [54]. From
the analysis of the topological diagrams, the decays

'Unlike /(3770), the pole positions of y(4040) and y(4160)
exist large uncertainty [52,53].

B — wK belong to C-type diagrams, which are color
suppressed [55,56]. As indicated in Ref. [57], the non-
factorizable effects responsible for the long-distance con-
tributions are sizable in these decays. Therefore, following
Refs. [46,58], we consider both the short-distance and long-
distance contributions to the decays B — wK.> The short-
distance contributions are depicted by tree diagrams as
shown in Fig. 1, while the long-distance contributions are
represented by triangle diagrams [63-65] as shown
in Fig. 2.

With the factorization ansatz, the tree diagram of the
decays B — wK can be expressed as the product of two
current matrix elements

A(B - yK) :i—gvcbvm.a2<w|<ce>v_/4|o> (K|(sB)y_|B).
(1)

with (¢g)y_, standing for gy, (1 — y5)g. Since the effective
Wilson coefficient a, depends on the renormalization
energy scale, we adopt the value of a, at the mass of
bottom quark, i.e., a; = 0.103 [66]. In this work, we take
the values of Gr = 1.166 x 107 GeV~2, V_, = 0.041,
V. = 0.987. The current matrix element for the y meson
created from the vacuum is parametrized as [67,68]

(wl(ct)y_al0) = fym, e, (2)

where f, is the decay constant of a y meson. Given the
electronic width of a y meson, one can derive its decay

(4

B K

FIG. 1. Tree diagram accounting for short-distance contribu-
tions to the decays B — wK [y(1S), w(25), y(4040), w(3770),
and w(4160)].

*As indicated in Ref. [59], the B — wK decays are classified as
the factorization and nonfactorization contributions, which are
described by naive factorization approach and perturbative QCD
approach, respectively. However, the PQCD approach would be
challenged for the higher excited charmonium states due to
unknown hadron distribution amplitudes. In contrast to classi-
fication of the heavy-hadron weak decays as the factorization and
nonfactorization contribution, their amplitudes can be derived by
SU(3)-flavor symmetry [60,61] and factorization assisted topo-
logical amplitude approach [62], which are heavily relied on the
experimental data.
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FIG. 2. Triangle diagrams accounting for long-distance contributions to the decays B — wK [y(1S), w(2S), y(4040), w(3770), and

w(4160)]. All diagrams contribute to the productions of y(1S),

w(2S), and w(4040) in B decays. Only the diagram (a) contributes to the

production of w(3770) in B decay, and the diagrams (b)—(f) contribute to the production of y(4160) in B decay.

3m, [V~

constant via f,, = prmp

[42 69], where a is the fine-

structure constant. The decay constants of y/(15), w(2S),
w(4040), w(3770), and y(4160) mesons are presented in
Table II. The current matrix element of (K|(sb),_4|B)
describing the hadronic transitions is parametrized by the
following form factors:

2

(K|(sB)y_4|B) = [Pﬂ - %q} Fi(@)

2

mp —m
L Kg"Fo(q?).

3)

with F and F being the form factors for B(ky) — K(p1),
where P = ko + p; and g = ko —

With the above effective Lagrangian, we obtain the
amplitude of the decays B(ky) — yw(q)K(p;) in Fig. 1 as

G
A<B - WK) = \/_gVCbVCSaZfI//ml[I(kO + pl)

~e(p2)Fi(q°). (4)

For the weak interaction vertices of triangle diagrams in

Fig. 2, the decay amplitudes of B(kq) — DE*)(ql)D(*)(qz)

can be expressed as the products of two current matrix

elements [70,71]

A(B - D,D*)

_ Gy

V2

A(B — D,D)

_ Gy

V2

A(B - D:D)

_ Gy

V2

VeV esai(Dsl(s2)y_al0)(D*|(cb)y_al B).

(5)

VepVes@r (Ds|(s€)y A|O><D|<Cb)v 4lB), (6)

Vs Vs (D3 |(s2)y_al0)(DI(ch)y_4|B). (7)

A(B — D:D*)

_ Gp

V2
Similarly, we adopt the effective Wilson coefficient a; =
1.03 [66]. The former current matrix elements are written as

VepVesar (D3 |(s2)y_al0)(D*|(ch)y_|B).

(8)

(Dy(p1)[(5€)y-4l0) ©)

= ibe\.pl;u

(D3 (p1,€)|(s€)y-_410) = fp;mp;€), (10)

where the decay constants of D, and Dj are adopted as
fp, =250 MeV and fp. =272 MeV [68,72-75]. The

matrix elements of hadron transitions B(ky) — D™)(g,)
are parametrized by following form factors [67,68]

<D* | (CB)V—A‘B>

{—Q”a(mb* + mg)A;(q?)

= i€,
A 2 \% 2
L pupe 2@ o (4°)
mp- + mp mp« + mpg
mp- +m m mp«
+Q”Pa[DTBA1(‘IQ)— P ay(q?)
2m .
o]
q*
m% — m>
(Dl -al8) = [P =" | )
2 2
my — ms
g R, (12)
with A ,3, V being the form factors, where g = ko — ¢,

and P = ky + g5.

114035-3



QI-WEI YUAN, QI WU, and MING-ZHU LIU

PHYS. REV. D 111, 114035 (2025)

TABLE II.  f,, decay constants of the vector charmonium(like) states.
States w(1S) w(2S) w(4040) w(3770) w(4160)
Decay constants(MeV) 415.49 294.03 186.81 99.67 141.83
TABLE III.  Values of F(0), a, and b in the B — D™ and B — K transition form factors [68].
1% A, A, A, Fo F, F, F,
F(0)B=P" 0.77 0.68 0.65 0.61 0.67 0.67 F(0)B=K 0.34 0.34
aB=Dp" 1.25 1.21 0.60 1.12 0.63 1.22 ab=k 0.78 1.60
pB—=Dv 0.38 0.36 0.00 0.31 -0.01 0.36 bB-K 0.05 0.73
The form factors are parametrized by three-parameter .= Gr
form A(B » D;D) = —=V,Veaimp: fp: (ko + g2)
V2
F) F(0) (13) ~e(q1)Fi(q7). (16)
) =7 - 2 _
1 —af + b A(B - D:D")

with ¢ = ¢*/m%, where the values of parameters F(0), a,
and b are extracted by the covariant light-front quark model
[68], listing in Table III. The z series expansion provides a
more model-independent approach compared to this three-
parameter form, such as the Bourrely-Caprini-Lellouch
(BCL) parametrization [76] and the Boyd-Grinstein-
Lebed (BGL) parametrization [77]. The BCL and BGL
are responsible for the final states of light hadrons and
heavy hadrons, respectively. Recently, using an improve
QCD approach, the form factors of B — K and B — D)
are precisely calculated by BCL parametrization [78] and
BGL parametrization [79], respectively. In this work, the
form factors only take the value at g> = M?, and then they
reduce to a set of constants. Therefore, the form factors do
not contribute to the integral of triangle diagram. We find
that the values of the form factors at g> = M? in Ref. [68]
and Refs. [78,79] have differences at the level of 10%.
With above Lagrangians, the weak decay amplitudes of

B(ky) — D\ (q,)D"™(q,) have the following form

A(B—>DSD*)
Gr
=-——V.,V.a —q, - € mp- + mp)A, (g7
\/§ b lfDS{ q1 (fb)( D B) 1(41)
Az(Q%)
+ (ko + q2) - (ko + q2) ————
(ko + q2) - €(q2)q: - (ko Q2)mb*+m8

+ (ko + 2) - €(q2)
X [(mp- 4+ mp)A;i(q7) = (mg —mp)As(q7)
- 2’"[)*/“0(@%)]}’ (14)

_ G
A(BaDSD):z7gvcbvma1fuy<m%—m%>F0<q%>, (15)

G
= 172 VepVesaimp: fpre,(q1) {—gﬂa(mb* +mg)A;(q})

Ax(q7)
mp+ + mp

V(q1)
m] q(q2). (17)

+ (ko + g2)" (ko + g2)*

+ ie" P (ko + 92)p41y

The Lagrangians describing the interactions between
charmed mesons and the kaon [80]

‘cDjDK = _ingDK(DayKDT:y - Dtﬂa”KD), (18)
ED\.D*K = —lgD‘DxK(D\()”KD; - D;&”Kl_)\), (19)
Lp:p'k = —9p: 0 kEapd D3 0° DK, (20)

where the couplings are determined as gp:px = gp p-x =
14.00 & 1.73 and gp:p-x = 8.63 £ 0.99 GeV~! via SU(3)-
flavor symmetry [81].

The effective Lagrangians accounting for the interactions
between the charmonium states and a pair of charmed
mesons read [63,65,80,82,83]

ﬁl//DD = igy,DDl//M(d”DD - D@”D), (21)
‘CV/DD* - _gy/DD*GaﬁlwaaWﬁ(auD:D + Daﬂbi)’ (22)

‘Cy/D*D* = _igy/D*D* [V/”(OMD:D*D - D*ya;tl_):j)
+ (ayl//uD*D - l//baﬂD:)D*ﬂ
+ D™ (l//yayD; - ayWuD*y)L (23)

where the ¢ with subscript are the couplings of the
charmonium(like) states to the charmed mesons. There
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TABLE IV. Partial widths of the charmoniumlike states decaying into a pair of charmed mesons.

y(4040), [47] y/(4040),; [52]

v (4160); [47]

w(4160),, [53] w(3770) [47]

Total 84.5+ 123 130 £+ 30 69 £ 10 104.83 £ 23.71 275+£09

DD 14.28 £2.08 40.81 £9.42 e 27.18 £6.15 25.58 £0.84

D*D 29.75 £4.33 37.79 £8.72 8.75£1.26 14.56 +3.29

D*D* 10.71 £ 1.56 13.60 +3.14 51.49 +7.46 48.53 £10.98

TABLE V. Charmonium(like) states couplings to a pair of charmed mesons.

Couplings 9y (15)DD Yy (15)D*D 9y (15)D*D* Gy (25)DD Gy (25)D*D Gy (25)D*D*
58+09 4.0+0.6 GeV~! 6.2+0.9 581130 4.07508 Gev~! 6.2 %

Couplings 91y (4040)DD 91y (4040)D* D 91y (4040) D" D* 9w (3770)DD 91y (4160)D* D 91y(4160)D* D*
3.150%3 2471010 GeV~! 3.5610% 18555037 0.81 +0.06 1.65+0.12

911y (4040)DD 11y (4040)D* D 911y (4040)D* D* 911y (4160)DD Y11y (4160)D* D Y11y (4160)D* D*

5.19702] 2.731039 Gev~! 3.500% 347503 1187013 2021922

are five vector charmonium(like) states in Table I, which can
be categorized into two scenarios. In scenario I, the w(1S)
and y/(2S) as the conventional charmonium states are below
the DD mass threshold, while scenario II includes the
w(3770), w(4040), and w(4160) as the charmoniumlike
states, all of which are above the DD mass threshold. For
scenario I, the w(1S) and w(2S) states are coupled to the
D™ D™ channels. The couplings between J /y and D*) D)
are taken from the QCD sum rules [81], as listed in Table V,
while those between (2S) and D)D) are not as straight-
forward to estimate directly. According to Refs. [84-86], the
couplings between J/y and D*)D™) are equal to those of
w(2S) and DD, As a result, using the relationship, we

obtain the couplings between y(2S) and D) D).
For scenario II, the coupling constants are deter-
mined by reproducing the partial decay widths of the
|

5 [ d* _
M, = 12/ 13 [A,KB - DﬁD)HgD;DKPhJ [ngD(Q§ - qé)&(m)}

(27)*

charmoniumlike states decaying into a pair of charmed
mesons. With the partial width of the decay w(3770) —
DD [47], the coupling is determined as 9y(3770)DD =
18.557030, consistent with Refs. [87,88]. Assuming that
the total widths of the y(4040) and y(4160) states are fully
saturated by decaying into a pair of the open charmed
mesons [47], their partial decay widths are estimated to be
in Table IV. Then, we determine the corresponding cou-
plings (denoted by subscript I) as shown in Table V.
It should be noted that the partial decay widths of
w(4040) and y(4160) vary a lot. Therefore, we adopt
the partial decay widths of w(4040) and w(4160) in
Refs. [52,53,89] to determine the couplings (denoted by
subscript II) as shown in Table V.

Using above Lagrangians, the amplitudes of the triangle
diagrams in Fig. 2 are written as

—9" +4idi/a1 1 1
2 ] 2l 1 2 ) Q‘F(Q%’ mz)’ (24)
qy — mjy q; —m; q3 — mj

4
M, = iz/ 49; [A, (B = DD*)|[=gp.pk P1a)[=9yp p-€" (P2) (07 (45 — 42). — " (P2 + 43), + 97 (42 + P2) )]

(27)*
| ¢+ s B9 + D 5
X = 3 3 2 3 > — Flg3.m3),
q7 —my q; —m; qz —m3

(25)

, [dq . ,
M. =i / 2 [Awu(B = DiD*)|[=9p: kEppa i 42 [~ 9y € (P2) (0 (a5 — @2). — (P2 + @3), + 6 (22 + P2))]

(27)*

Sy aql )4 —g" + B a5/ B~ + 43d5/ & F

2 2 2 2 2 2
q7 —mj q; —m; qz; —mj3

(g3, m3). (26)
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. d4q * Ty%
M, = 12/ : [Aw/t(B - D¢D )HQD;DKPMJ [_gy/D*Dgr(p2>€arﬂvpgq/2}]

(27)*

e 9l -9 v dhas) a5 1

2 2
qy — mj

2
q;—m

Flq3,m3), 27
L F ) @)

L, [ d*q _
M, =i / 2 [Au(B = DED)I[=b: kopind &) =Gy 0" (P2)earpo )

(27)*
"+ qvql/ad 1 —g" + a4
X > ! 21 ! > 2 B : 23 3f(q%,m%), (28)
qi —m q> —mjy gz — m3

L [ d*q _
M, =2 / 2 LA(B = DyD)| =g,k Pl (=G 0" (P2)Eupu 02)

(27)*

1 1
X

—g + Hov /) 2
g CI3‘]3/Q3J¢

(¢3.m3). (29)

2 272 2
qy —mjq; —my

where we have introduced a monopole form factor
F(q*, A?) z% As demonstrated in Ref. [90], the

adopted monopole form factor in this work is consistent
with the Pauli-Villars regularization scheme. After intro-
ducing the monopole form factor, we can eliminate
divergences just like in Pauli-Villars regularization, where
the monopole form factor effectively acts as a regulator.
Once this “monopole regularization” is applied, the quan-
tities we calculate become finite physical observables with
no remaining divergences. In addition, we employ the
monopole form factor to account for the internal structure
of the interaction vertices in the triangle diagrams, which is
successfully used to construct the hadron-hadron inter-
actions [91-93]. This form factor suppresses the high-
momentum contributions in the loop integrals, thereby
mitigating the unphysical effects arising from large virtual
momenta. As a result, the introduction of the form factor
not only regularizes the divergent loop integrals but also
provides an estimate of the internal structure of the
interacting hadrons. The parameter A can be further para-
metrized as A = m + aAgcp With Agep = 0.22 GeV [58],
and m is the mass of the exchanged meson.

2
qz —m

With the amplitudes for the weak decays B — wK given
above, one can compute their partial decay widths

1 1p|,-
= — M3, 30
2J + 18zmj | (30)

where J = 0 is the total angular momentum of the initial B
meson, the overline indicates the sum over the polarization
vectors of final states, and |p| is the momentum of either
final state in the rest frame of the B meson.

III. RESULTS AND DISCUSSIONS

In Table VI, we tabulate the masses and quantum
numbers of relevant particles involved in this work. The
only parameter in the present work is the cutoff in the form
factor F(q?,A?), which we parametrize through the
dimensionless parameter a. Since this parameter cannot
be determined from first principles, we vary it from 1 to 5 to
estimate the uncertainties in our calculations, following
studies of hadron-hadron interactions [44,94-96]. More-
over, the uncertainties of the couplings (In Egs. (18)—(20)
and Table V) in the vertices of the triangle diagrams lead to

TABLE VI. Masses and quantum numbers of relevant hadrons needed in this work [47].

Hadron 1(J7) M (MeV) Hadron 1(JP) M (MeV)

K° 1(07) 497.611 K* 1(07) 493.677

D 1/2(07) 1864.84 D~ 1/2(07) 1869.66

D*0 1/2(17) 2006.85 D*~ 1/2(17) 2010.26

D¥ 0(07) 1968.35 D+ 0(17) 2112.20

B* % (07) 5279.41 B % (07) 5279.72
w(1S) 0(17) 3096.9 4+ 0.006 w(2S) 0(17) 3686.097 £ 0.011
w(4040) 0(17) 4039.6 £4.3 w(3770) 0(17) 3773.7 +0.7
w(4160) 0(17) 4191 +£5

114035-6



B-MESON DECAYS TO VECTOR CHARMONIUMLIKE STATES ...

PHYS. REV. D 111, 114035 (2025)

[o2]
(=]

— = B-y(S)K
Exp

(52
(=]
T

S
(=]
T

Do
(=]
T

Branching Fraction(10#)
= &

1.0 . . . 3.0

FIG. 3.

S
S

— = B-vy(@S)K
Exp

w
(=]
T

—
[=]
T

Branching Fraction(10%)
DN
(=)

1.0 1.5 2.0 2.5 3.0
o

Branching fractions of the decays B — w(1S)K and B — y/(2S)K as the function of a. The blue dash line and band correspond

to the theoretical central values and uncertainties. The gray straight line and band correspond to the experimental central values and

uncertainties.

uncertainties for the final results, and those of weak
interactions lead to around 10% uncertainty.3 The short-
range contributions are dominated by the Wilson coeffi-
cient a,, where the choice of renormalization scale
u introduces significant variations. To provide a more
robust estimate, we now consider its variation across
u€(0.5my, 1.5m;)], following the prescription of
Ref. [66]. As a result, we obtain the uncertainties for the
partial decay widths originating from the uncertainties of
these couplings via a Monte Carlo sampling within their 1o
intervals. In the following, we present the branching
fractions of the decays B — wK.

For the states of scenario I, we present the branching
fractions of the decays of B — w(15)K and B — w(2S)K
as a function of « in Fig. 3, where both short-distance and
long-distance contributions are taken into account. We can
see that the central values of their experimental branching
fractions are reproduced when the parameter « is around
1.2, which lies within the reasonable region. Therefore, our
model can explain the productions of y/(1S) and w(2S) in
B decays. For a comprehensive analysis of each mecha-
nism’s contribution to the branching fractions, we indi-
vidually present the short-distance, long-distance, and total
contributions to the decays B — wK in Table VII. With
only the short-distance contributions, the branching frac-
tions of the decays of B — w(1S)K and B — y(25)K are
15517830 x 107 and 0.64070%3} x 1074, respectively,
smaller than the experimental data by one order of
magnitude, which implies that the nonfactorization effects
of these decays are significant. With only long-distance
contributions, the branching fractions of the decays of B —
w(1S)K and B — yw(2S)K become larger than those with
only short-distance contributions. Once taking into account

3The uncertainties of the weak vertices in the triangle diagrams
are mainly induced by the B — D™ transitions. Using the
experimental ~ branching  fractions of B(B — Dw,) =
(7.7 £2.5) x 107 and B(B - D*zv,) = (1.88 +0.20)%, we
find that the form factors of B — D*) in Table III have 10%
uncertainties.

both short-distance and long-distance contributions, i.e.,
total contributions, the branching fractions of the decays of
B - y(1S)K and B — w(2S)K are enhanced since the
amplitudes of tree diagrams and triangle diagrams add
constructively. From the above analysis, it is demonstrated
that the FSIs play a crucial role in the decays of B —
w(18)K and B - yw(25)K.

For the states of scenario II, we present the branching
fractions of B — y(3770)K, B — w(4040)K, and B —
w(4160)K decays as a function of a in Fig. 4. Different
from those of scenario I, larger values of the parameter «
are necessary to explain the experimental data. Using the
couplings 9yb) pt) from Ref. [47], we find the parameter
to be around 4, 5, and 11.5 for the decays of
B - yw(3770)K, B — w(4040)K, and B — w(4160)K,
respectively. These values correspond to the blue line
and band in Fig. 4. In contrast to the y(3770) state, the
widths of the y(4040) and w(4160) states are still under
debate. Using the results from Refs. [52,53] as inputs, we
recalculate the branching fractions for B — y(4040)K and
B — w(4160)K decays, shown as the purple line and band
in Fig. 4. Notably, the parameter o decreases to approx-
imately 4.5 and 6.5 for the B — w(4040)K and B —
w(4160)K  decays. Therefore, the productions of
w(3770) and w(4040) in B decays can be explained in
our model. However, the parameter o for the decay B —
w(4160)K remains unnatural in our model,* which also
supports the exotic nature of y(4160) from the perspective
of B decays, similar to the conclusions obtained from
analyzing the invariant mass distributions [51].

Similar to the states of scenario I, we separately list the
short-distance, long-distance, and total contributions to the
decays of B — w(3770)K, B — w(4040)K, and B —
w(4160)K in Table VII. The short-distance contributions

*Assuming y(4160) and Y(4230) as same states, y(4160)
would have strong coupling to DD, implying that weak vertices
B — D(*)Dl combing the FSIs [42] would contribute to the
branching fractions of the decay B — y(4160)K and change the
parameter « in the reasonable region.
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TABLE VII. Branching fractions (10~*) of B meson decaying into vector charmonium(like) states and kaon
meson.
Decay modes Short-distance Long-distance Total Experiments
- w(1S) 1,551:':562; 2.818 ~89.519 8.402 ~ 112.177 10.20 £0.19
— y(29) 0.640° 088 2.299 ~ 59.555 5.351 ~71.948 6.24 +0.21
— w(4040) 0,193j8<12835 0.331 ~ 11.847 1.006 ~ 15.019 16.0 £5.0

' 0.432 ~ 14.809 1.185 ~ 18.267
— y(3770) 0.070j8:8773 0.269 ~ 5.954 0.508 ~ 6.048 43+ 1.1
— w(4160) 0,090j8-8998 0.010 ~0.809 0.161 ~ 1.437 51427

' 0.035 ~2.216 0.247 ~3.228

alone yield branching fractions of B[B — w(3770)K] =
7.0175 x 107°, B[B — w(4160)K] = 9.079¢ x 107°, and
B[B = y(4040)K] = 193770 x 1073, which are nearly
two orders of magnitude smaller than the experimental
values. This significant discrepancy indicates the impor-
tance of nonfactorizable effects in these decay processes. In
contrast, the long-distance contributions dominant the
decay amplitudes, producing substantially larger branching
fractions. When incorporating both short-distance and
long-distance contributions coherently, we find the
enhancement in the branching fractions due to constructive
interference between the two amplitudes. However, the
interference effect is not as prominent, indicating that FSIs
play a dominant role in the processes of the
B - yw(3770)K, B — w(4040)K, and B — y(4160)K
decays.

As indicated in [90], the ratio of C-type topology

diagram to T-type topology diagram is estimated to be
Ahadmn

%~ @) SnCQD . This ratio is approximately unity in charm
decays but reduces to 1/4 in bottom decays, demonstrating
less pronounced color suppressed effects in bottom hadron
decays compared to charm hadron decays, which is
identified by the experimental branching fraction measure-
ments. Nevertheless, the nonfactorization effects in bot-

tomed hadron decays are still sizable [46,97,98]. Our

results in Table VII reveal that the nonfactorization effects
are significant in the decays of the B meson into the vector
charmonium(like) states and a K meson. This provides
compelling evidence for the dominant role of FSIs in these
processes. In particular, the nonfactorization effects in the
B - w(3770)K, B — yw(4040)K, and B — y(4160)K
decays are more prominent than those in B — w(15)K
and B — y(2S)K decays.

IV. SUMMARY AND DISCUSSION

The decays of the B meson into a series of vector
charmonium(like) states and a K meson have been
observed, providing new opportunities to investigate the
nature of charmonium(like) states and their production
mechanisms in B decays. In this work, we focused on the
decays B — wK [where y denotes y(15), w(2S), y(4040),
w(3770), and y(4160)], for which the branching fractions
have been experimentally measured. We analyzed both
short-distance and long-distance contributions to these
decays, illustrated by the tree diagrams and triangle
diagrams, respectively. The short-distance contributions
are evaluated within the framework of naive factorization,
whereas the long-distance contributions are investigated
through FSIs. Using the effective Lagrangian approach,

30

10

E2 — — B y@770)K o T — B y(4040) K (l) o T— — B-y(4160)K() -
S — Exp o — — B - y(4040) K (Il) o — — B~ y(4160) K (Il)
— — — st — Ex
E/G L J ~—~ Exp ~— P
A = =
g I S 20f g
3 < 5 S 6l
w4 - g &
an < L;) L:D 4r
”~
g - St £ =
S 2 ~ 5 S Lt =
=] -~ =] g 2 = =
E = g 8 = - ===
[as} , . === == -
0 A, . . . @, \
1 2 3 4 5 2 3 4 5 1 3 4 5
a a a

FIG.4. Branching fractions of B — y(3770)K, B — y(4040)K, and B — w(4160)K as the function of a. The blue dash line and band
correspond to the theoretical central values and uncertainties. The gray straight line and band correspond to the experimental central
values and uncertainties. The purple line represents the results obtained by using the masses and decay widths retrieved from
Refs. [52,53,89] as input for the calculations.
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we systematically calculated both the short-distance and
long-distance contributions to the B — wK decays.

In our model, the experimental branching fractions of
B - yw(1S)K and B — yw(2S)K decays are reproduced
with a~ 1, while those of B — y(3770)K and B —
w(4040)K decays require a ~ 4. However, the branching
fraction of the decay B — y(4160)K can only be accom-
modated with an unnaturally large @, implying the exotic
nature of y(4160) from the perspective of B decays. The
dominant uncertainty in our model arises from the cou-
plings between the charmonium(like) states and D*) D),
which lead to the uncertainties of our results. However, the
decay constants of these vector charmonium(like) states are
determined directly from their electronic decay widths,
ensuring that the results calculated by only short-distance
contributions remain robust. Since results within only
short-distance contributions play minor role in these
decays, we infer that the role of long-distance contributions
to these decays are more prominent. Therefore, we

conclude that the FSIs play the dominant role in B —
wK decays. Our findings justify studying the production of
charmoniumlike states in B decays via FSIs, reinforcing the
importance of this mechanism in understanding such
charmoniumlike states.

ACKNOWLEDGMENTS

We are grateful to Li-Sheng Geng, Qin Chang, Fu-Sheng
Yu, Li-Ting Wang, and Zhu-Ding Duan for useful dis-
cussions. This work is supported by the National Natural
Science Foundation of China under Grants No. 12105007
and No. 12405093, as well as supported, in part, by
National Key Research and Development Program under
Grant No. 2024YFA1610504.

DATA AVAILABILITY

No data were created or analyzed in this study.

[1] A. A. Alves, Jr. et al. (LHCb Collaboration), J. Instrum. 3,
S08005 (2008).

[2] W. Altmannshofer et al. (Belle-Il Collaboration), Prog.
Theor. Exp. Phys. 2019, 123C01 (2019); 2020, 029201
(E) (2020).

[3]1 N. Brambilla et al., Eur. Phys. J. C 71, 1534 (2011).

[4] H.-X. Chen, W. Chen, X. Liu, and S.-L. Zhu, Phys. Rep.
639, 1 (2016).

[5] R.F. Lebed, R. E. Mitchell, and E. S. Swanson, Prog. Part.
Nucl. Phys. 93, 143 (2017).

[6] E. Oset et al., Int. J. Mod. Phys. E 25, 1630001 (2016).

[71 A. Esposito, A. Pilloni, and A. D. Polosa, Phys. Rep. 668, 1
(2017).

[8] Y. Dong, A. Faessler, and V.E. Lyubovitskij, Prog. Part.
Nucl. Phys. 94, 282 (2017).

[9] F-K. Guo, C. Hanhart, U.-G. MeiBner, Q. Wang, Q. Zhao,
and B.-S. Zou, Rev. Mod. Phys. 90, 015004 (2018); 94,
029901(E) (2022).

[10] S.L. Olsen, T. Skwarnicki, and D. Zieminska, Rev. Mod.
Phys. 90, 015003 (2018).

[11] A. Ali, J. S. Lange, and S. Stone, Prog. Part. Nucl. Phys. 97,
123 (2017).

[12] M. Karliner, J. L. Rosner, and T. Skwarnicki, Annu. Rev.
Nucl. Part. Sci. 68, 17 (2018).

[13] F-K. Guo, X.-H. Liu, and S. Sakai, Prog. Part. Nucl. Phys.
112, 103757 (2020).

[14] N. Brambilla, S. Eidelman, C. Hanhart, A. Nefediev, C.-P.
Shen, C. E. Thomas, A. Vairo, and C.-Z. Yuan, Phys. Rep.
873, 1 (2020).

[15] L. Meng, B. Wang, G.-J. Wang, and S.-L. Zhu, Phys. Rep.
1019, 1 (2023).

[16] M.-Z. Liu, Y.-W. Pan, Z.-W. Liu, T.-W. Wu, J.-X. Lu, and
L.-S. Geng, Phys. Rep. 1108, 1 (2025).

[17] Z.-G. Wang, arXiv:2502.11351.

[18] T. Barnes and E.S. Swanson, Phys. Rev. C 77, 055206
(2008).

[19] P.G. Ortega, D. R. Entem, and F. Fernandez, J. Phys. G 40,
065107 (2013).

[20] S. Kanwal, F. Akram, B. Masud, and E. S. Swanson, Eur.
Phys. J. A 58, 219 (2022).

[21] Q. Deng, R.-H. Ni, Q. Li, and X.-H. Zhong, Phys. Rev. D
110, 056034 (2024).

[22] Z.-L. Man, C.-R. Shu, Y.-R. Liu, and H. Chen, Eur. Phys. J.
C 84, 810 (2024).

[23] Z.-H. Pan, C.-X. Liu, Z.-L. Man, and X. Liu, arXiv:
2411.15689.

[24] Y. Yamaguchi, A. Hosaka, S. Takeuchi, and M. Takizawa, J.
Phys. G 47, 053001 (2020).

[25] T. Ji, X.-K. Dong, M. Albaladejo, M.-L. Du, F.-K. Guo, J.
Nieves, and B.-S. Zou, Sci. Bull. 68, 688 (2023).

[26] J. Song, L. R. Dai, and E. Oset, Phys. Rev. D 108, 114017
(2023).

[27] T. Kinugawa and T. Hyodo, Phys. Rev. C 109, 045205
(2024).

[28] P.-P. Shi, M. Albaladejo, M.-L. Du, E.-K. Guo, and J.
Nieves, Phys. Rev. D 111, 074043 (2025).

[29] C. Meng and K.-T. Chao, Phys. Rev. D 75, 114002
(2007).

[30] Y.-J. Zhang, G. Li, and Q. Zhao, Phys. Rev. Lett. 102,
172001 (2009).

[31] E-K. Guo, C. Hanhart, G. Li, U.-G. Meissner, and Q. Zhao,
Phys. Rev. D 83, 034013 (2011).

[32] G. Li, X.-h. Liu, Q. Wang, and Q. Zhao, Phys. Rev. D 88,
014010 (2013).

[33] S. K. Choi et al. (Belle Collaboration), Phys. Rev. Lett. 91,
262001 (2003).

114035-9


https://doi.org/10.1088/1748-0221/3/08/S08005
https://doi.org/10.1088/1748-0221/3/08/S08005
https://doi.org/10.1093/ptep/ptz106
https://doi.org/10.1093/ptep/ptz106
https://doi.org/10.1093/ptep/ptaa008
https://doi.org/10.1093/ptep/ptaa008
https://doi.org/10.1140/epjc/s10052-010-1534-9
https://doi.org/10.1016/j.physrep.2016.05.004
https://doi.org/10.1016/j.physrep.2016.05.004
https://doi.org/10.1016/j.ppnp.2016.11.003
https://doi.org/10.1016/j.ppnp.2016.11.003
https://doi.org/10.1142/S0218301316300010
https://doi.org/10.1016/j.physrep.2016.11.002
https://doi.org/10.1016/j.physrep.2016.11.002
https://doi.org/10.1016/j.ppnp.2017.01.002
https://doi.org/10.1016/j.ppnp.2017.01.002
https://doi.org/10.1103/RevModPhys.90.015004
https://doi.org/10.1103/RevModPhys.94.029901
https://doi.org/10.1103/RevModPhys.94.029901
https://doi.org/10.1103/RevModPhys.90.015003
https://doi.org/10.1103/RevModPhys.90.015003
https://doi.org/10.1016/j.ppnp.2017.08.003
https://doi.org/10.1016/j.ppnp.2017.08.003
https://doi.org/10.1146/annurev-nucl-101917-020902
https://doi.org/10.1146/annurev-nucl-101917-020902
https://doi.org/10.1016/j.ppnp.2020.103757
https://doi.org/10.1016/j.ppnp.2020.103757
https://doi.org/10.1016/j.physrep.2020.05.001
https://doi.org/10.1016/j.physrep.2020.05.001
https://doi.org/10.1016/j.physrep.2023.04.003
https://doi.org/10.1016/j.physrep.2023.04.003
https://doi.org/10.1016/j.physrep.2024.12.001
https://arXiv.org/abs/2502.11351
https://doi.org/10.1103/PhysRevC.77.055206
https://doi.org/10.1103/PhysRevC.77.055206
https://doi.org/10.1088/0954-3899/40/6/065107
https://doi.org/10.1088/0954-3899/40/6/065107
https://doi.org/10.1140/epja/s10050-022-00880-x
https://doi.org/10.1140/epja/s10050-022-00880-x
https://doi.org/10.1103/PhysRevD.110.056034
https://doi.org/10.1103/PhysRevD.110.056034
https://doi.org/10.1140/epjc/s10052-024-13132-7
https://doi.org/10.1140/epjc/s10052-024-13132-7
https://arXiv.org/abs/2411.15689
https://arXiv.org/abs/2411.15689
https://doi.org/10.1088/1361-6471/ab72b0
https://doi.org/10.1088/1361-6471/ab72b0
https://doi.org/10.1016/j.scib.2023.02.034
https://doi.org/10.1103/PhysRevD.108.114017
https://doi.org/10.1103/PhysRevD.108.114017
https://doi.org/10.1103/PhysRevC.109.045205
https://doi.org/10.1103/PhysRevC.109.045205
https://doi.org/10.1103/PhysRevD.111.074043
https://doi.org/10.1103/PhysRevD.75.114002
https://doi.org/10.1103/PhysRevD.75.114002
https://doi.org/10.1103/PhysRevLett.102.172001
https://doi.org/10.1103/PhysRevLett.102.172001
https://doi.org/10.1103/PhysRevD.83.034013
https://doi.org/10.1103/PhysRevD.88.014010
https://doi.org/10.1103/PhysRevD.88.014010
https://doi.org/10.1103/PhysRevLett.91.262001
https://doi.org/10.1103/PhysRevLett.91.262001

QI-WEI YUAN, QI WU, and MING-ZHU LIU

PHYS. REV. D 111, 114035 (2025)

[34] J. Song, L.R. Dai, and E. Oset, Eur. Phys. J. A 58, 133
(2022).

[35] T. Kinugawa and T. Hyodo, Phys. Rev. C 106, 015205
(2022).

[36] Z.-Z. Song, C. Meng, Y.-J. Gao, and K.-T. Chao, Phys. Rev.
D 69, 054009 (2004).

[37] C. Meng, Y.-J. Gao, and K.-T. Chao, Phys. Rev. D 87,
074035 (2013).

[38] Q. Wu, M.-Z. Liu, and L.-S. Geng, Eur. Phys. J. C 84, 147
(2024).

[39] R. Aaij et al. (LHCb Collaboration), Phys. Rev. D 102,
092005 (2020).

[40] M. Ablikim et al. (BESIII Collaboration), Phys. Rev. Lett.
132, 151903 (2024).

[41] J.-M. Xie, M.-Z. Liu, and L.-S. Geng, Phys. Rev. D 107,
016003 (2023).

[42] M.-Z. Liu and Q. Wu, Eur. Phys. J. C 85, 188 (2025).

[43] Z. Yu, Q. Wu, and D.-Y. Chen, Phys. Rev. D 111, 014033
(2025).

[44] E-S. Yu, H.-Y. Jiang, R.-H. Li, C.-D. Lii, W. Wang, and
Z.-X. Zhao, Chin. Phys. C42, 051001 (2018).

[45] Y.-K. Hsiao, Y. Yu, and B.-C. Ke, Eur. Phys. J. C 80, 895
(2020).

[46] Z.-D. Duan, J.-P. Wang, R.-H. Li, C.-D. Lv, and F.-S. Yu,
arXiv:2412.20458.

[47] S. Navas et al. (Particle Data Group), Phys. Rev. D 110,
030001 (2024).

[48] S. Godfrey and N. Isgur, Phys. Rev. D 32, 189 (1985).

[49] T. Barnes, S. Godfrey, and E. S. Swanson, Phys. Rev. D 72,
054026 (2005).

[50] B.-Q. Li and K.-T. Chao, Phys. Rev. D 79, 094004 (2009).

[51] Z.-Y. Zhou, C.-Y. Li, and Z. Xiao, arXiv:2304.07052.

[52] N. Hiisken, R. F. Lebed, R. E. Mitchell, E. S. Swanson, Y.-Q.
Wang, and C.-Z. Yuan, Phys. Rev. D 109, 114010 (2024).

[53] T.-C. Peng, Z.-Y. Bai, J.-Z. Wang, and X. Liu, Phys. Rev. D
111, 054023 (2025).

[54] H.-X. Chen, Phys. Rev. D 105, 094003 (2022).

[55] S. Mantry, D. Pirjol, and 1. W. Stewart, Phys. Rev. D 68,
114009 (2003).

[56] A.K. Leibovich, Z. Ligeti, I. W. Stewart, and M. B. Wise,
Phys. Lett. B 586, 337 (2004).

[57] P. Colangelo, F. De Fazio, and T. N. Pham, Phys. Lett. B
542, 71 (2002).

[58] H.-Y. Cheng, C.-K. Chua, and A. Soni, Phys. Rev. D 71,
014030 (2005).

[59] C.-H. Chen and H.-N. Li, Phys. Rev. D 71, 114008 (2005).

[60] S. Roy, R. Sinha, and N. G. Deshpande, Phys. Rev. D 101,
036018 (2020).

[61] X.-G. He and G.-N. Li, Phys. Lett. B 750, 82 (2015).

[62] S.-H. Zhou, Q.-A. Zhang, W.-R. Lyu, and C.-D. Lii, Eur.
Phys. J. C 77, 125 (2017).

[63] P. Colangelo, F. De Fazio, and T. N. Pham, Phys. Rev. D 69,
054023 (2004).

[64] Z.-G. Wang, Eur. Phys. J. C 58, 245 (2008).

[65] H. Xu, X. Liu, and T. Matsuki, Phys. Rev. D 94, 034005
(2016).

[66] C.-D. Lu, Y.-M. Wang, H. Zou, A. Ali, and G. Kramer,
Phys. Rev. D 80, 034011 (2009).

[67] H.-Y. Cheng, C.-K. Chua, and C.-W. Hwang, Phys. Rev. D
69, 074025 (2004).

[68] R.C. Verma, J. Phys. G 39, 025005 (2012).

[69] P.-P. Shi, V. Baru, E.-K. Guo, C. Hanhart, and A. Nefediev,
Chin. Phys. Lett. 41, 031301 (2024).

[70] A. Ali, G. Kramer, and C.-D. Lu, Phys. Rev. D 58, 094009
(1998).

[71] Q. Qin, H.-n. Li, C.-D. Lii, and F.-S. Yu, Phys. Rev. D 89,
054006 (2014).

[72] R.L. Workman et al. (Particle Data Group), Prog. Theor.
Exp. Phys. 2022, 083C01 (2022).

[73] S. Aoki et al. (Flavour Lattice Averaging Group), Eur. Phys.
J. C 80, 113 (2020).

[74] Y. Li, P. Maris, and J. P. Vary, Phys. Rev. D 96, 016022
(2017).

[75] H.-n. Li, C.-D. Lu, and F.-S. Yu, Phys. Rev. D 86, 036012
(2012).

[76] C. Bourrely, I. Caprini, and L. Lellouch, Phys. Rev. D 79,
013008 (2009); 82, 099902(E) (2010).

[77] C. G. Boyd, B. Grinstein, and R. F. Lebed, Phys. Rev. D 56,
6895 (1997).

[78] B.-Y. Cui, Y.-K. Huang, Y.-L. Shen, C. Wang, and Y.-M.
Wang, J. High Energy Phys. 03 (2023) 140.

[79] B.-Y. Cui, Y.-K. Huang, Y.-M. Wang, and X.-C. Zhao, Phys.
Rev. D 108, L071504 (2023).

[80] Y.-s. Oh, T. Song, and S. H. Lee, Phys. Rev. C 63, 034901
(2001).

[81] M.E. Bracco, M. Chiapparini, F.S. Navarra, and M.
Nielsen, Prog. Part. Nucl. Phys. 67, 1019 (2012).

[82] Z.-w. Lin and C.M. Ko, Phys. Rev. C 62, 034903 (2000).

[83] R.-Q. Qian and X. Liu, Phys. Rev. D 108, 094046 (2023).

[84] T. Mehen and D.-L. Yang, Phys. Rev. D 85, 014002 (2012).

[85] F.-K. Guo, C. Hanhart, and U.-G. Meissner, Phys. Rev. Lett.
103, 082003 (2009); 104, 109901(E) (2010).

[86] G. Li and Q. Zhao, Phys. Rev. D 84, 074005 (2011).

[87] Y.-J. Zhang and Q. Zhao, Phys. Rev. D 81, 034011 (2010).

[88] N.N. Achasov and G.N. Shestakov, Phys. Rev. D 103,
076017 (2021).

[89] M. Bayar, N. Ikeno, and E. Oset, Eur. Phys. J. C 80, 222
(2020).

[90] C.-P. Jia, H.-Y. Jiang, J.-P. Wang, and F.-S. Yu, J. High
Energy Phys. 11 (2024) 072.

[91] R. Machleidt, K. Holinde, and C. Elster, Phys. Rep. 149, 1
(1987).

[92] N. A. Tornqvist, Z. Phys. C 61, 525 (1994).

[93] M.-Z. Liu, T.-W. Wu, M. Pavon Valderrama, J.-J. Xie, and
L.-S. Geng, Phys. Rev. D 99, 094018 (2019).

[94] J. He and D.-Y. Chen, Eur. Phys. J. C 79, 887 (2019).

[95] Q. Wu, D.-Y. Chen, and T. Matsuki, Eur. Phys. J. C 81, 193
(2021).

[96] Q. Wu and D.-Y. Chen, Phys. Rev. D 100, 114002 (2019).

[97] J.-P. Wang and F.-S. Yu, Chin. Phys. C 48, 101002 (2024).

[98] C.-Q. Geng, X.-N. Jin, and C.-W. Liu, arXiv:2502.12770.

114035-10


https://doi.org/10.1140/epja/s10050-022-00753-3
https://doi.org/10.1140/epja/s10050-022-00753-3
https://doi.org/10.1103/PhysRevC.106.015205
https://doi.org/10.1103/PhysRevC.106.015205
https://doi.org/10.1103/PhysRevD.69.054009
https://doi.org/10.1103/PhysRevD.69.054009
https://doi.org/10.1103/PhysRevD.87.074035
https://doi.org/10.1103/PhysRevD.87.074035
https://doi.org/10.1140/epjc/s10052-024-12501-6
https://doi.org/10.1140/epjc/s10052-024-12501-6
https://doi.org/10.1103/PhysRevD.102.092005
https://doi.org/10.1103/PhysRevD.102.092005
https://doi.org/10.1103/PhysRevLett.132.151903
https://doi.org/10.1103/PhysRevLett.132.151903
https://doi.org/10.1103/PhysRevD.107.016003
https://doi.org/10.1103/PhysRevD.107.016003
https://doi.org/10.1140/epjc/s10052-025-13838-2
https://doi.org/10.1103/PhysRevD.111.014033
https://doi.org/10.1103/PhysRevD.111.014033
https://doi.org/10.1088/1674-1137/42/5/051001
https://doi.org/10.1140/epjc/s10052-020-08468-9
https://doi.org/10.1140/epjc/s10052-020-08468-9
https://arXiv.org/abs/2412.20458
https://doi.org/10.1103/PhysRevD.110.030001
https://doi.org/10.1103/PhysRevD.110.030001
https://doi.org/10.1103/PhysRevD.32.189
https://doi.org/10.1103/PhysRevD.72.054026
https://doi.org/10.1103/PhysRevD.72.054026
https://doi.org/10.1103/PhysRevD.79.094004
https://arXiv.org/abs/2304.07052
https://doi.org/10.1103/PhysRevD.109.114010
https://doi.org/10.1103/PhysRevD.111.054023
https://doi.org/10.1103/PhysRevD.111.054023
https://doi.org/10.1103/PhysRevD.105.094003
https://doi.org/10.1103/PhysRevD.68.114009
https://doi.org/10.1103/PhysRevD.68.114009
https://doi.org/10.1016/j.physletb.2004.02.033
https://doi.org/10.1016/S0370-2693(02)02306-7
https://doi.org/10.1016/S0370-2693(02)02306-7
https://doi.org/10.1103/PhysRevD.71.014030
https://doi.org/10.1103/PhysRevD.71.014030
https://doi.org/10.1103/PhysRevD.71.114008
https://doi.org/10.1103/PhysRevD.101.036018
https://doi.org/10.1103/PhysRevD.101.036018
https://doi.org/10.1016/j.physletb.2015.08.048
https://doi.org/10.1140/epjc/s10052-017-4685-0
https://doi.org/10.1140/epjc/s10052-017-4685-0
https://doi.org/10.1103/PhysRevD.69.054023
https://doi.org/10.1103/PhysRevD.69.054023
https://doi.org/10.1140/epjc/s10052-008-0751-y
https://doi.org/10.1103/PhysRevD.94.034005
https://doi.org/10.1103/PhysRevD.94.034005
https://doi.org/10.1103/PhysRevD.80.034011
https://doi.org/10.1103/PhysRevD.69.074025
https://doi.org/10.1103/PhysRevD.69.074025
https://doi.org/10.1088/0954-3899/39/2/025005
https://doi.org/10.1088/0256-307X/41/3/031301
https://doi.org/10.1103/PhysRevD.58.094009
https://doi.org/10.1103/PhysRevD.58.094009
https://doi.org/10.1103/PhysRevD.89.054006
https://doi.org/10.1103/PhysRevD.89.054006
https://doi.org/10.1093/ptep/ptac097
https://doi.org/10.1093/ptep/ptac097
https://doi.org/10.1140/epjc/s10052-019-7354-7
https://doi.org/10.1140/epjc/s10052-019-7354-7
https://doi.org/10.1103/PhysRevD.96.016022
https://doi.org/10.1103/PhysRevD.96.016022
https://doi.org/10.1103/PhysRevD.86.036012
https://doi.org/10.1103/PhysRevD.86.036012
https://doi.org/10.1103/PhysRevD.79.013008
https://doi.org/10.1103/PhysRevD.79.013008
https://doi.org/10.1103/PhysRevD.82.099902
https://doi.org/10.1103/PhysRevD.56.6895
https://doi.org/10.1103/PhysRevD.56.6895
https://doi.org/10.1007/JHEP03(2023)140
https://doi.org/10.1103/PhysRevD.108.L071504
https://doi.org/10.1103/PhysRevD.108.L071504
https://doi.org/10.1103/PhysRevC.63.034901
https://doi.org/10.1103/PhysRevC.63.034901
https://doi.org/10.1016/j.ppnp.2012.03.002
https://doi.org/10.1103/PhysRevC.62.034903
https://doi.org/10.1103/PhysRevD.108.094046
https://doi.org/10.1103/PhysRevD.85.014002
https://doi.org/10.1103/PhysRevLett.103.082003
https://doi.org/10.1103/PhysRevLett.103.082003
https://doi.org/10.1103/PhysRevLett.104.109901
https://doi.org/10.1103/PhysRevD.84.074005
https://doi.org/10.1103/PhysRevD.81.034011
https://doi.org/10.1103/PhysRevD.103.076017
https://doi.org/10.1103/PhysRevD.103.076017
https://doi.org/10.1140/epjc/s10052-020-7785-1
https://doi.org/10.1140/epjc/s10052-020-7785-1
https://doi.org/10.1007/JHEP11(2024)072
https://doi.org/10.1007/JHEP11(2024)072
https://doi.org/10.1016/S0370-1573(87)80002-9
https://doi.org/10.1016/S0370-1573(87)80002-9
https://doi.org/10.1007/BF01413192
https://doi.org/10.1103/PhysRevD.99.094018
https://doi.org/10.1140/epjc/s10052-019-7419-7
https://doi.org/10.1140/epjc/s10052-021-08984-2
https://doi.org/10.1140/epjc/s10052-021-08984-2
https://doi.org/10.1103/PhysRevD.100.114002
https://doi.org/10.1088/1674-1137/ad75f4
https://arXiv.org/abs/2502.12770

	B-meson decays to vector charmoniumlike states and a K meson: The role of final-state interactions
	I. INTRODUCTION
	II. THEORETICAL FORMALISM
	III. RESULTS AND DISCUSSIONS
	IV. SUMMARY AND DISCUSSION
	ACKNOWLEDGMENTS
	DATA AVAILABILITY
	References


