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Introduction
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新瓶 旧酒
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Lee-Yang, 1957

Branching fraction

Polarization



Λ"# @BESIII

• ℬ(Λ"# → 𝑝𝐾)𝜋#)
§ ARGUS + CLEO : (5.0 ± 1.3)%

§ Belle:  (6.84 ± 0.24)7.89#7.8:)%

§ BESIII:  (5.84 ± 0.27 ± 0.23)%
Belle, PRL 113（2014), 042002

BESIII, PRL 116（2016）, 052001

PDG 2014

PDG 2016: (6.35 ± 0.33)%

• 12  modes measured by BESIII

PDG values for Λ"# decay BFs before 2016 version become obsolete
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4.6 GeV, 567/pb 



Λ"# @BESIII
• Singly-Cabibbo-suppressed decay has been measured

• Neutral mode can be measured 

• More decay asymmetries can be measured

𝛼=>? = −0.80 ± 0.11 ± 0.02
𝛼B?>C = −0.57 ± 0.10 ± 0.07
𝛼BC>? = −0.73 ± 0.17 ± 0.07

BESIII, PRD 95（2017), 111102

BESIII, PRL 118（2016), 112001

𝛼=>? ∼ 10%, 𝛼BC>?∼ (19 − 66)%
D. Wang, R.-G. Ping, L. Li, X.-R. Lyu, Y.-H. Zheng , Chin. Phys. C 41 (2017) 023106
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4.6 GeV, 567/pb 

BESIII, 1905.04707



Λ"# @BESIII

• More precise measurement of Cabibbo-favored process

BESIII, PLB 783（2018), 200-206

BESIII, 1811.08028
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4.6 GeV, 567/pb 



“Physics at BES-III”, Int. J. Mod. Phys. A24 (2009)S1-794

The future of Λ"#
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Ξ"@Belle
• First measurement of Ξ"7 → Ξ)𝜋#

• The branching fraction of  Ξ"# → Ξ7𝜋#
Belle, PRL 122 (2019) 082001
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(772±11) ×10I 𝐵 K𝐵pair

Belle, 1904.12093

CLEO, PLB373(1996)261

Talk by 沈成平



Lifetimes @ LHCb
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LHCb, 1906.08350

3.3 𝜎 larger than PDG 

Talk by 杨振伟



Theory issues of charmed baryon

• Meaning of weak decays of charmed baryon
• Examination of weak interaction
• Exploration of strong interaction

• Difficulty in charmed baryon study 
• not heavy enough to apply HQET 
• not light enough to apply ChPT
• Model estimation cannot be avoided
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BF of Cabbibo-favored decays in 1990s
RQM       Pole        Pole          RQM           Pole         C.A.

§ Non-factorizable contributions play an essential role  
§ Lc

+® X0K+: only proceed through W-exchange

§ Lc
+® S+p0, Σ#𝜂, Σ#𝜂O : proceed through W-exchange or internal W-emission

§ Except current algebra, predictions are generally below experiment 11



BF of Cabbibo-favored decays in 1990s
RQM       Pole        Pole        RQM          Pole         C.A.
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new

new

§ No channel contains pure factorizable contributions

§ Nonfactorizable contributions play an essential role  
§ Ξ"7 → Σ#𝐾), Ξ"7 → Ξ7𝜋7, Ξ"7 → Ξ7𝜂: only contain nonfactorizable contribution

§ Others contain both two parts of contributions



Decay asymmetry 𝛼 of Cabbibo-favored decays in 1990s

n Lc
+® S+p0  

Ø CLEO (’95) measured a = -0.45±0.31±0.06  

Ø Pole model & RQM predict positive a

Ø Current algebra leads to negative a

Ø The sign of 𝛼 has been conXirmed by BESIII

n Lc
+® X0 K+

Ø theory:  small s-wave  Þ a = 0
q Can be improved

Ø Experiment ?

RQM      Pole       Pole         RQM          Pole       C.A.

BESIII, PLB 783（2018), 200-206

13

BESIII



Decay asymmetry 𝛼 of Cabbibo-favored decays in 1990s

n Ξc
+® Ξ)𝜋#:
Ø CLEO (’96) measured a = -0.6±0.4  

Ø All model estimations predict correct sign of a

n Could Belle/Belle II provide 𝛼
measurement ?

RQM      Pole       Pole      RQM          Pole       C.A.
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Our strategy 

• Non-factorizable contribution is incorporated
• Methodology: Pole model + current algebra 
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Theoretical 
framework
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Topological diagram approach

L.-L. Chau, H.-Y. Cheng and B. Tseng, Phys. Rev. D 54(1996)2132 17



Factorizable part: naïve factorization

• The choice of 𝑎:,8 depends on the meson in final states
• Effective 𝑁" included in 𝑎:,8 is determined by experiment
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Factorizable part: form factor

• FF sign issue
• MIT bag model estimation 

• More efforts on FF required

Static limit

Run
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Non-factorizable part: pole model
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S-wave: ½):

P-wave: ½#:



Non-factorizable part: current algebra
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• Advantage: avoid ½)

• P-wave: generalized Goldberg-Treiman relation 

• S-wave: commutator 



Baryon matrix elements & axial form factors

• MIT bag model estimation 
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Jinqi’s Mathematica package



Results for 
anti-triplet decays
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Λ"# decays: CF
J. Zou, FX, G. Meng and H.-Y. Cheng, 1910.13626

H.-Y. Cheng and B. Tseng,  Phys. Rev. D 48 (1993)  4188
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Λ"# decays: SCS
J. Zou, FX, G. Meng and H.-Y. Cheng, 1910.13626

H.-Y. Cheng, X.-W. Kang and FX,  Phys. Rev. D 97 (2018)  074028



Ξ" decays: CF
J. Zou, FX, G. Meng and H.-Y. Cheng, 1910.13626

Ξ"# → Ξ7𝜋#: consistent well with Belle experiment

Ξ"7 → Ξ)𝜋#: has a tension with Belle experiment



Ξ" decays: SCS
J. Zou, FX, G. Meng and H.-Y. Cheng, 1910.13626



Discussion
1. Λ"# → Ξ7𝐾# puzzle
2. Ξ"# → Ξ7𝜋# and Ξ"7 → Ξ)𝜋# tension
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Λ"# → Ξ7𝐾# puzzle
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Type-III
W-exchange

identical under SU(3)

cancellation



Λ"# → Ξ7𝐾# puzzle
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Λ"# → Ξ7𝐾# puzzle
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Λ"# → Ξ7𝐾# puzzle

different from Korner-Kramer:  SU(4)

similar
big and positive alpha



Ξ"# → Ξ7𝜋# and  Ξ"7 → Ξ)𝜋#
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constructive

distructive



Comparison

• Now most predictions for branching fraction and decay asymmetry are consistent with fitting 
results based on SU(3) symmetry. 

• The difference in Λ"# → 𝑛 𝜋# requires 



Comparison

• The signs of 𝛼 are consistent, except Ξ"# → Σ# 𝐾7
• Both groups have the same tension with Ξ"# → Ξ7𝜋# and Ξ"7 → Ξ)𝜋#, waiting for further 

confirmation from experiment.



Results for 
anti-triplet decays
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Summary

• Weak decays of anti-triplet of charmed baryons are predicted.
• The sign of form factors can be discriminated.
• Several  Λ"# decays are in agreement with BESIII.
• The Λ"# → Ξ7𝐾# puzzle is resolved.
• A tension exists in Ξ"# → Ξ7𝜋# and Ξ"7 → Ξ)𝜋#.
• Wait for more BESIII, Belle/Belle-II data to examine Λ"#, Ξ"

#,7decay 
theory.
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