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We study the three-body systems of K*)B*) B*) by solving the Faddeev equations in the fixed-center

approximation, where the light particle K*) interacts with the heavy bound states of BB (B*B*) forming the
clusters. In terms of the very attractive K*B and K* B* subsystems, which are constrained by the observed
B, (5830) and B?,(5840) states in experiment, we find two deep bound states, containing the hidden-
bottom components, with masses 11002 4+ 63 MeV and 11078 57 MeV in the K*BB and K*B*B*
systems, respectively. The two corresponding states with higher masses of the above systems are also

predicted. In addition, using the constrained two-body amplitudes of KB*) and KB via the hidden gauge
symmetry in the heavy-quark sector, we also find two three-body KBB and KB*B* bound states.

DOI: 10.1103/PhysRevD.99.094041

I. INTRODUCTION

With the development of experiments, a large number of
hadronic states have been reported [1], which provides an
ideal playground to deepen our understanding of the non-
perturbative quantum chromodynamics (QCD). The inter-
pretation of hadronic states is one of the most important
issues in hadronic physics (see Refs. [2—7] for reviews),
particularly for the exotic states which cannot be easily
collected as gg or gqq states, e.g., the so-called XY Z states.
Recently, the exotic hadrons with the open/hidden heavy
quark components, such as Z.(3900) [8,9], Z,(10510) and
Z,(10560) [10], P.(4380) and P.(4450) [11], have been
reported and attracted great attention from the experimental
and theoretical physicists. Most of the heavy flavor meson
resonances can be interpreted as the tetraquarks [12—14]
and/or the meson-meson molecules [2,15-21]. Besides,
several heavy flavor mesons have been predicted in the
three-body systems, like pD*) D™ [22,23], pB*B* [24],
KDD [25], KDD* [26,27], KBB* [26], KB*B* [28],
D*D*D®) [29], BDD (BDD) [30], and D*) B®)BX) [31].

The standard method to study three-body systems refers
to the Faddeev equations [32]. Since it is very difficult to
solve exactly, one usually introduces some reasonable
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approximations of the Faddeev equations, such as the
use of separable potentials and energy-independent kernels,
the widely-used Alt-Grassberger-Sandras approach [33].
Recently, a different approach to solve the Faddeev
equations was proposed to study the three-hadron systems
[34-36], which relies on the on-shell two-body scattering
amplitudes. In addition, another approximation of the
Faddeev equations, which is the so-called fixed-center
approximation (FCA), has been employed in the studies
of Kd interaction at low energies [37-40]. In Refs. [41,42],
it is shown that the FCA is a rather good approximation,
especially for the system with one light particle and
one heavy cluster formed by the other two particles.
Nowadays, the FCA has been applied in many problems
[22-24,27.30,31,43-60] and is accepted as a reasonable
tool in the study of bound systems: such as the systems with
three mesons: ¢KK [47], KK, and 5’ KK [49], pKK [50],
pDD (23], pD*D* [22], pB*B* [24], # KK [51], nKK*
[52], DKK, and DKK [53], KDD* [27], BDD and BDD
[30], and DB BX [31]; the systems with multimesons:
multi-p [43], K*-multi-p [44], D*-multi-p [45], K-multi-p
[46]; the systems with two mesons and one baryon: NKK
[54], zpA [55]; the systems with one meson and two
baryons: KNN [56-59], DNN [60]. Among them, several
possible bound states with the nature of open/hidden charm
and bottom have been predicted, such as the six-quark state
K*(4307) with the strange and hidden charm structure [27].

In the present work, we extend the study of Ref. [27] to
the bottom sector to investigate the possible bound states
from the K*)B*)B(*) systems with isospin / = 1/2 using
the fixed-center approximation of the Faddeev equations.
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FIG. 1. Diagrammatic representation of the FCA to Faddeev equations.

We take BB, B*B* as clusters (denoted as R in the
following) and K™ as a third particle to scatter, which
satisfies the general criteria of the FCA to the Faddeev
equations: that the mass of the third particle P5 should be
smaller than a stable cluster (such as a bound state)
composed of the two other particles P; and P,. In
Ref. [61], a single bound state of BB system with J© =
0" and the three-degenerate states of B*B* system with
JP =0%,17,2% was found in isospin 0 using the coupled-
channel chiral unitary approach. In principle, the spin state
of B*B* cluster can be chosen as J; = 0, 1, or 2. Similar to
Ref. [24], we are interested in the largest total spin of a
molecular state from the K*)B*B* systems, therefore, the
Jr = 2 cluster of B*B* is preferred. The corresponding
wave function is simple with the spins of B* and B*
aligned, which will relatively simplify the practical calcu-
lation. Besides, for the two-body subsystem, such as K*B*,
which can also produce the three spin bound states with 0,
17, and 2%, the spin-aligned 27 state is more bound, by
around 60 MeV, than the other spin states. Thus, the largest
spin state of K*) B*B* would produce a larger binding than
the other total spin systems. Therefore, we will investigate
the J=0 KBB, J =1 K*BB, J =2 KB*B*, and J =3
K*B*B* systems with isospin [ = 1/2 and study the
possibility to produce the bound states.

In the following Sec. I, we will first present the details of
the formalism employed in the FCA framework. The input
of two-body amplitudes are also calculated in the chiral
unitary approach. The predicted bound states from

with

K B® B are shown in Sec. Il with the corresponding
discussion. Finally, a summary is given in Sec. IV.

II. THEORETICAL FRAMEWORK

A. Fixed-center approximation to Faddeev equations

Under the FCA, the total elastic scattering 7-matrix of
three-body systems can be simplified as the sum of two
Faddeev partitions,

Tgopr =T+ Ts, (1)
where T and T, describe the iterated interactions of the
K ) scattering off the cluster R with a first collision on B
(B*) and B (B*), respectively. These interactions are
illustrated in Fig. 1 and can be expressed as the two
coupled equations,

T, = Lt + tk(*>3(*)GOT2’

(2)
(3)

where the two-body scattering amplitudes #gw g+ and
tzpw denote the transition matrices for K*JB*) and
K B™) elastic scattering in the isospin basis, respectively.
The loop function G, is the Green function of the K*)
meson propagating in the BB or B*B* cluster.

In isospin space, the wave function of three-body system,
combining the third particle K*) and the cluster R
(B®B®), can be written as

Ty =tgepe + trepe GoT

1
:_> ® |I:0’IZ :O>B(*)B(*)a
2/ g
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where the kets in the right-hand side indicate the /, components of the particles B* and B* with |(15°,I2")). The
corresponding amplitude (K*)R|¢|[K*)R) of single scattering in the isospin basis can be written as

Q(I=0,1,=0

K

One introduces two scattering 7-matrices of the left/right
collision,

i _ =1 =0
trope =5 (3150 g T Trio go)s

Tgpe =

YNNG -

(Bthid e + 150 g (7)

1=0,1

where the two-body amplitudes, 7.,

input of the FCA equations.

1=0.1
 and I g AT the

B. Two-body amplitudes of subsystems

In order to obtain the two-body amplitudes in Eq. (7), we
follow the calculation details in Ref. [62] and employ the
lowest order Lagragians with the local hidden gauge
symmetry in the SU(4) sector,’

Lot = Lpppp + Lyyyy + Lypp + Lyyy
1
= ——([P.9,P][P.0"P
g
)
- ig<V;¢ [P7 aﬂPD + ig<V;¢{Vw aMVDD’ (8)

(V,V,VEVY =V, V, VEVY)

where f, denotes the pion decay constant f, = 93 MeV
and the coupling g is determined through the SU(4)
symmetry [62]. The fields of pseudoscalar mesons (P)
and vector mesons (V) are collected in the 4 x 4 matrices,

'Note that the extension of the local hidden gauge approach
from the light-quark sector [63,64] to the heavy-quark sector is
possible if the heavy quarks of hadrons are just spectators and the
major contributions of the interaction is from the exchange of
light vector mesons (p, w, ¢). In this case, one can employ the
SU(4) symmetry formally in the Lagrangians [e.g., Eq. (8)] and
the actual SU(3) subgroup is used in the evaluation of the vertices.
For more discussions and the proof, one can refer to Sec. II of
Ref. [65] and Sec. IT and the Appendix of Ref. [66].

Do e

+ 360 0 0))

1 1
Bmg(*)) (tgwpe +gwpe) <‘1_EJZ —§> - ®|I=0.1; —0>B(*>g<*>>
K&

22((2))(22))

(6)
Z+ L2 zt K*  B*
- /I S o 0 0
. n NG + NG \’;5 K B
_ =0 2 0
K K — L[ B
B~ B B! M
%4_\/)/_05 pt K B
- ﬂ_ﬁ *0 %0
v,=| 7 vt K8 9)
K* K*O ¢ BzO
B B*O B;O T p

After considering the contact interactions and one-boson
exchange contributions within the coupled-channel
approach, the s-wave potentials, vz gw and Vg e, are
projected, as shown in Ref. [62]. To keep the self-
consistency of the current work, we summarize all the
needed two-body potentials in the Appendix.

In the chiral unitary approach, the interaction kernels
Vgt gt OF Vg can be resumed in the Bethe-Salpeter
equation,

t=v+0vGt=(1-0vG)v, (10)

where G is a diagonal matrix with the element being a two-
meson loop function for the ith particle channel,

d*k 1 1
G(s;))=1 , 11
(s:) l/(2ﬂ)4k2—m%—kie(p—k)z—m%-l—ie (11)

with the total four-momentum of two-meson system p* =
(y/5:,0) and /s; the center-of-mass (c.m.) energy. Using
the cutoff regularization, the loop function changes as

G( ) /kmax k2dk a)l +C()2
S.)=
Yoo Qa)wmylsi— (@) +an)* +ie]

(12)
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where k., denotes as the momentum cutoff and

= /k* + m?. To evaluate the amplitudes tl 01 and

tl_ QiJ, the momentum cutoff is chosen to be k,mlX =

1070 MeV as given in Ref. [62].

As demonstrated in Ref. [43], in the above calculation of
two-body scattering, we use the normalization of Mandl
and Shaw [67], which introduces different weight factors
for the particle fields. Therefore, one has to consider these
factors in our two-body amplitudes

7 Mg, 7 2m_, (13)
KIBe Wpe,s  Igwpe = RO -
sz( ZmB@)
Here we have taken the approximations ——— = —-.
sz(*) sz(*)

1 1
A /2(1)3(*) A /2mg<*)’

particles as demonstrated in Ref. [24].

and which is suitable for heavy-bottom

C. Total amplitude of three-body system

Finally, we obtain the total amplitude 7Ty, of
K B®BX by solving the FCA Eqs. (1)~(3),

—‘rl‘K 010 +2tK B<*tK<* 121Gy
l_tK*B* K*B*GO

. (14)

which is apparently a function of the total invariant mass of
the three-body system. The arguments in the two-body
amplitudes, g g and fge e, are s; and s,, which are
(commonly) determmed through

Besides, in Ref. [22], another set of transformation for the
s; in terms of s are proposed
S
Q”*

5 2
) o2
Mg +mpg (mp-+mpe)
s 2 MM 2
AR A S
Mg +Mmp (mp+mpe)

with the consideration of the recoil. Here the total three-
momentum of the two-particle system p1< ) is estimated in

) and B*

Mp Mg

terms of the binding energy of B(* ) in the cluster R,

210 (MR (g + Mg = /)
(mp- +mp)  (mg + mg)

Pai) ~ 2mp (g Bor) =
(17)

In the following, we will take this choice to evaluate the
uncertainties of our prediction.

The propagator of K*) inside the cluster, G, in Eq. (14),
can be expressed as

Gl [ )
" 2mg ] (273 ¢ — g% - mx., +ie’

(18)

where ¢, denotes the energy carried by K*) in the cluster
rest frame,

2 2
O_S‘l'ml-((k)_mR

= K = 19
q NG (19)
and Fg(q?) is the form factor of B*)B™*) cluster, which is
introduced to consider the molecular dynamics by using the
Fourier transformation of the s-wave cluster R [43]

1 1

2 2 2
myp 4+ m5 ., —ms3
R B B 2 2
5 —m +m o+ 2l (s —mz., —mg),
2 2 2
mp +ms,, —m
— 2 2 R B BY (2 2
§p = My + My 2 (s me. mg).
R
(15)
|
Fr(q?) d’p

N h—aione) - Ao (p)wge (p) my

1

— g (p) — @) ()
1

X
dope (p — q)ope (p — q) mg

with the normalization factor N’ = F(0) and wg. (p) =

,/méw +p2, 0wz (p) = ,/sz(*) + p?. It is worth noting

that the form factor Fg(q> ) has implicitly taken into
account the interaction of B™*) and B*) which leads to
the binding of B*) B(*) system. Hence, the upper integration
limit Ay should take the same value of the momentum
cutoff as the one used to regularize the B*) B*) loop to get
the bound state R.

(20)

— g (p—q) — 0p (P — q) ’

III. RESULTS AND DISCUSSION

In our numerical evaluation, the meson masses are taken
from Ref. [1] with mg = 894.3 MeV, mg = 495.6 MeV,
mp = 5279.3 MeV, and mpg = 5324.7 MeV. As men-
tioned in Sec. II, the form factor of cluster F'y is regularized
by a momentum cutoff Ap, which takes the same value as
the one used in the regularization of the B*) B*) loops [61].
Generally speaking, the cutoff is a free and important
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FIG. 2. Modulus squared of the total amplitude of K* BB system in I = 1/2 with the momentum cutoff Az = 415 MeV. The solid
(dashed) lines denote the bound states with Method A (Method B).

parameter in the analysis of two-body bound states. One
has to rely on some experimental information to determine/
constrain it. In Ref. [61], the value of the cutoff is chosen as
Ar = 415 MeV, which is fixed to produce a bound state
X(3700) of the DD system [15]. This reasonable choice for
the B-meson sector is made to take into account that the
cutoff is independent of the heavy flavor up to the order
O(1/my) [68] with the heavy-quark mass m,. To estimate
the errors of predicted bound states of BB and B*B*, a
range of cutoff between 415 and 830 MeV is used in
Ref. [61]. The obtained bound states of BB and B*B* are
rather stable while the corresponding masses are chang-
ing around 100 MeV with the cluster masses Mz =
10526 MeV, Mgz = 10616 MeV for Ap = 415 MeV
and Mgz = 10410 MeV, Mgz = 10500 MeV for A =
830 MeV. The two-body amplitudes of K*B, K*B, K*B*,
K*B* in the FCA equations are evaluated with the momen-
tum cutoff k,, = 1070 MeV? [62]. Since the interactions
of K*B and K*B* are well constrained by the observed
bound states, B,;(5830) and B?,(5840), therefore, in the
following, we will first study the K*B*B*) systems and
then briefly mention the results of KB*)B"*) systems.
Using the momentum cutoff Az = 415 MeV, in Fig. 2,
we present the shape of total amplitude of K*BB system as
a function of the three-body total energy +/s. To further
analyze the uncertainties, as in Refs. [24,53], the two
schemes are used to share the three-body total energy into
the two subsystems. We denote the relationship between
s1, and s given in Eq. (15) as method A, and another given
in Eq. (16) as method B. One finds two sharp peaks at
Vs =11039 MeV (11060 MeV) and 11307 MeV
(11323 MeV) using method A (method B), respectively.
Both of them are below the K*[BB] threshold 11420 MeV
and can be considered as the bound states of three-body

*We have employed the values of k., = 1055, 1085 MeV, it
does not affect the results.

system with hidden bottom. Such phenomena of two peaks
was also hinted in Ref. [31], where a bound state and a
broad resonance were predicted. Besides, the difference
between method A and method B is about 20 MeV, which
is consistent with the findings of Ref. [24] in the pB*B*
system and Ref. [53] in the DKK system.

In order to understand the dynamical reason for pro-
ducing two peaks in the shape of total amplitudes, we show
the modulus square of the amplitudes of the K*BB
three-body system, the numerator Tynym = fgepe) +
;K(*)B(*) + 2;1*((*)3(*);1*((*)3(*)(;0 and the denominator Tp,, =
1 = Tz g T 3 G5 of Eq. (14) as a function of total
energy in Fig. 3. One can see that there are two peaks in
|Tnum|? and |Tpey|?, which are produced from the bound
state of two-body amplitudes 750 and 2>} and locates at
the same /s as the pole position of two-body peaks when
transforming the /sy, to the total energy \/s using the
method A, as shown in the lower panel of Fig. 3. The total
amplitude of K*BB is obtained

TNum 1

— Re Re Tm Im
T - T 2 [TNumTDen + TNumTDen
Den | Den|

- i(TI%imT}Dnén - T]%gnTg?xm)]’

Tgpp =
(21)

where the superscripts Re and Im denote the real and
imaginary parts of Ty, and T'pe,. Although the imaginary
parts 7X ~and TH  are small, one cannot ignore the
imaginary part of T'g- 5 which also relates to the real parts
of TRe = and TR¢, as shown in Eq. (21). This nonzero
imaginary contribution will slightly change the pole posi-
tion of the modulus square of K*BB system, such as the
position of the lower pole varying from 11039.8 MeV to
11039 MeV and the position of the upper pole changing
from 11310 MeV to 11307 MeV. The deep bound state is
produced by the K* B interaction with isospin / = 0 and the
bound state with higher mass is originated from the K*B

interaction with isospin / = 1, as shown in the lower panel

094041-5



XIU-LEI REN and ZHI-FENG SUN

PHYS. REV. D 99, 094041 (2019)

— |Ti-psl*/10"
L (a 4
2 ( ) ; __ |T;\"um|2/1013
Ng ’ """ |TDon|2
-~ i
= 1T i |
%
1
0 EDAVES ‘
11036 11038 11040 11042 11044
Vs (MeV)
e I T
2z
—
~ 2F |
&
5812 5814 5816 5818
N/ET (MeV)

FIG. 3.

3 T T
— |Tg-ppl*/5 x 10" (b)
- 2 | - |T1"\"um|2/1[)14 ]
EASE N
=
ST -
0
11300 11305 11310 11315
\/E (MeV)
A gl @ 7
E
o 2F 1
&
0 1 1 1
6060 6065 6070
V3 (MeV)

Upper panel: The total energy dependence of the modular square of total amplitude of K*BB (solid lines) and the

corresponding numerator (red dashed lines) and denominator (blue dotted lines) of Eq. (13). Lower panel (c): The modulus square of
K*B amplitude with isospin I = 0 as a function of two-body c.m. energy \/$1. Lower panel (d): The modulus square of K*B amplitude

with isospin / = 1 as a function of two-body c.m. energy ,/s>.

of Fig. 3. Thus, the physical picture is that the two poles
correspond to the K* sticking closer to B or B.

For the three-body system K*B*B* with spins aligned
(J = 3), a similar shape of three-body amplitude with the
different cutoffs is obtained. The results for position of
peaks are summarized in Table I for the deep bound state
with two values of the cutoff, 415 MeV and 830 MeV. One
can see that the predicted bound state is quite robust
although the values of the pole position are varying by
about 100 MeV.? Such variation is major from the cutoff
dependence of the cluster (B B™)) mass as shown in
Ref. [61]. The mass difference between method A and
method B is around 20 MeV with A, =415 MeV and
increases up to ~80 MeV with Ap = 830 MeV. After
averaging over the different results, we obtain that the
mass of the deep bound state is 11002 + 63 MeV for the
K*BB system and 11078 57 MeV for the K*B*B*
system. In the last column of Table I, the average binding
energies are also presented. Note that the binding energies
of these two systems are almost the same with Ez =
360+ 34 MeV and Ep =374 + 38 MeV, respectively.
This may look like a strong binding, but one must keep
in mind that the K*B and K*B* interactions are very
attractive, in fact, the produced Bj;(5830) and B?,(5840)
have the binding energies of 344 MeV and 350 MeV [62].
Considering the BB (B*B*) cluster only has 33 (33) MeV
binding energy with A =415 MeV [61], we can conclude

This variation of the mass is an acceptable situation as shown
in the pB*B* system [24].

that the K*B™* B three-body system is more bound than
either pair, as a consequence of the combination of two
subsystems. It is worth noting that a similar superbound
state was also predicted in the bottom sector, pB*B* system
[24], using the same theoretical framework.

On the other hand, in Table II, the masses and binding
energies of the heavier bound states, e.g., shown in Fig. 2,
are summarized for the K*BB and K*B*B* systems with
the momentum cutoff Az = 415 and 830 MeV, respec-
tively. A similar mass difference between method A and B
as Table I is observed. After performing the average over
the masses and binding energies, the pole positions of the
heavier states in the K* BB and K* B* B* systems are around
11264 MeV and 11339 MeV, respectively, with the binding
energy around 100 MeV.

Furthermore, we also study the KB*)B®*) three-body
systems using the FCA of the Faddeev equations. The total
amplitude of the three-body interaction is determined via
Eq. (14). The corresponding inputs of the two-body ampli-
tudes, t;:;: t;;;gg are evaluated using the effective
Lagrangians Eq. (8) with the local hidden gauge approach.
As given in Ref. [62], the two deep bound states, the 0(07)
state with mass around 5460 MeV of KB system and the
0(17) state with mass around 5665 MeV of KB*, are
predicted. These very attractive interactions will guarantee
that bound states in the three-body systems are produced. In
Table III, we have tabulated our findings in the KB B*)
systems with two cutoffs, as employed in the study of
K*B®) B systems. After averaging, one finds two bound
states with mass 10659 + 69 MeV for the KBB system and
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TABLE 1.
different cutoff Ag (in the units of MeV).

The masses and binding energies of the deep bound states in the K*BB and K*B*B* systems with the

Ag = 415 MeV Ar = 830 MeV Average value
I(JP)  Method A Method B Method A Method B Mass Binding energy
K*BB %(1_) 11039 11060 10917 10992 11002 £ 63 360 + 34
K*B*B* %(3_) 11108 11130 10999 11076 11078 + 57 374 + 38
TABLE II.  The masses and binding energies of the heavier bound states in the K*BB and K*B*B* systems with

the different cutoff A; (in the units of MeV).

Agp = 415 MeV Ar = 830 MeV Average value
I1(JP)  Method A  Method B Method A Method B Mass Binding energy
K*BB %(1_) 11307 11323 11180 11244 11264 + 65 99 + 28
K*B*B* %(3_) 11377 11393 11259 11325 11339 + 60 114 4+ 31
TABLE III. The masses and binding energies of the bound states in the KBB and KB*B* systems with the

different cutoff Ag (in the units of MeV).

Agr = 415 MeV Ar = 830 MeV Average value
I(JP)  Method A Method B Method A Method B Mass Binding energy
KBB %(0_) 10703 10722 10568 10643 10659 + 69 305 + 32
KB*B* % (27) 10953 10970 10831 10902 10914 £ 62 140 + 32

with mass 10914 & 62 MeV for the KB* B* system. We also
found that the difference of binding energy between KBB
and KB*B* systems is around 150 MeV, which originates
from the difference (~140 MeV) of the binding energies of
the two-body subsystems KB and KB*.

Finally, we want to mention that, although the KBB and
KB*B* systems satisfy all the criteria for a reliable
application of the FCA and produce two bound states,
one should take a critical look at the masses and the binding
energies obtained in Table III. Because the two-body
amplitudes of KB and KB* determined in Ref. [62] are
different with the ones from Refs. [69-71], where the
B¥,(5725) and B,;(5778) mesons were predicted, respec-
tively. More efforts are needed to obtain the final con-
clusion of the KB and KB* interactions in order to well
determine the masses of the KB B™*) bound states.

IV. SUMMARY

We have performed a three-body study of the K*) B*) B(*)
systems using the Faddeev equations in the fixed-center
approximation. The two-body subsystems BB (B*B*) are

bound forming the clusters, which interact with a light K*)
meson. With the help of the observed B,;(5830) and

B*,(5840) states, the two-body amplitudes of K*B™*) and
K*B™) systems, used as input of the FCA equation, are well

constrained in the chiral unitary approach. As a result, we
found a deep bound state with mass 11002 4= 63 MeV and a
state with the higher mass 11264 + 65 MeV in the K*BB
system, containing the hidden-bottom component. The
similar results of two bound states with masses 11078 +
57 MeV and 11339 £ 60 MeV were predicted in the
K*B*B* system with spin aligned to J = 3. Furthermore,
using the constrained KB*) and KB™) interactions by the
local hidden gauge symmetry, the two bound states with
I = 1/2 are predicted in the KB™* B three-body systems.
We expect that the current study and Ref. [27] will arouse
interest to the study of the hadronic states with hidden
charm/bottom in the strange sector.
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APPENDIX: TWO-BODY POTENTIALS

The projected J =0 amplitudes of KB and KB
interactions
(i) KB and nB; couple channel with / =0

_ 1 (3 1
Vip kB = _6—]a(2”—f—5) 5 <W+W) (s—u).

P )
=0 _ V6 2V6g” 1
/IJi(B_mBS——Tf?T(S—M) 3 ?(S—M),
_ 1
VB, B, :—@(S—ZH u). (A1)
(i) KB and 7B, couple channel with I = 1
2
- g (1 1
Ko-kp = 2 (m% mﬁ,) (=),
1 7 1
= = (2s —t—u) +== (s —u),
KB—nB, 12]‘% \/z %(*
1}717;}—%3 0 (A2)

(iii) KB single channel with I =0

2
- g 3.1
U;_(l_(;—ﬂ_(B :E <——+—2) (S—M). (A3)

2
m, - myg

(iv) KB single channel with [ = 1

pl=1 ,,:g—z L—|—L (s—u). (A4)
KB=KB =2 2 " 2

The projected J =1 amplitudes of K*B and K*B
interactions
(1) K*B and wB couple channel with / =0

2
10 g 3 1
N <_2 + _2) (s —u),

m;  my,
1
Ve wp, = O 5 (5 — ),
K*B—wB, m%( .
Ug):l*??qus =0. (AS)
(ii)) K*B and pB, couple channel with / =1
2 1 1
=1 g
=y = = -_— _—— + _— S — s
Vg Bk B > ( 2 gj)( u)
vzl =@ —(s—u),
K*B—pBy m%{){
U(Ixi?l]\—m)Bl\. =0. (A6)

(iii) K*B single channel with I = 0

(iv) K*B single channel with I = 1

2 /1 1
vl o :_9_<—+—>(s_u)‘ (A8)
K*B—K*B 2 m/% m2,

The projected J =1 amplitudes of KB* and KB*
interactions:
(i) KB* and nB; couple channel with I =0

2
- g (3 1
U;'(B(i—ﬂ_(B* = —E <—2+—2> (S - u),

m,  mg,
8 1
1=0 _ 2
Vkp gz = T\ 39 -y (s —u). (A9)
(i) KB* and 7B} couple channel with [ =1
2
11 g 1 1
Vkp kB — T 5 <_m_§ +m—ﬁ,> (s —u),
7
”%Bl*—th =5 (s —u). (A10)
.
(iii) KB* single channel with / =0 and [ = 1
2
=0 _ 9 i — L _
Vkp kB T 5 (m/% m%,) (s —u),
2
= g 1 1
VRB-KB — T 5 (m—/z) +m_§,> (s—u). (All)

The projected J =2 amplitudes of K*B* and K*B*
interactions:
(1) K*B* and wB; couple channel with / =0

2
-0 B g 3 1
Vg kg = 29— 5 <W + 2> (s —u),

P w

_ 1
U}g%*—m)Bf =2¢ + ¢ — (s —u). (A12)
-
(i) K*B* and pB? couple channel with 7 =1
2
71 g (1 1
Ukp—kB = 5 <m—/27 - m_3,> (s —u),
1
Vewop =260 T E (50 (A13)
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(iii) K*B* single channel with / =0 and I = 1

2
_ g 3 1
Vig = 20"+ <__2 + —2) (s — u),
m;

2
_ g (1 1
vl =242+ 5 <m2 +2> (s —u).

P w

In the above two-body potentials, we have taken into
account the width of the p meson by using the convoluted
loop function. Besides, according to Ref. [62], we also
neglect the momentum products in the Mandelstam vari-
able u, which correspond to the p-wave contributions.
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