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The ϒð10753Þ state has been recently observed by the Belle and Belle II collaborations with
enough global significance to motivate an assessment of the high-energy spectrum usually predicted by
any reasonable naïve quark model. In the framework of a constituent quark model which satisfactorily
describes a wide range of properties of conventional hadrons containing heavy quarks, the quark-
antiquark and meson-meson degrees of freedom have been incorporated with the goal of elucidating
the influence of open-bottom meson-meson thresholds into the ϒ states whose masses are within the
energy range of the ϒð10753Þ’s mass. It is well known that such effects could be relevant enough as
to dynamically generate new states and thus provide a plausible explanation of the nature of the ϒð10753Þ
state. In particular, we have performed a coupled-channels calculation in which the bare states ϒð4SÞ,
ϒð3DÞ, ϒð5SÞ, and ϒð4DÞ are considered together with the threshold channels BB̄, BB̄�, B�B̄�, BsB̄s,
BsB̄�

s , and B�
sB̄�

s . Among the results we have described, the following are of particular interest: (i) a richer
complex spectrum is gained when thresholds are present and bare bound states are sufficiently
nonrelativistic; (ii) those poles obtained in the complex energy plane do not have to appear as
simple peaks in the relevant cross sections; and (iii) the ϒð10753Þ candidate is interpreted as a
dressed hadronic resonance whose structure is an equally mixture of a conventional bb̄ state and B�B̄�

molecule.

DOI: 10.1103/PhysRevD.109.114007

I. INTRODUCTION

The so-called ϒ-family, also known as bottomonia, are
bound states made of a b-quark and its antiquark, b̄, with
quantum numbers JPC ¼ 1−−. They were identified for the
first time by the E288 Collaboration at Fermilab in 1977
while studying proton scattering on Cu and Pb targets in an
energy regime of muon-antimuon invariant mass larger
than 5 GeV [1,2]. The three observed states were called
ϒð1SÞ, ϒð2SÞ, and ϒð3SÞ; later, they were better studied at
various eþe− storage rings and through their radiative
decays into the χbJð2PÞ and χbJð1PÞ states, with J ¼ 0, 1,

2, in a series of experiments in the 1980s [3–6]. Despite
such early experimental efforts, during the next two
decades there were no significant contributions to the
spectrum of the ϒ-family, except the presumably radial
excitations of S-wave nature ϒð4SÞ, ϒð10860Þ, and
ϒð11020Þ [7,8]. This has been largely because the
B-factories were not considered ideal facilities for the
study of the bottomonium system since their beam energy
was tuned to peak at the ϒð4SÞ mass, 10579 MeV, which
decays in almost 100% of cases to a BB̄ pair.
The situation has changed dramatically in the last twenty

years with the observation of more than two dozens of
unconventional charmonium- and bottomoniumlike states,
the so-called XYZ mesons, at B-factories (BABAR, Belle,
and CLEO), τ-charm facilities (CLEO-c and BESIII) and
also proton-(anti)proton colliders (CDF, D0, LHCb,
ATLAS, and CMS). For an extensive presentation of the
status of heavy quarkonium physics, the reader is referred
to several reviews [9–29].
Within the ϒ-family, the Belle collaboration [30]

reported in 2019 a cross section measurement of the
eþe− → πþπ−ϒðnSÞ, with n ¼ 1, 2, 3, at energies from
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10.52 to 11.02 GeV, observing a new structure, ϒð10753Þ,
with Breit-Wigner parameters:

M ¼ ð10752.7� 5.9þ0.7
−1.1Þ MeV; ð1Þ

Γ ¼ ð35.5þ17.6
−11.3

þ3.9
−3.3Þ MeV; ð2Þ

where the first error is statistical and the second is
systematic. The global significance of the new resonance
was 5.2 standard deviations, including systematic uncer-
tainty. Later on, the Belle II collaboration [31] reported in
2022 the first observation of ωχbJð1PÞ (J ¼ 0, 1, 2) signals
at

ffiffiffi
s

p ¼ 10.745 GeV. By combining Belle II data with
Belle results at

ffiffiffi
s

p ¼ 10.867 GeV, they find energy
dependencies of the Born cross sections for eþe− →
ωχb1;b2ð1PÞ to be consistent with the shape of the
ϒð10753Þ resonance; this time, the Breit-Wigner parame-
ters were

M ¼ ð10753� 6Þ MeV; Γ ¼ ð36þ18
−12Þ MeV; ð3Þ

and the suggested quantum numbers JP ¼ 1−. Finally, very
recently, the Belle II collaboration has presented an analysis
of the process eþe− → πþπ−ϒðnSÞ (where n ¼ 1, 2, or 3)
during a special run of the SuperKEKB collider at four
energy points near the peak of the ϒð10753Þ resonance
[32]. By measuring the Born cross sections for the eþe− →
πþπ−ϒðnSÞ process and combining it with results from
Belle, they have improved the precision of measurements
of the ϒð10753Þ mass and width by nearly a factor of two:
ð10756.3� 2.7� 0.6Þ MeV and ð29.7� 8.5� 1.1Þ MeV,
respectively.
Note also that experimentalists have been able to dis-

tinguish the ϒð13D2Þ state of the triplet ϒð13DJÞ, with
J ¼ 1, 2, 3 [33,34]. In Ref. [34], theϒð13D2Þwas observed
through the ϒð3SÞ → γγϒð13DJÞ → γγπþπ−ϒð1SÞ decay
chain with a significance of 5.8σ, including systematic
uncertainties, and a mass of ð10164.5� 0.8� 0.5Þ MeV.
For the other two almost-degenerate members of the
ϒð13DJÞ spin-triplet, ϒð13D1Þ and ϒð13D3Þ, the signifi-
cances were much lower, 1.8σ and 1.6σ respectively, and
thus no experimental observation could be claimed.
An enormous theoretical effort has followed the exper-

imental discoveries; in particular, focusing on the botto-
monium sector, one can highlight the work done using
Lattice-regularized QCD [35,36], functional methods
[37–40], QCD sum rules [41–44], effective field theories
[45–48] and quark models [49–54]. Most of the mentioned
references focus on the description of conventional botto-
monia. This is because the first open-bottom threshold is
higher in energy than the corresponding one in the
charmonium sector and thus a larger number of conven-
tional states are expected below BB̄-threshold. Moreover,
the only experimentally discovered excited states which are
above the BB̄-threshold, and so they have the ability to be

strongly influenced by meson-meson thresholds, are
ϒð4SÞ, ϒð10860Þ and ϒð11020Þ, besides the unconfirmed
state ϒð10753Þ.
Herein, we study the high-energy spectrum of the

ϒ-family in the framework of a constituent quark model
[55] which satisfactorily describes a wide range of proper-
ties of conventional hadrons containing heavy quarks
[56,57]. The quark-antiquark and meson-meson degrees
of freedom are incorporated with the goal of elucidating the
influence of open-bottom meson-meson thresholds in the
conventional states but, above all, to shed some light on
the nature of theϒð10753Þ state. We should briefly mention
that charged bottomoniumlike states Zbð10610Þ� and
Zbð10650Þ� were identified by the Belle Collaboration
[58] as peaks in the invariant mass distribution of the
π�hbðmPÞ (m ¼ 1, 2) and π�ϒðnSÞ (n ¼ 1, 2, 3) subsys-
tems when the ϒð10860Þ resonance decays into two pions
plus an hb or ϒ. The quantum numbers of the Zb’s were
analyzed to be IGðJPCÞ ¼ 1þð1þ−Þ [59] and so they belong
to the isospin I ¼ 1 sector of bottomoniumlike particles,
disconnected from the conventional bottomonium states of
isospin I ¼ 0. In fact such exotic mesons were studied by us
in Ref. [60].
A variational formalism based on a highly efficient

numerical approach named the Gaussian expansion method
(GEM) [61] is used to solve the bottomonium Hamiltonian.
Moreover, this Gaussian expansion allows us to compute
effective meson-meson interactions from the original
quark–(anti-)quark potentials in a simplified way through
the so-called resonating group method [62,63]. Finally,
within our approach, the coupling between the quark-
antiquark and meson-meson sectors requires the creation
of a light quark-antiquark pair. Therefore, the associated
operator should be similar to the one describing open-flavor
meson strong decays and we adopt the 3P0 transition
operator described in, for instance, Ref. [64]. This theo-
retical formalism has the advantage of easily introducing
the coupling with all meson-meson partial waves and the
straightforward computation of the probabilities associated
with the different Fock components of the physical state.
The manuscript is organized as follows. After this

introduction, the theoretical framework is briefly presented
in Sec. II. Section III is mainly devoted to the analysis and
discussion of our theoretical results. Finally, we summarize
and draw some conclusions in Sec. IV.

II. THEORETICAL FRAMEWORK

A. Constituent quark model

Among the wide range of chiral quark models developed
in the last 50 years [65], our theoretical framework is a QCD-
inspired constituent quark model (CQM) proposed in
Ref. [55] and extensively reviewed in Refs. [56,57].
Moreover, theCQMhasbeen recently appliedwith success to
conventional mesons containing heavy quarks, describing a
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wide range of physical observables that concern spectra
[66–69], strong decays [70–73], hadronic transitions [74–76]
as well as electromagnetic and weak reactions [77–79].
The main pieces of our CQM are spontaneous chiral

symmetry breaking of the QCD Lagrangian together with
perturbative one-gluon exchange (OGE) andnonperturbative

color confining interactions. In the heavy quark sector, chiral
symmetry is explicitly broken and Goldstone-boson
exchanges do not appear. Thus, OGE and confinement are
the only interactions remaining.
The OGE potential contains central, tensor and spin-orbit

contributions given by

VC
OGEðr⃗ijÞ ¼ þ 1

4
αsðλ⃗ci · λ⃗cjÞ

�
1

rij
−

1

6mimj
ðσ⃗i · σ⃗jÞ

e−rij=r0ðμÞ

rijr20ðμÞ
�
; ð4aÞ

VT
OGEðr⃗ijÞ ¼ −

1

16

αs
mimj

ðλ⃗ci · λ⃗cjÞ
�
1

r3ij
−
e−rij=rgðμÞ

rij

�
1

r2ij
þ 1

3r2gðμÞ
þ 1

rijrgðμÞ
��

Sij; ð4bÞ

VSO
OGEðr⃗ijÞ ¼ −

1

16

αs
m2

i m
2
j
ðλ⃗ci · λ⃗cjÞ

�
1

r3ij
−
e−rij=rgðμÞ

r3ij

�
1þ rij

rgðμÞ
��

× ½ððmi þmjÞ2 þ 2mimjÞðS⃗þ · L⃗Þ þ ðm2
j −m2

i ÞðS⃗− · L⃗Þ�; ð4cÞ

where r0ðμÞ ¼ r̂0
μnn
μij

and rgðμÞ ¼ r̂g
μnn
μij

are regulators
which depend on μij, the reduced mass of the qq̄-pair;
for example, μnn ¼ mn=2 with mn the mass of the light
quark with n ¼ u- or d-quark. The contact term of the
central potential has been regularized as follows

δðr⃗ijÞ ≈
1

4πr20

e−rij=r0

rij
: ð5Þ

The wide energy range needed to provide a consistent
description of light, strange and heavy mesons requires an
effective scale-dependent strong coupling constant. We use
the frozen coupling constant of Ref. [55],

αsðμijÞ ¼
α0

ln
�
μ2ijþμ2

0

Λ2
0

� ; ð6Þ

in which α0, μ0 and Λ0 are parameters of the model
determined by a global fit to the meson spectra.
The different pieces of the color confining potential are

VC
CONðr⃗ijÞ ¼ ½−acð1 − e−μcrijÞ þ Δ�ðλ⃗ci · λ⃗cjÞ; ð7aÞ

VSO
CONðr⃗ijÞ ¼ −ðλ⃗ci · λ⃗cjÞ

acμce−μcrij

4m2
i m

2
jrij

× ½ððm2
i þm2

jÞð1 − 2asÞ
þ 4mimjð1 − asÞÞðS⃗þ · L⃗Þ
þ ðm2

j −m2
i Þð1 − 2asÞðS⃗− · L⃗Þ�; ð7bÞ

where the mixture between scalar and vector Lorentz
structures of the color confinement is controlled by as.
Besides, this potential presents at short inter-quark

distances a linear behavior with an effective confinement
strength given by σ ¼ −acμcðλ⃗ci · λ⃗cjÞ, while it becomes
constant at very large inter-quark distances showing a
threshold defined by

Vthr ¼ ð−ac þ ΔÞ · ðλ⃗ci · λ⃗cjÞ; ð8Þ

viz. there is no qq̄ bound states with eigenenergies higher
than this threshold; the system suffers a transition from a
color string configuration between two static color sources
into a pair of static mesons due to the breaking of the color
string and the most favored decay into hadrons.
Among the different theoretical formalisms to solve the

Schrödinger equation, in order to find the quark-antiquark
bound states, we use the Rayleigh-Ritz variational method
in which the wave function solution of the Schrödinger
equation is expanded as indicated by the Gaussian expan-
sion method (GEM) [61]. It has also been proven to be
quite efficient on solving the bound-state problem of a few-
body system [80–85], providing enough accuracy and
simplifying the evaluation of matrix elements.
The radial wave function is then expressed as

RαðrÞ ¼
Xnmax

n¼1

cαnϕG
nlðrÞ; ð9Þ

where α refers to the channel quantum numbers. The
coefficients, cαn, and the eigenvalue, E, are determined
from the Rayleigh-Ritz variational principle:

Xnmax

n0¼1

�
ðTα

nn0 − ENα
nn0 Þcαn0 þ

Xchannels
α0¼1

Vαα0
nn0c

α0
n0 ¼ 0

�
; ð10Þ
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where Tα
nn0 , Nα

nn0 and Vαα0
nn0 are, respectively, the matrix

elements of the kinetic energy, the normalization and the
potential. Tα

nn0 and Nα
nn0 are diagonal, whereas the mixing

between different channels is given by Vαα0
nn0.

Following Ref. [61], we employ Gaussian trial functions
with ranges in geometric progression. This enables the
optimization of the basis employing a small number of free
parameters. Moreover, the geometric progression is dense
at short distances, so that it enables the description of the
dynamics mediated by short range potentials. The fast
damping of the Gaussian tail does not represent an issue,
since we can choose the maximal range much longer than
the hadronic size.

B. Coupled-channels calculation

It is well known that conventional mesons must be
influenced in a nonperturbative way by meson-meson
thresholds when these are close. In order to take into
account this effect within the bottomonium sector, we
perform a coupled-channels calculation in which the total
hadron wave function is described by a combination of
conventional bb̄ states and open-bottom meson-meson
channels:

jΨi ¼
X
α

cαjψαi þ
X
β

χβðPÞjϕAϕBβi; ð11Þ

where jψαi are bb̄ eigenstates of the two-body
Hamiltonian, ϕM is the wave function associated with
meson M ¼ A, B, jϕAϕBβi is the two meson state whose
quantum numbers are β and χβðPÞ is the relative wave
function between the two mesons.
Under the above assumption, two sources of interaction

emerge. On one hand, the two- and four-quark sectors can
be coupled via the creation of a light-quark-antiquark pair.
On the other hand, there is a residual interaction among
the two mesons inferred from the microscopic quark–
(anti)quark potential described by the CQM. To derive
the latter, we use the resonating group method (RGM)
[62,63] (see also Refs. [26,86] for further details).
Within RGM, the wave function of a system composed

of two mesons with distinguishable quarks is given by

hp⃗Ap⃗BP⃗P⃗c:m:jϕAϕBβi ¼ ϕAðp⃗AÞϕBðp⃗BÞχβðP⃗Þ; ð12Þ

where, e.g., ϕAðp⃗AÞ is the wave function of the meson A
with p⃗A the relative momentum between its quark and
antiquark. The wave function χβðP⃗Þ takes into account the
relative motion between the two mesons.
A general process AB → A0B0 can be described by means

of either direct or exchange potentials; the last ones appear
due to the possibility of having to consider quark exchanges
between clusters. In this study we do not have this case, so
we only have direct potentials, which can be written as

RGMVββ0
D ðP⃗0; P⃗Þ ¼

X
i∈A;j∈B

Z
dp⃗A0dp⃗B0dp⃗Adp⃗B

× ϕ�
Aðp⃗A0 Þϕ�

Bðp⃗B0 ÞVββ0
ij ðP⃗0; P⃗Þ

× ϕA0 ðp⃗AÞϕB0 ðp⃗BÞ: ð13Þ

where βð0Þ labels the set of quantum numbers needed to
uniquely define a certain meson-meson partial wave, P⃗ð0Þ

are the initial (final) relative momentum of the meson-

meson pair, and Vββ0
ij ðP⃗0; P⃗Þ are the microscopic quark–

(anti-)quark potentials from the CQM and the sum runs
over the constituent particles inside each meson cluster.
The coupling between the bottomonia and the open-

bottom meson-meson thresholds requires the creation of a
light quark-antiquark pair. For that purpose, we use the 3P0

transition operator which was originally introduced in the
1970s to describe strong decays of mesons and baryons
[64,87,88]. The associated nonrelativistic operator can be
written as [70,73]:

T ¼ −
ffiffiffi
3

p X
μ;ν

Z
d3pμd3pνδ

ð3Þðp⃗μ þ p⃗νÞ
gs
2mμ

ffiffiffiffiffiffiffi
25π

p

×

�
Y1

�
p⃗μ − p⃗ν

2

�
⊗

�
1

2

1

2

�
1

�
0

a†μðp⃗μÞb†νðp⃗νÞ: ð14Þ

where μðνÞ are the spin, flavor and color quantum numbers
of the created quark (antiquark). The orbital angular
momentum and spin of the pair are both equal to one.
Note that Ylmðp⃗Þ ¼ plYlmðp̂Þ is the solid harmonic defined
in function of the spherical one. The unique parameter of
the decay model is the strength of the quark-antiquark pair
creation from the vacuum, γ ¼ gs=2m, wherem is the mass
of the created quark (antiquark).
The values of γ can be constrained through meson strong

decays. A global fit to charmed, charmed-strange, hidden-
charmandhidden-bottom sectorswas performed inRef. [70],
finding a running of the strength parameter given by

γðμÞ ¼ γ0
logð μμ0Þ

; ð15Þ

where γ0 and μ0 are free parameters, whereas μ is the
reduced mass of the constituent quark-antiquark pair of the
decaying meson. In this work, we use the value of γ
corresponding to the bottomonium sector, i.e. γ ¼ 0.205.
From the operator in Eq. (14), we define the meson to

meson-meson transition potential hβαðPÞ as

hϕM1
ϕM2

βjTjψαi ¼ δð3ÞðP⃗cmÞPhβαðPÞ; ð16Þ

where P is the relative momentum of the two-meson state.
In order to soften the 3P0 production vertex at high
momenta, we follow the suggestion of Ref. [89] and used
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a Gaussian-like momentum-dependent form factor to
truncate the vertex,

hβαðPÞ → hβαðPÞe−
P2

2Λ2 ; ð17Þ

with Λ ¼ 0.84 GeV. This cut-off’s value is taken from
similar analysis [90,91], so no fine-tuning of parameters is
employed in the present work.
Finally, within the formalism explained above, the

coupled-channels equations can be written as

cαMα þ
X
β

Z
hαβðPÞχβðPÞP2dP ¼ Ecα; ð18Þ

X
β

Z
Hβ0βðP0; PÞχβðPÞP2dP

þ
X
α

hβ0αðP0Þcα ¼ Eχβ0 ðP0Þ; ð19Þ

whereMα are the masses of the bare bb̄ mesons and Hβ0β is
the RGM Hamiltonian for the two-meson states obtained
from the naïve CQM interaction [26], viz.

Hβ0βðP0; PÞ ¼ δβ0β
δðP0 − PÞ

P2

P2

2μβ
þ Vβ0βðP0; PÞ; ð20Þ

where Vβ0βðP0; PÞ is the projected potential that contains
the sum of direct potentials, Eq. (13).
In order to explore states above and below meson-meson

thresholds, the former coupled-channels equations should
then be written as a set of coupled Lippmann-Schwinger
equations,

Tβ0βðE;P0;PÞ ¼ Vβ0β
T ðP0;PÞþ

X
β00

Z
dP00P002

×Vβ0β00
T ðP0;P00Þ 1

E−Eβ00 ðP00ÞT
β00βðE;P00;PÞ;

ð21Þ

with

Vβ0β
T ðP0; PÞ ¼ Vβ0βðP0; PÞ þ Vβ0β

eff ðP0; PÞ; ð22Þ

where the effective potential, which encodes the coupling
with the two-quark sector, is

Vβ0β
eff ðP0; P;EÞ ¼

X
α

hβ0αðP0ÞhαβðPÞ
E −Mα

: ð23Þ

The solution to Eq. (21) is given in Ref. [92]:

Tβ0βðE;P0;PÞ¼Tβ0β
NRðE;P0;PÞ

þ
X
α;α0

ϕβ0α0 ðE;P0ÞΔ−1
α0αðEÞϕ̄αβðE;PÞ; ð24Þ

where the first term in the right hand side is the nonresonant
contribution given by the solution of the equation

Tβ0β
NRðE;P0;PÞ¼Vβ0βðP0;PÞþ

X
β00

Z
dP00P002

×Vβ0β00 ðP0;P00Þ 1

z−Eβ00 ðP00ÞT
β00β
NRðE;P00;PÞ:

ð25Þ

The resonant part include the dressed vertex functions

ϕαβ0 ðE;PÞ ¼ hαβ0 ðPÞ

−
X
β

Z
Tβ0β
NRðE;P; qÞhαβðqÞ
q2=2μβ − E

q2dq; ð26Þ

ϕ̄αβðE;PÞ ¼ hαβðPÞ

−
X
β0

Z
hαβ0 ðqÞTβ0β

NRðE; q; PÞ
q2=2μβ0 − E

q2dq; ð27Þ

and the dressed two-hadron propagator defined as the
inverse of

Δα0αðEÞ ¼ fðE −MαÞδα0α þ Gα0αðEÞg; ð28Þ

with

Gα0αðEÞ ¼
X
β

Z
dqq2

ϕαβðq; EÞhβα0 ðqÞ
q2=2μβ − E

ð29Þ

The dressed propagator has singularities which can be
found solving the equation

jΔα0αðĒÞj ¼ jðĒ −MαÞδα0α þ Gα0αðĒÞj ¼ 0: ð30Þ

Once these energies Ē are known, we find one-hadron
amplitudes by solving

fMαδ
αα0 − Gα0αðĒÞgcα0 ðĒÞ ¼ ĒcαðĒÞ ð31Þ

and the two-hadron wave function is given by

χβ0 ðP0Þ ¼ −2μβ0
X
α

ϕβ0αðE;P0Þcα
P02 − k2β0

ð32Þ

ASSESSMENT OF ϒ-STATES ABOVE BB̄-THRESHOLD … PHYS. REV. D 109, 114007 (2024)

114007-5



Notice that the normalization of the state requires

X
α

jcαj2 þ
X
β

hχβjχβi ¼ 1; ð33Þ

and provides the relative probability of each channel
that compose the wave function of the poles predicted
by our constituent-quark-model-based meson-meson
coupled-channels calculation.
Also note here that all potentials must be analytically

continued for complex momenta; this allows us to find the
complex poles of the T-matrix in any possible Riemann
sheet. For each channel, we can set two Riemann sheets.
The first Riemann sheet is defined as 0 ≤ argðkαÞ < π,
whereas the second Riemann sheet is defined as
π ≤ argðkαÞ < 2π, where kα is the on-shell momentum
of channel α. When all this is transferred to the complex
plane of energies, poles of the T-matrix which are located
on the real axis below threshold of the first Riemann sheet
are interpreted as bound states, whereas poles on the second
Riemann sheet below threshold are identified as virtual
states, while those in the same sheet but above threshold are
interpreted as resonances.

C. Production in annihilation
e+ e− through a resonance

For later convenience, our objective herein is to calculate
the cross section of the process eþe− → AB (represented in
Fig. 1), with A or B denoting open-bottom mesons, through
an arbitrary set of bb̄ resonances with quantum numbers
JPC ¼ 1−−. For that purpose we use the extended Van
Royen-Weisskopf formalism for meson leptonic decays,
considering nonzero momentum distribution for the quark
(antiquark) inside the meson [93]. It should be noticed that
the Feynman diagram in Fig. 1 can be used when the quark-
antiquark pair acts as free particles and has a certain
momentum, in this case weighted with the corresponding
ϒ meson’s wave function, ϕðp⃗Þ, which gives the proba-
bility amplitude of finding a quark with momentum p⃗
inside the bb̄ meson.
The process to be studied is heþe−jABiβ through

one or few jqq̄iα resonances. This process can be then
factorized as

heþe−jABiβ ¼
X
α

heþe−jqq̄iααhqq̄jABiβ: ð34Þ

In the center-of-mass reference system, the S-matrix of
the process heþe−jqq̄iα can be written as

S ¼ −ie2eqð2πÞ4
Z

d3p
δð4ÞðPi − PfÞmlmq

ð2πÞ3Epð2πÞ3Eq

×
X

M1M2μLμS

hLμLSμSjJμJi
	
1

2
M1

1

2
M2jSμS



ϕðp⃗Þ gμν

s

× ½ūlðq; ξ1Þγμvlð−q; ξ2Þ�½v̄qð−p;M2Þγνuqðp;M1Þ�;
ð35Þ

where fml; e; Eq; q⃗; ξg represents the mass, charge, energy,
momentum and spin projection of the incoming electron
(positron); fmq; eq; Ep; p⃗;Mg the same for the created
quark (antiquark), bound in a JPC ¼ 1−− statewith quantum
numbers fJ; L; Sg and fμJ; μL; μSg projections. We express
the Clebsch-Gordan coefficients as hj1m1j2m2jj3m3i. The
virtual photon’s four-momentum verifies k2γ ¼ s.
The above S-matrix expression can be simplified and

written in terms of the invariant amplitude M,

S ¼ −2πiδð4Þ
�X

pf −
X

pi

�
M; ð36Þ

so we arrive at

M¼ e2eq
1

ð2πÞ3=2
ml

Eq

2

3s
Ψð0Þð−1Þ1=2þξ2

Eqþml

2ml

×

��
1þ q2

ðEqþmlÞ2
�	

1

2
ξ1
1

2
ξ2

����1μJ



−
2

ðEqþmlÞ2
X
n

ð−1Þn
	
1

2
ξ1
1

2
ξ2

����1n


q−nqμJ

�
; ð37Þ

where we have defined

Ψð0Þ ¼
�
Ψð0ÞδL;0 −

ffiffiffi
2

p

6π

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2Lþ 1

p hL010j10iI4
�
: ð38Þ

Here, Ψð0Þ is the ϒ meson wave function at the origin. The
second term encodes the contribution of L ¼ 2 states,
where

I4 ≡
Z

p4dpRrðpÞ
EpðEp þmqÞ

: ð39Þ

It is worth noticing that this definition of Ψð0Þ allows the
contribution of both ϒ 3S1 and ϒ 3D1 states due to the
nonzero quark momentum distribution inside the meson.

FIG. 1. Production of open-bottom mesons denoted by the AB-
pair through a qq̄ resonance with JPC ¼ 1−−. In this case a
conventional state of the ϒ-family is produced that decays later
on in a pair of open-bottom mesons.
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Concerning the decay of the ϒ meson into two mesons,
we can extract the αhqq̄jABiβ amplitude from the coupled
channels formalism [86], and it is given by

αhqq̄jABiβ ¼
X
α0
h̄α0βð

ffiffiffi
s

p
; kÞΔα0αð

ffiffiffi
s

p Þ−1; ð40Þ

with k the relative on-shell momentum of the two mesons
and Δα0α the full resonance propagator, given by

Δα0αðEÞ ¼ ðE −MαÞδα0α þ Gα0αðEÞ ð41Þ

with Gα0α the mass-shift function

Gα0αðEÞ ¼
X
β

Z
h̄αβðE; qÞhβα0 ðqÞ

q2=2μþmA þmB − E
q2dq: ð42Þ

The function h̄βα can be interpreted as the 3P0 vertex
dressed by the meson-meson interaction

h̄βαðE;PÞ ¼ hβαðPÞ−
X
β0

Z
Tββ0
V ðP;q;EÞhβ0αðqÞ

q2=2μþmA þmB −E
q2dq;

ð43Þ

where Tβ0β
V ðP0; P;EÞ is the T matrix of the RGM potential

excluding the coupling to the qq̄ pairs.
The expression for the total cross section eþe− → bb̄ →

AB in the center-of-mass reference system is given by

dσβ ¼ ð2πÞ4 EAEBffiffiffi
s

p
k0

δðk − k0Þ
Eq

2jqj jMβj2d3k; ð44Þ

where the on-shell momentum is

k0 ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
½s − ðmA þmBÞ2�½s − ðmA −mBÞ2�

p
2

ffiffiffi
s

p : ð45Þ

Averaging M over the polarizations of the initial states
and sum over final states, we arrive at

σβ ¼
4π2

3
e4e2q

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
k20 þm2

A

p ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
k20 þm2

B

p
k0

s5=2

×

����
X
ν;ν0

ϕν0βðko;
ffiffiffi
s

p ÞΔν0νð
ffiffiffi
s

p Þ−1Ψνð0Þ
����
2

; ð46Þ

which only depends on the on-shell momentum of the
mesons in the final state.

III. RESULTS

The relevant parameters of our naïve CQM are shown in
Table I, and they are the same used in, e.g., Ref. [57].
Table II shows the predicted bottomonium states with

quantum numbers JPC ¼ 1−− as well as the world average
masses reported in the Review of Particle Physics (RPP)
provided by the Particle Data Group [94]. It is inferred from
Table II that a global description of theϒ-family is obtained
by our CQM.
It is also evident that the model does not provide a

conventional state compatible with the experimentally
observed signal ϒð10753Þ. One would be tempted to assert
that our CQM has some major deficiency; however, it is
well known that any reasonable quark model describes well
the bottomonium sector, providing a comparable spectrum
and having very similar characteristics. This fact may imply
that the ϒð10753Þ cannot be explained as a conventional
bottomonium system and thus it has an exotic origin. In
other words, there should be another important mechanism
in the dynamics of the ϒð10753Þ that is not implemented in
our, even any, naïve CQM.
The lowest open-bottom meson-meson threshold is BB̄,

with a noninteracting mass of about 10.56 GeV. Moreover,
the dominant open-bottom meson-meson strong decay

TABLE I. Quark model parameters.

Quark masses mn (MeV) 313
ms (MeV) 555
mb (MeV) 5110

OGE r̂0 (fm) 0.181
r̂g (fm) 0.259
α0 2.118

Λ0 ðfm−1Þ 0.113
μ0 (MeV) 36.976

Confinement ac (MeV) 507.4
μc ðfm−1Þ 0.576
Δ (MeV) 184.432

as 0.81

TABLE II. Masses, in MeV, of the bottomonium states with
quantum numbers JPC ¼ 1−− (the so-called ϒ-family) predicted
by our constituent quark model. nL identifies the radial ex-
citation, being n ¼ 1 the ground state, and the dominant orbital
angular momentum component in each wave function.

State JPC nL Theory (MeV) Experiment (MeV) [94]

ϒ 1−− 1S 9502 9460.40� 0.10
2S 10015 10023.4� 0.5
1D 10117 � � �
3S 10349 10355.1� 0.5
2D 10414 � � �
4S 10607 10579.4� 1.2
3D 10653 � � �
5S 10818 10885.2� 3.1
4D 10853 � � �
6S 10995 11000� 4
5D 11023 � � �
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channels of the ϒ-family are considered to be BB̄, BB̄�,
B�B̄�, BsB̄s, BsB̄�

s , and B�
sB̄�

s .
1 Their noninteracting mass

thresholds are shown in Table III and they belong to an
energy range between 10.56 to 10.83 GeV. In order to
assess agreement between theory and experiment, we
should include those coupled-channels effects that may
play an important role in our description of the ϒ-family, at
least, for the ϒð4SÞ up to the ϒð4DÞ which fall within the
range of energies of the most important open-flavor meson-
meson thresholds.
The coupling of bare bb̄ states with open-bottom meson-

meson channels depends on the relative position of the bb̄
mass and the noninteracting meson-meson energy thresh-
old. One may infer from Sec. II that when the value of
threshold energy, E, is far from the bb̄ mass, M, the
coupling effects are small. Moreover, when M < E the
effective potential is repulsive and it is unlikely that
the coupling can generate relevant nonperturbative emer-
gent phenomena; in fact, one usually obtains the same but
dressed state due to the influence of near thresholds,
moving to lower masses. However, if M > E the effective
potential becomes negative and a variety of emergent
phenomena such as dynamically generated states with a
dominant molecular structure may appear.
We perform a coupled-channels calculation in which

the bare states ϒð4SÞ, ϒð3DÞ, ϒð5SÞ and ϒð4DÞ are
considered together with the threshold channels BB̄,
BB̄�, B�B̄�, BsB̄s, BsB̄�

s and B�
sB̄�

s . Our results are shown
in Tables IV–VI. First mentioned table shows the pole
position in complex energy plane characterized by mass
and width (E ¼ M − iΓ=2), the second one gives the
probability of each channel that compose the wave function
of the dressed hadron and the third table provides hadron’s
decay branching fractions to the different open-bottom
meson-meson channels considered herein. It is important to
comment that the bare masses are all slightly modified,
þ35 MeV, in the constituent-quark-model-based meson-
meson coupled-channels calculation. This is because the
parameters of naïve quark model were fixed in order to get
agreement with experimental masses [57] and now some of
such parameters are not adequate since one needs to
compensate a constant mass-shift of bare states due to
meson-meson thresholds that are located relatively higher
in the spectrum. This effect is basically absorbed by the
Δ-term in Eq. (7a) which establishes the origin of energies

in the microscopic quark-antiquark description of conven-
tional mesons.
Concerning Table IV, eight poles in the complex

energy plane are predicted; all of them are resonances,
i.e. they are singularities that appear in the second Riemann
sheet, outside the real-axis and above threshold. It may
seem like there are many, al least more than observed
experimentally. However, as shown in Fig. 2, only three
peaks are present in the most common production process
of ϒ states: eþe− → Bð�Þ

ðsÞB̄
ð�Þ
ðsÞ .

2 The two dominant peaks
appear at around the masses of well-established ϒð4SÞ
and ϒð10860Þ states, the small bump at approximately
10.7 GeV is our assignment of the ϒð10753Þ signal
observed in eþe− → πþπ−ϒðnSÞ. If our interpretation is
correct, we have learned from Table IV and Fig. 2 that (i) a
richer complex spectrum is gained when thresholds are
present and bare bound states are sufficiently nonrelativ-
istic; (ii) those poles obtained in the complex energy plane
do not have to appear as simple peaks in the relevant cross
sections due to many reasons such as their distance from the
energy real-axis, coupling with the corresponding final
channel, etc.; and (iii) when comparing with experiment,
the so-called ϒð4SÞ and ϒð10860Þ signals are clearly
identified but there should be another small one, corre-
sponding to the ϒð10753Þ case, whose origin cannot be
traced back to any bare quark-antiquark bound state.
It is worth emphasizing that our result shown in Fig. 2 is

free of fine-tuning parameters, which was our goal in order
to provide model’s predictability on the nature of the
ϒð10753Þ state. We are able to see in the energy region
depicted that, independently of the complexity when
coupling bare states with hadron-thresholds, only three
peaks can be observed experimentally in eþe− annihilation
machines. In fact, the three are those reported in particle
data group: the conventional ϒð4SÞ and ϒð10860Þ

TABLE III. Masses, in MeV, of the isospin-averaged BB̄, BB̄�,
B�B̄�, BsB̄s, BsB̄�

s , and B�
sB̄�

s thresholds, from PDG [94].

Channel BB̄ BB̄� B�B̄� BsB̄s BsB̄�
s B�

s B̄�
s

Mass 10558.8 10604.1 10649.4 10733.8 10782.7 10831.6

TABLE IV. Masses and widths, in MeV, of the poles predicted
by our constituent-quark-model-based meson-meson coupled-
channels calculation. Theoretical uncertainties have been esti-
mated by modifying the most relevant model parameters within a
range of 10%.

State Mpole Γpole

1 10562� 1 29� 5
2 10601� 5 3� 2
3 10645� 1 23� 1
4 10694� 1 8� 1
5 10712� 5 41� 4
6 10835� 2 52� 7
7 10859� 2 13� 3
8 10888� 1 3� 1

1For now on, we denote BðsÞB̄�
ðsÞ ≡ BðsÞB̄�

ðsÞ þ H:c:

2Note here that the (red) solid curve of Fig. 2 is the sum of the
six Bð�Þ

ðsÞ B̄
ð�Þ
ðsÞ channels to the production cross section.
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bottomonium states and the exotic, not identified in any
reasonable quark model,ϒð10753Þ. There are experimental
data on the Born cross section and dressed cross section of
eþe− → bb̄ and the total hadronic cross section in eþe−
annihilation in the bottomonium energy region (see, for
instance, Ref. [95]). However, these experimental data
cannot be directly compared with our theoretical curve
because they involve all decaying final states of bottomonia

and we are considering only six of them, i.e. Bð�Þ
ðsÞB

ð�Þ
ðsÞ .

It is convenient to analyze Tables V and VI together.
The first pole has a mass, 10562 MeV, and a total decay
width, 29 MeV, compatible with those values collected in
the PDG for the ϒð4SÞ state. Moreover, its wave function
has as the dominant channel the ϒð4SÞ, i.e. a canonical
bottom-antibottom 4S bound state; followed by BB̄ and
ϒð3DÞ components; moreover, its decay branching fraction
of BB̄ is 100%. Therefore, the natural assignment to this
dressed state is the experimentally observed ϒð4SÞ state.
The following two poles seems to be singularities

produced dynamically in the complex energy plane due
to the coupling between conventional bottomonium states
and meson-meson thresholds. In fact this coupling makes
them mostly BB̄ − BB̄� and BB̄� − B�B̄� molecules,

TABLE V. Probability, in %, of each channel that compose the wave function of the poles predicted by our constituent-quark-model-
based meson-meson coupled-channels calculation. Theoretical uncertainties have been estimated by modifying the most relevant model
parameters within a range of 10%.

State Pϒð4SÞ Pϒð3DÞ Pϒð5SÞ Pϒð4DÞ PBB̄ PBB̄� PB�B̄� PBsB̄s
PBsB̄�

s
PB�

s B̄�
s

1 40þ3
−4 16� 5 1.5þ0.4

−0.3 1.5þ0.6
−0.5 33� 8 1.9þ0.6

−0.5 5.2þ0.4
−0.6 0.141þ0.002

−0.006 0.05� 0.01 0.24þ0.01
−0.03

2 19þ3
−5 1.1� 0.4 0.13þ0.02

−0.04 0.04� 0.01 48þ1
−2 28þ6

−2 4� 1 0.017þ0.005
−0.007 0.11� 0.04 0.10� 0.04

3 22þ5
−4 9� 1 0.07� 0.01 0.14þ0.01

−0.02 6� 1 34.1þ0.4
−0.6 28þ1

−2 0.14� 0.02 0.102þ0.004
−0.006 0.193þ0.008

−0.009
4 1.7þ0.1

−0.2 40� 2 0.027þ0.001
−0.004 0.007þ0.002

−0.001 12.0þ0.8
−0.7 16� 1 29.6� 0.1 0.32þ0.05

−0.04 0.32þ0.07
−0.06 0.029þ0.005

−0.004
5 36� 5 8.8þ0.8

−1.0 3.3� 0.2 0.166� 0.003 4.5þ1.0
−0.9 2.74þ0.09

−0.04 43þ4
−5 0.9� 0.2 0.22þ0.03

−0.02 0.55þ0.06
−0.07

6 4� 1 0.71þ0.06
−0.04 80þ2

−3 1.4� 0.1 1.3þ0.4
−0.3 2.1þ0.5

−0.4 6� 1 0.4� 0.1 1.2þ0.4
−0.3 3� 1

7 0.4þ0.3
−0.2 0.03� 0.01 53.7þ0.0

−0.9 0.2þ0.2
−0.1 1.9� 0.1 4.4þ0.2

−0.1 5.7� 0.8 1.33þ0.06
−0.04 2.1� 0.4 30� 1

8 0.004�0.002 0.005�0.002 0.05þ0.03
−0.02 50.23þ0.00

−0.02 16.6� 0.1 16.1þ0.2
−0.3 2.80þ0.05

−0.04 4.9� 0.1 8.5� 0.2 0.8þ0.2
−0.1

TABLE VI. Decay branching fractions, in %, to the different open-bottom meson-meson channels of the poles
predicted by our constituent-quark-model-based meson-meson coupled-channels calculation. Theoretical uncer-
tainties have been estimated by modifying the most relevant model parameters within a range of 10%.

State BRBB̄ BRBB̄� BRB�B̄� BRBsB̄s
BRBsB̄�

s
BRB�

s B̄�
s

1 100� 0 0� 0 0� 0 0� 0 0� 0 0� 0
2 100� 0 0� 0 0� 0 0� 0 0� 0 0� 0
3 6� 1 94� 1 0� 0 0� 0 0� 0 0� 0
4 23� 1 14þ1

−2 63.2þ0.1
−0.2 0� 0 0� 0 0� 0

5 8þ2
−1 3.0þ0.4

−0.2 90� 1 0� 0 0� 0 0� 0

6 7.4þ0.1
−0.3 4.3þ0.3

−0.1 5.5þ0.6
−0.1 2� 0 4� 1 77þ0

−2
7 4.1þ0.3

−0.4 8� 0 2.2þ0.1
−0.2 3.0� 0.1 1.8þ0.6

−0.4 81.4þ0.1
−0.2

8 33.9þ0.4
−0.3 32.9þ0.3

−0.5 5� 0 9.8þ0.3
−0.2 17.3� 0.3 0.8� 0.1

FIG. 2. Production cross section, in nb, of the ϒ states when
annihilating an electron-positron pair and detecting in the final

state one of the Bð�Þ
ðsÞ B̄

ð�Þ
ðsÞ channels. The red solid line represents

the theoretical total production cross section when summing all

contributions of Bð�Þ
ðsÞB̄

ð�Þ
ðsÞ channels. The vertical black dashed

lines indicate the open-bottom meson-meson thresholds which,
from left to right, are BB̄, BB̄�, B�B̄�, BsB̄s, BsB̄�

s , and B�
s B̄�

s .
Theoretical uncertainties have been estimated by modifying the
most relevant model parameters within a range of 10%.
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respectively; having also measurable traces of ϒð4SÞ and
ϒð3DÞ components in their wave functions. Nevertheless,
as one can see in Fig. 2, these structures do not materialize
in the production cross section.
We assign the fourth pole to the so-called ϒð3DÞ state.

Our predictions for the mass and total decay width are
10645 MeV and 23 MeV. Its wave function exhibit a
dominant 3D bb̄ constituent, followed by important BB̄,
BB̄�, and B�B̄� components. Table VI shows that the decay
branching fractions of this state into the BB̄, BB̄�, and
B�B̄� final channels are 23%, 14%, and 63%, respectively.
As one can see in Fig. 2, this state takes part on the second
bump observed in production cross section; however, its
contribution is small because it depends on the value of I4
in Eq. (39), which is small compared to the contribution of
S-wave ϒ states.
The last observation is connected with our interpretation

of the fifth pole as the ϒð10753Þ candidate because, as one
can see in Table V, its corresponding wave function shows a
large ϒð4SÞ component which provides the leverage for its
production. Note also that the wave function’s B�B̄�
channel is of the same order of magnitude than the former,
encouraging us to conclude that this dressed hadronic state
is in fact a resonance whose structure is an equally mixture
of a conventional bb̄ 4S state and B�B̄� molecule. Looking
at Table IV, its theoretical mass and width are 10712 MeV
and 41 MeV, respectively, which are in reasonable agree-
ment with the experimental data, Eq. (3). Finally, Table VI
shows that this state decays 90% of the time into B�B̄�

followed by the BB̄ final state with a branching fraction
of 8%.
Concerning the bump that can be seen in the production

cross section (Fig. 2) at around 10.85 GeV, it is mostly
produced by the sixth pole because, as shown in Table V, its
wave function exhibits a very dominant 5S bb̄ component,
with a probability of 80%; being the rest channels an order
of magnitude less probable. Without changing our attention
from Table V, the other two poles are constituted by an
equally mixture of canonical bottomonium structure and
open-bottom meson-meson molecule. Table VI shows the

branching fractions of these three dressed states to Bð�Þ
ðsÞB̄

ð�Þ
ðsÞ

channels. For our tentative assignment of the ϒð5SÞ state as
ϒð10860Þ, the theoretical mass and width are in fair
agreement with experiment; our mass value is a bit lower
than the experimental one, 10885 MeV, whereas our width
is higher than the PDG’s figure, 37 MeV. This may be
explained by the projection in real-axis of the singularities
shown in the complex energy plane at the relevant energy,
which is the only measurable feature. It is also worth to
note that we provide correct orders of magnitude for the
branching fractions of the Bð�ÞB̄ð�Þ state whereas unfortu-
nately the one corresponding to the B�

sB̄�
s channel is far

larger than experiment.
Finally, notice that branching ratios and effective cou-

plings are related and supply the same physical informa-
tion. Table VI provides the first which are typically more
interesting for experimentalists whereas Table VII shows
the related effective couplings which are often more useful
when comparing with other theoretical approaches. Such
effective couplings are defined as

TijðEÞ ∼
gigj

E − ER
; ð47Þ

where ER is the resonance energy and Tij is the T-matrix
with iðjÞ the initial (final) channel.

IV. SUMMARY

Theϒð10753Þ signal seems to be a potential candidate of
the ϒ-family. It was firstly observed by the Belle collabo-
ration in 2019 and, later on, by the Belle II collaboration in
2022. The joint significance is 5.2 standard deviations;
moreover, its mass, total decay width and quantum numbers
are also determined: M ¼ 10753 MeV, Γ ¼ 36þ18

−12 MeV
and JP ¼ 1−. Since this new state does not fit into the
spectrum predicted by any reasonable constituent quark
model, everything points that it may be an exotic statewhose
nature is explainedby somemechanism that goes beyond the
simple quark-antiquark interaction. The most logical exten-
sion to the naive quark model is the coupling of bare
bottomonia with their closest open-bottom thresholds in

TABLE VII. Effective couplings, gi, in units of 10−3 GeV−1=2, defined as TijðEÞ ∼ gigj=ðE − ERÞ, where ER is the resonance energy
and Tij is the T-matrix with iðjÞ the initial (final) channel. For clarity, the theoretical uncertainties are shown in parenthesis and, as
before, they are estimated by modifying the most relevant model parameters within a range of 10%.

State gBB−1P1
gBB�−3P1

gB�B�−1P1
gB�B�−5P1

gBsBs−1P1
gBsB�

s−3P1
gB�

sB�
s−1P1

gB�
sB�

s−5P1

1 15ð4Þ−59.8ð8Þi � � � � � � � � � � � � � � � � � � � � �
2 24ð6Þþ10ð5Þi � � � � � � � � � � � � � � � � � � � � �
3 7.2ð8Þþ9.2ð4Þi 20ð4Þþ49.8ð3Þi � � � � � � � � � � � � � � � � � �
4 14ð1Þþ0.1ð4Þi 10.8ð5Þþ6.3ð6Þi 30.0ð7Þþ4ð2Þi 8ð3Þþ4ð2Þi � � � � � � � � � � � �
5 14ð1Þþ3.2ð1Þi 3.0ð1.0Þ−9ð1Þi 10.5ð6Þþ16ð1Þi 31.9ð2Þþ48ð2Þi � � � � � � � � � � � �
6 3.7ð9Þ−6.8ð8Þi 0.4ð3Þþ5ð12Þi 0.92ð2Þ−0.29ð4Þi 5.9ð5Þ−4.4ð6Þi 1.9ð7Þ−5.3ð8Þi 8.9ð5Þ−1.4ð5Þi 2ð1Þ−15.1ð6Þi 7ð4Þ−70ð4Þi
7 6.3ð4Þþ1.7ð8Þi 9ð1Þþ0.5ð5Þi 1.1ð1Þ−0.01ð3Þi 4.9ð4Þþ1.4ð5Þi 6.9ð7Þþ0.9ð6Þi 6ð2Þ−2.1ð5Þi 10.8ð9Þþ2ð1Þi 50ð5Þþ9ð6Þi
8 8.9ð9Þþ0.17ð6Þi 9.1ð8Þ−0.3ð1Þi 3.5ð3Þ−0.10ð3Þi 1.5ð1Þþ0.16ð5Þi 5.8ð7Þþ0.27ð9Þi 8.4ð8Þ−0.3ð1Þi 1.6ð2Þþ0.5ð2Þi 1.3ð3Þþ0.3ð1Þi
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order to assess if emergent nonperturbative dynamical states
could be produced.
We have analyzed the predicted spectrum of the

ϒ-family, within an energy range around the ϒð10753Þ’s
mass, in the framework of a constituent quark model [55]
which satisfactorily describes a wide range of properties of
conventional hadrons containing heavy quarks [56,57]. The
quark-antiquark and meson-meson degrees of freedom
have been incorporated with the goal of elucidating the
influence of open-bottom meson-meson thresholds into the
concerning bare states and to shed some light on the nature
and structure of the ϒð10753Þ state. In particular, we have
performed a coupled-channels calculation in which the bare
states ϒð4SÞ, ϒð3DÞ, ϒð5SÞ, and ϒð4DÞ are considered
together with the threshold channels BB̄, BB̄�, B�B̄�, BsB̄s,
BsB̄�

s , and B�
sB̄�

s .
Among the results we have described, the following

conclusions are of particular interest: (i) a richer complex

spectrum is gained when thresholds are present and bare
bound states are sufficiently nonrelativistic; (ii) those poles
obtained in the complex energy plane do not have to appear
as simple peaks in the relevant cross sections; and (iii) the
ϒð10753Þ candidate is interpreted as a dressed hadronic
resonance whose structure is an equally mixture of a
conventional bb̄ state and B�B� molecule.
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