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Excellent Results by Belle and BaBar 
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Belle和Belle II实验上强子的相关研究

SuperKEKB and Belle II
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𝐬 ~ 10.58 GeV

The target peak luminosity is much 
larger by squeezing beam sizes and 
enlarge beam currents.

Nano-beam design:

We have recorded 914/fb luminosity 



Belle II Collaboration

28 Institutes ~1200 members
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Belle II physics
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The Belle II Physics Book: 
[PTEP 2019 (2019) 12, 123C01]

Primarily a B factory; But not only B physics!
● Also tau, charm factories
● Clean background for spectroscopy and searching for dark 
sector
Various type of analyses:
● Lifetime, time-dependent  measurement
● well-suited for decays with missing energy and missing mass

Belle II Physics Book, PTEP 2019, 123C01 



Light hadrons
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Discovery of 𝛀 𝟐𝟎𝟏𝟐 −

Ω(2012) was first observed by Belle in  two-body (Ξ𝐾) decays,

Confirmed by BESIII (low statistics) and ALICE (15σ).

PRL, 121, 052003 (2018)

PRL 134, 131903 (2025)

arXiv:2502.18063

The Ω(2012) was interpreted as a standard baryon or a 𝚵 𝟏𝟓𝟑𝟎 ഥ𝑲 molecule.
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Search for Ω(2012) → KΞ(1530) → KπΞ

We use the same data samples to search for Ω(2012) → KΞ(1530) → KπΞ in the decay of the narrow 

resonances Υ(1S), Υ(2S), and Υ(3S). 

  

No clear Ω(2012) signals are observed. 

We give the upper limit on the ratio of the branching 

fractions at 90% C.L. 

Ω → Ξ(1530)0(→ Ξ−π+)K− Ω → Ξ(1530)−(→ Ξ−π0)KS
0

Ω → Ξ(1530)−(→ Ξ0π−)KS
0 Ω → Ξ(1530)0(→ Ξ0π0)K−

1.8𝜎

PRD 100, 032006 (2019) 

RΞK
ΞπK =

ℬ(Ω→Ξ(1530)(→Ξπ)K)

ℬ(Ω→ΞK)
 = (6.0±3.7(stat.)±1.3(syst.))%

RΞK
ΞπK =

ℬ(Ω→Ξ(1530)(→Ξπ)K)

ℬ(Ω→ΞK)
 < 11.9% at 90% C.L.
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Revisit 𝛀(𝟐𝟎𝟏𝟐)− → 𝚵(𝟏𝟓𝟑𝟎)ഥ𝐊 → 𝚵𝛑ഥ𝐊

The comparisons between the previous analysis [PRD 100, 032006 (2019)] and this work. 

The red arrow for this updated work; The blue arrow for the previous analysis. 

The Flatt ƴe-like function [PRD 81, 094028 (2010)] 

• 𝑔𝑛 is the effective coupling of to the n–body final state.

• 𝑘𝑛 and 𝜅𝑛 parameterize the real and imaginary parts of the Ω(2012)−self-energy.

Above 2.02 GeV, the phase space k3 increases sharply to cover more signal candidates.

PLB 860, 139224 (2025)
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We fit simultaneously to the binned Ξ−π+K−, Ξ−π0KS
0, Ξ0π−KS

0, Ξ0π0K−, Ξ0K− and Ξ−KS
0 mass distributions from 

Υ(1S,2S,3S) data samples. 
The mass and effective couplings : 

0.99±0.26(stat.)±0.06(syst.) 

Our result is consistent with the molecular model of Ω(2012)−, which predicts comparable rates for Ω(2012)− decay to 

Ξ(1530)ഥK and ΞഥK . 

Revisit 𝛀(𝟐𝟎𝟏𝟐)− → 𝚵(𝟏𝟓𝟑𝟎)ഥ𝐊 → 𝚵𝛑ഥ𝐊
PLB 860, 139224 (2025)

Ω(2012)− mass (2012.5±0.7±0.5) MeV 

The coupling to ΞഥK (1.7±0.3±0.3)×10-2

The coupling to 

Ξ(1530)ഥK 
(39−39

+31±9)×10-2 

5.4 σ
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J.Phys.G 52 (2025) 6, 065103

Lattice method 

Phys. Rev. D 87, 074504 (2013)
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Phys. Rev. D 92, no. 5, 054005 (2015)

Eur. Phys. J. A 10, 447 (2001)

Relativistic quark model Skyrme model 

Phys. Rev. D 75, 074002 (2007).



Charm
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• At Belle II, e+e− mainly collide at 10.58 GeV to make Υ(4S) resonance mainly decaying into BഥB.
• Meanwhile, continuum processes 𝐞+𝐞− → 𝐪ഥ𝐪 (q = u, d, s, c) have large cross sections.
• Two ways to produce charm samples: 1) 𝐞+𝐞− → 𝐜 ҧ𝐜, and 2) B → charm decays.

17

Charm production at Belle II



First observation of 𝐃𝐬𝟎
∗ (𝟐𝟑𝟏𝟕)+ → 𝐃𝐬

∗+𝛄
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PRL 136, 241901 (2026) 



First observation of 𝐃𝐬𝟎
∗ (𝟐𝟑𝟏𝟕)+ → 𝐃𝐬

∗+𝛄

19

PRL 136, 241901 (2026) 



Quarkoium and exotic states
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New hadrons found at Belle(II)

Belle II has been designed to make precise measurements of weak interaction parameters, study exotic 

hadrons, and search for new phenomena beyond the Standard Model of particle physics.
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First evidence of 𝐗 𝟑𝟖𝟕𝟐 → 𝛑𝟎𝛘𝐜𝟎(𝟏𝑷) and search for 𝑿 𝟑𝟗𝟏𝟓 → 𝝅𝟎𝝌𝒄𝟏(𝟏𝑷)

➢ The pionic transitions 𝑋 3872 → 𝜋0𝜒𝑐𝐽(1𝑃): Sensitive to its internal structure [PRD 77, 014013 (2008)]

• As a charmonium 23𝑃1 state: expected to be weak; for example, Γ 23𝑃1 → 𝜒𝑐1𝜋0 ~0.06 keV
• J=0 mode is further suppressed, Γ 23𝑃1 → 𝜒𝑐0𝜋0 ~0; Γ0: Γ1: Γ2~0:2.7:1
• As a four-quark/molecular state: greatly enhanced and exhibit comparable rates; Γ0: Γ1: Γ2~2.88:0.97:1

➢ The 𝑋 3915 → 𝜋0𝜒𝑐1 1𝑃  may be enhanced and searched for on the same mass spectrum
• J=0 and J=2 modes are forbidden by P-conservation

➢ 𝑋 3872 → 𝜋0𝜒𝑐1 was first observed by BESIII via 𝑒+𝑒− → 𝛾𝑋 3872 [PRL 122, 202001 (2019)]

• Γ1/Γ𝜋𝜋𝐽/𝜓 ≡ ℬ 𝑋 3872 → 𝜋0𝜒𝑐1 /ℬ(𝑋 3872 → 𝜋+𝜋−𝐽/𝜓 = 0.88−0.27
+0.33 ± 0.10; Γ0/Γ𝜋𝜋𝐽/𝜓 < 19; Γ2/Γ𝜋𝜋𝐽/𝜓 < 1.1

➢ Belle reported the upper limit Γ1/Γ𝜋𝜋𝐽/𝜓 < 0.97 [PRD 99, 111101 (2019)] 

➢ BESIII updated the upper limit Γ0/Γ𝜋𝜋𝐽/𝜓 < 3.6 [PRD 105, 072009 (2022)]

➢ No J=0 and J=2 modes are found yet

➢ Search for the 𝑋 3872 → 𝜋0𝜒𝑐𝐽 and 𝑋 3915 → 𝜋0𝜒𝑐1 decays via 

𝐵+ → 𝜋0𝜒𝑐𝐽𝐾+ processes in Belle and Belle II

BESIII [PRL 122, 202001 (2019)]
22

BESIII 



• First evidence of 𝑋 3872 → 𝜋0𝜒𝑐0: 23.7 ± 8.1 events;Γ0/Γ𝜋𝜋𝐽/𝜓 = 2.3 ± 0.8 ± 0.4

• No significant signals for other modes are observed: 

              Γ1/Γ𝜋𝜋𝐽/𝜓 < 0.9,  Γ2/Γ𝜋𝜋𝐽/𝜓 < 1.8; Γ0/Γ1 > 2.6, Γ0/Γ2 > 1.3

• A comparison on (a) Γ0/Γ𝜋+𝜋−𝐽/𝜓,(b) Γ0/Γ1, (c) Γ0/Γ2 

First evidence of 𝐗 𝟑𝟖𝟕𝟐 → 𝛑𝟎𝛘𝐜𝟎(𝟏𝑷) and search for 𝑿 𝟑𝟗𝟏𝟓 → 𝝅𝟎𝝌𝒄𝟏(𝟏𝑷)

3.4𝜎

1.5𝜎

2.6𝜎

• Disfavor a pure charmonium interpretation:Γ 𝜒𝑐1(2𝑃) → 𝜋0𝜒𝑐0  should be zero 

• Consistent with most of predictions in molecular scenario

• Absolute ℬ 𝑋 3872 → 𝜋0𝜒𝑐0 = 9.9 ± 4.8 %, might be the largest hidden charm 

decay mode up to now

[12] PRD 105, 072009 (2022)
[8] PRD 77, 014013 (2008)

[9] PRD 78, 094019 (2008)
[13] PRD 79, 094013 (2009)
[14] PRD 100, 094025 (2019)
[15] EPJC 81, 193 (2021)

arXiv:2606.24578

23

https://arxiv.org/abs/2606.24578


𝐞+𝐞− → 𝐡+𝐡−J/𝛙 (h = 𝛑, K, p) via initial-state radiation (ISR) at Belle II

Adavantages of ISR:
• Allows to study energies below Ec.m. 

• Wide energy range available
• Measure more precisely the line-shapes

𝐞+𝐞− → 𝛑+𝛑−J/𝛙 via ISR:

Disadvantages of ISR:
• The effective integrated luminosity 

decreases as the c.m. energy decreases
• The detection efficiency is also smaller

• We can see the Y(4008) evidence and Y(4230/4320) signal.
• The significance of 𝐙𝐜 𝟑𝟗𝟎𝟎  is 5.3𝝈.

arXiv:2602.13569
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https://arxiv.org/abs/2602.13569


𝐞+𝐞− → 𝐊+𝐊−J/𝛙 via ISR:

• No clear signals were 
observed at Belle II.

• More data are needed.

𝐞+𝐞− → pഥ𝐩J/𝛙 via ISR:

PRL 131, 211902 (2023) The cross section for 𝐞+𝐞− → 𝐏𝐜ഥ𝐩 is 
estimated to be ≲ 𝓞(0.1 pb) [arXiv: 
2508.08694].

?
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Bottomonium
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Four main ways to access Bottomonia:

• Direct production from e+e-: JPC = 1−−: Υ(nS)

• ISR production: JPC = 1−−: Υ(nS)

• Hadronic transitions from Υ(nS) through η, ππ, etc

JPC = 0−+, 1−−, 1+− … : Υ(nS), ηb(nS), hb(nS), …

• Radiative transitions from Υ(nS)

JPC = 0−+,0++, 1++, 2++: ηb(nS), χb

Bottomonium Spectrum

27



• Up to now, only one D-wave bottomonium state, Υ2(1D), was observed by CLEO and BaBar [PRD 70, 
032001 (2004), PRD 82, 111102 (2010)]. The mass of Υ2 1D  is (10163.7±1.4) MeV/c2.

• Belle studied e+e− → ΥJ(1D)η and e+e− → ΥJ(1D)π+π− at 𝑠 = 10.866 GeV in the recoil mass spectra of 

η and π+π− [EPJC 78, 633 (2018), PRL 108, 032001 (2012)].

• The ΥJ(1D) masses have been predicted by theory. However, there are no reported 

experimental results in the mass differences among Υ1 1D , Υ2 1D , and Υ3 1D . 

• Within the hadronic loop mechanism, the branching fractions for Υ 10860,11020 →
ΥJ(1D)η and Υ 10860 → ΥJ(1D)π+π− range in magnitude from 10−4 to 10−3 [PRD 94, 

094039 (2016), PRD 97, 094018 (2018), PRD 102, 114037 (2020)].

The table on the right shows the data used in this analysis.

References 𝚼𝟏(𝟏𝐃) mass (MeV/c2) 𝚼𝟐(𝟏𝐃) mass (MeV/c2) 𝚼𝟑(𝟏𝐃) mass (MeV/c2)

PRD 93, 074027 (2016) 10117 10122 10127

PRD 92, 054034 (2015) 10138 10147 10155

PRD 95, 074002 (2017) 10146 10153 10157

EPJC 78, 915 (2018) 10153 10162 10170

First measurement of the masses of the 𝚼𝟏(𝟏𝐃) and 𝚼𝟑(𝟏𝐃) states and energy 

dependences of cross sections for 𝐞+𝐞− → 𝚼𝐉(𝟏𝐃)𝛈 and 𝐞+𝐞− → 𝚼𝐉(𝟏𝐃)𝛑+𝛑−
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Channel 𝐍𝐬𝐢𝐠 (𝐞+𝐞− → 𝚼𝐉(𝟏𝐃)𝛈) 𝐍𝐬𝐢𝐠 (𝐞+𝐞− → 𝚼𝐉(𝟏𝐃)𝛑+𝛑−) 𝚺stat. (𝚺syst. )

𝚼𝟏(𝟏𝐃) → 𝛘𝐛𝟏𝛄 12.2±6.3 24.7±6.5 5.1𝛔 (4.8𝛔)

𝚼𝟐(𝟏𝐃) → 𝛘𝐛𝟏𝛄 37.8±8.0 25.0±6.7
>10𝛔 (>10𝛔)

𝚼𝟐(𝟏𝐃) → 𝛘𝐛𝟐𝛄 12.9±6.0 8.5±4.2

𝚼𝟑(𝟏𝐃) → 𝛘𝐛𝟐𝛄 0.3±2.8 17.9±6.7 3.1𝛔 (3.0𝛔)

Yields and Masses at 𝐬 = 10.866 GeV

The systematic uncertainty is 
calculated by changing the fit 
models, including the fit 
range, peak position, mass 
resolution, polynomial order, 
the yield ratio between η →
γγ and η → π+π−π0. 

𝚼𝟐(𝟏𝐃) mass

(10167.0±1.0±0.2) MeV/𝐜𝟐

𝚫𝐦𝟐𝟏 =
𝐦(𝚼𝟐 𝟏𝐃 ) − 𝐦(𝚼𝟏(𝟏𝐃))

(11.8±1.5±0.4) MeV/𝐜𝟐

𝚫𝐦𝟑𝟐 = 
𝐦(𝚼𝟑 𝟏𝐃 ) − 𝐦(𝚼𝟐(𝟏𝐃))

(7.6±2.4±0.6) MeV/𝐜𝟐

29

From the fit:
𝓑(𝚼𝟐 𝟏𝐃 →𝛘𝐛𝟐𝛄)

𝓑(𝚼𝟐 𝟏𝐃 →𝛘𝐛𝟏𝛄)
= 0.66±0.27±0.15

𝐞+𝐞− → 𝚼𝐉(𝟏𝐃)𝛈

𝐞+𝐞− → 𝚼𝐉(𝟏𝐃)𝛑+𝛑−

Consistent with the prediction of ≈0.3 in 
PRD 92, 054034 (2015) within ±1.2σ.

Three-dimensional fit results 

ΔM = M(𝓁+𝓁−γHγL) − M(𝓁+𝓁−γH)

𝚼𝐉 𝟏𝐃 → 𝛘𝐛𝟏,𝐛𝟐𝛄𝐋, 𝛘𝐛𝟏,𝐛𝟐 → 𝚼 𝟏𝐒 𝛄𝐇, 𝚼(𝟏𝐒) → 𝓵+𝓵−

arXiv:2607.04369

https://arxiv.org/abs/2607.04369
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The comparison of mass splittings 𝚫m12 and 𝚫m23 with different 
theoretical predictions.

Segovia [7]: nonrelativistic constituent 
quark model [PRD 93, 074027 (2016)]

Godfrey [8]: relativistic quark model 
[PRD 92, 054034 (2015)]

Wang [9]: modified relativistic quark 
model with a screening effect 
[EPJC 78, 915 (2018)]

Deng [10]: screened potential model 
[PRD 95, 074002 (2017)]

arXiv:2607.04369

https://arxiv.org/abs/2607.04369


The dressed cross sections as a function of C.M. energy:

Error bars represent the total 
uncorrelated uncertainties 
(statistical uncertainty + 
additive systematic 
uncertainty).

The fit function as below 

• The dots show the dressed cross
sections measured in this work. 

• The triangles show the dressed 
cross sections for e+e− →
ΥJ(1D)π+π− at Belle II 

[arXiv:2602.19807, accepted by 
JHEP].

The signal significances of fit outputs are less than 3σ, the upper limits at 
90% C.L. are also given in square brackets.

ℬf = ℬ(ΥJ(1D) → χb1,b2γ)ℬ(χb1,b2 → Υ(1S)γ)

𝐞+𝐞− → 𝚼𝐉(𝟏𝐃)𝛑+𝛑−𝐞+𝐞− → 𝚼𝐉(𝟏𝐃)𝛈

𝛔𝐝𝐫𝐞𝐬𝐬𝐞𝐝
(𝟑)

= 𝛔Born
(𝟑)

/(|1 − ∏|2)

2 BWs +
phase-space

arXiv:2607.04369
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Discovery of Υ(10753)

5.2σ
• Belle: several ~1fb-1 scan points below Υ(5S) 
• New structure observed in π+π−Υ(nS) transitions

JHEP 10, 220 (2019)

Chin. Phys. C 44 (2020) 8, 083001

A dip at 10.75 GeV may 

correspond to Υ(10753).
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Unique scan data near 𝐬 = 10.75 GeV

• In November 2021, Belle II collected 19 fb-1 of unique data at energies 

above the Υ(4S): four energy scan points around 10.75 GeV.

• Belle II collected the data in the gaps between Belle energy scan points. 

• Physics goal: understand the nature of the Υ(10753) energy region.
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Observation of Υ(10753)→ ωχbJ

Two dimensional unbinned maximum likelihood fits 
to the M(γΥ(1S)) and M(π+π−π0) distributions.

Channel s (GeV) Nsig σBorn
(UL)

 (pb)

ωχb1
10.745

68.9−13.5
+13.7 3.6−0.7

+0.7 ±0.4

ωχb2 27.6−10.0
+11.6 2.8−1.0

+1.2 ±0.5

ωχb1
10.805

15.0−6.2
+6.8 1.6 @90% C.L.

ωχb2 3.3−3.8
+5.3 1.5 @90% C.L.

11.1σ 

4.5σ

The e+e− → ωχbJ (J = 1, 2) cross sections peak at Υ(10753).

PRL 130, 091902 (2023)

The points at 𝒔 = 
10.867 GeV are from 
Belle measurements 
[PRL 113, 142001 
(2014)].
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𝐞+𝐞− → 𝛚𝛘𝐛𝐉 and 𝐞+𝐞− → (𝛑+𝛑−𝛑𝟎)𝐧𝐨𝐧−𝛚𝛘𝐛𝐉 at Belle and Belle II

JHEP 04 (2026) 101

• The (𝛑+𝛑−𝛑𝟎)𝐧𝐨𝐧−𝛚𝛘𝐛𝐉 excess maybe due 

the cascade decay of 𝚼(𝟏𝟎𝟖𝟔𝟎, 𝟏𝟏𝟎𝟐𝟎) →
𝐙𝐛𝛑 → 𝛘𝐛𝐉𝛒𝛑 [PRD 90, 014036 (2014)].

𝚼(10753) mass (10756.1±4.3) MeV/𝐜𝟐

𝚼(10753) width (32.2±18.7) MeV

1.5 at 𝐬 ~ 10.75 GeV 0.15 at 𝐬 ~ 10.867 GeV

This may indicate the difference in the internal 
structures of 𝚼(10753) and 𝚼(10860). 

1.13±0.38±0.34
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𝐞+𝐞− → 𝛈𝚼(𝟐𝐒) and 𝐞+𝐞− → 𝐁(∗)ഥ𝐁(∗) 

• The Born cross section of 𝐞+𝐞− → 𝛈𝚼(𝟐𝐒) around 𝐁∗ഥ𝐁∗ mass is 
relatively large.

Rapid increase of 𝛔B∗ ഥB∗  just above the threshold.
A new bottomonium-like state around 𝐁∗ഥ𝐁∗ threshold?
The 𝒀𝒃(𝟏𝟎𝟔𝟓𝟎) is predicted in Refs. [arXiv:2505.02742, arXiv:2508.11127, arXiv:2505.03647]. 

[PRD 113, L051102 (2026) ] [JHEP 10 (2024) 114]

Different fit models:
Black: 𝐁∗ഥ𝐁∗ + Y(10753) + Y(5S)
Green: Y(10753) + Y(5S)
Blue: Y(5S)

The significance of 𝐁∗ ഥ𝐁∗ bound state is larger than 3.2𝛔
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Future prospects
Physics reach：

The goal of Belle II is to uncover new physics beyond 

the Standard Model.

• Testing violations of lepton flavor conservation and 

universality and understanding their origins

• Checking the unitarity of the CKM matrix to high 

precision

• Identifying new weak (CP-violating) phases in the 

quark sector

• Probing the existence of dark-sector particles at MeV 

to GeV mass scales

• Reducing the uncertainty in the theory prediction for 

the muon g−2 anomaly

• Understanding the role of QCD in the production and 

binding of new hadronic states of matter

• Until 2026, about 1 𝐚𝐛−𝟏 data, comparable to Belle 
• Until 2029, about 4 𝐚𝐛−𝟏 data.

From https://www.belle2.org/research/luminosity/

From SNOWMASS2021 
(https://arxiv.org/pdf/2203.10203)

During the long shutdown starting in 2032,  upgrades 

are planned for the SuperKEKB accelerator and the 

Belle II detectors

https://www.belle2.org/research/luminosity/
https://arxiv.org/pdf/2203.10203
https://arxiv.org/pdf/2203.10203
https://arxiv.org/pdf/2203.10203
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Summary

Belle II is presently increasing its instantaneous luminosity, perfect for B and 

charm decays, exotic/quarkonium studies, ….

• Some are special at 𝐞+𝐞− collider

-   Only ~2% of target luminosity collected so far. Until 2026, about 1 𝐚𝐛−𝟏 

data at Belle II. Stay tuned for more exciting results from Belle II.
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Thanks for your attention!

40


	幻灯片 1
	幻灯片 2
	幻灯片 3
	幻灯片 4
	幻灯片 5
	幻灯片 6
	幻灯片 7
	幻灯片 8
	幻灯片 9
	幻灯片 10
	幻灯片 11
	幻灯片 12
	幻灯片 13
	幻灯片 14
	幻灯片 15
	幻灯片 16
	幻灯片 17
	幻灯片 18
	幻灯片 19
	幻灯片 20
	幻灯片 21
	幻灯片 22
	幻灯片 23
	幻灯片 24
	幻灯片 25
	幻灯片 26
	幻灯片 27
	幻灯片 28
	幻灯片 29
	幻灯片 30
	幻灯片 31
	幻灯片 32
	幻灯片 33
	幻灯片 34
	幻灯片 35
	幻灯片 36
	幻灯片 37
	幻灯片 38
	幻灯片 39
	幻灯片 40


   𝐬


  𝛀    ( 𝟐 𝟎 𝟏 𝟐 ) −


  Ω ( 2012 )


  Ξ K


  Ω ( 2012 )


  𝚵  ( 𝟏 𝟓 𝟑 𝟎 )  𝑲 -


  Ω ( 2012 ) → K Ξ


  → K π Ξ


  Ω ( 2012 ) → K Ξ


  → K π Ξ


  Υ


  Υ


  Υ


  Ω ( 2012 )


  Ω → Ξ ( 1530  ) 0


  →  Ξ −  π +


   K −


  Ω → Ξ ( 1530  ) −


  →  Ξ −  π 0


   K S 0


  Ω → Ξ ( 1530  ) −


  →  Ξ 0  π −


   K S 0


  Ω → Ξ ( 1530  ) 0


  →  Ξ 0  π 0


   K −


  𝜎


   R  Ξ K  Ξ π K =   ℬ ( Ω → Ξ ( 1530 ) ( → Ξ π ) K )  ℬ ( Ω → Ξ K )


  ±


  ±


   R  Ξ K  Ξ π K =   ℬ ( Ω → Ξ ( 1530 ) ( → Ξ π ) K )  ℬ ( Ω → Ξ K )


    𝛀 ( 𝟐 𝟎 𝟏 𝟐 ) − → 𝚵 ( 𝟏 𝟓 𝟑 𝟎 )  𝐊 - → 𝚵 𝛑  𝐊 -


   e ´


   g n


   k n


   𝜅 n


    Ω ( 2012 ) −


   Ξ −  π +  K −


   Ξ −  π 0  K S 0 ,  Ξ 0  π −  K S 0 ,  Ξ 0  π 0  K − ,  Ξ 0  K −


   Ξ −  K S 0


  Υ


    Ω ( 2012 ) −


    Ω ( 2012 ) −  


  Ξ ( 1530 )  K -


  Ξ  K -


    𝛀 ( 𝟐 𝟎 𝟏 𝟐 ) − → 𝚵 ( 𝟏 𝟓 𝟑 𝟎 )  𝐊 - → 𝚵 𝛑  𝐊 -


    Ω ( 2012 ) −


  Ξ  K -


  Ξ ( 1530 )  K -


   39  − 39  + 31 ±9


   e +  e −


  Υ ( 4 S )


  B  B -


   𝐞 +  𝐞 − → 𝐪  𝐪 -


   𝐞 +  𝐞 − → 𝐜  𝐜 -


  →


   𝐃  𝐬 𝟎 ∗ ( 𝟐 𝟑 𝟏 𝟕  ) + →  𝐃 𝐬  ∗ + 𝛄


   𝐃  𝐬 𝟎 ∗ ( 𝟐 𝟑 𝟏 𝟕  ) + →  𝐃 𝐬  ∗ + 𝛄


  𝐗  ( 𝟑 𝟖 𝟕 𝟐 ) →  𝛑 𝟎  𝛘  𝐜 𝟎 ( 𝟏 𝑷 )


  𝑿  ( 𝟑 𝟗 𝟏 𝟓 ) →  𝝅 𝟎  𝝌  𝒄 𝟏 ( 𝟏 𝑷 )


  X  ( 3872 ) →  𝜋 0  𝜒  c J ( 1 P )


   2 3  P 1


  Γ  (  2 3  P 1 →  𝜒  c 1  𝜋 0 ) ~ 0 . 06


  Γ  (  2 3  P 1 →  𝜒  c 0  𝜋 0 ) ~ 0


   Γ 0 :  Γ 1 :  Γ 2 ~ 0:2.7:1


   Γ 0 :  Γ 1 :  Γ 2 ~ 2.88:0.97:1


  X  ( 3915 ) →  𝜋 0  𝜒  c 1  ( 1 P )


  X  ( 3872 ) →  𝜋 0  𝜒  c 1


   e +  e − → 𝛾 X  ( 3872 )


   Γ 1 /  Γ  𝜋 𝜋 J / 𝜓 ≡ ℬ  ( X  ( 3872 ) →  𝜋 0  𝜒  c 1 ) / ℬ ( X  ( 3872 ) →  𝜋 +  𝜋 − J / 𝜓 =   0 . 88  − 0 . 27  + 0 . 33 ± 0 . 10


       Γ 0 /  Γ  𝜋 𝜋 J / 𝜓 < 19 ;  Γ 2 /  Γ  𝜋 𝜋 J / 𝜓 < 1 . 1


   Γ 1 /  Γ  𝜋 𝜋 J / 𝜓 < 0 . 97


   Γ 0 /  Γ  𝜋 𝜋 J / 𝜓 < 3 . 6


  X  ( 3872 ) →  𝜋 0  𝜒  c J


  X  ( 3915 ) →  𝜋 0  𝜒  c 1


   B + →  𝜋 0  𝜒  c J  K +


  X  ( 3872 ) →  𝜋 0  𝜒  c 0


  23 . 7 ± 8 . 1


   Γ 0 /  Γ  𝜋 𝜋 J / 𝜓 = 2 . 3 ± 0 . 8 ± 0 . 4


   Γ 1 /  Γ  𝜋 𝜋 J / 𝜓 < 0 . 9


   Γ 2 /  Γ  𝜋 𝜋 J / 𝜓 < 1 . 8


   Γ 0 /  Γ 1 > 2 . 6 ,      Γ 0 /  Γ 2 > 1 . 3


   Γ 0 /  Γ   𝜋 +  𝜋 − J / 𝜓


   Γ 0 /  Γ 1


   Γ 0 /  Γ 2


  𝐗  ( 𝟑 𝟖 𝟕 𝟐 ) →  𝛑 𝟎  𝛘  𝐜 𝟎 ( 𝟏 𝑷 )


  𝑿  ( 𝟑 𝟗 𝟏 𝟓 ) →  𝝅 𝟎  𝝌  𝒄 𝟏 ( 𝟏 𝑷 )


  3 . 4 𝜎


  1 . 5 𝜎


  2 . 6 𝜎


  Γ  (  𝜒  c 1 ( 2 P )   →  𝜋 0  𝜒  c 0 )


  ℬ  ( X  ( 3872 ) →  𝜋 0  𝜒  c 0 ) =  ( 9 . 9 ± 4 . 8 ) %


   𝐞 +  𝐞 − →


   𝐡 +  𝐡 −


  𝛙


  𝛑


   𝐞 +  𝐞 − →


   𝛑 +  𝛑 −


  𝛙


   𝐙 𝐜  ( 𝟑 𝟗 𝟎 𝟎 )


  𝝈


   𝐞 +  𝐞 − →


   𝐊 +  𝐊 −


  𝛙


   𝐞 +  𝐞 − →


   𝐩 -


  𝛙


   𝐞 +  𝐞 − →  𝐏 𝐜  𝐩 -


  𝓞


   1  − −


  Υ ( nS )


   1  − −


  Υ ( nS )


  Υ ( nS )


  η


  π π


   0  − +


   1  − −


   1  + −


  Υ ( nS


   η b ( nS )


   h b ( nS )


  Υ ( nS )


   0  − +


   0  + +


   1  + +


   2  + +


   η b ( nS )


   χ b


   Υ 2 ( 1 D )


   Υ 2  ( 1 D )


   e +  e − →  Υ J ( 1 D ) η


   e +  e − →  Υ J ( 1 D )  π +  π −


   s


  η


   π +  π −


   Υ J ( 1 D )


   Υ 1  ( 1 D )


   Υ 2  ( 1 D )


   Υ 3  ( 1 D )


  Υ  ( 10860 , 11020 ) →


   Υ J ( 1 D ) η


  Υ  ( 10860 ) →  Υ J ( 1 D )  π +  π −


   𝚼 𝟏 ( 𝟏 𝐃 )


   𝚼 𝟐 ( 𝟏 𝐃 )


   𝚼 𝟑 ( 𝟏 𝐃 )


   𝚼 𝟏 ( 𝟏 𝐃 )


   𝚼 𝟑 ( 𝟏 𝐃 )


   𝐞 +  𝐞 − →  𝚼 𝐉 ( 𝟏 𝐃 ) 𝛈


   𝐞 +  𝐞 − →  𝚼 𝐉 ( 𝟏 𝐃 )  𝛑 +  𝛑 −


   𝐍  𝐬 𝐢 𝐠


   𝐞 +  𝐞 − →  𝚼 𝐉 ( 𝟏 𝐃 ) 𝛈


   𝐍  𝐬 𝐢 𝐠


   𝐞 +  𝐞 − →  𝚼 𝐉 ( 𝟏 𝐃 )  𝛑 +  𝛑 −


  𝚺


  𝚺


   𝚼 𝟏 ( 𝟏 𝐃 ) →  𝛘  𝐛 𝟏 𝛄


   𝚼 𝟐 ( 𝟏 𝐃 ) →  𝛘  𝐛 𝟏 𝛄


  𝛔


  𝛔


   𝚼 𝟐 ( 𝟏 𝐃 ) →  𝛘  𝐛 𝟐 𝛄


   𝚼 𝟑 ( 𝟏 𝐃 ) →  𝛘  𝐛 𝟐 𝛄


   𝐬


  η → γ γ


  η →  π +  π −  π 0


   𝚼 𝟐 ( 𝟏 𝐃 )


   𝐜 𝟐


    𝚫 𝐦  𝟐 𝟏


  𝐦 (  𝚼 𝟐  ( 𝟏 𝐃 ) ) − 𝐦 (  𝚼 𝟏 ( 𝟏 𝐃 ) )


   𝐜 𝟐


  𝚫  𝐦  𝟑 𝟐


  𝐦 (  𝚼 𝟑  ( 𝟏 𝐃 ) ) − 𝐦 (  𝚼 𝟐 ( 𝟏 𝐃 ) )


   𝐜 𝟐


    𝓑 (  𝚼 𝟐  ( 𝟏 𝐃 ) →  𝛘  𝐛 𝟐 𝛄 )  𝓑 (  𝚼 𝟐  ( 𝟏 𝐃 ) →  𝛘  𝐛 𝟏 𝛄 ) =


   𝐞 +  𝐞 − →  𝚼 𝐉 ( 𝟏 𝐃 ) 𝛈


   𝐞 +  𝐞 − →  𝚼 𝐉 ( 𝟏 𝐃 )  𝛑 +  𝛑 −


  Δ M


   𝓁 +  𝓁 −  γ H  γ L


  −


   𝓁 +  𝓁 −  γ H


   𝚼 𝐉  ( 𝟏 𝐃 ) →  𝛘  𝐛 𝟏 , 𝐛 𝟐  𝛄 𝐋 ,      𝛘  𝐛 𝟏 , 𝐛 𝟐 → 𝚼  ( 𝟏 𝐒 )  𝛄 𝐇 ,     𝚼 ( 𝟏 𝐒 ) →


   𝓵 +  𝓵 −


  𝚫


  𝚫


   e +  e − →  Υ J ( 1 D )  π +  π −


   ℬ f =   ℬ ( Υ J ( 1 D ) →  χ  b 1 , b 2 γ ) ℬ (  χ  b 1 , b 2 → Υ ( 1 S ) γ )


   𝐞 +  𝐞 − →  𝚼 𝐉 ( 𝟏 𝐃 )  𝛑 +  𝛑 −


   𝐞 +  𝐞 − →  𝚼 𝐉 ( 𝟏 𝐃 ) 𝛈


   𝛔  𝐝 𝐫 𝐞 𝐬 𝐬 𝐞 𝐝  ( 𝟑 ) =  𝛔 Born  ( 𝟑 )


    | 1 − ∏ | 2


  Υ


  σ


  ~


  Υ ( 5 S )


   π +  π − Υ ( nS )


  Υ


   𝐬


  Υ


  Υ


  Υ


  → ω  χ bJ


  γ Υ ( 1 S )


   π +  π −  π 0


   s


   σ Born  ( UL )


  ω  χ  b 1


    68 . 9  − 13 . 5  + 13 . 7


  3   . 6  − 0 . 7  + 0 . 7 ± 0 . 4


  ω  χ  b 2


    27 . 6  − 10 . 0  + 11 . 6


  2   . 8  − 1 . 0  + 1 . 2 ± 0 . 5


  ω  χ  b 1


    15 . 0  − 6 . 2  + 6 . 8


  ω  χ  b 2


    3 . 3  − 3 . 8  + 5 . 3


   e +  e − → ω  χ bJ


  Υ


   𝒔


   𝐞 +  𝐞 − → 𝛚  𝛘  𝐛 𝐉


   𝐞 +  𝐞 − → (  𝛑 +  𝛑 −  𝛑 𝟎  )  𝐧 𝐨 𝐧 − 𝛚  𝛘  𝐛 𝐉


  (  𝛑 +  𝛑 −  𝛑 𝟎  )  𝐧 𝐨 𝐧 − 𝛚  𝛘  𝐛 𝐉


  𝚼 ( 𝟏 𝟎 𝟖 𝟔 𝟎 , 𝟏 𝟏 𝟎 𝟐 𝟎 ) →  𝐙 𝐛 𝛑 →  𝛘  𝐛 𝐉 𝛒 𝛑


  𝚼


  ±


   𝐜 𝟐


  𝚼


  ±


   𝐬


  ~


   𝐬


  ~


  𝚼


  𝚼


   𝐞 +  𝐞 − → 𝛈 𝚼 ( 𝟐 𝐒 )


   𝐞 +  𝐞 − →  𝐁  ( ∗ )    𝐁 -  ( ∗ )


   𝐞 +  𝐞 − → 𝛈 𝚼 ( 𝟐 𝐒 )


   𝐁 ∗    𝐁 - ∗


   𝛔   B ∗    B - ∗


   𝐁 ∗    𝐁 - ∗


   𝒀 𝒃 ( 𝟏 𝟎 𝟔 𝟓 𝟎 )


   𝐁 ∗    𝐁 - ∗


   𝐁 ∗    𝐁 - ∗


  𝛔


    𝐚 𝐛  − 𝟏


    𝐚 𝐛  − 𝟏


   𝐞 +  𝐞 −


    𝐚 𝐛  − 𝟏

