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Hunting for BB molecular state X, via radiative transition of Y (10753)
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We investigate the radiative decay Y'(10753) — yX,,, within the framework of nonrelativistic effective
field theory (NREFT). The Y(10753) is treated as an S-D mixed state of the Y'(45) and Y (33D, ), while the
X, is interpreted as a weakly bound BB molecule with J©¢ = 07+, The decay process was assumed to

occur via the intermediate meson loops involving the S-wave B*) and P-wave B<1'

) mesons. Our calculated

results indicate that the decay Y(10753) — yX, is dominated by the B(l/) meson loops. The partial decay
width is predicted to be 0.2—1.5 keV for a binding energy range of ex = 0-10 MeV, corresponding to a
branching fraction of 1076 — 107>. The decay width is found to be insensitive to the full width of the B]
meson. Our study suggests that the radiative decay of the Y'(10753) is a promising channel to search for the
X0 state, which is crucial for testing heavy quark symmetries and understanding the exotic hadron

spectrum in the bottom sector.

DOI: 10.1103/5913-3wwk

I. INTRODUCTION

Over the past few decades, numerous new hadrons that
deviate from the properties expected in the conventional
quark model (i.e., gg mesons and ggqg baryons) have been
observed in quarkonium spectra [1]. These hadrons are
good candidates for the exotic states [2—7], usually referred
to collectively as XY Z states. A landmark breakthrough in
the study of exotic states occurred in 2003, when the Belle
Collaboration discovered the first charmonium exotic state
X(3872) in B — Kz z~J/w [8]. Due to the narrow width
(1.19 £ 0.21 MeV), the mass (3871.64 4+ 0.06 MeV) at the
D°D*Y threshold (3871.69 MeV) [1], and the quantum
numbers [6(JPC) = 0F(1++) [9], the X(3872) is widely
interpreted as a loosely bound DD* molecular state [2—6].
This interpretation has laid the foundation for exploring
mesonic molecular systems in the heavy quark sector.

In terms of the heavy quark flavor symmetry (HQFS), it
is natural to conjecture the existence of the bottomonium
counterpart of X(3872) [10-14], denoted as X;. The X,
has been extensively investigated both theoretically and
experimentally (see Refs. [15-25]). Experimentally, the
CMS and ATLAS Collaborations searched for the X, via

“Contact author: gli@qgfnu.edu.cn
"Contact author: liusd@qfnu.edu.cn
*Contact author: wuqi@htu.edu.cn

Published by the American Physical Society under the terms of
the Creative Commons Attribution 4.0 International license.
Further distribution of this work must maintain attribution to
the author(s) and the published article’s title, journal citation,
and DOI. Funded by SCOAP’.

2470-0010,/2026/113(9)/094027(10)

094027-1

X, = Y(18)z" 7z~ in pp collisions [15,16]. Although no
clear signal was observed, their analysis suggested that
isospin violation in the bottomonium system could sup-
press the signal strength in certain decay channels. The
isospin conserved channel X, - @Y (1S) was predicted to
have a partial width on the order of tens of keV [19].
Moreover, the decay X, — zzy,; is also expected to be
experimentally accessible [22]. Both tetraquark and
molecular state models predict the mass of X, to lie in
the range 10.5-10.7 GeV [26-30]. Since the X, is very
heavy and has JP¢ = 1*F, a direct discovery at current
electron-positron collision facilities is less likely, though
Super KEKB may provide an opportunity via Y(5S, 65)
radiative decays [31]. Inspired by the production of
X(3872) from highly excited charmonia [32], radiative
decays of high-lying bottomonia are recognized as one of
the most promising production mechanisms. Consequently,
decays such as Y(5S,6S) — yX, and Y(10753) — yX,
have been theoretically proposed [23,24].

Heavy quark spin symmetry (HQSS) further predicts the
existence of a complete set of spin partners. In particular,
the scalar partner of the X, a JP¢ = 0"+ state (called X
hereafter) is a possible BB molecular state near the BB
threshold. Several theoretical approaches, such as Bethe-
Salpeter formalism [13,33], coupled-channel unitary
analyses [11], and chiral quark models [34,35], support
the feasibility of such a weakly bound BB molecule.
However, in contrast to the well-studied X, the production
and decay properties of the X remain largely unexplored.
To our knowledge, the only dedicated theoretical study so
far is the work by Britto et al. [36], which calculated in the
molecular picture the X, production in the radiative decay
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of the Y'(4S), giving a branching ratio of order 10~> — 1073,
To better understand the X, it is helpful to look for other
possible production or decay channels.

Recently, the radiative production of exotic molecular
states via highly excited heavy quarkonia, especially those
with JP€ = 11+, has attracted considerable theoretical
attention [23,24,37]. In 2019, the Belle Collaboration
reported a new structure in a reanalysis of ete™ —
Y(nS)rtz~ (n=1, 2, 3) [38], which is listed in the
PDG as Y(10753) with the quantum numbers J°¢€=1-"
and a mass around 10753 MeV. This mass provides enough
phase space for the radiative production of X, near the BB
threshold. Since Y'(10753) can be interpreted as an S-D
mixture of Y(4S) and Y,(3°D;) [39-42], it has been
considered as a promising source for producing X, in
theoretical prediction [24]. Alternative interpretations of
Y(10753) also exist, such as a conventional bottomonium
state [43], tetraquark [44,45], or hybrid state [46].

In this work, we consider the X as a BB molecular state
and adopt the interpretation of Y'(10753) as a 45-3D mixed
state. Using nonrelativistic effective field theory (NREFT),
we calculate the production of X, in the radiative decay
Y(10753) — yX,. Specifically, we include the intermedi-
ate meson-loop contributions involving both S-wave B*)
mesons and P-wave Bg/) mesons. Through numerical
evaluation, we predict the partial width of this process,
analyze the relative importance of different loop contribu-
tions, and systematically examine the impact of the finite

widths of B!,

The rest of this paper is organized as follows: In Sec. II,
we present the theoretical framework. Section III provides
the numerical results and discussions. A brief summary is
given in Sec. IV.

II. THEORETICAL CONSIDERATION

A. The 4S-3D mixing of Y (10753)

When classifying the Y(10753) into the conventional
bottomonium family, its experimentally measured mass [1]
deviates significantly from the predicted masses of pure bot-
tomonium states [47-53]. To address this discrepancy,
we adopt the physical interpretation proposed in
Refs. [39-41,54], in which the Y(10753) is described as
an admixture of the Y'(4S) and Y, (3D, ) states [the partner
is the Y'(10580)]. Within this framework, the Y'(10753) is
expressed as the following linear combination:

<T(10580)) B (cose —siné) < Y(45) > ()
Y(10753) ) \sin@ cos® )\ Y,(3°D,) /)’
where 6 is the mixing angle that determines the component

proportion of the 45 and 3D states in the physical states
Y(10753) and Y(10580). Y(4S) and Y,(3°D,) describe

Xo

(a)

FIG. 1. Feynman diagrams for Y(10753) — yX,, via B*) B®*)
meson loops. The symbol Y denotes the Y(4S) and Y, (3°D,)
bottomonium states.

the wave functions of the pure 45 and 3D bottomonium
states, respectively.

The value of the mixing angle € can be constrained by
the experimental data. In Ref. [39], a combined analysis of
the measured dielectron width of Y(10580) and the
mixing-induced mass shifts of the 4S5 and 3D states
determined 0 to be (33 £4)° This indicates that the
Y(10753) is dominated by the Y(3°D;) component.
Following Refs. [39-41], we also adopt the same value.
In this work, we employ the decay widths of Y(4S) and
Y,(3°D;) to bottom meson pairs as calculated from the
unquenched quark models in Ref. [51], which properly
account for coupled-channel effects such as S-D mixing
and resonance pole shifts. Although the 3P, model can in
principle introduce nonphysical contributions from hard
vertices at high momentum, the specific decays considered
here occur near threshold and therefore involve only low
momentum transfer. Moreover, we adopt only the masses
and partial widths from Ref. [51], with the couplings
extracted from leading-order heavy-quark-symmetric
Lagrangians, ensuring that no double-counting or addi-
tional model dependence is introduced.

B. Intermediate bottom meson loops
for Y(10753) g }'Xb()

Since the Y(10753) lies above the open-bottom thresh-
old, its dominant decay mode is the strong decay into
bottom-antibottom meson pair. Meanwhile, the X, with
JPC = 0™ is considered as a BB molecular state.'
Therefore, the radiative decay of Y(10753) to X, can
proceed through a triangle meson-loop mechanism. In this
mechanism, the initial state Y'(10753) first decays into a
bottom meson pair and then rescatters into the final state X,

'Under the heavy quark spin symmetry (HQSS), the B*B* can
also couple into a 0™+ molecular state. However, a 0" state near
the B*B* threshold has its pole located on a remote Riemann
sheet [55], which is far from the physical region or lies on a
deeply unphysical sheet. Even if the pole indeed exists theoreti-
cally, its coupling to physical open channels (such as B*B*) may
be very weak. In this work, we only consider the BB(0*™)
molecular state, and hence the contribution from the B*B*
molecular state is not included.
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FIG. 2. Feynman diagrams for Y(10753) — yX,, via the
B B meson loo
1 ps.

and a photon by exchanging a bottom meson. In Fig. 1, we
show the contributions from the B B*) + C.c. intermedi-
ate meson loops. Since the coupling of Y'(10753) to BB, is
expected to be greatly weak [56], the contributions from the
loops involving B, mesons are not considered.

The X,y with JP€ = 0** couples to a BB meson pair
in an S-wave. Apart from the P-wave couplings to the two
S-wave bottom mesons as shown in Fig. 1, the initial 17~
bottomonium and the final-state photon can also couple to
one S-wave and one P-wave bottom meson in an S-wave,
as shown in Fig. 2. The power-counting analysis in the
following section indicates that the loops in Fig. 2 provide
the dominant contribution to the radiative decay
Y(10753) — yX,, which is confirmed by our numerical
calculations.

C. The effective Lagrangians

In heavy quark effective theory, bottom mesons are
classified by the total angular momentum s% of their light
degrees of freedom. For each value of sZ, the corresponding
degenerate doublet can be described uniformly by a
superfield [57,58]. In this work, we employ nonrelativistic
effective field theory to calculate the decay widths. We use
the symbols H, S, and T to describe the bottom mesons
with s¥ = 1/27, 1/2%, and 3/27, respectively [57,58]:

H,=V, 3+P,, (2)

Sa:‘_/)lla'g—’_POuv (3)

Tﬁz = VIZJHGJ + \/; lla + i%djkvjladk. (4)

Here, & is the Pauli matrix. V, = (B*%, B*") and P, =
(B, B*) denote the vector and pseudoscalar bottom
mesons with s2 =1/27, respectively. The sf =1/2"
doublet is represented by V|, = (BY,B|") and Py, =
(BY,Bf). For s£ =3/2%, we have V|, = (B}, B}) and
Vi = (BY,B;). The V,, does not contribute in the
present calculations and is therefore omitted. The corre-
sponding fields for the charge-conjugated mesons are given
by [57,58]

Ha:_‘?a'3+pa’ (5)

=g N —
Sa =—=Vi,-0+ Py, (6)

Y - T R
T =-Vio + \/;vqa - i\/—ge”kV{aak. (7)

In the heavy quark limit, the leading-order Lagrangians
describing the couplings of S-wave and D-wave bottomo-
nia to bottom-antibottom meson pairs are given by [57,58]

Os  mis <
[,Y(45):1?S< ZG@H;.U

/
+ 55 ((BLS]+ SH)) + He. ®)

Lyap) = 197’3 (Hio' o' HiJ1)

9p

+7 (TYe'H}, — Hio'T))J7) + He., (9)

where AdB = A(0B) — (0A)B. The S-wave bottomonium
field is represented by the combination J = Y- G + 1,
while the D-wave bottomonium Y (33D, ) is described by
the tensor field JV = ‘/1—1'05 (Yio/ + Yio') — \/#]—55’7?'1 ¥
[37]. The values gs[gp] and g¢slgp] are the coupling
constants of Y(4S)[Y,(3°D;)] to a 1/2~ — 1/2~ pair and
al/27 —1/2%[3/27] pair of bottom mesons, respectively.
a is the light flavor index. The symbol (- - -) denotes a trace
in spinor space, and a dagger (1) indicates the outgoing
particle in the relevant vertex.

Utilizing the effective Lagrangians above and the theo-
retical decay widths for Y'(4S)— BB and Y, (3°D,) — BB,
BB* + C.c., B*B* from Ref. [51], we can extract the
corresponding coupling constants. For the S-wave, we
obtain g = 0.776 GeV~>/2. For the D-wave, the coupling
gp takes values 0.157 GeV~/2, 0.376 GeV~/2, and
1.879 GeV~3/2. Furthermore, applying the ratios ¢y/gs =
1.5 GeV and ¢},/gp = 1.7 GeV derived from Ref. [24], we
determine the corresponding couplings g5 and ¢),.

We now consider the vertices involving the X,,. In
Ref. [59], the charmonium-like X, is interpreted as a DD
bound state. Based on heavy quark symmetry, X,, can be
regarded as a BB molecular state. Assuming equal con-
tributions from the charged and neutral components, the
wave function of this state can be written as

Xy0) = \%<|B°B°> +|B*B)). (10)

The coupling of the X, to the bottom-antibottom meson
pairs is given by
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1 _
Ly =—=X(B°B" + ,B*B™) + He.  (11)

V2

The coupling constants g; (i = 1, 2) are related to the
binding-energy relations established in Refs. [60,61]:

12
1 2

HB HB

where pup = mgmp/(mp + mp) is the reduced mass and
€x = mp + mp — My, is the binding energy. It should be
emphasized that Eq. (12) is merely a model-dependent
estimate and only valid for a shallow bound state to
guarantee a well-controlled EFT expansion. In the deeply
bound regime, higher-order terms and short-range dynam-
ics, which are not considered therein, may introduce
significant theoretical uncertainties. According to the cri-
terion for a shallow bound state discussed in Ref. [5], the
binding energy should satisfy E, < 1/(2uR2,,;), where E,,
is the binding energy, u is the reduced mass, and R, is the
confinement radius. Hence, according to this condition,
when the X, binding energy is smaller than 7.4 MeV, it
could be safely regarded as a loosely bound state. Hence,
the range of ey in the present work is taken as ~0—10 MeV.

The effective Lagrangian describing the radiative tran-
sition of S-wave bottom mesons with photon emission
reads [24,37,58,62]

eQ’
2mQ/

ef, + . =
‘CHH}/ = 7<H11Hb0- ' BQab> +

(H3-BH,), (13)

where BX = €/%9'A/ is the magnetic field. The first term
contains the light quark charge matrix Q=diag(—1/3,2/3),
while the second term involves the heavy quark electric
charge Q' and mass my.

The effective Lagrangian Lg/ry, describing the inter-
actions of the s¥ = 1/2% or 3/2™ bottom mesons, photons,
and s¥ = 1/2~ bottom mesons is given by [23,24,37]

leﬂ To =2 D iyt i
['S/THy = _7 <HaSb0 : EQab> + <TaHbCab>E : (14)

Here, E' is the electric field, and C is a 2 x 2 diagonal
matrix that parametrizes the coupling strength in the
second term.

The magnetic coupling parameters f, f, and C,, for
bottom mesons are determined from the radiative decay
processes described by the expanded Lagrangians in
Egs. (A3) and (A4). The relations between the partial
widths and the coupling constants are given by

eQ’

mQ/

2
['(B* - yB) = EiMp,  (15)

- 127TMB* + eﬂQab

_ 7 213
F(B/l - ]/B) - 87TMB/1 |eﬂQab| EyMB’ (16)
(B, = yB) = ———|C.,PEEM (17)
! 3aMy, TR

where the masses MB/]:5739.20MeV and Mp =

5755.12MeV are taken from the potential model predic-
tions in Ref. [63]. Using these masses together with the
partial widths calculated in Refs. [63—-65], we obtain f =
2.12 GeV~!, p=1.84GeV~!, and C=diag(-0.12GeV~!,
0.22GeV).

The explicit expanded forms of the above effective
Lagrangians are provided in Appendix A. Using these
Lagrangians, we have derived the decay amplitudes for the
processes shown in Figs. 1 and 2. The complete expressions
are given in Appendix B. The partial decay width is

E, |MY(10753)—>yXb0 2

247’M%r(10753) ,

(18)

where E, is the photon energy in the Y(10753) rest frame.

The 1/27" bottom meson B is predicted to have a large
width. In Ref. [66], a large width of about 238 MeV was
predicted, whereas the prediction in Ref. [63] shows a small
value of 126 MeV. The latter work also provides a width
prediction of 16.4 MeV for the 3/2" B; meson, agreeing
with the measured data between 27.5 and 31 MeV [1]. This

large width effect for BEI) was taken into account in our
calculations by using the Breit-Wigner parametrization to
approximate the spectral function of the BY). The corre-
sponding mass distribution function is defined as

1 M (1) F (1

ﬂBw(S):— T (19)
| r(s—M-,) +M, I,
( B()) B B

where s is the mass squared of B<1'> and M 50 is the central
1

mass of B<1'). Then the amplitude is given by [23,24,67]

1

1 Sh _
MB<’) = —/ pB(/)(S)MB(/) (MB(/) g \/E)ds, (20)
WB(I/) 5 1 1 1

where W B0 = fs‘]h P (s)ds is the normalization factor with

SZZM% and Sp= (MBY) +FBE/))2' The value ./\_/lB(]/) (M n —>

BI
\/s) represents the loop amplitude of B(l/) calculated using s

as the mass squared. The lower and upper limits of the
integral are based on a reasonable truncation determined by
the decay threshold and the spectral function of the broad
B resonance, which is approximated by the Breit-Wigner
parametrization [23,67].
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III. NUMERICAL RESULTS

To assess the relative importance of the different bottom
meson-loop contributions, we perform a power-counting
analysis in the nonrelativistic framework, using the velocity
v <1 of the intermediate mesons as the expansion
parameter. This method has been applied to study inter-
mediate meson loop effects [23,24,37,67-69]. In the
power-counting scheme, the momentum scales as v, and
the kinetic energy scales as v°.

For the diagrams in Fig. 1, the initial bottomonium
couples to the S-wave bottom mesons in a P-wave. This
momentum contracts with the external photon momentum
q from the photon vertex, and thus should be counted as g.
The vertex involving X,, is an S-wave coupling and
introduces no additional momentum or velocity factor.
The vertices involving the photon are also in a P-wave,
which should be counted as g. Consequently, the decay
amplitude for Fig. 1 scales as

1)5 qZ EZ
NI 2y

where v is the average of intermediate bottom meson
velocities v, and v, at the two different cuts in the loop
diagram [70], estimated as v; = \/|m1 +my — M|/,
and vy = /|my+my—M [/i,;. The value v ~ 0.08-0.11.
The factor N denotes the product of the coupling constants
from the three interaction vertices. To render the amplitude
dimensionally consistent, the factor g> is accompanied by
m,}z, where my is the bottom meson mass.

For the loops in Fig. 2, all the vertices in the Bgl)B(*)
meson loops are momentum-independent S-wave cou-
plings. Therefore, the corresponding amplitude scales as

/5 E E
(V%) mp mgv

Here, the energy E, originates from the S-wave photon
vertex in the Lagrangians [Eqs. (A3) and (A4)]. The

quantity ¢’ is the average velocity of the BE/)B(*) meson
loops, which falls in the range v’ ~0.11 — 0.13.

Since the coupling constants in Figs. 1 and 2 are of the
same order (i.e., N ~N’), the relative contribution of
Figs. 1 and 2 is estimated as

mgv
= 28% v 21.0. 23
"=V, (23)

The above power-counting result demonstrates that the
Bil) B meson loops in Fig. 2 provide a significantly larger
contribution to the radiative decay than those in Fig. 1. We
note that the values of v, ¢, and the ratio r obtained above
span a range because the mass of X, has been varied

- T T j T ' ! i T

>
L
2
=t
=
=
)
B
3
a
e '
// - = B('?E(') loops
04k ! —— B(l'liﬁ(') loops| |
—-— Total 3
[ 1 1 1 1 1 ' | 1 | L
0 2 4 6 8 10
Binding Energy (MeV)
FIG. 3. Partial widths of the radiative decay Y'(10753) — yX,,

contributing from different meson loops as a function of the binding

energy ey with I'po) = 0. The light-colored bands represent the
1

uncertainties arising from the 45-3D mixing angle 6.

within My, = 10.549-10.559 GeV, corresponding to a
binding energy ex = 0—10 MeV.

In Fig. 3, we present the partial width of Y'(10753) —
7X 0 as a function of the binding energy from 0 to 10 MeV.
The partial width increases monotonically with e€y. Across
the entire considered range, the contribution from the

BE/)B(*) meson loops in Fig. 2 is significantly larger than
that from the B*)B®*) meson loops in Fig. 1, which is
consistent with our previous expectations based on power-
counting analysis. For a certain binding energy, the error
arising from the 4S-3D mixing angle 6 is about (0(0.05).

3.0 T T T T T T T T T
25
2.0 1 " I L I L 1 L 1
0 2 4 6 8 10
Binding Energy (MeV)

FIG. 4. Dependence of the ratio R = B[Y(10753) —
yX,)/B[Y(10753) — yX,] on the binding energy ey.
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TABLE L.
Iy =0, 100, 200, and 300 MeV.

The predicted decay partial width (in units of keV) of Y(10753) — yX,, for different binding energies. Here, we choose

B\ B® loops

Total decay width

ey BB loops Iy =0 T =100

Ty =200

[y =300 Tp =0 Ty =100 Iy =200 Ty =300

1 MeV 427842373 5 107+ 0.509-091
2MeV 611655507 x 107 0.68510:2¢
5MeV  1.00540337 x 107 1.02270%)

10 MeV 151810882 5 10-3  1.4047005%

0.720i§;0§§
1.075j%;%2
1.478 0067

0.534700  0.5121007
0.693i§;§§52* 0.6597 00 0.70870050 0.742700%  0.7131003]
1.04070 0%
143870071

0.48570925  0.527709%5  0.55270937 0.52870928 0.5003(9)_-?‘122
0.678f%'%§%
1.021%) gag

141410072

0.996i§;§%
1.383+0071

1 .053j§;§§
1.442700%9

11052005 106870057
151470070 1.47010073

The partial decay width is approximately proportional to
the coupling constant squared.

Furthermore, incorporating the results of Ref. [24], we
define the ratio R = B[Y(10753) — yX,]/B[Y(10753) —
yX0]. In Fig. 4, we plot the dependence of this ratio on the
binding energy. It is seen that although the binding energy
dependence exists, it is actually weakened strongly in
comparison to the absolute decay width shown in Fig. 3.

In Table I, we list the contributions of Y(10753) — yX,,

from BB loops, Bg')B(*) loops, and the total contri-
butions at several illustrative values ey = 1, 2, 5, 10 MeV.
For the B}, we choose the l“B/1 to be 0, 100, 200, and
300 MeV, respectively. It can be seen that the contributions

from B*) B(*) loops are about 10~ keV. For Bgl)B(*) loops,
the decay width first increases and then decreases with the
increase of the B} width, which can reach several keV.
In Fig. 5, we show the B width dependence of the
radiative decay width for Y(10753) — yX,,. In our calcu-
lations, the B; width is fixed to be 25 MeV due to its
smallness in comparison with that of the B/. It is seen that
the radiative decay width exhibits only a weak dependence

112 .

= = I
=4 =3 et
=) =) >

Decay Width (keV)

=
>
=

0 50 100 150 200 250 300

B, Width (MeV)

FIG. 5. Dependence of the partial width as a function of the B
width. The B; width is fixed at 25 MeV, and the binding energy
is ey =5 MeV.

on the width of the B). Within the considered range, its
variation falls into 1.02-1.12 keV. The decay width first
increases and then decreases with the increase of the B
width and reaches its maximum around FB/] ~ 35 MeV. It

should be noted that the possible variation of the couplings

resulting from the change of the Bg/) width is not considered
in our calculations, which might give rise to extra effects on
the radiative decay width.

IV. SUMMARY

In this work, we investigate the radiative decays
Y(10753) — yX,, using nonrelativistic effective field
theory. In the calculations, the X, is assumed to be a
molecular state of BB + C.c. with J¥€ =0%", and the
Y(10753) is an S-D mixed state of the Y(4S) and
Y,(3°D,). The numerical calculations were performed
under two kinds of intermediate bottomed meson loops.
The first kind is a B* B™) loop coupled with Y'(10753) in
the P-wave, and the second is a B§'>B(*) loop coupled with
Y(10753) in the S-wave.

It is found that the possible effect of the large width of
the B} meson on the radiative decay width might be of
minor importance, if the couplings do not change sub-

stantially with the Bg/) width. For a binding energy range of
0-10 MeV, the partial decay width of this reaction has been
estimated to be of the order of 0.2—1.5 keV, corresponding
to a branching fraction of 1076 — 107>, This appreciable of
the radiative width implies that searching for the X via the
process Y (10753) — yX,, is promising. The observation
of the X, might help us to study the nature of the X,
partner states related by the heavy quark symmetry.
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APPENDIX A: LAGRANGIAN EXPANSION
The Lagrangians in Eqgs. (8), (9), (13), and (14) are expanded as

. i . CO) o] . B S S . _Lei
Lyus) =igsY(VF oV VI o' Vi - Vo' V) — gse™ Y (Viko Pl + PLo ViE) +igsY'P} 0 P}

+ eitkgsny Vi o'V + iggny(PLo VI = Vi'o PY) + gyny (P, PL + PLPL,) = dons (VIIVE + VIV

+ g Y (PLV 4 Py VI = VIP), = VTP + igee™ Y1 (VFVIT 4 ViV + Hee, (A1)
V1S L ei VAR R L e . RS RS . L .
Lyp) = i0p 22 YiPL0 Pl + gp = kY (P} 0 Vil + ViFo' Ph) +1=22- ¥4V} 0 Vi = Vi vii = Vi 9" Vi)
3 6 2V/15
V10 V10 ,
+ =5 Y] (ViipPh - Pivil) + lng—e”kY’ (Vikvi + Vikvil)y + Hee., (A2)
Ly, = 1epQud A (VEV] = VIVEY 4+ efQ e *F AT (PLVE + ViEP,) + i;—%a'Af(va Vi — ViVl
Q" ki aj(vik ik
+m—Q€ dAI(VikP, + PiVE), (A3)

~ . e ~ A b 2 iy L 2 . .
Ls/ray, = eﬁQabe”kdoA’VyV’lkb - ieﬂQabdoA’(V:Q’Pob + P, VY, + i\/;Cabe’/k()oA’V{aVzk + 2\/;Cab60A’PZV’la. (A4)

APPENDIX B: TRANSITION AMPLITUDES

In the rest frame of the initial particle, the transition amplitude for Y'(4S)(p) — [B*(I)B(p—=1)|B(I—q) = v(q)Xpo(p—q)
reads

/

Mys = \fg,gs(eﬂQabJr—QQ) 2q-e(—-q)q-e(p) —2q - qe(p) - e(—q)I'"V) (M. . My, M. G). (B1)

The amplitude for Y, (3°D,)(p) — [B*(I)B(p — 1)]B(l — q) = 7(q)Xpo(p — q) reads

1 /5 ' .
Map =—3 \égiga (eﬂQab + ;i) 2q-e(—q)q - (p) —2q - qe(p) - e(=q)| IV (M p.. M, M. §). (B2)

Since Y(10753) is a mixed state of Y'(4S) and Y (3°D, ), the amplitude for Y'(10753)(p) — [B*([)B(p — )|B(l — q) —
v(¢)Xpo(p — q) in Fig. 1 is given by

Mpigr =2 (Mygsin0 + M;p cos6), (B3)

where the factor 2 accounts for charge conjugation, and the summation runs over amplitudes from both neutral and charged
bottom meson intermediate states.
The amplitude for Y(4S)(p) = [B,(I)B(p — D)]B(l - q) — v(q)Xpo(p — q) reads

\/z - >
5 = Y2 005D Qus(p) - e(~) (M M. M. 3). By

The amplitude for Y, (3°D,)(p) — [B()B(p — D)]B(I - q) = r(q)Xp(p — q) reads
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The amplitude corresponding to the process Y(10753)(p) —

Fig. 2 is written as

/10 .
= —1\/;9idpcabEy€(P) ~e(=q)[(Mp,.Mp. My, q). (B5)
B (1)B(p — 1)]B(1 - q) = 7(9)X4(p — g) shown in
4 Sin6 + M5, cos 6). (B6)

MFng - ZZ

It should be noted that these amplitudes must be multiplied by the appropriate nonrelativistic normalization factor
VM~ (10753yMx,,mimams. m; (i =1, 2, 3) represents the mass of the intermediate meson.
The scalar three-point loop integral associated with the triangle diagram in Fig. 2 follows from Ref. [68] and is given by

. . dil 1
I b b b - . .
memsamsd) =i [ A=
Hi2M23 1 -C Za—i—c—c']}
N —— arctan + arctan | ————| ,, B7
167m mym; \/_{ (2\/ac> {2 a(c' —a) (B7)

where p;; are the reduced masses, by, = m; + m,
particle, and

— M, by; = my + ms + q° — M, with M being the mass of the initial

Ha3\ 22
a = (ﬁ) qz, c = 2/,{121)]2, = 2ﬂ23b23 + —q (BS)

ms

The vector loop integral I™") (m,, my, ms, g) in the decay amplitudes for Fig. 1 is [68]

q"l(”(ml,mz,ms,é') =1 a1 : ! PR (B9)
‘ Q2m)* (2 = mi +ie)[(p = 1)* = m3 +ie][(I - q)* — m3 + ie]
1
W (my,my,ms, §) ~ 12 {B(C/ —a) = B(c) + 5 (c" = c)I(my.my, my. G) | (B10)
ams 2
Here, the function B(c) is
B(C) — _ Hi12H23 \/C—lG. (B]])
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