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Belle and Belle II Experiments
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Charm physics at Belle (II)

Two primary mechanisms for charm production at Belle/Belle II:

1. 𝒆+𝒆− → 𝐜 ҧ𝐜 → 𝑿𝒄

• Absolute measurements not possible without reference

• Used for most analyses due to its simplicity compared to 𝐵 ത𝐵 processes

2. 𝒆+𝒆− → 𝚼 𝟒𝑺 → 𝑩ഥ𝑩 → 𝑿𝒄

• Precise 𝐵 ത𝐵 cross section allows for absolute measurements

Full topics for charm physics:

➢ 𝐷0 − 𝐷0 mixing

➢ Amplitude analysis

➢ Lifetime

➢ CP violation

➢ Rare decay

➢ Charmed baryon
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Selected Topics

⚫Charmed Baryon Spectroscopy:

• Search for excited charmed baryons in Λ𝑐
+𝜂 system

⚫Hadronic decay of charmed baryons:

• Ξ𝑐
0 → Ξ0ℎ0 ℎ0 = 𝜋0, 𝜂, 𝜂′

• Λ𝑐
+ → Σ+𝜂(′), …

⚫ Semileptonic decays of charmed baryons:

• Ξ𝑐
0 → Ξ0𝑙+𝑙−

⚫ First observation of Ω 2012 → Ξ 1530 ഥ𝐾
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Search for excited charmed baryons in 𝚲𝒄
+𝜼 system

PRL. 98, 012001 (2007) 

PRL. 130, 031901 (2023)

Excited 𝚲𝒄
+ states predicted by quark model.

Only a few states found in experiment!!

Study of the 𝚲𝜼 channel suggests 

𝚲𝒄
+𝜼 an interesting channel:

(1) Λ 2000 → Λ𝜂

(2) Threshold cusp 

Any signal in 𝚲𝒄
+𝜼 is likely to be an 

excited 𝚲𝒄
+ rather than a 𝚺𝒄 state.

PRD 108, 

L031104 

(2023) 
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Search for excited charmed baryons in 𝚲𝒄
+𝜼 system

Belle 980/fb   PRD 110, 032021 (2024)
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First measurement 



Branching fractions of 𝚲𝒄
+ decays
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Branching fractions of 𝚲𝒄
+ decays
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Branching fractions of 𝚵𝒄
𝟎 → 𝚵𝟎𝒉𝟎 𝒉𝟎 = 𝝅𝟎, 𝜼, 𝜼′ JHEP 10 (2024) 045

Belle + Belle I 1.4/ab
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Branching fractions of 𝚵𝒄
𝟎 → 𝚵𝟎𝒉𝟎 𝒉𝟎 = 𝝅𝟎, 𝜼, 𝜼′ JHEP 10 (2024) 045

Belle + Belle I 1.4/ab
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First search for 𝚵𝒄
𝟎 → 𝚵𝟎𝒍+𝒍−
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Study of 𝛀 𝟐𝟎𝟏𝟐 → 𝚵 𝟏𝟓𝟑𝟎 ഥ𝐊 Belle 𝒀(𝟏𝑺, 𝟐𝑺, 𝟑𝑺)
Arxiv:2207.03090

⚫ The Ω(2012) was first observed in 2018 by the Belle 

experiment in decays to Ξ0𝐾− and Ξ−ഥ𝐾0 near 

Υ(1𝑆, 2𝑆, 3𝑆).
𝑀 = 2012.4 ± 0.9 MeV

Γ = 6.4−2.7
+3.0 MeV

➢ There are mainly two interpretations for Ω(2012): a standard baryon and a Ξ 1530 ഥK molecule

➢ A large rate for Ω 2012 → Ξ 1530 K was predicted in the molecule scenario: 

𝐵(Ω 2012 → Ξ 1530 ഥK)

𝐵(Ω 2012 → ΞK)
= 0.18 − 0.86

• Measuring the branching fraction for Ω 2012 → Ξ 1530 ഥK → Ξ𝜋𝐾 may inform us about the internal structure of Ω 2012 .

PRL 121, 052003 (2018)
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Study of 𝛀 𝟐𝟎𝟏𝟐 → 𝚵 𝟏𝟓𝟑𝟎 ഥ𝐊

𝚵−𝝅+𝑲− 𝚵−𝝅𝟎𝑲𝑺
𝟎 𝚵𝟎𝝅+𝑲𝑺

𝟎

𝚵𝟎𝝅𝟎𝑲− 𝚵𝟎𝑲− 𝚵−𝑲𝑺
𝟎

𝐵(Ω 2012 → Ξ 1530 ഥK)

𝐵(Ω 2012 → ΞK)
= 0.99 ± 0.26 ± 0.06

5.4𝜎

➢ First observation of 𝛀 𝟐𝟎𝟏𝟐 → 𝚵 𝟏𝟓𝟑𝟎 ഥ𝐊
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Belle 𝒀(𝟏𝑺, 𝟐𝑺, 𝟑𝑺)
Arxiv:2207.03090



Summary
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⚫ Belle & Belle II provide a unique environment & unique sensitivity for SM measurements as well as for the search 

for physics beyond the SM in the charm sector.

• significant room to improve the basic knowledge of baryon decays (BR,…)

⚫ BELLE is still producing important measurements after more than 10 years after the end of data taking

• Search for the new excited charmed baryons

• Branching fraction measurements of the Λ𝑐
+ and Ξ𝑐

0 decays

• Study of Semi-leptonic decay Ξ𝑐
0 → Ξ0𝑙+𝑙−

⚫ First BELLE + Belle II combined analysis of the 𝚵𝒄
𝟎 → 𝚵𝟎𝒉𝟎 decays rules out several theoretical approaches 

proposed to deal with non-factorizable amplitudes 

⚫ Belle II has started Run 2 data taking, expecting more physics results with a larger data sample

Thanks for your attention!



Backup 
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Backup 
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Branching fractions of 𝚵𝒄
𝟎 → 𝚵𝟎𝒉𝟎 𝒉𝟎 = 𝝅𝟎, 𝜼, 𝜼′ JHEP 10 (2024) 045

Belle + Belle I 1.4/ab
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Study of 𝛀 𝟐𝟎𝟏𝟐 → 𝚵 𝟏𝟓𝟑𝟎 ഥ𝐊
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