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Recently, the Belle Collaboration has updated the analysis of the cross sections for the processes
4+4− → Υ(=() c+c− (= = 1, 2, 3) in the 4+4− center-of-mass energy range from 10.52 to
11.02 GeV. A new structure, called .1 (10750), with the mass " (.1) = (10752.7 ± 5.9+0.7−1.1) MeV
and the Breit-Wigner width Γ(.1) = (35.5+17.6+3.9

−11.3−3.3) MeV was observed. We interpret .1 (10750)
as a compact �%� = 1−− state with a dominant tetraquark component. The mass eigenstate
.1 (10750) is treated as a linear combination of the diquark-antidiquark and 11̄ components due
to the mixing via gluonic exchanges shown recently to arise in the limit of large number of quark
colors. The mixing angle between .1 and Υ(5() can be estimated from the electronic width,
recently determined to be Γ44 (.1) = (13.7± 1.8) eV. The mixing provides a plausible mechanism
for .1 (10750) production in high energy collisions from its 11̄ component and we work out the
Drell-Yan and prompt production cross sections for ?? → .1 (10750) → Υ(=() c+c− at the LHC.
The resonant part of the dipion invariant mass spectrum in .1 (10750) → Υ(1() c+c− and the
corresponding angular distribution of c+-meson in the dipion rest frame are presented.
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1. Introduction

In 2019, the Belle Collaboration has presented the updated analysis of the cross sections for
4+4− → Υ(=() c+c− (= = 1, 2, 3) in the electron-positron center-of-mass energy range from 10.52
to 11.02 GeV [1]. In addition to the already known structures Υ(10860) and Υ(11020), they
reported the observation of a lower-mass resonance called .1 (10750) with the global significance
of 5.2f. The measured masses and decay widths (in MeV), and ranges of Γ44 × B (in eV) of all
three structures are borrowed from [1] and presented in Table 1.

The combined analysis of the BaBar and Belle data on the ratio '11̄ has been recently un-
dertaken [2] with an account of the coherent sum of Υ(10860), Υ(11020), and .1 (10750) and a
continuum amplitude, proportional to 1/

√
B, where

√
B is the center-of-mass energy of the 4+4−-

pair. Masses, Breit-Wigner decay widths, leptonic partial decay widths, and relative phases are fit
parameters of the '11̄ lineshape. One gets a number of solutions for the partial electronic widths
(mathematically 8 solutions are expected), which differ in other parameters [2]. Most of these
solutions are likely unphysical except the solution, in which the electronic width of .1 is given as1:

Γ44 (.1 (10750)) = (13.7 ± 1.8) eV. (1)

The resulting masses and decay widths of the three resonances are found to be in agreement with the
ones obtained from the 'Υ c+c− scan [1]. However,.1 (10750) is open to a number of interpretations
to be tested in the existing and future experiments.

The conventional interpretation of .1 (10750) is that .1 (10750) and Υ(10680) are a mixture
of Υ(5() and Υ(4�) [4]. In [3], we interpret .1 (10750) as a �%� = 1−− tetraquark candidate,
whose dominant component .0

1
consists of a colored diquark-antidiquark pair [1@]3̄2 [1̄@̄]32 , bound

in the (* (3) antitriplet-triplet representation [5, 6]. However, it can have a small 11̄ component
due to the mixing via gluonic exchanges. On the other hand, Υ(10860) and Υ(11020), which
are dominantly radial 11̄ excitations, Υ(5() and Υ(6(), respectively, also have a small diquark-
antidiquark component .0

1
in their content. Due to the proximity of the mass eigenstates.1 (10750)

andΥ(10860), we consider that the mixing is dominantly between.0
1
andΥ(5(). This also provides

a plausible interpretation of some anomalous features measured in the Υ(10860)-decays.
Mixing between a bottomonium and hidden-beauty tetraquark, anticipated in [7], was shown

in [8], to be induced at the level of non-planar diagrams in the large-#2 limit. Albeit suppressed
at large #2 by the exponential factor 4−#2/2, when extrapolated back to #2 = 3 one finds a result
not dissimilar from 5 ∼ #−3/2

2 . Thus, a production in the 4+4−-annihilation of resonances such
as .1 (10750), in addition to the bottomonium spectral lines and with a small Γ44, is a significant
signature of tetraquarks.

2. Bottomonium-Tetraquark Mixing Formalism

Let us define the tetraquark states. �
1
(� = 0, 1) in the isospin basis as.0

1
≡

(
.[1D ] + .[13 ]

)
/
√

2
and .1

1
≡

(
.[1D ] − .[13 ]

)
/
√

2. Their mass difference due to the isospin breaking can be ignored.
Their production is possible via the isosinglet 11̄-component, so only the .0

1
-state is considered.

1In the analysis [3] on which this talk is based we used the preliminary results of X.-K. Dang et al. [2] presented by
Chang-Zheng Yuan in XVth Rencontres du Vietnam (September 22nd – 28th, 2019, Quy Nhon, Vietnam).
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Table 1: Measured masses and decay widths (in MeV), and ranges of Γ44 × B (in eV) of the Υ(10860),
Υ(11020), and the new structure .1 (10750). The first uncertainty is statistical and the second is systematic.

State Υ(10860) Υ(11020) .1 (10750)
Mass 10885.3 ± 1.5+2.2−0.9 11000.0+4.0+1.0−4.5−1.3 10752.7 ± 5.9+0.7−1.1
Width 36.6+4.5+0.5−3.9−1.1 23.8+8.0+0.7−6.8−1.8 35.5+17.6+3.9

−11.3−3.3
Υ(1()c+c− 0.75 − 1.43 0.38 − 0.54 0.12 − 0.47

Υ(2()c+c− 1.35 − 3.80 0.13 − 1.16 0.53 − 1.22

Υ(3()c+c− 0.43 − 1.03 0.17 − 0.49 0.21 − 0.26

Experimentally observed mass differences are " [Υ(10860)] − " [.1 (10750)] ' 133 MeV
and " [Υ(11020)] −" [.1 (10750)] ' 247 MeV, so the mixing between Υ(10860) and .1 (10750)
states should be more pronounced:(

.1 (10750)
Υ(10860)

)
=

(
cos \̃ sin \̃
− sin \̃ cos \̃

) (
.0
1

Υ(5()

)
. (2)

The mixing angle \̃ is estimated phenomenologically. In general, the mixing can be easily general-
ized to the case of all three states. This mixing relates Γ44 [.1 (10750)] and Γ44 [Υ(5()]:

Γ44 [.1 (10750)]
Γ44 [Υ(10860)] = tan2 \̃

[
" [Υ(10860)]
" [.1 (10750)]

]4
' 1.04 tan2 \̃ . (3)

LHS of this equation can be determined numerically, using Γ44 [Υ(10860)] = (310 ± 70) eV [9]
and Γ44 [.1 (10750)] = (13.7 ± 1.8) eV. The estimate of the mixing angle is tan2 \̃ = 0.044 ± 0.006
and \̃ ' 12◦ [3]. This supports the prediction from the large-#2 approach that the mixing angle
between a pure bottomonium and hidden-bottom tetraquark state is relatively large.

3. Production Cross Sections at the LHC

Hadroproduction cross sections forΥ(5() andΥ(6() in ? ?̄ (Tevatron) and ?? (LHC) collisions
were calculated using the NRQCD framework [10], assuming a factorization ansatz to separate the
short- and long-distance effects. Cross-sections for .1 (10750) are scaled from the ones for Υ(5(),
since in both cases the production takes place via the 11̄-component of.1 (10750). The cross-section
ratio is determined by the mixing angle [3]:

f(?? → .1 (10750) + -) B 5 (.1 (10750))
f(?? → Υ(10860) + -) B 5 (Υ(10860))

'
Γ44 (.1 (10750)) B 5 (.1 (10750))
Γ44 (Υ(10860)) B 5 (Υ(10860)) ' 1.04 tan2 \̃

B 5 (.1 (10750))
B 5 (Υ(10860)) , (4)

where B 5 (.1 (10750)) = B(.1 (10750) → Υ(=()c+c−) and B 5 (Υ(10860)) = B(Υ(10860) →
Υ(=()c+c−) with = = 1, 2, 3. RHS of this equation has been measured by Belle [1]. Absolute
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Table 2: Total cross sections (in pb) for the processes ?? → .1 (10750) → (Υ(=() → `+`−) c+c−
(= = 1, 2, 3) at the LHC (

√
B = 14 TeV), assuming the transverse momentum range 3 GeV < ?) < 50 GeV.

QCD (gg) Drell-Yan
= = 1 = = 2 = = 3 DY

LHC 14 [ 0.29, 3.85] [ 0.70, 4.78] [ 0.45, 3.10] [0.002, 0.004]
LHCb 14 [ 0.08, 1.21] [ 0.20, 1.51] [ 0.13, 0.99] [0.001, 0.002]

cross sections for Υ(10860) are estimated in NRQCD [10]:

f(?? → Υ(10860)+-) =
∑
&

f& =
∑
&

∫
3G13G2

∑
8, 9

58 (G1) 5 9 (G2) f̂
(
8 9 → 〈1̄1〉& + -

)
〈$ [&]〉,

(5)
where 58 (G1) is the parton distribution function (PDF) of a generic 8-th parton inside a proton, the
label & = 2(+1!2

�
denotes the 11̄-pair quantum number (color 2, spin (, and orbital ! and total �

angular momenta), 〈$ [&]〉 are long-distance matrix elements (LDMEs), and f̂ = f/〈$ [&]〉 is a
normalized partonic cross section. Leading-order partonic processes for the (-wave configurations
are 6 + 6 → Υ[3(1

1] + 6, 6 + 6 → Υ[1(8
0,

3(8
1] + 6, 6 + @ → Υ[1(8

0,
3(8

1] + @, and @ + @̄ →
Υ[1(8

0,
3(8

1] + 6. Details of the calculations are presented in [3].
Numerical estimates for hadroproduction and Drell-Yan cross sections at the LHC are collected

in Table 2. Total cross sections (in pb) at
√
B = 14 TeV are calculated for ?? → .1 (10750) + - →

Υ(=() (→ `+`−) c+c− + - (= = 1, 2, 3) at the LHC, assuming the transverse momentum range
3 GeV < ?) < 50 GeV. Rapidity ranges are |H | < 2.5 for ATLAS and CMS (called LHC 14) and
2.0 < H < 4.5 for the LHCb. Error estimates in the QCD production are from the variation of the
central values of theColor-Octet LDMEs and the various decay branching ratios, as discussed in [10].
Contributions from Υ(1(, 2(, 3() are added together in the Drell-Yan production mechanism [11].
To estimate the expected number of events, we use 1 pb for the cross section, which lies in the middle
of the indicated ranges, yielding$ (104) signal events at the LHCb, and an order of magnitude larger
for the other two experiments, ATLAS and CMS. In addition to the production due to the mixing
mechanism, there may be direct production of tetraquarks, which would add incoherently. Thus, the
numbers in Table 2 give lower bounds to the expected .1 (10750) production in proton collisions.

4. Dipion Invariant Mass and Angular Distributions

The total amplitudeM =
∑
�M� of the .1 (10750) → Υ(=() %%′ decay (here, % (′) denotes a

pseudoscalar meson), and is the sum over possible isospin statesM� = S, D, D ′, D ′′ [12]. Here,
S is the (-wave amplitude for %%′ system and D, D ′ and D ′′ are the �-wave amplitudes. For the
c+c−-pair in the .1 (10750) → Υ(1() c+c− decay, the isospin is � = 0 and the scalar f = 50(500)-
and 50(980)- and the tensor 52(1270)-resonances contribute. The isospin-0 amplitudes are the
combinations of the resonance amplitudes,M(

0 andM 52
0 , and the non-resonating continuum am-

plitudes,M1�
0 andM2�

0 [10, 12]. The differential cross section for the .1 (10750) → Υ(=() c+c−
decay can be found in [10, 12].

4
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Figure 1: The normalized resonant <c+ c− (left plot) and cos \ (right plot) distributions for 4+4− → .1 (10750) →
Υ(1()c+c− are shown using the coupling constants obtained in [12] (green histogram). The contributions from 50 (500)
and 50 (980) scalars (left red curve) and 52 (1270) (right black curve) are indicated in the left plot.

The c+c− invariant mass and angular distributions in the .1 (10750) → Υ(1() c+c− are
presented in Fig. 1. They are normalized by the cross section fBelle

Υ(1() c+c− = (1.61 ± 0.16) pb
measured by the Belle Collaboration [13]. Only resonant contributions are plotted, using the
relevant input parameters [12]. Spectral shapes will be modified after a realistic non-resonant
contribution is included. A fit can only be undertaken as updated experimental measurements
become available.

We also obtain estimates of the branching fractions of .1 (10750) → Υ(=() c+c− decays [10].
The products Γ44 × B are measured by the Belle Collaboration [1], while Γ44 [.1 (10750)] =
(13.7±1.8) eV is known from theBelle andBaBar data analysis on '11̄ [2]. Corresponding ranges of
the branching fractions are as follows [10]: BΥ(1() c+c− = (0.9−3.4)%,BΥ(2() c+c− = (3.9−8.9)%,
and BΥ(3() c+c− = (1.5 − 1.9)%. Note that due to the dominant tetraquark nature of .1 (10750),
and its quark content,.1 (10750) → �

(∗)
B �̄

(∗)
B decays are not anticipated, in agreement with the data

from the Belle Collaboration [14].

5. Summary

The tetraquark-based interpretation of the new structure .1 (10750) found in the 4+4− annihi-
lation by the Belle Collaboration is presented. The .1 (10750)- and Υ(10860)-states are assumed
to be the tetraquark-11̄-mixed states, anticipated in the large-#2 limit. The 11̄-component is used
to predict the hadroproduction and Drell-Yan cross sections at the LHC. A crucial test of this inter-
pretation is in the <c+c− and cos \ distributions in the .1 (10750) → Υ(=() c+c− decays, whose
resonant contribution is worked out. They are not expected in other dynamical schemes such as
.1 (10750) interpreted as a �-wave 11̄-state, with a very large ( − � mixing. The tetraquark-&&̄
mixing scheme suggested has wider implications.
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