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In this work we investigate the ϒð10753Þ → ϒð13DJÞη (J ¼ 1, 2, 3) processes, where the ϒð10753Þ is
assigned as a conventional bottomonium under the 4S–3D mixing scheme. Our result shows that the
concerned processes have considerable branching ratios, i.e., branching ratios B½ϒð10753Þ → ϒð13D1Þη�
and B½ϒð10753Þ → ϒð13D2Þη� can reach up to the order of magnitude of 10−4–10−3, while B½ϒð10753Þ →
ϒð13D3Þη� is around 10−6–10−5. With the running of Belle II, it is a good opportunity for finding out the
concerned hidden-bottom hadronic decays.
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I. INTRODUCTION

As presented in the Belle II physics book [1], the
designed luminosity of SuperKEKB can reach up to
8 × 1035 cm−2 s−1. Thus, the forthcoming Belle II experi-
ment represents the precision frontier of particle physics,
which is an ideal platform to perform the correlative study
around heavy flavor physics. Obviously, some higher botto-
monia can be accessible at Belle II, which may provide
valuable hints to construct the bottomonium family.
Recently, theϒð10753Þwas reported by theBelleCollabo-

ration by analyzing the eþe− → ϒðnSÞπþπ− (n ¼ 1, 2, 3)
processes [2]. As a vector state, the ϒð10753Þ was also
collected in Particle Data Group (PDG) [3]. Since a peculiar
property of theϒð10753Þ is its mass lower than the predicted
mass of theϒð33D1Þ by the quenched potential model [4–6],
thus different theoretical groups tried to explain the observed
ϒð10753Þ as exotic states like the tetraquark state [7,8] the
hybrid state [9], and the kinetic effect [10,11].
Inspired by the 2S–1D mixing scheme for the charmo-

nium ψð3770Þ, we have a reason to believe that the S–D
mixing scheme should be considered when revealing
the nature of the ϒð10753Þ. Thus, the Lanzhou group

introduced the 4S–3D mixing scheme to clarify the
puzzling phenomenon of the ϒð10753Þ [12,13]. In
Ref. [12], the Lanzhou group proposed the 4S–3D mixing
scheme, which can solve the mass puzzle of the ϒð10753Þ.
A later result in Ref. [13] shows that the ϒð10753Þ under
this mixing scheme has a sizable dielectron decay width,
and the measured values Rn ¼ Γeþe− × B½ϒð10753Þ →
ϒðnSÞπþπ−� (n ¼ 1, 2, 3) by Belle [2] can be reproduced.
In summary, the current measured data of theϒð10753Þ [2],
including its mass and Rn values, can well be understood
under the 4S–3D mixing scheme. Thus, the ϒð10753Þ can
be still a good candidate of vector bottomonium. Along
this line, several typical transitions of the ϒð10753Þ into
other bottomonia with lower mass were explored in
Refs. [12,13], which will be accessible at a future experi-
ment like Belle II. In Fig. 1, we summarize the present

FIG. 1. The present status of the study on the transitions of the
ϒð10753Þ into other bottomonia.
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status of the study of the transitions of the ϒð10753Þ into
other bottomonia.
Obviously, our knowledge of the transitions of the

ϒð10753Þ into other bottomonia is still absent. A typical
example is that the allowed ϒð10753Þ → ϒð13D2Þη is
waiting to be explored, not only by theorists but also
by experimentalists. This fact stimulates our interest in
carrying out the investigation of ϒð10753Þ → ϒð13DJÞη
(J ¼ 1, 2, 3), where the ϒð13DJÞ denote three 1D botto-
monium states. By checking the PDG values [3], we may
find that onlyϒð13D2Þwas observed. For the remaining 1D
bottomonia, they are still missing in experiment. Thus,
the present study of ϒð10753Þ → ϒð13DJÞη has a close
relation to these two missing bottomonia ϒð13D1Þ
and ϒð13D3Þ.
For calculating the branching ratio of the ϒð10753Þ →

ϒð13DJÞη transitions, the concrete phenomenological
model should be involved. Borrowing the former experi-
ence of the decays of higher states of heavy quarkonium,
the coupled channel effect should be considered here
[12–25]. In this work, we adopt the hadronic loop mecha-
nism to present the concrete calculation, which will be
mentioned in the following section. We hope that our
realistic investigation of the discussed processes may
provide valuable information to experimentally search
for ϒð10753Þ → ϒð13DJÞη, which will be an intriguing
research task for Belle II.
This paper is organized as follows. After the introduc-

tion, we illustrate the detailed calculation of ϒð10753Þ →
ϒð13DJÞη (J ¼ 1, 2, 3) with the hadronic loop mechanism
in Sec. II. And then, the numerical results are presented in
Sec. III. Finally, we end the paper with a discussion and
conclusion.

II. THE ϒð10753Þ → ϒð13DJÞη TRANSITIONS VIA
THE HADRONIC LOOP MECHANISM

Before studying the decays, we need to briefly introduce
the 4S–3D mixing scheme. If assigning the ϒð10753Þ as
the pure ϒð3DÞ state, the predicted mass of pure ϒð3DÞ
state ranges from 10653 MeV to 10717 MeV [4–6,26,27].
Thus, there exists difference between the theoretical result
and current measurement of the ϒð10753Þ. Furthermore,
the dielectron width of theϒð3DÞwas estimated to be just a
few eV [4,6,26,27], which is lower than the corresponding
dielectron widths of the ϒð4SÞ and ϒð5SÞ states. Thus, it
is difficult to find pure ϒð3DÞ state via the electron-
positron annihilation process. However, the ϒð10753Þ
signal was observed in the eþe− → ϒðnSÞπþπ− processes
by Belle [2], which is puzzling for us. As proposed in
Refs. [12,13], the 4S–3D mixing scheme for the ϒð10753Þ
was introduced,

�ϒ4S−3D

ϒ0
4S−3D

�
¼

�
cos θ − sin θ

sin θ cos θ

�� ϒð4SÞ
ϒð3DÞ

�
; ð2:1Þ

where θ denotes the mixing angle, and ϒ4S−3D and ϒ0
4S−3D

are physical states. Here, the ϒ0
4S−3D state corresponds to

the observed ϒð10753Þ. Obviously, the puzzle on mass
can be solved as shown in Fig. 1 of Ref. [12], and the
dielectron decay width of the ϒð10753Þ is sizable. Thus,
the ϒð10753Þ still can be as a good candidate of vector
bottomonium.
Based on hadronic loop mechanism, the initialϒð10753Þ

can be converted into final low-lyingD-wave bottomonium
ϒð13DJÞ through the triangle loops composed of bottom
mesons. The concerned diagrams are displayed in Fig. 2,

where the contributions from the Bð�Þ
s meson loops can be

ignored due to the weak coupling between the ϒð10753Þ
and the Bð�Þ

s B̄ð�Þ
s pair [28].

For the diagrams shown in Fig. 2, the general expression
of their amplitude mediated by the hadronic loop mecha-
nism reads as

M ¼
Z

d4q
ð2πÞ4

V1V2V3

P1P2PE
F 2ðq2; m2

EÞ; ð2:2Þ

where V i (i ¼ 1, 2, 3) are interaction vertices, and 1=P1;2;E

denote the corresponding propagators of intermediate
bottom mesons. In addition, the form factor F ðq2; m2

EÞ
should be introduced to compensate the off shell effect of
the exchanged Bð�Þ meson and depict the structure effect of
interaction vertices [29–31]. In our calculation, the monop-
ole form factor [32]

F ðq2; m2
EÞ ¼

Λ2 −m2
E

Λ2 − q2
with Λ ¼ mE þ αΛΛQCD; ð2:3Þ

FIG. 2. The schematic diagrams for depicting the ϒð4S; 3DÞ →
ϒð13DJÞη decays via the hadronic loop mechanism, whereϒ0 and
ϒ0

1 represent the ϒð4SÞ and ϒð3DÞ components of the ϒð10753Þ,
respectively.
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emphasized by QCD sum rules is adopted with mE and q
denoting the mass and four-momentum of the exchanged
intermediate meson, respectively. Here, we take ΛQCD ¼
220 MeV [33–35], and αΛ is a phenomenological dimen-
sionless parameter.
The effective Lagrangian approach is used to give the

concrete expressions of the decay amplitudes defined in
Eq. (2.2). Due to the requirement from the heavy quark
limit and the chiral symmetry, the concerned effective
Lagrangians include [36–39]

LS ¼ igSTr½Sðbb̄ÞH̄ðb̄qÞγμ∂μ
↔
H̄ðbq̄Þ� þ H:c:;

LD ¼ igDTr½Dðbb̄Þ
μν H̄ðb̄qÞ

∂μ

↔
γνH̄ðbq̄Þ� þ H:c:;

LP ¼ igHTr½Hðbq̄Þjγμγ5ðAμÞijH̄ðbq̄Þ
i �; ð2:4Þ

with ∂

↔ ≡ ∂⃗ − ∂⃖. Here, the abbreviations Sðbb̄Þ and Dðbb̄Þ
μν

represent the S-wave and D-wave multiplets of bottomo-
nium, respectively, i.e.,

Sðbb̄Þ ¼ 1þ =υ
2

½ϒμγμ − ηbγ5�
1 − =υ
2

; ð2:5Þ

Dðbb̄Þμν ¼ 1þ =υ
2

�
ϒμνα

3 γα þ
1ffiffiffi
6

p ðεμαβρυαγβϒν
2ρ þ εναβρυαγβ

×ϒμ
2ρÞ þ

ffiffiffiffiffi
15

p

10
½ðγμ − υμÞϒν

1 þ ðγν − υνÞϒμ
1�

−
1ffiffiffiffiffi
15

p ðgμν − υμυνÞγαϒα
1 þ ημνb2γ5

�
1 − =υ
2

: ð2:6Þ

Additionally, the ð0−; 1−Þ doublets of bottom and anti-
bottom mesons is abbreviated as Hðbq̄Þ and Hðb̄qÞ, respec-
tively, which can be expressed as

Hðbq̄Þ ¼ 1þ =υ
2

ðB�μγμ þ iBγ5Þ;

Hðb̄qÞ ¼ ðB̄�μγμ þ iB̄γ5Þ
1 − =υ
2

; ð2:7Þ

where the normalization factor
ffiffiffiffiffiffiffiffiffiffi
mBð�Þ

p
is neglected here.

The H̄ðbq̄Þ and H̄ðb̄qÞ fields can be obtained through H̄ðbq̄Þ ¼
γ0H†ðbq̄Þγ0 and H̄ðb̄qÞ ¼ γ0H†ðb̄qÞγ0. Aμ, the axial vector
current of Nambu-Goldstone fields, is expressed as Aμ ¼
ðξ†∂μξ − ξ∂μξ†Þ=2 with ξ ¼ eiP=fπ , where the pseudoscalar
octet P is

P ¼

0
BBB@

− π0ffiffi
2

p þ η8ffiffi
6

p πþ Kþ

−π− π0ffiffi
2

p þ η8ffiffi
6

p K0

−K− K̄0 − 2ffiffi
6

p η8

1
CCCA: ð2:8Þ

With the above preparation, we expand the compact
Lagrangians in Eq. (2.4) to get the following effective
Lagrangians

LϒBð�ÞBð�Þ ¼ igϒBBϒμð∂μB†B−B†
∂μBÞ

þ gϒBB�εμναβ∂
μϒνðB�α†

∂
β

↔

B−B†
∂
β

↔

B�αÞ
þ igϒB�B�ϒμð∂νB�†

μ B�ν−B�ν†
∂νB�

μþB�ν†
∂μ

↔
B�
νÞ;

ð2:9Þ

Lϒ1Bð�ÞBð�Þ ¼ igϒ1BBϒ
μ
1ð∂μB†B − B†

∂μBÞ

þgϒ1BB�εμναβ∂
μϒν

1ðB�α†
∂
β

↔

B − B†
∂
β

↔

B�αÞ
þ igϒ1B�B�ϒμ

1ð∂νB�†
μ B�ν − B�ν†

∂νB�
μ

þ 4B�ν†
∂μ

↔
B�
νÞ; ð2:10Þ

Lϒ2Bð�ÞB� ¼ −igϒ2BB�ϒμν
2 ðB†

∂μ

↔
B�
ν − B�†

ν ∂μ

↔
BÞ

þ gϒ2B�B�εμναβ∂
νϒρβ

2 ðB�†
ρ ∂

μ
↔
B�α þ B�α†

∂
μ

↔
B�
ρÞ;

ð2:11Þ

Lϒ3B�B� ¼ −igϒ3B�B�ϒμνα
3 ðB�†

ν ∂μ

↔
B�
α þ B�†

α ∂μ

↔
B�
νÞ; ð2:12Þ

LBð�ÞB�P ¼ igBB�PðB�†
μ B − B†B�

μÞ∂μP
− gB�B�Pεμναβ∂

μB�†ν
∂
αB�βP; ð2:13Þ

where Bð�Þ† and Bð�Þ are defined as Bð�Þ† ¼ ðBð�Þþ;
Bð�Þ0; Bð�Þ0

s Þ and Bð�Þ ¼ ðBð�Þ−; B̄ð�Þ0; B̄ð�Þ0
s ÞT , respectively.

Now, we can write down the concrete amplitudes
according to the diagrams in Fig. 2 by the Feynman rules
listed in the Appendix. With the first diagram in Fig. 2 as an
example, the expression of its amplitude is

Mð1−1Þ
4S ¼ jp⃗ηj

32π2m

Z
dΩϵμϒ0gϒ0BBðq1μ − q2μÞ

× gBB�ηpα
1gBB�ϒ1

εκλξτpλ
2ε

�ξ
ϒ1
ðqκ − qκ2Þ

×
−gτα þ qαqτ=m2

B�

q2 −m2
B�

F 2ðq2; m2
B�Þ; ð2:14Þ

based on the Cutkosky cutting rule. And then, the remain-
ing amplitudes can be obtained similarly.
Under the 4S–3D mixing scheme, the total amplitude is

MTotal
J ¼ 4

Ximax

i¼1

MðJ-iÞ
4S sin θ þ 4

Xjmax

j¼1

MðJ-jÞ
3D cos θ; ð2:15Þ

where the superscript iðjÞ denotes the iðjÞ-th amplitudes
from the bottom meson loops in the above diagrams, the
index J denotes differential final D-wave bottomonium
states ϒð13DJÞ, and the subscripts 4S and 3D is applied to
distinguish the contributions from the ϒð4SÞ and ϒð3DÞ
components, respectively. The mixing angle θ ≈ 33° is
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suggested in Refs. [12,13]. In addition, the charge con-
jugation transformation (Bð�Þ ↔ B̄ð�Þ) and the isospin trans-
formations on the bridged Bð�Þ mesons (Bð�Þ0 ↔ Bð�Þþ and
B̄ð�Þ0 ↔ Bð�Þ−) require a fourfold factor.
Finally, the decay widths of the transitions of the

ϒð10753Þ into a low-lying D-wave bottomonium by
emitting a light pseudoscalar meson η can be evaluated by

Γ½ϒð10753Þ → ϒð13DJÞη� ¼
1

3

jp⃗ηj
8πm2

jMTotal
J j2; ð2:16Þ

where the overbar above the amplitude denotes the sum over
the polarizations of the ϒð13DJÞ. The coefficient 1=3 comes
fromaveragingover spins of the initial state. Besides,m is the
mass of the ϒð10753Þ, and p⃗η is the three-momentum of η
meson in the rest frame of the initial ϒð10753Þ.

III. NUMERICAL RESULT

Before displaying the numerical results, we need to
introduce how to fix the values of these involved parameters,
which include the masses and the related coupling constants.
For the mass and width of the ϒð10753Þ, the measured
central values from the Belle Collaboration, mϒð10753Þ ¼
10.753 GeV and Γϒð10753Þ ¼ 35.5 MeV [2], are adopted in
our calculation. For the mass of the ϒð13D2Þ, we take its
experimental result mϒð13D2Þ ¼ 10.164 GeV [40]. For the
masses of the ϒð13D1Þ and ϒð13D3Þ still missing in experi-
ment, the theoretical results 10.153 and 10.170 GeV pre-
dicted in Ref. [6] are taken in our calculation, respectively.
Moreover, the PDG values [3] are used for other involved
bottom mesons and η meson in this work.
In the following, we should determine the relevant

coupling constants. The coupling constants gϒ0
1
Bð�ÞBð�Þ depict-

ing the coupling between the ϒð3DÞ and a pair of bottom
mesons are extracted from the corresponding decay widths
given in Ref. [6]. The corresponding coupling constants are
listed in Table I. And then, the gϒ0BB value is determined by
the correspondingpartial decaywidth given inRef. [6], while
the gϒ0BB� value can be fixed by gϒ0BB and the relations shown
in Eq. (3.1) which is from the heavy quark symmetry. For
convenience of reader, the values of these coupling constants
are also collected into Table I.

The coupling constants defined in Eq. (2.10), Eq. (2.11),
and Eq. (2.12) read as

gϒ1BB ¼ 10ffiffiffiffiffi
15

p gDmB
ffiffiffiffiffiffiffiffi
mϒ1

p
;

gϒ1BB� ¼ 5ffiffiffiffiffi
15

p gD
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
mBmB�=mϒ1

q
;

gϒ1B�B� ¼ 1ffiffiffiffiffi
15

p gDmB�
ffiffiffiffiffiffiffiffi
mϒ1

p
;

gϒ2BB� ¼
ffiffiffi
6

p
gD

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
mBmB�mϒ2

p
;

gϒ2B�B� ¼ 2ffiffiffi
6

p gDmB�=
ffiffiffiffiffiffiffiffi
mϒ2

p
;

gϒ3B�B� ¼ 2gDmB�
ffiffiffiffiffiffiffiffi
mϒ3

p
; ð3:1Þ

where gD ¼ 9.83 GeV−3=2 [21,25].
According to the SU(3) quark model, the observed η and

η0 are mixing of the singlet η1 and octet η8,

�
η

η0

�
¼

�
cos θη − sin θη
sin θη cos θη

��
η8

η1

�
: ð3:2Þ

Thus, the coupling constant gBð�ÞBð�Þη can be expressed by
the coupling constant gH, i.e.,

gBB�ηffiffiffiffiffiffiffiffiffiffiffiffiffiffi
mBmB�

p ¼ gB�B�η ¼
2gH
fπ

cos θηffiffiffi
6

p ; ð3:3Þ

where gH ¼ 0.569 and fπ ¼ 131 MeV [21,24,25]. The
mixing angle θ ¼ −19.1° had been fixed by the DM2
Collaboration [41]. We also collect the involved coupling
constants in Table I.
Until now, we have obtained all coupling constants

involving in our calculation. However, there exists the
phenomenological parameter αΛ introduced in Eq. (2.3) to
parametrize the cutoff Λ. Since the cutoff Λ should not
deviate from the physical mass of the exchanged meson, αΛ
is restricted to be of the order of unity [31]. Since there does
not exist direct experimental data to constrain the αΛ value,
we have to borrow the experience of the ϒð10860Þ
transition into ϒJð1DÞη [42],1 where the branching ratio
of ϒð10860Þ → ϒJð1DÞη is of the order of magnitude of
10−3. To reach this order of magnitude, we should take the
range 0.2 ≤ αΛ ≤ 0.4, which satisfies the requirement of αΛ
[31]. For the ϒð10753Þ → ϒð13DJÞη (J ¼ 1, 2, 3) proc-
esses, the αΛ dependence of the discussed branching ratios
is displayed in left panel of Fig. 3.
From Fig. 3, we can summarize the behavior of the

obtained branching ratios

TABLE I. The values of these involved coupling constants in
our calculation.

g BB̄ BB̄� þ c:c B�B̄�

ϒð4SÞ 13.22 1.251 GeV−1 …
ϒð3DÞ 3.480 0.393 GeV−1 4.210
ϒð13D1Þ 427.0 21.12 GeV−1 43.06
ϒð13D2Þ … 407.0 13.41 GeV−1

ϒð13D3Þ … … 333.8
η … 17.77 3.351 GeV−1

1As higher states above the BB̄ threshold, the ϒð10753Þ is
close to the ϒð10860Þ, where these two states have similar
widths [3].
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B½ϒð10753Þ → ϒð13D1Þη� ¼ ð0.98–12.0Þ × 10−3;

B½ϒð10753Þ → ϒð13D2Þη� ¼ ð0.20–2.52Þ × 10−3;

B½ϒð10753Þ → ϒð13D3Þη� ¼ ð0.41–5.03Þ × 10−5;

by which the corresponding decay widths can be further
presented as

Γ½ϒð10753Þ → ϒð13D1Þη� ¼ ð34.7–425.3Þ keV;
Γ½ϒð10753Þ → ϒð13D2Þη� ¼ ð7.21–89.6Þ keV;
Γ½ϒð10753Þ → ϒð13D3Þη� ¼ ð0.15–1.79Þ keV:

Additionally, we also notice that the ratios Rij¼
B½ϒð10753Þ→ϒð13DiÞη�=B½ϒð10753Þ→ϒð13DjÞη� (see
the right panel of Fig. 3) act weakly dependence of
αΛ, i.e.,

R21 ¼
B½ϒð10753Þ → ϒð13D2Þη�
B½ϒð10753Þ → ϒð13D1Þη�

≈ 0.21;

R31 ¼
B½ϒð10753Þ → ϒð13D3Þη�
B½ϒð10753Þ → ϒð13D1Þη�

≈ 0.004;

R32 ¼
B½ϒð10753Þ → ϒð13D3Þη�
B½ϒð10753Þ → ϒð13D2Þη�

≈ 0.02;

which show that the ϒð10753Þ → ϒð13D3Þη decay is sup-
pressed compared with the ϒð10753Þ → ϒð13D1Þη and
ϒð10753Þ → ϒð13D2Þη decays. Thus, it is difficult to
observe the ϒð13D3Þ mode via the ϒð10753Þ →
ϒð13D3Þη decay. The sizable branching ratios of the
ϒð10753Þ → ϒð13D1Þη andϒð10753Þ → ϒð13D2Þη decays
indicate the probability of finding out them in Belle II. Thus,
experimental search for them will be an interesting task for
future experiment like Belle II.

IV. DISCUSSION AND CONCLUSION

As a vector bottomonium candidate [6], the recently
reported ϒð10753Þ by Belle exists in the eþe− →
ϒðnSÞπþπ− (n ¼ 1, 2, 3) processes [2]. The ϒð10753Þ
is a crucial state when constructing the bottomonium
family. The study of its hidden-bottom decays is an
important aspect to reflect the spectroscopy behavior of
the ϒð10753Þ [12,13]. In this work, we calculate the
ϒð10753Þ → ϒð13DJÞη decays, which are involved in
the observed ϒð13D2Þ [40] and two missing bottomonia
ϒð13D1Þ and ϒð13D3Þ. Since the coupled-channel effect
cannot be ignored for higher bottomonia [6], we should
introduce the hadronic loop mechanism when exploring the
decay behavior of the ϒð10753Þ → ϒð13DJÞη decays, and
find that the ϒð10753Þ → ϒð13D1Þη and ϒð10753Þ →
ϒð13D2Þη decay channels have sizable branching ratios.
Thus, it is possible to find out these two predicted decay
modes at Belle II. Different from these two decay channels,
the ϒð10753Þ → ϒð13D3Þη decay is suppressed. Thus,
searching for ϒð10753Þ → ϒð13D3Þη is not promising only
if more data are accumulated in experiments.
In the following, we should discuss the mass spectrum

of vector bottomonia. As listed in PDG [3], there were
ϒð1SÞ, ϒð1SÞ, ϒð3SÞ, ϒð4SÞ, ϒð10860Þ, and ϒð11020Þ.
We find that they form a Regge trajectory as shown in
Fig. 4. This Regge trajectory satisfies the relation M2 ¼
M2

0 þ ðn − 1Þμ2 [43–50]. Here, M0 is the mass of the
ground state, M denotes the mass of the radial excita-
tion state with the radial quantum number n, and μ2 ¼
7.0403 GeV2 is the slope of the Regge trajectory. Although
the ϒð10753Þ is suggested as the mixture of 4S and 3D
states of bottomonium, the ϒð10753Þ has main com-
ponent of 3D state. Thus, we may take ϒð10753Þ and

FIG. 3. The αΛ dependence of the calculated branching
ratios B½ϒð10753Þ → ϒð13DJÞη� (J ¼ 1, 2, 3) (left panel)
and the ratios Rij ¼ B½ϒð10753Þ → ϒð13DiÞη�=B½ϒð10753Þ →
ϒð13DjÞη� (right panel).

FIG. 4. The Regge trajectories of the ϒðnSÞ and ϒ1ðnDÞ series.
Here, the blue squares denote the experimental data, the red cycles
denote the averaged values of the predictions in Refs. [4–6,51] and
the green one is the measured mass of theϒð10753Þ. The trajectory
slopes are determined as μ2 ¼ 7.0403 GeV2 and 6.3364 GeV2 for
the ϒðnSÞ and ϒ1ðnDÞ series, respectively.
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the predicted ϒð13D1Þ and ϒð23D1Þ [4–6,51] to construct
another Regge trajectory (see Fig. 4), which have slope
μ2 ¼ 6.3364 GeV2. This slope is similar to that for the
S-wave bottomonia. Thus, searching for the missing
ϒð13D1Þ and ϒð23D1Þ bottononia in future experiment will
be helpful to test this Regge trajectory behavior. It is obvious
that the presentwork of studying theϒð10753Þ → ϒð13D1Þη
shows the potential of findingout theϒð13D1Þ bottomonium.
With running of Belle II, the physics relevant to the

ϒð10753Þ should be paid more attention. Searching for
different decay modes of the ϒð10753Þ is crucial step of
establishing the ϒð10753Þ as bottomonium. We hope that
the present work may provide valuable information to
future experimental exploration.
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APPENDIX: THE FEYNMAN RULES FOR THE
INTERACTION VERTICES

In this appendix, the Feynman rules for the involved
interaction vertices are presented. The concrete information
includes
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