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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 (2024 - 2025)

WORLD RECORD: 𝟓. 𝟏 × 𝟏𝟎𝟑𝟒 𝐜𝐦−𝟐𝐬−𝟏

Most data at or near the Υ(4S) resonance, some below/above Υ(4S).
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Outline:

⚫ Ω 2012 − → Ξ 1530 ഥK → ΞπഥK   

⚫ Peak at Λη threshold in Λc
+ → pK−π+

⚫ Peak at ഥKN threshold in Λc
+ → Λπ+π+π−

⚫ ϕ 2170  in e+e− → ηϕ

[PLB 860, 139224 (2025)]

[PRL 130, 151903 (2023)]

[PRD 107, 012006 (2023)]

[PRD 108, L031104 (2023)]
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𝜴 𝟐𝟎𝟏𝟐 − → 𝜩 𝟏𝟓𝟑𝟎 ഥ𝑲 → 𝜩𝝅ഥ𝑲
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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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Our result is consistent with the molecular model of 
Ω(2012), which predicts comparable rates for Ω(2012) 
decay to Ξ(1530) ഥ𝐾 and Ξ ഥ𝐾 [PRD 98 (2018) 054009, PRD 
98 (2018) 056013, PRD 98 (2018) 076012]

𝜴 𝟐𝟎𝟏𝟐 − → 𝜩 𝟏𝟓𝟑𝟎 ഥ𝑲 → 𝜩𝝅ഥ𝑲 [PLB 860, 139224 (2025)]
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Peak at 𝚲𝜼 threshold in 

𝚲𝒄
+ → 𝒑𝑲−𝝅+
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A peak at 𝚲𝛈 threshold
➢ A trace of a peak structure is observed in the 𝑝𝐾− mass spectrum in the previous analysis of Λ𝑐

+ →
𝑝𝐾−𝜋+ decay by the Belle.

➢ LHCb performed an amplitude analysis of Λ𝑐
+ → 𝑝𝐾−𝜋+. A similar structure is also seen. LHCb explained 

the structure using a BW form with fixed mass and width.

PRL, 117, 011801 (2016)

PRD 108, 012023 (2023)

Λ(1670)
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Two approach to describe this peak:

    BW function

k Flatt ́e function



From the perspective of a new resonance
[PRD 108, L031104 (2023)]
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From the perspective of a cusp at 𝚲𝜼 threshold
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non-relativistic
Flatt ́e function

First identification of a threshold cusp 

in hadrons from the spectrum shape



➢ A clear peaking structure near the 𝒑𝜼 
mass threshold is evident in the 
𝑀(𝑝𝜋0) distribution.

➢ The same effect was observed in the 
Λ𝑐

+ → 𝑝𝐾𝑆
0𝜂 study

➢ The similarity of this effect and the Λ𝜂 
threshold cusp, which was found to be 
amplified by the Λ(1670) in the 𝑝𝐾− 
system

➢ Suggesting that the peak near the 
𝑝𝜂 threshold may also be attributed to a 
threshold cusp enhanced by the 
N(1535)+.

➢ A further analysis is planned for the near 
future

Peak at 𝒑𝜼 threshold in 𝚲𝒄
+ → 𝒑𝑲𝑺

𝟎𝝅𝟎
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arXiv:2503.04371



Peak at ഥ𝑲𝑵 threshold in 

𝚲𝒄
+ → 𝚲𝝅+𝝅+𝝅−
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Investigation of the 𝚲𝝅± substructure

(a) search for Σ∗ resonances

(b) study ഥ𝐾𝑁 rescattering with a cusp

➢ To interpret the signals as 𝚺∗ resonances, we use a nonrelativistic 
Breit-Wigner:

[PRL 130, 151903 (2023)]

Cusp candidates are observed in 𝚲𝝅± invariant mass spectra in 𝚲𝒄
+ → 𝚲𝝅+𝝅+𝝅− decay 
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Clear enhancements near the 
ത𝐾𝑁 mass thresholds

A binned least-𝝌𝟐
 fit

Σ(1385)



➢ Dalitz model (describe a ഥ𝑲𝑵 cusp) [Czech. J. Phys. B32, 1021 (1982)] 
➢ ഥ𝑲𝑵 cusp is related to the ഥ𝑲𝑵 scattering length 𝑨 = 𝒂 + 𝒊𝒃 and decay momentum k/|k|.

Investigation of the 𝚲𝝅± substructure

Dalitz model gives slightly better 𝜒2, but the difference is not significant.
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A binned least-𝝌𝟐
 fit



𝝓 𝟐𝟏𝟕𝟎  in 𝒆+𝒆− → 𝜼𝝓
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History
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6.9𝜎



M(𝜼𝝓) distributions from ISR production [PRD 107, 012006 (2023)]
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➢ No significant 𝝓(𝟐𝟏𝟕𝟎) signal is seen

➢ Clear 𝑱/𝝍 and 𝝓(𝟏𝟔𝟖𝟎) signals. 

Perform unbinned maximum likelihood fit to the 𝑀(𝜂𝜙)



Extraction of Resonant Parameters
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Summary
-   Belle II and Belle hold a unique data sample. Some interesting measurement 
has been already performed in light hadron, such as

➢ Discovered of a new Ω 2012  three-body decay, first determined a threshold cusp in 

experiments, measured resonant parameters of 𝜙(1680).

-   Only 1% of target luminosity collected so far. Stay tuned for more exciting 

results from Belle & Belle II.
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Thanks for your 
attention!



Backup slides
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Data-taking plan at Belle II
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• Until 2026, about 1 𝑎𝑏−1 data, 
comparable to Belle 

• Until 2029, about 4 𝑎𝑏−1 data.
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International Belle II collaboration

Belle II now has grown to 1229 
researchers from 28 countries/regions. 23



Belle II physics
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Belle II physics
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ACP  in Charm

CKM matrix 
element

B rare decays

𝛕 physics

𝚼(𝟏𝟎𝟕𝟓𝟑) study

Lepton-Flavor 
universality

The Belle II Physics Book: 
[PTEP 2019 (2019) 12, 123C01]

Dark Higgs

Charmed baryon



Unique capabilities of Belle/Belle II
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From the perspective of a cusp at 𝚲𝜼 threshold
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M(𝜼𝝓) distributions from ISR production [PRD 107, 012006 (2023)]
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Cross section of 𝒆+𝒆− → 𝜼𝝓
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