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We studied the radiative transitions between the ϒð10753Þ, the S-D mixed state of the ϒð4SÞ and
ϒ1ð33D1Þ, and the Xb, the heavy quark flavor symmetry counterpart of the Xð3782Þ in the bottomonium
sector. The radiative transition was assumed to occur through the intermediate bottom mesons, including

P-wave Bð0Þ
1 mesons as well as the S-wave Bð�Þ ones. The consideration of the Bð0Þ

1 mesons leads to the
couplings to be in S-wave, and hence enhances the contributions of the intermediate meson loops. The
radiative decay width for the ϒð10753Þ → γXb is predicted to be order of 10 keV, corresponding to a
branching fraction of 10−4. Based on the theoretical results, we strongly suggest to search for the Xb in the
eþe− → γXb with Xb → ππχb1 near

ffiffiffi
s

p ¼ 10.754 GeV, and it is hoped that the calculations here could be
tested by the future Belle II experiments.

DOI: 10.1103/PhysRevD.109.094045

I. INTRODUCTION

Studies of exotic states have received considerable
attention since 2003 when Belle collaboration observed
the Xð3872Þ state in the πþπ−J=ψ invariant mass spectrum
[1]. The candidates for exotic states are usually referred to
collectively as XYZ states, representing a group of particles
that cannot be easily explained by the traditional quark
model. Understanding the behavior and characteristics of
these XYZ states is crucial for advancing our knowledge of
the strong force and its role in the structure of matter. With
the development of the experimental techniques, a fair
amount of XYZ states have been directly observed, espe-
cially in the charmonium sector, for instance, the well-
studied Xð3872Þ [1–6] and Zcð3900Þ [7–10]. However, in
the bottomonium sector, there are only two exotic states,
named as Zbð10610Þ and Zbð10650Þ [11–14]. More details
on theoretical and experimental studies of the XYZ states
can be found in the reviews [15–21].
The Xð3872Þ is the most well-studied exotic state

either from the experimental or theoretical points of view,

so that its properties are widely used as inputs to
predict new hadronic states in the heavy quark sector.
It has been well known that the Xð3872Þ mass is
ð3871.65� 0.06Þ MeV, extraordinarily close to the D�0D̄0

threshold (3871.69 MeV), and its quantum numbers
JPC ¼ 1þþ [22]. Employing the heavy quark flavor sym-
metry of the c and b quarks, it is natural to expect that an
analogous state with a mass near the B�0B̄0 threshold
(10.604 GeV) exists in the bottomonium sector, with the
same quantum numbers as the Xð3872Þ or other common-
ality. Such state is usually named for short as Xb [23]. The
possible value of the Xb mass has been calculated in the
framework of tetraquark model [24–26] and using the
mesonicmolecule interpretation [27,28],which lies between
10.5 and 10.7 GeV.
By following the successful way to understanding the

Xð3872Þ, the productions and decays of the Xb have been
investigated extensively. The partial decay width for the
process Xb → ωϒð1SÞ, for instance, was theoretically
predicted to be tens of keVs [29], under the interpretation
that the Xb is a B�B̄ bound state. However, searching for the
Xb in various experiments appears to be fruitless [15] (and
references therein). Clear signal of the Xb was not observed
in the πþπ−ϒð1SÞ [30,31] or πþπ−π0ϒð1SÞ [32,33] invari-
ant mass distribution, while the Xð3872Þ was clearly
observed in the similar distributions of pions plus the
J=ψ . Therefore, to search for the Xb, we need to find other
possible channels, for instance the Xb → ππχbJ, of which
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the partial width has been predicted to reach tens of
keVs [34].
The production of the Xð3872Þ in the radiative decay of

higher charmonium(-like) was first observed by the BESIII
Collaboration in 2014 [35]. This observation is consistent
with the early theoretical prediction for the radiative
transition process between the 1−− charmonium states
and the Xð3872Þ, where the 1−− should be a D-wave
charmonium or aD1D̄molecule (the Yð4260Þ, for instance)
[36]. Thanks to the high mass of the Xb, its production via
the radiative decays of higher bottomonia, especially the
1−− states, is greatly expected. However, the theoretical
production ratio of the Xb as a B�B̄ molecule in the
processes ϒð5S; 6SÞ → γXb is only of the order 10−6 [37],
and thus the experimental observation seems difficult.
Imitating the case of the Xð3872Þ, the newly observed
ϒð10753Þ [33,38] is favored for the Xb production since the
ϒð10753Þ is likely to be S-D mixed state of the ϒð4SÞ and
ϒ1ð33D1Þ [39–43]. It should be pointed out that there are
also other interpretations for the ϒð10753Þ, such as the
tetraquark state [44–47] or hybrid bottomonium with
excited gluonic degrees of freedom [15,48]. More new
experimental studies about the ϒð10753Þ can be found in
Refs. [49,50].
In this work, we calculated the production of the Xb in

the radiative process ϒð10753Þ → γXb using a nonrelativ-
istic effective field theory. We regarded the Xb as the B�B̄
molecule and the ϒð10753Þ as the 4S-3D mixed state.
Moreover, the radiative transition was assumed to occur
through the intermediate bottom meson loops, including

the P-wave Bð0Þ
1 mesons as well as the S-wave Bð�Þ ones.

The loops including the Bð0Þ
1 mesons are enhanced due to

the S-wave couplings.
The rest of the paper is organized as follows. In Sec. II,

we present the theoretical framework used in this work.
Then in Sec. III the numerical results are presented, and a
brief summary is given in Sec. IV.

II. THEORETICAL CONSIDERATION

Similar to the previous works as done in Refs. [39–42],
we interpret the ϒð10753Þ as a 4S-3D mixed state, then the
wave function of the ϒð10753Þ is written as

ϒ̃ð10753Þ ¼ ϒ̃ð4SÞ sin θ þ ϒ̃1ð33D1Þ cos θ; ð1Þ

where θ is a mixing angle to describe the proportion of the
partial waves. ϒ̃ð4SÞ and ϒ̃1ð33D1Þ describe the wave
functions of the pure ϒð4SÞ and ϒ1ð33D1Þ states, respec-
tively. The ϒð10580Þ was usually regraded as the 4S state
[22]. When taking into account the S-D mixing, the
ϒð10580Þ could be interpreted as another 4S-3D mixture,
and accordingly has the wave function

ϒ̃ð10580Þ ¼ ϒ̃ð4SÞ cos θ − ϒ̃ð33D1Þ sin θ: ð2Þ

The mixing angle θ can be obtained by fitting the
well-measured dielectron decay width of the ϒð10580Þ
[39,42,51], which depends on its wave function and mass.
The estimation yields the mixing angle θ ¼ 23.4° ∼ 36.1°.
Such mixing angles indicate that the ϒ1ð33D1Þ is the
dominant component to form theϒð10753Þwith proportion
of about 65% ∼ 84%. In the following, in order to predict
the decay width of the ϒð10753Þ → γXb, we shall adopt an
angle of θ ¼ 33° for the ϒð4SÞ and ϒ1ð33D1Þ mixing
with masses of 10.612 GeV and 10.675 GeV, respectively,
which was predicted using the modified Godfrey-Isgur
model [52].

A. Intermediate bottom meson loops

The bottomonia ϒð4SÞ and ϒ1ð33D1Þ are both above the
open-bottom threshold so that they are expected to domi-
nantly decay into the bottom-antibottom meson pair, and
then the pair could couple further to the final states by
exchanging a proper bottom meson. This process is widely
described by the triangle meson loop mechanism, which
proves to be important in the decays and productions of
many heavy quarkonia and exotic states. In the case of the
radiative transition of theϒð10753Þ toXb, the loopsmade of
the S-wave bottommesons with the quantum numbers sPl ¼
1=2þ of the light degrees of freedom are shown in Fig. 1.
In view of the quantum numbers JPC ¼ 1−− for the

initial bottomonia and final photon, they both couple to the
S-wave Bð�Þ mesons in a P wave. The other coupling for
the Xb of JPC ¼ 1þþ to the S-wave Bð�Þ mesons occurs in
an S wave. When we replace the intermediate meson that
connects the initial state ϒð4SÞ [ϒ1ð33D1Þ] and the photon
by a P-wave bottom mesons B0

1 with sPl ¼ 1=2þ [B1 with
sPl ¼ 3=2þ], as shown in Fig. 2, all the couplings are then
allowed to be in an S wave. Near threshold, the S-wave
contribution is usually more important than that from the
P-wave. It should be pointed out that the coupled-channel
effect due to the proximity of the Bð�ÞB̄ð�Þ threshold to the
ϒð4SÞ and ϒ1ð33D1Þ masses is highly suppressed by the
P-wave couplings so that its absolute impact on the radia-
tive transition ϒð10753Þ → γXb is insignificant. Thus, in
comparison with the loops in Fig. 1, the contributions of the

(a) (b) (c)

FIG. 1. Triangle Feynman diagrams for the radiative process
ϒð10753Þ → γXb via the S-wave bottom meson loops. Each
diagram has its corresponding charged one. The symbol ϒ stands
for the ϒð4SÞ and ϒ1ð33D1Þ.
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loops in Fig. 2 to the radiative transition ϒð10753Þ → γXb
are likely to be more important because of the S-wave
coupling enhancement, although the ϒð4SÞ and ϒ1ð33D1Þ
lie away from the Bð0Þ

1 B̄ð�Þ threshold. This importance will
be qualitatively analyzed in terms of the power counting
and verified by the numerical calculations.

B. Effective Lagrangians

Similar to the case of the Xð3872Þ [53], we also consider
the Xb as a pure molecule of the BB̄� þ c:c:, of which the
neutral and charged components are assumed to be of equal
proportion,

jXbi¼
1

2
ðjB0B̄�0iþjB̄0B�0iþjBþB�−iþjB−B�þiÞ: ð3Þ

The effective coupling of the Xb to a pair of bottom and
antibottom mesons is then given by

LX ¼ 1

2
g0XX

†i
b ðB0B̄�0i þ B̄0B�0iÞ

þ 1

2
gcXX

†i
b ðBþB�−i þ B−B�þiÞ þ H:c:; ð4Þ

where the constants gX’s describe the coupling strength of
the Xb to the bottom meson pairs. Here and later the
symbols with (without) the dagger index represent the
outgoing (incoming) fields relative to the coupling vertices.
The coupling, gX, could be extracted from the binding

energy (ϵX) of the Xb with respect to the mass threshold of
its two components [36]:

gX ¼
�
16π

μB

ffiffiffiffiffiffiffiffi
2ϵX
μB

s �1=2

; ð5Þ

where μB ¼ mBmB�=ðmB þmB� Þ and ϵB ¼ mB þmB� −
mXb

with them’s being the masses of the particles indicated
by the subscripts. Given the quite small mass difference of
the neutral and charged bottom mesons, the g0X and gcX are
taken to be equal.1 In addition, we adopt the binding energy

ϵX from 2 to 100 MeV, similar to the values used in the
recent work [34,37].
Since we assume that the ϒð10753Þ is a mixture of the

ϒð4SÞ and ϒ1ð33D1Þ, to calculate the decay width of the
ϒð10753Þ → γXb we should also know the interactions of
the S- and D-wave bottomonia with the bottom mesons.
Within the framework of the nonrelativistic effective field
theory, the interactions of the S-wave bottomonia and the
bottom-antibottom meson pair read [36,54–56]

LS ¼ i
gS
2
hH̄†

aσ⃗ · ∂
↔
H†

aJi þ g0S
2
hðH̄†

aS
†
a þ S̄†aH

†
aÞJi þ H:c:

ð6Þ

Here Ha ¼ V⃗a · σ⃗ þ Pa and Sa ¼ V⃗ 0
1a · σ⃗ þ P0a are the

spin doublets formed by the 1=2− and 1=2þ bottom
mesons. In this work, V⃗a ¼ ðB�0; B�þÞ and Pa ¼ ðB0; BþÞ
denoting the vector and pseudoscalar bottom mesons
with sPl ¼ 1=2−, respectively, while V 0

1a ¼ ðB00
1 ; B

0þ
1 Þ and

P0a ¼ ðB0; B
þ
0 Þ for the sPl ¼ 1=2þ bottom mesons. Using

the convention in Ref. [36], the charge conjugated fields

for the heavy bottom mesons are H̄a ¼ − ⃗V̄ · σ⃗ þ P̄a and

S̄a ¼ − ⃗V̄
0
1a · σ⃗ þ P̄0a. The J ¼ ϒ⃗ · σ⃗ þ ηb represents the

spin doublet of the S-wave bottomonia ϒðnSÞ and ηbðnSÞ.
Conventionally, A∂

↔
B≡ Að∂BÞ − ð∂AÞB, the σ⃗ stands for

the Pauli matrices, and the subscript a is the light flavor
index. After tracing operation in spinor space (indicated by
h� � �i), the Lagrangian in Eq. (6) is explicitly written as

LS ¼ igSϒiðV̄†j
a ∂

↔i
V†j
a − V̄†j

a ∂

↔j
V†i
a − V̄†i

a ∂

↔j
V†j
a Þ

− gSϵijkϒiðV̄†k
a ∂

↔j
P†
a þ P̄†

a ∂
↔j

V†k
a Þ þ igSϒiP̄†

a ∂
↔i
P†
a

þ ϵijkgSηbV̄
†i
a ∂

↔j
V†k
a þ igSηbðP̄†

a ∂
↔i
V†i
a − V̄†i

a ∂

↔i
P†
aÞ

þ g0SηbðP̄†
0aP

†
a þ P̄†

aP
†
0aÞ − g0SηbðV̄ 0†i

1aV
†i
a þ V̄†i

a V
0†i
1aÞ

þ g0SϒiðP̄†
aV

0†i
1a þ P̄†

0aV
†i
a − V̄†i

a P
†
0a − V̄ 0†i

1aP
†
aÞ

þ ig0Sϵ
ijkϒiðV̄†k

a V 0†j
1a þ V̄ 0†k

1a V
†j
a Þ þ H:c:; ð7Þ

where the coupling constants gS and g0S will be deter-
mined later.
The interactions of the D-wave bottomonium ϒ1ð33D1Þ

with a pair of bottom and antibottom mesons are written
as [36]

LD ¼ i
gD
2
hH̄†

aσi ∂
↔j

H†
aJiji

þ g0D
2
hðT̄†j

a σiH
†
a − H̄†

aσiT
†j
a ÞJiji þ H:c:; ð8Þ

where Jij represents the field for the D-wave bottomonium
ϒ1ð33D1Þ in the two-component notation [36]

(a) (b)

FIG. 2. Feynman diagrams for the ϒð10753Þ → γXb via the

loops associated with the P-wave bottom mesons Bð0Þ
1 .

1According to the world average masses of the B0 and B� [22]
and the predicted mass around 10.562 GeV for the Xb [27], the
relative difference of the g0X and gcX do not exceed 0.5%.
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Jij ¼
ffiffiffiffiffi
15

p

10
ðϒi

1σ
j þ ϒj

1σ
iÞ − 1ffiffiffiffiffi

15
p δijϒ⃗1 · σ⃗; ð9Þ

and Ti
a is the field for the sPl ¼ 3=2þ bottom mesons [36],

Ti
a ¼

ffiffiffi
2

3

r
Vi
1a þ i

1ffiffiffi
6

p ϵijkVj
1aσ

k: ð10Þ

It should be pointed out that for the sPl ¼ 3=2þ mesons with
the total angular momentum of 2 are not considered in this
work. Hence, V⃗1a ¼ ðB0

1; B
þ
1 Þ. The antibottom meson field

T̄i
1a is described as

T̄i
a ¼

ffiffiffi
2

3

r
V̄i
1a − i

1ffiffiffi
6

p ϵijkV̄j
1aσ

k: ð11Þ

The tracing evaluation yields the Lagrangian for the
ϒ1ð33D1Þ,

LD ¼ igD

ffiffiffiffiffi
15

p

3
ϒi

1P̄
†
a ∂
↔i
P†
a

þ gD

ffiffiffiffiffi
15

p

6
ϵijkϒi

1ðP̄†
a ∂
↔j

V†k
a þ V̄†k

a ∂

↔j
P†
aÞ

þ i
gD

2
ffiffiffiffiffi
15

p ϒi
1ð4V̄†j

a ∂

↔i
V†j
a − V̄†j

a ∂

↔j
V†i
a − V̄†i

a ∂

↔j
V†j
a Þ

þ g0D

ffiffiffiffiffi
10

p

2
ϒi

1ðV̄†i
1aP

†
a − P̄†

aV
†i
1aÞ

þ ig0D

ffiffiffiffiffi
10

p

4
ϵijkϒi

1ðV̄†k
1aV

†j
a þ V̄†k

a V†j
1aÞ þ H:c: ð12Þ

The photonic coupling to the bottom mesons with
sPl ¼ 1=2− is written as [36,57]

LHHγ ¼
eβ
2
hH†

aHbσ⃗ · B⃗Qabi þ
eQ0

2mQ0
hH†

aσ⃗ · B⃗Hai; ð13Þ

where Bk ¼ ϵijk∂iAj is the magnetic field, Qab ¼
diagð−1=3; 2=3Þ denotes the charge matrix of the light d
and u quarks, andQ0 ¼ −1=3 andmQ0 stand for the b-quark
charge and its mass, respectively.
In addition, the radiative transition of the 1=2þ and 3=2þ

bottom mesons to the 1=2− ones is described by the
following Lagrangian [36,37]

LS=THγ ¼ −
ieβ̃
2

hH†
aSbσ⃗ · E⃗Qbai þ hTi

aH
†
bCabiEi ð14Þ

where Ei is the electric field. The Cab in the second term is
a formalistic 2 × 2 diagonal matrix in the form of
diagðCd; CuÞ, of which the elements describe the coupling
strength. Explicitly,

LHHγ ¼ ieβQab∂
iAjðV†i

a V
j
b − V†j

a Vi
bÞ

þ eβQabϵ
ijk
∂
iAjðP†

aVk
b þ V†k

a PbÞ

þ i
eQ0

mQ0
∂
iAjðV†j

a Vi
a − V†i

a V
j
aÞ

þ eQ0

mQ0
ϵijk∂iAjðV†k

a Pa þ P†
aVk

aÞ ð15Þ

and

LS=THγ ¼ eβ̃Qabϵ
ijk
∂
0AiV†j

a V 0k
1b

− ieβ̃Qab∂
0AiðV†i

a P0b þ P†
aV 0i

1bÞ

þ i

ffiffiffi
2

3

r
Cabϵ

ijk
∂
0AiVj

1aV
†k
b

þ 2

ffiffiffi
2

3

r
Cab∂

0AiP†
bV

i
1a: ð16Þ

III. NUMERICAL RESULTS

To proceed, we should evaluate the coupling constants
g’s in Eqs. (6) and (8), the parameter β in Eq. (13), and, β̃
and Cab in Eq. (14). The way to evaluating the constants gS
and gD is the same as that in our recent work [42] so that the
details are not repeated. Notice that due to the factor 1=2 in
Eqs. (6) and (8), the values of gS and gD here are twice of
those in Ref. [42]. Their values are summarized in Table I.
However, the coupling constants g0S and g0D cannot be

directly determined in terms of the way to the gS and gD,

since the threshold of the Bð�ÞBð0Þ
1 exceeds the masses of the

ϒð4SÞ andϒ1ð33D1Þ. In order to give reasonable estimation
of the g0S and g0D, we then, considering the heavy quark
symmetry, assume that the ratios g0S=gS and g0D=gD are
heavy-flavor-independent, although the g’s are all heavy-
flavor-dependent separately. Given the predictions for the
ψð4SÞ → D0

1D̄ [58,59], the value of g0S for the ψð4SÞ varies
from 0.11 to 0.42 GeV−1=2, whereas the prediction for the
ψð4SÞ → DD̄ yields gS ≈ 0.15 GeV−3=2 for the ψð4SÞ. As
a result, g0S=gS is in the range ½0.73; 2.8� GeV. Similarly, in
the case of the ψ1ð33D1Þ, gD is estimated to be between 0.1
and 0.3 GeV−3=2, and g0D ranges from 0.2 and 0.5 GeV−1=2
according to the predictions in Refs. [58,59]. Considering
the intermediate values, it gives the ratio g0D=gD ≈ 1.7 GeV.

TABLE I. Coupling constants gS and gD (Units: GeV−3=2) we
employed in the calculations. Their estimations are based on the
theoretical and experimental data in Refs. [22,52].

gS, gD BB̄ BB̄� þ c:c: B�B̄�

ϒð4SÞ 0.776 0.776 0.776
ϒ1ð33D1Þ 0.157 0.376 1.879
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In Refs. [60,61], the radiative width for the B�þ is
ð0.40� 0.03Þ keV and for the B�0 it is ð0.13� 0.03Þ keV.
Using the Lagrangian in Eq. (13) together with the mass
mb ¼ 4.18 GeV [22], we get β ¼ 2.1 GeV−1. Likewise,
based on the interactions between the Bð0Þ

1 and B in Eq. (14)

and the radiative widths of the Bð0Þ
1 → γBð�Þ predicted in

Ref. [62], β̃ is estimated to be in the range ½1.5; 2.0� GeV−1,
and Cu is between 0.22 and 0.31 GeV−1 for the
Bþ
1 → γBð�Þþ, while Cd varies from −0.17 to −0.12 GeV−1

for the B0
1 → γBð�Þ0. Notice that the minus sign is assigned

for the later case, analogous to the radiative decay of B�
meson [60,61].
Figure 3 exhibits the partial width for the radiative decay

ϒð10753Þ → γXb as a function of the Xb binding energy
from 2 to 100 MeV, equivalently the mass between 10.504
and 10.602 GeV as indicated by the upper axis labels.
It is seen that with increasing the binding energy, the
radiative width increases. In particular, if the Xb as a
molecule assumes a binding energy of 50 MeV, corre-
sponding to a mass of about 10.554 GeV, we predict the
radiative width

Γ½ϒð10753Þ → γXb� ∼ 13 keV; ð17Þ

which yields a branching fraction of order 10−4, two orders
of magnitude larger than the processes ϒð5S; 6SÞ →
γXb [37].

When we look separately at the contributions from the
loops in Figs. 1 and 2, indicated by the blue dashed line and
the black dash-dotted line, respectively, it is clearly shown
that the radiative process ϒð10753Þ → γXb is predomi-
nantly governed by the loops in Fig. 2. The dominance of

the loops involving the P-wave Bð0Þ
1 mesons, compared to

the loops composed entirely of the S-wave Bð�Þ mesons, is
consistent with the power counting: For the loops in Fig. 1,
the initial vertex is in a P wave and produces a momentum
[see the Lagrangian in Eqs. (7) and (12)]. This momentum
has to be contracted with the external photon momentum q,
and hence the initial vertex could be counted as q [36]. As a
result, within the nonrelativistic framework, the loop
integral scales as [36,37,56]

v5

ðv2Þ3 q
2 ¼ E2

γ

v
: ð18Þ

Here v can be understood as the average of the intermediate
bottom meson velocities. The velocity can be estimated byffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2jm1 þm2 −MiðfÞj=ðm1 þm2Þ

q
, where m1 and m2 are

the masses of the bottommesons related to the initial meson
of mass Mi or the final meson of mass Mf [36].
For the loops in Fig. 2, the initial vertex is in an S wave

thanks to the positive-parity bottom mesons Bð0Þ
1 . In this

case, the vertex is independent of the momentum [see
Eqs. (7) and (12)]. Therefore, such loop integral scales
as [36,37,56]

v5

ðv2Þ3 qmB ¼ mB
Eγ

v
; ð19Þ

where mB, the mass of the bottom meson, is introduced to
balance the dimensions between Eqs. (18) and (19).
According to the estimations at the beginning of this
section, the coupling constants for the diagrams in
Figs. 1 and 2 are nearly of the same order of magnitude.
Thus the contributions from the loops in Fig. 2, when
compared to those in Fig. 2, are enhanced by a factor of
mB=Eγ ∼Oð30Þ, agreeing with the numerical results
shown in Fig. 3.
Theoretically, the 1=2þ bottom meson B0

1 has a large
width. The predictions in Ref. [62] show that ΓB0

1
is around

130MeV, which is about twice times smaller than the width
(∼240 MeV) predicted in Ref. [63]. For the 3=2þ, the width
was predicted to be about 20 MeV, agreeing with the
measured data between 27.5 and 31 MeV [22]. In order to
considering the width effect, especially for the B0

1 mesons,
we assume the mass spectrum to be described by the Breit-
Wigner formula [37,56,64],

fðs;m;ΓÞ ¼ 1

π

mΓ
ðs −m2Þ2 þm2Γ2

: ð20Þ

FIG. 3. Partial decay width of the radiative transition
ϒð10753Þ → γXb for different binding energies of the Xb

relative to the B�B̄ threshold. In calculations, g0S is taken to be
1.5gS and g0D is fixed to be 1.7gD. Moreover, β̃ ¼ 1.75 GeV−1,
Cd ¼ −0.15 GeV−1, and Cu ¼ 0.26 GeV−1. The blue dashed
and black dash-dotted lines describe, respectively, the contribu-
tions of the loops in Figs. 1 and 2, while the red solid line denotes
all the loop contributions.
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Here s is the mass squared of the meson in question, m is
the central mass, and Γ is the meson width. Then the
amplitude is given by

M ¼ 1

W

Z
sh

s1

fðs;m
Bð0Þ
1

;Γ
Bð0Þ
1

ÞMðm
Bð0Þ
1

→
ffiffiffi
s

p Þds; ð21Þ

whereMðm
Bð0Þ
1

→
ffiffiffi
s

p Þ represents the amplitude expression

without considering the Bð0Þ
1 width, but the Bð0Þ

1 mass is
replaced by the square root of the integration variable,

ffiffiffi
s

p
.

Additionally, W ¼ R
sh
s1
fðs;m

Bð0Þ
1

;ΓÞds with sl ¼ m2

Bð0Þ
1

and sh ¼ ðm
Bð0Þ
1

þ ΓB0
1
Þ2.

In Fig. 4, the B0
1 width dependence of the radiative decay

width for the ϒð10753Þ → γXb is shown. In the present
calculations, the B1 width is fixed to be 20 MeV because of
its smallness in comparison with that of the B0

1. It is seen
that the radiative decay width is slightly dependent on the
B0
1 width, decreasing less than 3% when the B0

1 width is
increased to 300 MeV. It should be noted that the possible
variation of the couplings resulting from the change of the

Bð0Þ
1 width is not considered in our calculations, which

might give rise to extra effect on the radiative decay width.

IV. SUMMARY

In this work, we calculated the partial width for the
radiative transition ϒð10753Þ → γXb, using a nonrelativ-
istic effective field theory. In the calculations, we consid-
ered the Xb, the heavy quark flavor symmetry counterpart
of the Xð3872Þ in the bottomonium sector, as a bound state
of the B�B̄þ c:c:, and the ϒð10753Þ as an S-D mixed state
of the ϒð4SÞ and ϒ1ð33D1Þ. Moreover, the radiative
transition was assumed to occur through the intermediate

bottom mesons, including the P-wave Bð0Þ
1 mesons as well

as the S-wave Bð�Þ ones.
It is found that the possible effect of the large width of

the B0
1 meson on the radiative decay width might be of

minor importance, if the couplings do not change sub-

stantially with the Bð0Þ
1 width. Specially, our calculated

results indicate that the radiative decay width is of order
10 keV when the Xb mass is around 10.56 GeV, corre-
sponding a branching fraction of about 10−4. This bigness
of the radiative width implies that searching for the Xb via
the process ϒð10753Þ → γXb is promising. Recent experi-
ments by Belle II Collaboration [33] did not find the Xb in
eþe− → γXb with Xb → ωϒð1SÞ at

ffiffiffi
s

p ¼ 10.745 GeV.
However, given our recent study [34], we suggest to hunt
for the Xb in the channel eþe− → γXb with Xb → ππχb1
near

ffiffiffi
s

p ¼ 10.754 GeV.
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