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We perform the investigation of two-body hidden-bottom transitions of the ϒð6SÞ, which include
ϒð6SÞ → ϒð13DJÞηðJ ¼ 1; 2; 3Þ decays. For estimating the branching ratios of these processes, we
consider contributions from the triangle hadronic loops composed of S-wave BðsÞ and B�

ðsÞ mesons, which

are a bridge to connect theϒð6SÞ and final states. Our results show that both of the branching ratios of these
decays can reach 10−3. Because of such considerable potential to observe these two-body hidden-bottom
transitions of the ϒð6SÞ, we suggest the forthcoming Belle II experiment to explore them.

DOI: 10.1103/PhysRevD.97.094018

I. INTRODUCTION

As an updated accelerator with luminosity
8 × 1035 cm−2 s−1, SuperKEKB is currently being con-
structed. The forthcoming Belle II experiment will accu-
mulate 50 times more data than the previous Belle
experiment. It is a good time to explore the potential
physical issues close to the Belle II.
Since 2007, experimental studies by the Belle

Collaboration have focused on the hadronic transitions
of the ϒð10860Þ. The Belle measurement shows that the
observed hidden-bottom transitions of ϒð10860Þ have
large branching ratios. For example, all the decay widths
of the ϒð10860Þ → ϒðmSÞπþπ−ðm ≤ 3Þ are around
10−1 MeV and that of the ϒð10860Þ → ϒð1SÞπþπ− is
at least 2 orders of magnitude larger than those of
ϒðnSÞ → ϒð1SÞπþπ−ðn ≤ 4Þ [1]. In addition, the exper-
imental branching ratios of ϒð5SÞ → χbJωðJ ¼ 0; 1; 2Þ
transitions can reach up to 10−3 [2]. Exploring hidden-
bottom dipion decays of the ϒð10860Þ, Belle also dis-
covered two charged bottomonium-like structures
Zbð10610Þ and Zbð10650Þ [3]. As indicated in a serial
of theoretical studies [4–10], the hadronic loop mecha-
nism, which is an equivalent description of coupled-
channel effects, may play a crucial role to understand

these novel phenomena since the ϒð10860Þ lies above the
Bð�Þ
ðsÞB̄

ð�Þ
ðsÞ thresholds [11].

Very recently the Belle Collaboration observed the
eþe− → ϒJð1DÞη process and obtained the branching ratio
Bðϒð5SÞ→ϒJð1DÞηÞ¼ ð4.82�0.92�0.67Þ×10−3 [12],
which confirms the predication given in Ref. [13], where
the hadronic loop effect was considered in the calculation.
This fact again shows that the hadronic loop mechanism
has important contributions to the hadronic decays of
the ϒð5SÞ.
In the Particle Data Group [11], there is the ϒð11020Þ

above theϒð10860Þ. Usually, theϒð11020Þ is treated as the
n2Sþ1LJ ¼ 63S1 state. Thus, in the following discussions,
the ϒð11020Þ is abbreviated as the ϒð6SÞ for convenience.
Here, we want to emphasize that the ϒð6SÞ has a situation
similar to that of theϒð10860Þ since theϒð6SÞ is also above
theBð�Þ

ðsÞB̄
ð�Þ
ðsÞ thresholds. This fact gives us a reason to believe

that the coupled-channel effect cannot be ignored when
carrying out the studies around the ϒð6SÞ.
When checking the experimental information of the

ϒð6SÞ, only the resonance parameters of the ϒð6SÞ and
partial width of ϒð6SÞ → eþe− are listed, which suggests
that experimental study of ϒð6SÞ is necessary, especially
with the running of Belle II. Considering the present status
of the ϒð6SÞ, in this work we propose that we first
investigate two-body hidden-bottom transitions of ϒð6SÞ,
i.e., the ϒð6SÞ → ϒð13DJÞη (J ¼ 1, 2, 3), which is also
motivated by the recent observation of ϒð5SÞ → ϒJð1DÞη
by Belle [12].
In this work, using the hadronic loop mechanism, we

calculate the branching ratios of the discussed ϒð6SÞ →
ϒð13DJÞη decays, by which the potential observation of
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these two-body hidden-bottom transitions at Belle II can be
suggested.Wewant to emphasize that the present study must
become an important part of the physics around the ϒð6SÞ,
and further push experimental exploration of these decays.
This paper is organized as follows. After the Introduction,

we present the detailed deductions of ϒð6SÞ → ϒð13DJÞη
via the hadronic loop mechanism in Sec. II. Then, various
parameters are determined in Sec. III. In Sec. IV, numerical
results are presented. Finally, the paper will end with a short
summary.

II. THE ϒð6SÞ → ϒð13DJÞη TRANSITIONS
VIA THE HADRONIC LOOP MECHANISM

In this work, we adopt the hadronic loop mechanism to
study the ϒð6SÞ → ϒð13DJÞη transitions. The hadronic
loop mechanism has been widely applied to investigate
hidden-bottom/hidden-charm decays of the bottomonium/
charmonium [13–16]. Under the hadronic loop mechanism,
the ϒð6SÞ → ϒð13DJÞη decays may occur via the inter-
mediate triangle loops composed of S-wave bottom mes-
ons, where all the diagrams depicting this decay process
with triangle loops are listed in Fig. 1.

To calculate the diagrams shown in Fig. 1, we adopt
the effective Lagrangian approach. Thus, we first need
to introduce the relevant effective Lagrangians describ-
ing the involved interactions at the hadron level.
Considering the constraints from various symmetries,
the involved effective Lagrangians can be constructed.
For example, under the heavy quark spin symmetry in
the heavy quark limit, interactions between an S-wave

(D-wave) bottomonium and a Bð�Þ
ðsÞB̄

ð�Þ
ðsÞ pair can be

written as [13,17]

LS ¼ ig1Tr
h
SðQQ̄ÞH̄ðQ̄qÞγμ∂↔μH̄ðQq̄Þ

i
þ H:c:; ð1Þ

LD ¼ ig2Tr
h
DðQQ̄Þ

μλ H̄ðQ̄qÞγλ∂↔μ
H̄ðQq̄Þ

i
þ H:c:; ð2Þ

where SðQQ̄Þ and DðQQ̄Þ denote the S-wave and D-wave
multiplets of the bottomonium, respectively [17], which
have the concrete expressions

SðQQ̄Þ ¼ 1þ =v
2

½ϒμγμ − ηbγ5�
1 − =v
2

; ð3Þ

FIG. 1. Schematic diagrams depicting the ϒð6SÞ → ϒð13DJÞη transitions via the hadronic loop mechanism.
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DðQQ̄Þμλ ¼ 1þ =v
2

�
ϒμλα

3 γα þ
1ffiffiffi
6

p ðϵμαβρvαγβϒλ
2ρ þ ϵλαβρvαγβ × ϒμ

2ρÞ þ
ffiffiffiffiffi
15

p

10
½ðγμ − vμÞϒλ

1 þ ðγλ − vλÞϒμ
1�

−
1ffiffiffiffiffi
15

p ðgμλ − vμvλÞγαϒα
1 þ ημλb2γ5

�
1 − =v
2

; ð4Þ

where vμ is the 4-velocity. ϒμ and ηb correspond to S-wave bottomonia with JPC ¼ 1−− and 0−þ, respectively. ϒ3,
ϒ2, ϒ1, and ηb2 denote to D-wave states in the bottomonium family, which have JPC ¼ 3−−, 2−−, 1−−, and 2−þ,
respectively. For a heavy meson emitting a light Nambu-Goldstone boson, the effective Lagrangian, which is
constrained by the heavy quark symmetry and the chiral symmetry, has the form [17–22]

LP ¼ igπTr½HðQq̄Þ
b γμγ5A

μ
baH̄

ðQq̄Þ
a �; ð5Þ

where Aμ ¼ 1=2ðξ†∂μξ − ξ∂μξ
†Þ with ξ ¼ eiMP=fπ , and the pseudoscalar octet MP reads as

MP ¼

0
BBBBB@

ffiffi
1
2

q
π0 þ

ffiffi
1
6

q
η8 πþ Kþ

π− −
ffiffi
1
2

q
π0 þ

ffiffi
1
6

q
η8 K0

K− K̄0 −
ffiffi
2
3

q
η8

1
CCCCCA
: ð6Þ

In Eqs. (1), (2), and (5), HðQq̄Þ represents the bottom meson spin doublet (B, B�) [17,23–25], i.e.,

HðQq̄Þ ¼ 1þ =v
2

½B�
μγ

μ − Bγ5�: ð7Þ

HðQ̄qÞ corresponds to antimeson counterpart of HðQq̄Þ, which can be obtained by performing the charge conjugation
transformation.
Further expanding the Lagrangians shown in Eqs. (1) and (5), we get the explicit forms of interaction Lagrangians, i.e.,

LϒBð�ÞBð�Þ ¼ −igϒBBϒμð∂μBB† − B∂μB†Þ þ gϒB�Bε
μναβ∂μϒνðB�

α∂
↔

βB† − B∂↔βB
�†
α Þ

þ igϒB�B�ϒμðB�
ν∂νB�†

μ − ∂νB�
μB

�†
ν − B�

ν∂
↔

μB�ν†Þ; ð8Þ

LϒJBð�ÞBð�Þ ¼ gϒ1BBϒ
μ
1ðB†∂μB − B∂μB†Þ þ igϒ1BB�ϵμναβ½B†∂↔μB�

β − B�†
β ∂↔μB�∂νϒ1α

þ gϒ 1B�B� ½−4ðϒμ
1B

�ν∂μB
�†
ν − ϒμ

1B
�†
ν ∂μB�νÞ þ ϒμ

1B
�ν∂νB

�†
μ − ϒμ

1B
�ν†∂νB�

μ�
þ igϒ2BB�ϒμν

2 ðB†∂↔νB�
μ − B�†

μ ∂↔νBÞ þ gϒ 2B�B�ϵαβμν½B�ν†∂↔β
B�
λ þ B�ν ∂↔β

B�†
λ �∂μϒαλ

2

þ gϒ 3B�B�ϒμνα
3 ½B�†

α ∂↔μB�
ν þ B�†

ν ∂↔μB�
α�; ð9Þ

LBð�ÞBð�Þη8 ¼ igBB�η8ðB†∂μη8B�μ − B�†μ∂μη8BÞ − gB�B�η8ε
μναβ∂μB

�†
ν ∂αB�

βη8; ð10Þ

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.
Using the Lagrangians above, we can write out the amplitudes of the processes ϒð6SÞ → ϒð13DJÞη with J ¼ 1, 2, 3,

which are depicted in Fig. 1. As for the ϒð6SÞ → ϒð13D1Þη transition, with g̃μνðp;mpÞ≡ −gμν þ pμpν

m2
p
, the amplitudes are

Mð1−1Þ ¼
Z

d4q
ð2πÞ4 ½gϒB�B̄ε

μναβp1μϵϒνðk1β−k2βÞ�½gB�B̄ηp2λ�½igB̄Bϒ1
ϵ�ϒ1ζ

ðkζ2 − qζÞ� g̃
λ
αðk1; mB� Þ
k21 −m2

B�

1

k22 −m2
B

1

q2 −m2
B

F 2ðq2Þ;

ð11Þ
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Mð1−2Þ ¼
Z

d4q
ð2πÞ4 ½gϒBB̄ϵϒμðk

μ
2−kμ1Þ�½gBB̄�ηp2λ�½igB̄B�ϒ1

εζηκξp3ηϵ
�
ϒ1κ

ðk2ζ−qζÞ�
1

k21−m2
B

1

k22−m2
B

g̃λξðq;mB� Þ
q2−m2

B�
F 2ðq2Þ; ð12Þ

Mð1−3Þ ¼
Z

d4q
ð2πÞ4 ½gϒB�B̄�ϵμϒ ðgμαk2β − gμβk1αþgαβðk1μ − k2μÞÞ�½gB�B̄ηp2λ�½igB̄�Bϒ1

εζηκξp3ηϵ
�
ϒ 1κ

ðk2ζ − qζÞ�

×
g̃βλðk1; mB�Þ
k21 −m2

B�

g̃αξðk2; mB� Þ
k22 −m2

B�

1

q2 −m2
B

F 2ðq2Þ; ð13Þ

Mð1−4Þ ¼
Z

d4q
ð2πÞ4 ½gϒB�B̄ε

μναβp1μϵϒνðk2β − k1βÞ�½gB�B̄�ηε
λρδσk1λqδ�½igB̄B�ϒ1

εζηκξp3η

× ϵ�ϒ1κ
ðk2ζ − qζÞ�

g̃αρðk1; mB� Þ
k21 −m2

B�

1

k22 −m2
B

g̃σξðq;mB� Þ
q2 −m2

B�
F 2ðq2Þ; ð14Þ

Mð1−5Þ ¼
Z

d4q
ð2πÞ4 ½gϒBB̄�εμναβp1μϵϒνðk1β−k2βÞ�½gBB̄�ηp2λ�½igB̄�B�ϒ1

ϵ�ϒ1ζ
ð4gκξðkζ2 − qζÞ þ gζξqκ − gζκk2ξÞ�

×
1

k21 −m2
B

g̃καðk2; mB� Þ
k22 −m2

B�

g̃λξðq;mB� Þ
q2 −m2

B�
F 2ðq2Þ; ð15Þ

Mð1−6Þ ¼
Z

d4q
ð2πÞ4 ½gϒB�B̄�ϵμϒ ðgμαk2β − gμβk1αþgαβðk1μ − k2μÞÞ�½gB�B̄�ηε

λρδσk1λqδ�

× ½igB̄�B�ϒ1
ϵ�ζϒ1

ð4gκξðk2ζ − qζÞ þ gζξqκ−gζκk2ξÞ�
g̃βρðk1; mB� Þ
k21 −m2

B�

g̃ακðk2; mB� Þ
k22 −m2

B�
×
g̃ξσðq;mB� Þ
q2 −m2

B�
F 2ðq2Þ: ð16Þ

As for the ϒð6SÞ → ϒð13D2Þη transition, the amplitudes read as

Mð2−1Þ ¼
Z

d4q
ð2πÞ4 ½gϒBB̄ϵϒμðk

μ
2 − kμ1Þ�½gBB̄�ηp2λ�½gB̄B�ϒ2

ϵ�ϒ2ζη
ðkη2 − qηÞ� 1

k21 −m2
B

1

k22 −m2
B

g̃ζλðq;mB� Þ
q2 −m2

B�
F 2ðq2Þ; ð17Þ

Mð2−2Þ ¼
Z

d4q
ð2πÞ4 ½gϒB�B̄�ϵμϒ ðgμαk2β − gμβk1αþgαβðk1μ − k2μÞÞ�½gB�B̄ηp2λ�½gB̄�Bϒ2

ϵ�ϒ2ζη
ðkη2 − qηÞ� g̃

βλðk1; mB�Þ
k21 −m2

B�

×
g̃ζαðk2; mB� Þ
k22 −m2

B�

1

q2 −m2
B

F 2ðq2Þ; ð18Þ

Mð2−3Þ ¼
Z

d4q
ð2πÞ4 ½gϒB�B̄ε

μναβp1μϵϒνðk1β − k2βÞ�½gB�B̄�ηε
λρδσk1λqδ�½gB̄B�ϒ2

ϵ�ϒ2ζη
ðqη − kη2Þ�

×
g̃αρðk1; mB� Þ
k21 −m2

B�

1

k22 −m2
B

g̃ζσðk1; mB�Þ
q2 −m2

B�
F 2ðq2Þ; ð19Þ

Mð2−4Þ ¼
Z

d4q
ð2πÞ4 ½gϒBB̄�εμναβp1μϵϒνðk1β − k2βÞ�½gBB̄�ηp2λ�½gB̄�B�ϒ2

εκξζηp3ζϵ
�
ϒ 2κω

ðgωτ gχη − gτηgωχ Þðqξ − k2ξÞ�
1

k21 −m2
B

×
g̃ταðk2; mB� Þ
k22 −m2

B�

g̃λξðq;mB�Þ
q2 −m2

B�
F 2ðq2Þ; ð20Þ

Mð2−5Þ ¼
Z

d4q
ð2πÞ4 ½gϒB�B̄�ϵμϒ ðgμαk2β − gμβk1αþgαβðk1μ − k2μÞÞ�½gB�B̄�ηε

λρδσk1λqδ�

× ½gB̄�B�ϒ2
εκξζηp3ζϵ

�
ϒ2κω

ðgωτ gχη−gτηgωχ Þðqξ − k2ξÞ�
g̃βρðk1; mB�Þ
k21 −m2

B�

g̃ατðk2; mB� Þ
k22 −m2

B�

g̃ξσðq;mB� Þ
q2 −m2

B�
F 2ðq2Þ: ð21Þ
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As for the ϒð6SÞ → ϒð13D3Þη transition, the amplitudes can be expressed as

Mð3−1Þ ¼
Z

d4q
ð2πÞ4 ½gϒBB̄�εμναβp1μϵϒνðk1β − k2βÞ�½gBB̄�ηp2λ�½igB̄�B�ϒ3

ϵ�ϒ 3ζηκ
ðgητgκωþgκτg

η
ωÞðkζ2 − qζÞ� 1

k21 −m2
B

g̃ταðk2; mB� Þ
k22 −m2

B�

×
g̃λωðq;mB� Þ
q2 −m2

B�
F 2ðq2Þ; ð22Þ

Mð3−2Þ ¼
Z

d4q
ð2πÞ4 ½gϒB�B̄�ϵμϒ ðgμαk2β − gμβk1α þ gαβðk1μ − k2μÞÞ�½gB�B̄�ηε

λρδσk1λqδ�½igB̄�B�ϒ3
ϵ�ϒ3ζηκ

ðgητgκω þ gκτg
η
ωÞðkζ2 − qζÞ�

×
g̃βρðk1; mB� Þ
k21 −m2

B�

g̃ατðk2; mB� Þ
k22 −m2

B�

g̃ρσðq;mB� Þ
q2 −m2

B�
F 2ðq2Þ: ð23Þ

In the above amplitudes, the monopole form factor
F ðq2Þ ¼ ðm2

E − Λ2Þ=ðq2 − Λ2Þ is introduced in our calcu-
lation since the structure effect of the interaction vertex
cannot be ignored and off-shell effect from the exchanged
bottom mesons in triangle loops should be compensated
by this way. This type of form factor is supported by the
QCD sum rule study [26]. Here, mE is the mass of the
exchanged bottom meson Bð�Þ, and the cutoff Λ is para-
metrized as Λ ¼ mE þ αΛΛQCD with ΛQCD ¼ 0.22 GeV
(see Refs. [14,27,28] for more details).
Finally, the total sum of amplitudes reads as

MTotal
J ¼ 4

X
j

Mq
ðJ−jÞ þ 2

X
j

Ms
ðJ−jÞ ð24Þ

with J ¼ 1, 2, 3, which correspond to the ϒð6SÞ →
ϒð13D1Þη, ϒð6SÞ → ϒð13D2Þη, and ϒð6SÞ → ϒð13D3Þη
transitions, respectively. The triangle loops can be com-
posed of either bottom mesons or bottom-strange mesons.
To distinguish them,we adopt the superscripts in amplitudes
Mq

ðJ−jÞ andM
s
ðJ−jÞ. The factor 4 in the first term of the right-

hand side of Eq. (24) comes from the charge conjugation
transformation Bð�Þ ↔ B̄ð�Þ and the isospin transformations
Bð�Þ0 ↔ Bð�Þþ and B̄ð�Þ0 ↔ Bð�Þ−, while the factor 2 in the
second term of the right-hand side of Eq. (24) is due to the

charge conjugation transformation Bð�Þ
s ↔ B̄ð�Þ

s .
With the total sum of amplitudes for each process, the

general expression of the partial decay widths is

ΓJ ¼
1

3

1

8π

jp⃗ηj
m2

ϒð6SÞ
jMTotal

J j2; ð25Þ

which averages over the polarization of initial ϒð6SÞ and
sums over the polarizations of the ϒð13DJÞ.

III. INPUT PARAMETERS

Before displaying our results, we have to illustrate
various parameters, including masses and coupling con-
stants used in this work. First, we need the input of the
masses. For the masses of the bottomonia ϒð13D1Þ and

ϒð13D3Þ, 10.153 GeV [13,29] and 10.174 GeV [13,29] are
adopted, respectively, whereas Particle Data Group values
[11] are used for other bottomonia involved in this work.
Utilizing the partial decay widths of ϒð6SÞ → Bð�Þ

ðsÞB̄
ð�Þ
ðsÞ

estimated in Ref. [30], we can obtain the coupling constants
g
ϒð6SÞBð�Þ

ðsÞ B̄
ð�Þ
ðsÞ

in Eq. (8). In Table I we list the calculated

partial decay widths in Ref. [30] as well as the extracted
coupling constants [31].
The coupling constants g

ϒð13DJÞBð�Þ
ðsÞ B̄

ð�Þ
ðsÞ

are related to one

coupling g2 of Eq. (1) under the heavy quark symmetry:

gϒ 1BB ¼ −2g2

ffiffiffiffiffi
15

p

3

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
mϒ1

mBmB
p

;

gϒ1BB� ¼ g2

ffiffiffiffiffi
15

p

3

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
mBmB�=mϒ1

q
;

gϒ1B�B� ¼ g2

ffiffiffiffiffi
15

p

15

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
mϒ1

mB�mB�
p

;

gϒ2BB� ¼ 2g2

ffiffiffi
3

2

r ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
mϒ2

mBmB�
p

;

gϒ2B�B� ¼ −2g2

ffiffiffi
1

6

r ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
mB�mB�=mϒ2

q
;

gϒ3B�B� ¼ 2g2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
mϒ 3

mB�mB�
p

:

We now have to determine the last remaining coupling
constant g2. For g2, we fix it as follows [13]: we first define
the decay constant of the vector meson ϒð13D1Þ [32]

TABLE I. The partial decay widths given in Ref. [30] and the
extracted coupling constants g

ϒð6SÞBð�Þ
ðsÞ B̄

ð�Þ
ðsÞ

[31].

Final State Decay Width (MeV) Coupling Constant

BB̄ 1.32 0.654
BB̄� 7.59 0.077 GeV−1

B�B̄� 5.89 0.611
BsB̄s 1.31 × 10−3 0.043
BsB̄�

s 0.136 0.023 GeV−1

B�
sB̄�

s 0.310 0.354
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h0jQγμQ̄jVi ¼ fVMVϵ
μ
V; ð26Þ

with MV and ϵμV being the mass and the polarization vector
of ϒð13D1Þ, respectively. Then, using the relation gVBB ≃
MV=fV under the vector meson dominance ansatz [33–35],
we can get gϒð13D1ÞBB, and g2 eventually.
The decay constant fV can be obtained by fitting to the

leptonic decay width Γ½ϒð13D1Þ → eþe−� ¼ 1.38 eV [30].
Using the relation [32]

ΓV→eþe− ¼ 4π

3

α2

MV
f2VCV; ð27Þ

where α is the fine-structure constant and CV ¼ 1=9 for the
ϒð13D1Þ meson, we get fV ¼ 23.8 MeV. Therefore, we
get g2 ¼ 9.83 GeV−3=2.
We now turn to the coupling constants between η and

Bð�Þ
ðsÞB̄

ð�Þ
ðsÞ . Relations can be extracted from Eq. (5):

gBB�η8ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
mBmB�

p ¼ gB�B�η8 ¼
2ffiffiffi
6

p gπ
fπ

;

gBsB�
sη8ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffimBs
mB�

s

p ¼ gB�
sB�

sη8 ¼ −2
ffiffiffi
2

3

r
gπ
fπ

;

with fπ ¼ 131 MeV and gπ ¼ 0.569. Furthermore, η is a
mixture between octet η8 and singlet η1:

jηi¼ cosθjη8i− sinθjη1i; jη0i ¼ sinθjη8iþ cosθjη1i;
ð28Þ

where θ ¼ −19.1° is fixed by experimental data [36,37].

IV. ESTIMATE OF BRANCHING RATIOS

With above preparation, we now evaluate the branching
ratios of the ϒð6SÞ → ϒð13DJÞη transitions. In Ref. [13],
we have predicted the branching ratios of the ϒð5SÞ →
ϒð13DJÞη by considering the hadronic loop mechanism,
which is consistent with the experimental measurement
given by Belle later [12]. In this theoretical calculation [13],
αΛ ¼ 0.5 ∼ 1.0 was taken. Because of the similarity
between ϒð5SÞ → ϒð13DJÞη and ϒð6SÞ → ϒð13DJÞη, in
this work we set the same αΛ range to predict the decay
behaviors of ϒð6SÞ → ϒð13DJÞη. In Fig. 2, we illustrate
the αΛ dependence of the branching ratios, while in Fig. 3,
the αΛ dependence of the relative ratios among these
branching fractions is presented.
Our calculation shows that the branching ratios ofϒð6SÞ→

ϒð13DJÞη shown in Fig. 2 can reach up to 10−3, i.e.,

B½ϒð6SÞ → ϒð13D1Þη� ¼ ð0.174–1.720Þ × 10−3;

B½ϒð6SÞ → ϒð13D2Þη� ¼ ð0.149–1.440Þ × 10−3;

B½ϒð6SÞ → ϒð13D3Þη� ¼ ð0.228–2.210Þ × 10−3:

These significant values of the branching ratios show that the
ϒð6SÞ → ϒð13DJÞη decays can be accessible at Belle II.
We also obtain three ratios as shown in Fig. 3, where

these ratios weakly depend on αΛ. The predicted ratios
include

RD
21 ¼

B½ϒð6SÞ → ϒð13D2Þη�
B½ϒð6SÞ → ϒð13D1Þη�

≈ 0.841–0.853;

RD
31 ¼

B½ϒð6SÞ → ϒð13D3Þη�
B½ϒð6SÞ → ϒð13D1Þη�

≈ 1.289–1.306;

RD
32 ¼

B½ϒð6SÞ → ϒð13D3Þη�
B½ϒð6SÞ → ϒð13D2Þη�

≈ 1.531–1.533;

which can be tested further in future experiments like Belle
and Belle II.

FIG. 2. The αΛ dependence of the branching ratios for the
processes ϒð6SÞ → ϒð13DJÞηðJ ¼ 1; 2; 3Þ.

FIG. 3. The αΛ dependence of the ratios RD
21¼B½ϒð6SÞ→

ϒð13D2Þη�=B½ϒð6SÞ→ϒð13D1Þη, RD
31¼B½ϒð6SÞ→ϒð13D3Þη�=

B½ϒð6SÞ→ϒð13D1Þη�, and RD
32 ¼ B½ϒð6SÞ → ϒð13D3Þη�=

B½ϒð6SÞ → ϒð13D2Þη�.
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V. SUMMARY

Since 2007, Belle has paid more attention to the hidden-
bottom hadronic transitions of the ϒð5SÞ, and has found
anomalous hadronic transitions like ϒð5SÞ → ϒðnSÞπþπ−
(n ¼ 1, 2, 3) [1] and ϒð5SÞ → χbJω (J ¼ 0, 1, 2) [2].
Targeted on these anomalies, theorists have made great
efforts to explore the underlying mechanisms [4–10,13,15],
and have revealed that the hadronic loop mechanism, which
is an equivalent description of the coupled-channel effect,
plays an important role for understanding these anomalous
transitions of ϒð5SÞ.
Besides these observations, Belle discovered the ϒð5SÞ

decays into ϒð13DJÞη very recently, which has large
branching ratios [12]. In fact, this Belle measurement
confirmed the prediction made in Ref. [13], which again
shows the important role of the hadronic loop effect to the
ϒð5SÞ hidden-bottom decays. What is more important is
that this fact also inspires our ambition to further explore
the hidden-bottom decays of the ϒð6SÞ.

In this work, we have selected the ϒð6SÞ → ϒð13DJÞη,
and have studied the potential discovery of these decays in
a future experiment. Our calculation has shown that the
branching ratios of the ϒð6SÞ → ϒð13DJÞη can reach up to
10−3 when the hadronic loop effect is introduced. It is
evident that these significant branching ratios could arouse
experimentalist’s interest in finding them.
With the running of Belle II, we expect the observation

of these anomalous ϒð6SÞ → ϒð13DJÞη transitions, which
will make our understanding of higher bottomonia more in-
depth and thorough. Notably, the present study should
become a part of the whole research around the ϒð6SÞ.
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