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Belle and Belle II experiments
Belle detector

Belle II detector

• Belle experiment 
•  collision experiment located @ KEK


• B factory, built to study B mesons’ mixing, 
decay and CP violation.


• 1999~2010,  data sample

𝚎+𝚎−

𝟷 𝚊𝚋−𝟷

• Belle II experiment 

• Updated version of Belle


• Built to search for new physics out of the standard model


• Started collecting collision data from 2019

Belle and Belle II are not only B factory, but also -charm factory. τ
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𝚋 → 𝚌

How are charm baryons produced @ Belle (II)?

𝚎−

𝚎+

𝚌

�̄�

𝚋

�̄�

𝚌
𝚆

𝙱𝚌
𝚎+𝚎− → 𝚌�̄�

Only relative branching fractions can be 
measured. The absolute value can be 
obtained only by reference channel.


High level background.


Large data sample.

The absolute branching fractions can be 
obtained, because the cross section of  
is precisely measured.


Clean signal.


Small data statistic.


Relatively complex analysis procedure.

𝙱�̄�

 are produced by  directly𝚌�̄� 𝚎+𝚎−  is produced by  weak decay𝚌 𝚋 → 𝚌

c quark hadronizes into charmed baryon
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Selected analyses

• Search for charmed baryons in the  system and measurement of the branching fractions of 
 and  decaying to  and  relative to 


• Search for the semileptonic decays 


• First observation of  and  signals near the  mass threshold in  
decay


• Observations of the singly Cabbibo-suppressed decays  and  at 
Belle and Belle II


• Measurements of the branching fractions of  and  and asymmetry 
parameter of 


• Search for CP violation and measurement of branching fractions and decay asymmetry parameters for 
 and 


• Measurement of the   lifetime


• Measurement of the  lifetime

Λ+
𝚌 η

Λ𝚌(𝟸𝟾𝟾𝟶)+ Λ𝚌(𝟸𝟿𝟺𝟶)+ Λ+
𝚌 η 𝚙𝙳𝟶 Σ𝚌(𝟸𝟺𝟻𝟻)π

Ξ𝟶
𝚌 → Ξ𝟶ℓ+ℓ−

Λπ+ Λπ− �̄�𝙽 (𝙸 = 𝟷) Λ+
𝚌 → Λπ+π+π−

Ξ+
𝚌 → 𝚙𝙺𝟶

𝚂, Ξ+
𝚌 → Λπ+, Ξ+

𝚌 → Σ𝟶π+

Ξ𝟶
𝚌 → Ξ𝟶π𝟶, Ξ𝟶

𝚌 → Ξ𝟶η, Ξ𝟶
𝚌 → Ξ𝟶η′ 

Ξ𝟶
𝚌 → Ξ𝟶π𝟶

Λ+
𝚌 → Λ𝚑+ Λ+

𝚌 → Σ𝟶𝚑+ (𝚑 = 𝙺, π)

Λ+
𝚌

Ω+
𝚌
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Search for charmed baryons in the  and  systemΛ+
𝚌 η 𝚙𝙳𝟶

• Why  spectrum? 

- A good channel to search for excited  baryons.


- Signal in  is likely to be an excited  rather than , which is dominated by .


- A narrow enhancement was observed in the  channel near the  threshold [5].

Λ+
𝚌 η

Λ+
𝚌

Λ+
𝚌 η Λ+

𝚌 Σ+
𝚌 Λ+

𝚌 π
𝚙𝙺− Λη

• Why  spectrum? 

- An analogue to the  system[6-8].


- BaBar has reported  and  in the  mass  spectrum [9], while Belle has 
not investigated it in direct  annihilation.

𝚙𝙳
𝙽𝙺
Λ𝚌(𝟸𝟾𝟾𝟶)+ Λ𝚌(𝟸𝟿𝟺𝟶)+ 𝚙𝙳𝟶

𝚎+𝚎−

•  and  

- The  was first observed by CLEO in the  decay mode [1], and later reported by Babar in 
the  mass spectrum [2].

- The   was first seen by BaBar in the  decay mode [3], and then confirmed by Belle in the 

 decay [4].

Λ𝚌(𝟸𝟾𝟾𝟶)+ Λ𝚌(𝟸𝟿𝟺𝟶)+

Λ𝚌(𝟸𝟾𝟾𝟶)+ Λ+
𝚌 π+π−

𝚙𝙳𝟶

Λ𝚌(𝟸𝟿𝟺𝟶)+ 𝚙𝙳𝟶

Σ𝚌(𝟸𝟺𝟻𝟻)π

Phys. Rev. D 110, 032021 (2024)  

[1]: M. Artuso et al. (CLEO collaboration), Phys. Rev. Lett. 86, 4479 (2001).

[2]: B. Aubert et al. (BaBar Collaboration), Phys. Rev. Lett. 98, 012001 (2007).

[3]: B. Aubert et al. (BaBar Collaboration), Phys. Rev. Lett. 98, 012001 (2007).

[4]: R. Mizuk et al. (Belle Collaboration), Phys. Rev. Lett. 98, 262001 (2007).

[5]: S. B. Yang et al. (Belle Collaboration), Phys. Rev. D 108, L031104 (2023).

[6]: N. Kaiser, P. B. Siegel, and W. Weise, Nucl. Phys. A 594, 325 (1995).

[7]: E. Oset and A. Ramos, Nucl. Phys. A 635, 99 (1998).

[8]: J. A. Oller and U. G. Meißner, Phys. Lett. B 500, 263 (2001).

[9]: B. Aubert et al. (BaBar Collaboration), Phys. Rev. Lett. 98, 012001 (2007).

Belle data, 𝟿𝟾𝟶 𝚏𝚋−𝟷
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• Study for the first time the  system and search for singly-
charmed baryons, measure relative branching fractions of 

.

Λ+
𝚌 η

Λ𝚌(𝟸𝟾𝟾𝟶)+/Λ𝚌(𝟸𝟿𝟺𝟶)+ → Λ+
𝚌 η/𝚙𝙳𝟶

Λ+
𝚌

𝚙

π+

𝙺− Λ+
𝚌

𝚙

𝙺𝟶
𝚂

No obvious  or  signals are seen in  spectra.Λ𝚌(𝟸𝟾𝟾𝟶)+ Λ𝚌(𝟸𝟿𝟺𝟶)+ Λ+
𝚌 η

𝙳
𝙺−

π+

π𝟶

𝙳 𝙺−

π+

𝙳
𝙺−

π+
π+

π−

Clear  and  signals can be seen in  spectra 
as well as the  signal region.

Λ𝚌(𝟸𝟾𝟾𝟶)+ Λ𝚌(𝟸𝟿𝟺𝟶)+ 𝚙𝙳𝟶

Σ𝚌(𝟸𝟺𝟻𝟻)π

This background is expected and due to the Λ𝚌(𝟸𝟾𝟾𝟶)+ → Λ+
𝚌 π+π−

Λ𝚌(𝟸𝟾𝟾𝟶)+ → Λ+
𝚌 η

Λ𝚌(𝟸𝟾𝟾𝟶)+ → Σ𝚌(𝟸𝟺𝟻𝟻)π
< 𝟶 . 𝟷𝟹

Λ𝚌(𝟸𝟿𝟺𝟶)+ → Λ+
𝚌 η

Λ𝚌(𝟸𝟿𝟺𝟶)+ → Σ𝚌(𝟸𝟺𝟻𝟻)π
< 𝟷 . 𝟷𝟷

Λ𝚌(𝟸𝟾𝟾𝟶)+ → 𝚙𝙳
Λ𝚌(𝟸𝟾𝟾𝟶)+ → Σ𝚌(𝟸𝟺𝟻𝟻)π

= 𝟶 . 𝟽𝟻 ± 𝟶 . 𝟶𝟹(𝚜𝚝𝚊𝚝.) ± 𝟶 . 𝟶𝟽(𝚜𝚢𝚜𝚝.)

Λ𝚌(𝟸𝟿𝟺𝟶)+ → 𝚙𝙳
Λ𝚌(𝟸𝟿𝟺𝟶)+ → Σ𝚌(𝟸𝟺𝟻𝟻)π

= 𝟹 . 𝟿𝟻 ± 𝟶 . 𝟸𝟷(𝚜𝚝𝚊𝚝.) ± 𝟶 . 𝟻𝟼(𝚜𝚢𝚜𝚝.)

Search for charmed baryons in the  and  systemΛ+
𝚌 η 𝚙𝙳𝟶

Phys. Rev. D 110, 032021 (2024)  
Belle data, 𝟿𝟾𝟶 𝚏𝚋−𝟷
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• Theoretical study of baryon semileptonic decays is complex due to W-exchange transitions [1-4] and poorly understood 
hadronic form factors. 


• Experimentally, few neutrino-less semileptonic decays of baryons have been observed. Measurements exist for light-
baryon octets and bottom baryons (  and ) [5-9], but not for charmed 
baryons. 


• The study of semileptonic decays of baryons provides an opportunity to test the Standard Model, and also can help in 
the understanding of the recent anomalies in meson FCNC processes.


• If observed, would also allow an LFU test to be performed.

Ξ𝟶 → Λ𝟶𝚎+𝚎−, Σ+ → 𝚙μ+μ− Λ𝚋 → Λμ+μ−

Search for the semileptonic decays Ξ𝟶
𝚌 → Ξ𝟶ℓ+ℓ−

𝙱(Ξ𝟶
𝚌 → Ξ𝟶𝚎+𝚎−) < 𝟿 . 𝟿 × 𝟷𝟶−𝟻

𝙱(Ξ𝟶
𝚌 → Ξ𝟶𝚎+𝚎−) < 𝟼 . 𝟻 × 𝟷𝟶−𝟻

𝙱(Ξ𝟶
𝚌 → Ξ𝟶𝚎+𝚎−) < 𝟸 . 𝟹𝟻 × 𝟷𝟶−𝟼

𝙱(Ξ𝟶
𝚌 → Ξ𝟶𝚎+𝚎−) < 𝟸 . 𝟸𝟻 × 𝟷𝟶−𝟼

experimental

theoretical

Phys. Rev. D 109, 052003 (2024) 

[1]: R. M. Wang, Y. G. Xu, C. Hua, and X. D. Cheng, Phys. Rev. D 103, 013007 (2021).

[2]: Y.-M. Wang, Y. Li, and C.-D. Lu, Eur. Phys. J. C 59, 861 (2009).
[3]: T. Mannel and S. Recksiegel, J. Phys. G 24, 979 (1998).
[4]: G. Hiller, M. Knecht, F. Legger, and T. Schietinger, Phys. Lett. B 649, 152 (2007).

No significant signal observed, consistent with SM

[5]: J. R. Batley et al. (NA48 Collaboration), Phys. Lett. B 650, 1 (2007).

[6]: H. Park et al.(HyperCP Collaboration), Phys. Rev. Lett. 94, 021801 (2005).
[7]: T. Aaltonen et al. (CDF Collaboration), Phys. Rev. Lett. 107, 201802 (2011).
[8]: R. Aaij et al. (LHCb Collaboration), Phys. Lett B 725, 25 (2013).

Belle data, 𝟿𝟾𝟶 𝚏𝚋−𝟷
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 Search for  stateΣ*  Study  scattering with a cusp�̄�𝙽

First Observation of  and  Signals near the  Mass Threshold in the  decayΛπ+ Λπ− 𝙺𝙽− (𝙸 = 𝟷) Λ+
𝚌 → Λπ+π+π−

This is the first time to observe significant signal on  mass spectrum in  decay 

channel, which is close to  threshold .

Λπ+(Λπ−) Λ+
𝚌 → Λπ+π+π−

�̄�𝙽 (𝟷𝟺𝟹𝟻 𝙼𝚎𝚅/𝚌𝟸)

• Investigate the spectrum structure on  mass spectrum above the . The traditional quark model 

did not predict any new excited state of  near , thus the observation of signal can indicate new 

physics (such as exotic state or threshold effect).


• The interaction of  is related to kaon condensation in neutron stars. It is probably not strong enough 

to form a bound state, but can produce a virtual state, which can be observed as a threshold cusp [1].

Λπ+(−) Σ(𝟷𝟹𝟾𝟻)

Σ* Λ(𝟷𝟺𝟶𝟻)

�̄�𝙽 (𝙸 = 𝟷)

Phys. Rev. Lett 130, 151903 (2023) 

[1]: J. Oller and U.-G. Meißner, Phys. Lett. B 500, 263 (2001).

Belle data, 𝟿𝟾𝟶 𝚏𝚋−𝟷
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First Observation of  and  Signals near the  Mass Threshold in the  decayΛπ+ Λπ− 𝙺𝙽− (𝙸 = 𝟷) Λ+
𝚌 → Λπ+π+π−

Due to the limitation of the statistic, we can not 
distinguish between  resonances and  

threshold cusps.
Σ* �̄�𝙽

Fit based on the two interpretations. 

The two fits give similar  s.χ𝟸

Belle data, 𝟿𝟾𝟶 𝚏𝚋−𝟷

 resonancesΣ*

 rescattering�̄� − 𝙽

By neglecting the decay form 
factor, the  cusp can be related to 
the  complex scattering length 
(A = a+ib) with the Dalitz model 


Also tested by Flatte parametrization


a+ib: scattering lengths

Λ+
𝚌

�̄�𝙽
�̄� − 𝙽

9

Phys. Rev. Lett 130, 151903 (2023) 



Observations of the singly Cabbibo-suppressed decays  and  at 
Belle and Belle II

Ξ+
𝚌 → 𝚙𝙺𝟶

𝚂, Ξ+
𝚌 → Λπ+, Ξ+

𝚌 → Σ𝟶π+

• In the last few years, there has been a significant advance in the experimental and theoretical studies of hadronic weak decays of 
anti-triplet charmed baryons.


• Theoretical calculations for the two-body hadronic weak decays of  have been performed based on dynamical model 
calculations and  flavor symmetry methods. Most of these decay channels have not yet been measured experimentally, 
especially the singly Cabibbo-suppressed (SCS) decays. 


• The  is used as the reference channel.

Ξ+
𝚌

𝚂𝚄(𝟹)𝙵

Ξ+
𝚌 → Ξ−π+π+

JHEP 03 (2025) 061Belle data,  + Belle II data 𝟿𝟾𝟶 𝚏𝚋−𝟷 𝟺𝟸𝟾 𝚏𝚋−𝟷
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Observations of the singly Cabbibo-suppressed decays  and  at 
Belle and Belle II

Ξ+
𝚌 → 𝚙𝙺𝟶

𝚂, Ξ+
𝚌 → Λπ+, Ξ+

𝚌 → Σ𝟶π+

[1]: J. Zou, F. Xu, G. Meng, and H. Y. Cheng, Two-body hadronic weak decays of antitriplet charmed baryons, Phys. Rev. 
D 101 (2020) 014011.

[2]: C. Q. Geng, Y. K. Hsiao, C. W. Liu, and T. H. Tsai, Antitriplet charmed baryon decays with SU(3) flavor symmetry, 
Phys. Rev. D 97 (2018) 073006

[3]: C. Q. Geng, C. W. Liu, and T. H. Tsai, Asymmetries of anti-triplet charmed baryon decays, Phys. Lett. B 794 (2019) 19.

[4]: F. Huang, Z. P. Xing, and X. G. He, A global analysis of charmless two body hadronic decays for anti-triplet charmed 
baryons, JHEP 03 (2022) 143.

[5]: H. Zhong, F. Xu, Q. Wen, and Y. Gu,Weak decays of antitriplet charmed baryons from the perspective of flavor 
symmetry, JHEP 02 (2023) 235.

[6]: Z. P. Xing, X. G. He, F. Huang, and C. Yang, Global analysis of measured and unmeasured hadronic two-body weak 
decays of antitriplet charmed baryons, Phys. Rev. D 108 (2023) 053004.

[7]: C. Q. Geng, X. G. He, X. N. Jin, C. W. Liu, and C. Yang, Complete determination of SU(3)F amplitudes and strong 
phase in , Phys. Rev. D 109 (2024) L071302.

[8]: C. W. Liu, Nonleptonic two-body weak decays of charmed baryons, Phys. Rev. D 109 (2024) 033004.

[9]: H. Zhong, F. Xu, and H. Y. Cheng, Analysis of hadronic weak decays of charmed baryons in the topological 
diagrammatic approach, Phys. Rev. D 109 (2024) 114027.

[10]: H. J. Zhao, Y. L. Wang, Y. K. Hsiao, and Y. Yu, A diagrammatic analysis of two-body charmed baryon decays with 
flavor symmetry, JHEP 02 (2020) 165.

[11]: Y. K. Hsiao, Y. L. Wang, and H. J. Zhao, Equivalent SU(3)f approaches for two-body anti-triplet charmed baryon 
decays, JHEP 09 (2022) 035.

Λ+
𝚌 → Ξ𝟶𝙺+

Comparisons of measured (a) , (b) , and 
(c)  with theoretical predictions [1-11].

ℬ(Ξ+
𝚌 → 𝚙𝙺𝟶

𝚂) ℬ(Ξ+
𝚌 → Λπ+)

ℬ(Ξ+
𝚌 → Σ𝟶π+)

Zou et. al [1]

Geng et. al [2]

Geng et. al [3]

Huang et. al [4]

Zhong et. al (I) [5]

Zhong et. al (II) [5]

Xing et. al (II) [6]

Geng et. al (II) [7]

Liu [8]

Zhong et. al (I) [9]

Zhong et. al (II) [9]

Zhao et. al [10]

Hsiao et. al (I) [11]

Hsiao et. al (II) [11]


Belle and Belle II

combined  measurement

11

Belle data,  + Belle II data 𝟿𝟾𝟶 𝚏𝚋−𝟷 𝟺𝟸𝟾 𝚏𝚋−𝟷 JHEP 03 (2025) 061
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Measurements of the branching fractions of  and  and asymmetry parameter of Ξ𝟶
𝚌 → Ξ𝟶π𝟶, Ξ𝟶

𝚌 → Ξ𝟶η, Ξ𝟶
𝚌 → Ξ𝟶η′ 

Ξ𝟶
𝚌 → Ξ𝟶π𝟶

Branching fractions

Asymmetry parameter of Ξ𝟶
𝚌 → Ξ𝟶π𝟶

Belle data,  + Belle II data 𝟿𝟾𝟶 𝚏𝚋−𝟷 𝟺𝟸𝟾 𝚏𝚋−𝟷 JHEP 10 (2024) 045



Search for CP violation and measurement of branching fractions and decay asymmetry parameters 
for  and Λ+

𝚌 → Λ𝚑+ Λ+
𝚌 → Σ𝟶𝚑+ (𝚑 = 𝙺, π)

• CP violation (CPV) is one of the essential requirements to form the matter-anti-matter asymmetrical universe [1]. In the 

standard model, the only source of CPV is the single complex phase in the CKM matrix, which is not enough to explain 

the observed asymmetry.


• The CPV has been observed in open charm mesons and   decay. An observation of CPV in charm decays much 

greater than  could indicate new physics beyond the SM [2-5].


• This paper reports ,  and BF measurements for the SCS decays  and , using the CF 

decays  and  as reference modes.


• The  can be extracted from  from CF reference 

channels, with  (SM).

Λ𝟶
𝚋

𝟷𝟶−𝟹

𝙰𝚍𝚒𝚛
𝙲𝙿 𝙰α

𝙲𝙿 Λ+
𝚌 → Λ𝙺+ Λ+

𝚌 → Σ𝟶𝙺+

Λ+
𝚌 → Λπ+ Λ+

𝚌 → Σ𝟶π+

𝙰α
𝙲𝙿(Λ → 𝚙π−) 𝙰α

𝙲𝙿(𝚝𝚘𝚝𝚊𝚕) = (αΛ+
𝚌
α− − αΛ̄−

𝚌
α+)/(αΛ+

𝚌
α− + αΛ̄−

𝚌
α+)

αΛ+
𝚌

= − αΛ̄−
𝚌

Sci. Bull. 68, (2023)  583-592 

[1]: A.D. Sakharov, Violation of CP Invariance, C asymmetry, and baryon asymmetry of the universe, Pisma Zh. Eksp. Teor. Fiz. 5 (1967) 32.

[2]: D. Delepine, G. Faisel and C.A. Ramirez, Direct CP violation in D+ ! K0(K¯ 0)π+ decays as a probe for new physics, Eur. Phys. J. C 80 (2020) 596

[3]: A. Dery and Y. Nir, Implications of the LHCb discovery of CP violation in charm decays, JHEP 12 (2019) 104


[4]: M. Chala, A. Lenz, A.V. Rusov and J. Scholtz,  within the Standard Model and beyond, JHEP 07 (2019) 161.

[5]: M. Saur and F.-S. Yu, Charm CP V : observation and prospects, Sci. Bull. 65 (2020) 1428.

Δ𝙰𝙲𝙿

Belle data, 𝟿𝟾𝟶 𝚏𝚋−𝟷
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Cabibbo-flavoured process, no dir-
CP violation in SM.

ℬ(Λ+
𝚌 → Λ𝙺+) = (𝟼 . 𝟻𝟽 ± 𝟶 . 𝟷𝟽 ± 𝟶 . 𝟷𝟷 ± 𝟶 . 𝟹𝟻) × 𝟷𝟶−𝟺

ℬ(Λ+
𝚌 → Σ𝟶𝙺+) = (𝟹 . 𝟻𝟾 ± 𝟶 . 𝟷𝟿 ± 𝟶 . 𝟶𝟼 ± 𝟶 . 𝟷𝟿) × 𝟷𝟶−𝟺

Branching fractions

Using  as weight 
factor to cover the  

detection efficiency 
asymmetry.

𝟷 ∓ 𝙰𝚑+

ϵ
𝙺+(π+) No evidence of charm 

CP violation is found. 

This is the first direct CP asymmetry measurement for SCS two-body decays of charmed baryons.

Search for CP violation and measurement of branching fractions and decay asymmetry parameters 
for  and Λ+

𝚌 → Λ𝚑+ Λ+
𝚌 → Σ𝟶𝚑+ (𝚑 = 𝙺, π)

Forward-background 
asymmetry of  productionΛ+

𝚌

Sci. Bull. 68, (2023)  583-592 Belle data, 𝟿𝟾𝟶 𝚏𝚋−𝟷
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Consistent with the current world average, with better precision.

The first measurement of hyperon CPV searches in CF charm 
decays. No evidence of Λ-hyperon CPV is found.

Search for CP violation and measurement of branching fractions and decay asymmetry parameters 
for  and Λ+

𝚌 → Λ𝚑+ Λ+
𝚌 → Σ𝟶𝚑+ (𝚑 = 𝙺, π)

𝚍𝙽
𝚍𝚌𝚘𝚜θ𝙰

∝ 𝟷 + αΛ+
𝚌
αΛ𝚌𝚘𝚜θ𝙰

𝚍𝙽
𝚍𝚌𝚘𝚜θ𝟶

Σ𝚍𝚌𝚘𝚜θ𝙰
∝ 𝟷 + αΛ+

𝚌
αΛ𝚌𝚘𝚜θ𝟶

Σ𝚌𝚘𝚜θ𝙰

α𝚊𝚟𝚐
Λ = 𝟶 . 𝟽𝟻𝟺𝟸 ± 𝟶 . 𝟶𝟶𝟸𝟼

 parameter extractionα

Measure the  in  and  𝙰α
𝙲𝙿 Λ+

𝚌 → Λ𝚑+ Λ+
𝚌 → Σ𝟶𝚑+

Sci. Bull. 68, (2023)  583-592 Belle data, 𝟿𝟾𝟶 𝚏𝚋−𝟷

corrected bin-by-bin with 
the signal efficiencies

15

Search for hyperon CPV in  in CF modesΛ → 𝚙π
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Measurement of the  lifetimeΛ+
𝚌 PRL 130, (2023)  071802 

Belle II on/off-resonance data, 𝟸𝟶𝟽 . 𝟸 𝚏𝚋−𝟷

• Precise measurements of weakly decaying charm or bottom hadrons can help to search for physics beyond the 

standard model.


• The the heavy quark expansion (HQE) is an effective model to describe strong interactions at low energy, which 

provides a consistent framework for bottom hadrons. But for charm hadron lifetimes, HQE is not able to describe them 

satisfactorily [1~3]. 


• A precise, absolute measurement by Belle II may help to resolve the tension between  lifetime measurements at 

 colliders and other experiments and will substantially improve the world average [4~12].


• We report a precise measurement of the  lifetime using  decays reconstructed in data collected at or 

near the  resonance.

Λ+
𝚌

𝚎+𝚎−

Λ+
𝚌 Λ+

𝚌 → 𝚙𝙺−π+

Υ(𝟺𝚂)
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Measurement of the  lifetimeΛ+
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Belle II on/off-resonance data, 𝟸𝟶𝟽 . 𝟸 𝚏𝚋−𝟷

Signal region

Background region

• The  lifetime is measured with an 2D unbinned maximum-likelihood fit to the  distribution for events in the signal 
region.


• Signal PDF: 1) Exponential function in t convolved with a Gaussian resolution function, which depends on ; 2) PDF for  is a histogram 
template from background-subtracted signal candidates.


• Background PDF: Empirical model of the sideband data


• To better constrain the background, a simultaneous fit to the events in the signal region and sidebands is performed.

Λ+
𝚌 (𝚝, σ𝚝)

σ𝚝 σ𝚝

τ(Λ+
𝚌 ) = 𝟸𝟶𝟹 . 𝟸𝟶 ± 𝟶 . 𝟾𝟿(𝚜𝚝𝚊𝚝) ± 𝟶 . 𝟽𝟽(𝚜𝚢𝚜) 𝚏𝚜 Most precise
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Measurement of the  lifetimeΩ𝟶
𝚌 PRD 107, (2023)  L031103 

Belle II on/off-resonance data, 𝟸𝟶𝟽 . 𝟸 𝚏𝚋−𝟷

τ(Ω+
𝚌 ) = 𝟸𝟺𝟹 ± 𝟺𝟾(𝚜𝚝𝚊𝚝) ± 𝟷𝟷(𝚜𝚢𝚜) 𝚏𝚜

• This new result is consistent with the LHCb average of  fs, and inconsistent with the 
pre-LHCb world average of  fs.


• Confirms that the  is not the shortest-lived weakly decaying charmed baryon.

𝟸𝟽𝟹 . 𝟻 ± 𝟷𝟸 . 𝟺
𝟼𝟿 ± 𝟷𝟸

Ω𝟶
𝚌



Summary

Belle's enduring legacy 


— Continues to yield critical insights in charm hadron dynamics even 10+ years post-data-taking


— Maintains relevance through innovative analysis of its 980 fb⁻¹ dataset


Belle II’s improvement 


— With enhanced of vertex resolution, Belle II has a improved detection precision.


— Enabling unprecedented precision in charm flavor physics, CP violation studies, and beyond the 
Standard Model searches.


— Started run2 taking.

Thank you! 
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Back Up
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Search for charmed baryons in the  and  systemΛ+
𝚌 η 𝚙𝙳𝟶
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Search for charmed baryons in the  and  systemΛ+
𝚌 η 𝚙𝙳𝟶
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Search for the semileptonic decays Ξ𝟶
𝚌 → Ξ𝟶ℓ+ℓ−

Here, a double Gaussian function models the signal shape, and a second-order 
polynomial provides the background.


The signal shape parameters are fixed to the values found in signal MC, while the 
background parameters are free in the fit.
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Search for the semileptonic decays Ξ𝟶
𝚌 → Ξ𝟶ℓ+ℓ−

• To take energy loss due to bremsstrahlung into account, the shapes of correctly reconstructed  
candidates are described by two Crystal Ball functions for the dielectron mode. In contrast, a double-
Gaussian function is used as the signal shape for the di-muon mode.


• Broken signal is mainly due to incorrectly selected photons in  reconstruction. we extract the shape of 
the broken signal from MC simulation via Rookeyspdf, and treat it as a distinct component in the final 
signal yield extraction.

Ξ𝟶
𝚌

Ξ𝟶

Ξ𝟶
𝚌
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Search for the semileptonic decays Ξ𝟶
𝚌 → Ξ𝟶ℓ+ℓ−

• For the fits to data, the signal shapes are taken from the fits to the signal MC samples above with all 
the parameters fixed. The width of the signal shape is multiplied by a correction factor.


• The broken signal shape is taken from the MC simulation as described above, and the ratio of the 
broken signal to correctly reconstructed signal events is fixed.
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First Observation of  and  Signals near the  Mass Threshold in the  decayΛπ+ Λπ− 𝙺𝙽− (𝙸 = 𝟷) Λ+
𝚌 → Λπ+π+π−

Flatt´e parametrization 
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In particular, by neglecting the  decay form factor, the  cusp can be related to the  complex scattering length (A = 
a+ib) with the Dalitz model.

Λ+
𝚌 �̄�𝙽 �̄� − 𝙽

First Observation of  and  Signals near the  Mass Threshold in the  decayΛπ+ Λπ− 𝙺𝙽− (𝙸 = 𝟷) Λ+
𝚌 → Λπ+π+π−

The Dalitz model
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First Observation of  and  Signals near the  Mass Threshold in the  decayΛπ+ Λπ− 𝙺𝙽− (𝙸 = 𝟷) Λ+
𝚌 → Λπ+π+π−
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Combine the Belle & Belle II branching fractions.

where , , and  are the branching fraction ratio, uncorrelated uncertainty, and relative

correlated systematic uncertainty of the branching fraction ratio from each data sample,

respectively.

𝚛𝚒 σ𝚒 ϵ𝚒



30

Search for CP violation and measurement of branching fractions and decay asymmetry parameters 
for  and Λ+

𝚌 → Λ𝚑+ Λ+
𝚌 → Σ𝟶𝚑+ (𝚑 = 𝙺, π)

To measure the corrected raw asymmetries, 
we perform an unbinned extended maximum 
likelihood fit on the  distributions of the 
weighted  and  samples simultaneously.

𝙼(Λ±
𝚌 )

Λ+
𝚌 Λ̄−

𝚌
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Search for CP violation and measurement of branching fractions and decay asymmetry parameters 
for  and Λ+

𝚌 → Λ𝚑+ Λ+
𝚌 → Σ𝟶𝚑+ (𝚑 = 𝙺, π)
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Search for CP violation and measurement of branching fractions and decay asymmetry parameters 
for  and Λ+

𝚌 → Λ𝚑+ Λ+
𝚌 → Σ𝟶𝚑+ (𝚑 = 𝙺, π)
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Search for CP violation and measurement of branching fractions and decay asymmetry parameters 
for  and Λ+

𝚌 → Λ𝚑+ Λ+
𝚌 → Σ𝟶𝚑+ (𝚑 = 𝙺, π)
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Search for CP violation and measurement of branching fractions and decay asymmetry parameters 
for  and Λ+

𝚌 → Λ𝚑+ Λ+
𝚌 → Σ𝟶𝚑+ (𝚑 = 𝙺, π)

Fit for real data.
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Search for CP violation and measurement of branching fractions and decay asymmetry parameters 
for  and Λ+

𝚌 → Λ𝚑+ Λ+
𝚌 → Σ𝟶𝚑+ (𝚑 = 𝙺, π)
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Search for CP violation and measurement of branching fractions and decay asymmetry parameters 
for  and Λ+

𝚌 → Λ𝚑+ Λ+
𝚌 → Σ𝟶𝚑+ (𝚑 = 𝙺, π)
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Measurement of the  lifetimeΛ+
𝚌


