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Belle和Belle II实验上强子的相关研究

SuperKEKB and Belle II

Nano-beam design:
Beam squeezing: ×20 smaller; Beam current: ×2 larger 
Target peak luminosity: KEKB×30 

𝐬 ~ 10.58 GeV
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Belle and Belle II Datasets
In December 2024• Belle (1999 - 2012)

• Belle II RUN-I (2019 - 2023)
• Belle II RUN-II (2014 - 2025)

WORLD RECORD: 𝟓. 𝟏×𝟏𝟎𝟑𝟒 𝐜𝐦−𝟐𝐬−𝟏

Most data at or near the Υ(4S) resonance, and 19.6 &b!" near Υ 10753 .
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Bottomonium
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• Below B)B thresholds –
bottomonia are well 
described by the potential 
models.

• Above B)B thresholds –
bottomonia express 
unexpected properties.

Conventional bottomonium 
(pure b)b states) 
Bottomonium-like states
(mix of b)b and B)B) 
Exotic charged states (Z'

()



• The study of  𝚼(𝟏𝟎𝟕𝟓𝟑) at Belle II
- e(e)→π(π)Υ(nS) [JHEP 07, 116 (2024)]
- e(e)→B)B, B)B∗ and B∗)B∗ [JHEP 10, 114 (2024)]
- e(e)→ωη'(1S) [PRD 109, 072013 (2024)]
- e(e)→ωχ'* ande(e)→(π(π)π+),-,).χ'* [New]
- e(e)→ηΥ(1S,2S) [New]

• Search for pentaquark states in 𝚼(𝟏𝐒, 𝟐𝐒) decays at Belle
- P/→pJ/ψ [arXiv: 2403.04340]
- P/0/1→ΛJ/ψ [arXiv: 2502.09951]

• Bottomonium transitions
- h'(2P) → ηΥ(1S) [PRL 133, 261901 (2024)]
- h'(2P) → γχ'*(1P) [PRD 111, 011102 (2025)]

• 𝛀(𝟐𝟎𝟏𝟐)) → 𝚵(𝟏𝟓𝟑𝟎)G𝐊 → 𝚵𝛑G𝐊 [PLB 860, 139224 (2025)]

• Prospects at Belle II 5

Outline:
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The study of 𝚼(𝟏𝟎𝟕𝟓𝟑) at Belle II

More details can be found in Junhao’s talk: Υ(10753) results at Belle II



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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Updated measurement of 𝚼(10753) → 𝛑!𝛑"𝚼(nS) at Belle II 

𝚼(𝟏𝐒)𝛑!𝛑"

𝚼(𝟐𝐒)𝛑!𝛑"

𝚼(𝟑𝐒)𝛑!𝛑"

𝟒. 𝟏𝝈

0. 𝟐𝝈

7. 𝟓𝝈

Belle II confirm this peak!

Belle + Belle II (MeV) Belle (MeV)

Mass 𝟏𝟎𝟕𝟓𝟔. 𝟔 ± 𝟐. 𝟕 ± 𝟎. 𝟗 𝟏𝟎𝟕𝟓𝟐. 𝟕 ± 𝟓. 𝟗!𝟏.𝟏$𝟎.𝟕

Width 𝟐𝟗. 𝟎 ± 𝟖. 𝟖 ± 𝟏. 𝟐 𝟑𝟓. 𝟓!𝟏𝟏.𝟑!𝟑.𝟑$𝟏𝟕.𝟔$𝟑.𝟗

[JHEP 07, 116 (2024)]
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This measurement
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B7B

B7B∗
B∗7B∗

Y(4S) ISRB7B

B7B∗ B
∗7B∗

• e(e) → B"B, B"B∗ and B∗"B∗ signals at s ~ 10.75 GeV can be clearly observed

• Contribution of Υ(4S) → B-B production via ISR is visible well (black dotted histograms) 

• At s =10.653 GeV, the sharp cut of the data at right edge is due to threshold effect

Measurement of the energy dependence of the 𝐞!𝐞"→B#B, B#B∗ and 
B∗#B∗ cross sections 

Mbc= (Ecm/2)2 −PB
2 [JHEP 10, 114 (2024)]



Energy dependence of the cross sections 

New: rapid increase of σB∗7B∗ above the threshold

• Similar behaviour was seen for D∗-D∗ cross 
section (PRD 97, 012002 (2018))

• Possible interpretation: resonance or bound state 
(B∗"B∗ or b"b) near threshold (MPL A 21, 2779 
(2006))

• Also explains a narrow dip in 𝜎(e(e)→ B"B∗) near 
B∗"B∗ threshold by destructive interference 
between e(e)→ B"B∗ and e(e)→ B∗"B∗ → B"B∗

• Expect channels [π(π)Υ(nS), Υ(nS)η, and 
hb(1P)η] could also be enhanced

Solid curve – combined Belle + Belle II data fit
Dashed curve – Belle data fit only 10

[JHEP 10, 114 (2024)]



• A 3rd polynomial for η*(1S)
• A product of a 4th polynomial 

and a square root function for 
χ*+(1P)

• Polynomial orders are chosen 
with maximum p-values

• The yields for χ*,(1P) and 
χ*-(1P) are fixed [PRL 130, 
091902 (2023)].Data - background

No clear ηb(1S) and χb0(1P) signals are observed.

Search for 𝐞+𝐞−→𝛚𝛈𝐛(𝟏𝐒) and 𝐞+𝐞−→𝛚𝛘𝐛𝟎(𝟏𝐏)
[PRD 109, 072013 (2024)]
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𝐞!𝐞" → 𝛚𝛘𝐛𝐉 and 𝐞!𝐞" → (𝛑!𝛑"𝛑𝟎)𝐧𝐨𝐧"𝛚𝛘𝐛𝐉 at Belle and Belle II
[Preliminary results]
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• The (π!π"π#)$%$"&χ'( excess maybe 
due the cascade decay of 
Υ(10860,11020) → Z'π → χ'(ρπ
[PRD 90, 014036 (2014)].

Υ(10753) mass (10756.1±4.3) MeV/c)

Υ(10753) width (32.2±18.7) MeV

• The mass and width are consistent 
with those from e!e" → π!π"Υ(nS)
measuremnt [JHEP 07, 116 (2024)].

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(5S). 
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After requiring Υ(2S) signal region, simultaneous fit to M(γγ) and M(π(π)π+) for each 
energy point.

• Combining all of the energy points, the signal yields for η → γγ and η → π$π!π+ are 6.0!,.0$,.1 and 11.5!-.2$3.3. 
• The statistical significance is 6.4σ for 𝐞$𝐞! → 𝛈𝚼(𝟐𝐒) at 𝒔 ~ 10.75 GeV.
• No clear signal is observed for e$e! → ηΥ(1S). 

𝐞!𝐞" → 𝛈𝚼(𝟏𝐒, 𝟐𝐒) at 𝐬 ~ 10.75 GeV

[Preliminary results]



Energy dependence of Born crosss for 𝐞!𝐞" → 𝛈𝚼(𝟐𝐒)
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The Born cross section of 𝐞(𝐞) → 𝛈𝚼(𝟐𝐒)
around 𝐁∗-𝐁∗ mass is relatively large. 

Fit the with 3 different hypotheses:

H1: only 𝚼(𝟓𝐒) [blue curve]

H2: 𝚼(𝟏𝟎𝟕𝟓𝟑) + 𝚼(𝟓𝐒) [Green curve]

H3: 𝐁∗-𝐁∗ bound state + 𝚼(𝟏𝟎𝟕𝟓𝟑) + 
𝚼(𝟓𝐒) [Black curve] 

The masses and widths of 𝐁∗-𝐁∗ bound 
state, 𝚼(𝟏𝟎𝟕𝟓𝟑), and 𝚼(𝟓𝐒) are fixed 
[JHEP 10 (2024) 114].

The statistical significance of 𝐁∗-𝐁∗ bound 
state is 4.3𝝈 [H3 comapred to H1].

[Preliminary results]
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Search for pentaquark states in 𝚼(𝟏𝐒, 𝟐𝐒)
decays at Belle

More details can be found in Shiming’s talk: Exotic states from Υ(1S,2S) decays



Search for 𝐏𝐜 → 𝐩𝐉/𝛙 in 𝚼(𝟏𝐒, 𝟐𝐒) decays at Belle 
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- OZI suppressed decays of Υ(1S) and Υ(2S) rich in gluons: 
• enhanced baryon production
• Pentaquarks?

- Select inclusive Υ(1S, 2S) → pJ/ψ + X decays, then search for P/ → pJ/ψ in M(pJ/ψ)

No pentaquarks are found.
− only very slight excesses in the place of the LHCb results [PRL 122, 222001 (2019)].

The upper limits at 90% C.L.

[arXiv:2403.04340]



2024年4月24日，南京师范大学

Evidence of 𝐏𝐜𝐜̅𝐬(𝟒𝟒𝟓𝟗) at Belle 
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[arXiv:2502.09951]

- Select inclusive Υ(1S, 2S) → J/ψΛ + X
decays, then search for P/1 → J/ψΛ in 
M(J/ψΛ)

- 4.0𝜎 local significance with free mass and 
width

- 3.3𝜎 significance with the Gaussian 
constraints from LHCb measurement [Sci. 
Bull. 66, 1278 (2021)]

3.3𝜎

Mass (4471.7±4.8±0.6) MeV/c2

Width (21.9±13.1±2.7) MeV
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Bottomonium transitions
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Evidence of 𝐡𝐛(2P) → 𝚼(1S)η decay and search for 𝐡𝐛(1P, 2P) → 𝚼(1S)𝛑𝟎

Motivation:
Based on the QCD multipole expansion, h'(2P) → Υ(1S)η decay is of great interest as its rate is 
suppressed by the heavy quark spin symmetry.

Data samples:
𝚼(5S) : 121.4 fb-1

Energy-scan data: 12.0 fb-1

[PRL 13, 261901 (2024)]



2020

Evidence of 𝐡𝐛(2P) → 𝚼(1S)η decay and search for 𝐡𝐛(1P, 2P) → 𝚼(1S)𝛑𝟎

Results:

𝐡𝐛(2P) → 𝚼(1S)𝛑𝟎

𝐡𝐛(2P) → 𝚼(1S)η 

𝐡𝐛(1P) → 𝚼(1S)𝛑𝟎

3.5𝝈

3.5𝝈

[PRL 13, 261901 (2024)]
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Search for 𝐡𝐛(2P) → 𝛄𝛘𝐛𝐉(𝟏𝐏)
The relativized quark model:
BF = 10)K − 10)L
[PRD 32, 189 (1985)]

Coupled-channel effects: 
BF = 10)M − 10)N
[PLB 760, 417 (2016)]

Signal
region

Υ(10860) → π#π!Υ$(1D)
→ π#π!γγΥ(1S)

The upper limits at 90% C.L.

[PRD 111, L011102 (2025)]

Full reconstruction: Υ 10860 → π$π!h* 2P ,
h*(2P) → γ,χ*4(1P), χ*4 1P → γ-Υ 1S , Υ 1S → µ$µ!
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𝛀(𝟐𝟎𝟏𝟐)! → 𝚵(𝟏𝟓𝟑𝟎)+𝐊 → 𝚵𝛑+𝐊



The Ω(2012) was first observed by Belle in ΞMK final 
states [PRL 121, 052003 (2018)], and was confirmed by 
BESIII [PRL 134, 131903 (2025)] and ALICE [arXiv: 
2502.18063]. 

Ξ#K"

Ξ"K,#

Discovery of 𝛀(𝟐𝟎𝟏𝟐)"

The Ω(2012)! was interpreted as a standard baryon or a Ξ(1530)MK
molecule. 23



𝛀(𝟐𝟎𝟏𝟐)" → 𝚵(𝟏𝟓𝟑𝟎)8𝐊 → 𝚵𝛑8𝐊
The Flatté-like function [PRD 81, 094028 (2010)] • 𝑔- is the effective coupling of to the n–body final state.

• 𝑘- and 𝜅- parameterize the real and imaginary parts of the 
Ω(2012)"self-energy.

The mass and ratio of effective couplings :

Ω(2012)" mass (2012.5±0.7±0.5) MeV 
g./g) 22.9")).0!12.3±2.2

0.99±0.26±0.06 

5.2𝝈

Our result is consistent with the molecular model of Ω(2012)", 
which predicts comparable rates for Ω(2012)" decay to 
Ξ(1530)7K and Ξ7K [PRD 98 (2018) 054009, PRD 98 (2018) 
056013, PRD 98 (2018) 076012]. 

[PLB 860, 139224 (2025)]
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Data-taking plan and prospects

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

Bottomonium-like states:
• Decays of higher mass states (e.g. Υ(5S,6S)) 
• Direct production via operation at a lower 

center-of-mass energy.

Charmonium-like states:
• B decay (B → K𝑋4 ̅4)
• Initial-state radiation (ISR)
• Two-photon process
• Double charmonium  
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Summary
• Belle II started operation in 2019, and the peak luminosity has achieved

~0.5×10STcmUVsUW.

• Belle II is getting more exciting hadron physics results, especially on Υ(10753)

and bottomonium transitions.

• The Belle dataset has not been surpassed by Belle II but now analyses combine

the two data from the two experiments.

• Stay tuned for many results on spectroscopy from Belle II in the next few years.

Thanks for your attention!
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Backup



Search for Xb

Upper limits at 
90% C.L. on 

σ5 e$e! → γX* Z
ℬ(X* → ωΥ 1S )

(pb)

s (GeV) 10.653 10.701 10.745 10.805

m(Xb) = 10.6 GeV/c2 0.46 0.33 0.10 0.14

m(Xb) = (10.45, 10.65) GeV/c2 (0.14, 0.55) (0.25, 0.84) (0.06, 0.14) (0.08, 0.37)

From simulated events with m(Xb) = 10.6 GeV/c2

The yield is fixed at the upper limit at 90% C.L.

• No significant Xb signal is observed.

• The peaks are the reflections of e(e) → ωχ'*.

28

[PRL 130, 091902 (2023)]



Discussion

σ(e+e−→χbJ(1P)ω)
σ(e+e−→Υ(nS)π+π−) ~

~1.5 at s = 10.745 GeV [PRL 130, 091902 (2023)]

~ 0.15 at s = 10.867 GeV [PRL 113, 142001 (2014)] 

qΥ(5S) and Υ(10753) have same quantum numbers and similar masses, but the difference on 
the above ratio is large. This may indicate the difference in the internal structures of 
these two states. 

σ(e+e−→χb1(1P)ω)
σ(e+e−→χb2(1P)ω) = 1.3±0.6 at s = 10.745 GeV [PRL 130, 091902 (2023)] 

qContradicts the expectation for a pure D−wave bottomonium state of 15 [Phys. Lett. B 
738, 172 (2014)]

qAn observation of 1.8𝝈 difference with the prediction for a S−D−mixed state of 0.2 
[Phys. Rev. D 104, 034036 (2021)]
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[PRL 130, 091902 (2023)]
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