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Charmed baryon decays
• From 2014, BESIII has studied charmed baryons for ten years!  A new period of charm 
physics has coming. 

• 2016, we performed a theoretical study on non-leptonic  decays in flavor SU(3) symmetry

•After that, a lot of experimental results and theoretical studies. 
•Exp: BESIII, Belle, LHCb. Th: C.Q.Geng, H.Y.Cheng, F.R.Xu, Y.K.Hsiao, C.W.Liu and so on. 
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CP violation in baryons

• Sakharov conditions for Baryogenesis:  
1) baryon number violation 
2) C and CP violation 
3) out of thermal equilibrium 

• CPV:   SM < BAU.  => new source of CPV, NP   

• CPV well established in K, B and D mesons,                 
but CPV never established in any baryon 

• Comparison between precise prediction and measurement 
is helpful to test the SM and search for NP
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Charmed baryon decays

• Charmed baryon decays are the next 
opportunity and challenge of charm physics

• No any real CPV predictions

• Dynamics are more complicated

• Many more topological diagrams  
+ more partial waves

• SU(3) irreducible representations cannot 
provide information on penguins

• Final-state interactions (FSI) are necessary

See FSI in En Wang’s and C.W.Liu’s talk

See topologies in H.Y. Cheng’s and F.R.Xu’s talk
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Final-state interactions

• Rescattering mechanism for charm CPV [Bediaga, Frederico, Magalhaes, PRL2023; 
Pich, Solomonidi, Silva, PRD2023]

• Data-driven extraction of magnitudes and phases of the  scatterings 

• Power of predictions is limited due to only few channels of available data

ππ → KK

ΔAexp
CP = − (15.4 ± 2.9) × 10−4

|ΔAshort−distance
CP | < 2 × 10−4 ΔAFSI

CP = − (6.4 ± 1.8) × 10−4v.s.

Model-independently manifest on the enhancement of final-state interactions!!!

See H.Y.Cheng’s talk
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Rescattering mechanism
• Rescattering mechanism have been successfully used to predict the discovery channel 
of  [FSY, Jiang, Li, Lu, Wang, Zhao, ’17]Ξ++

cc → Λ+
c K−π+π+

• It deserves to develop the rescattering mechanism to study CPV of charmed baryons
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Triangle diagrams 

VudV*cd

VusV*cs

λd Ad + λs As

CPV can be easily obtained within the rescattering mechanism 

• Much more channels are included in the rescattering mechanism

See C.W.Liu’s talk
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Only one parameter 
explains all the 8 

experimental data!

C.P.Jia, H.Y.Jiang, J.P.Wang, FSY, 2405.xxxxx

Branching Ratios



12

Decay Asymmetries

C.P.Jia, H.Y.Jiang, J.P.Wang, FSY, 2405.xxxxx



CP violation

13 C.P.Jia, H.Y.Jiang, J.P.Wang, FSY, 2405.xxxxx



Dependence on  η

• The decay asymmetries and CPV are insensitive to , 
whose dependences are mostly cancelled by the ratios

η
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• Branching fractions are 
very sensitive to η

Branching fractions Decay asymmetries CP violations

Γ ∝

C.P.Jia, H.Y.Jiang, J.P.Wang, FSY, 2405.xxxxx
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Summary
• Final-State-Interaction (FSI) is a physical picture of long-distance effect.

• Improved FSI method is develop to successfully study charm-baryon decays

• Using only one parameter, it could explain almost all the experimental data.

• It has reasonable strong phases, thus can predict CP violation.

• Theoretical uncertainties can be lowered down in the decay asymmetries and 
CPV by the ratios. 
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Outlooks
• We will next study psuedoscalar modes.

• The current uncertainty comes from the form factor. How many? What 
order? Or what formula? 

• Our current formula can contribute strong phase. We are testing some 
other formula without strong phases. 

• BESIII has measured the decay asymmetries of . More 
processes are required to measure the decay asymmetries. They could 
tell something about strong phases, so tell what model is better. Like 

Λ+
c → Λ0ρ+

Λ+
c → Ξ0K+

α ∝ Re(S*P)
β ∝ Im(S*P)
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Outlooks
• What opportunities in charm physics? 

• CPV is most important one. Dynamics is required for predictions. Branching fractions and 
decay asymmetries to be measured by BESIII. [See H.Y.Cheng’s, F.Xu’s, C.W.Liu’s talks]

• Lifetimes have not been well predicted. Non-perturbative matrix elements can be extracted 
from inclusive decays [See Q.Qin’s talk] or by Lattice QCD [See W.Wang’s talk]. 

• Spectroscopy in multi-body decays of  and  [See Y.K.Hsiao’s, E.Wang’s, C.W.Xiao’s, 
S.Cheng’s talks]

• FCNC for searching new physics. Long-distance dominant, but difficult in theory. Local 
operators from Lattice QCD [See Z.F.Liu’s talk] 

D Λc

Thank you very much!
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The dependence on  𝜂

• The branching ratio is sensitive to the parameter .
• The decay asymmetries are not sensitive to the parameter . 

𝜂

𝜂



The dependence on heavy to light form factor

• The branching ratio is sensitive to the value of heavy to light form factor.
• The decay asymmetries and CP asymmetries are not sensitive to FF. 



The dependence on strong coupling constants

• The branching ratio is sensitive to the 
value of strong coupling.

• The decay asymmetries and CP 
asymmetries are not sensitive to 
strong coupling. 


