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Topological Diagram Approach (TDA)
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Charmed meson 	
two-body decays can be expressed in terms of six distinct topological 

diagrams [Chau (1980,1983); Chau, Cheng(1986)]
L.-L.Chau in Proceedings of 1980 Guangzhou Conference on Theoretical Particle Physics

both magnitude and strong phase of each tree diagram can be determined



Its Triumph in Meson Sector

4

Branching fractions

Direct CPV



Early TDA Seeking for Baryon

• Kohara(1991): parameterize by antisymmetric (12) and (23) for octet 

baryon wave function

• Chau,Cheng,Tseng(1996): parameterize symmetric and antisymmetric (12) 

for octet baryon wave function

• Kohara(1997): physics is independent of the chosen convention
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Recent Baryon TDA Attempt
• He, She, Wang(2019): a general TDA description

• Zhao, Wang, Hsiao, Yu(2020);

• Hsiao, Wang, Zhao(2022): followed Kohara, parity violation terms absent

• Wang, Luo(2024): independent parametrization, penguin included

Unlike IRA, proper global fits to the measured rates and decay asymmetries 
in TDA were still absent

TDA: more intuitive, graphic and easier to implement model calculations
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Completeness
     vs. Redundancy 
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hairpin diagram 
contributing to singlet η1
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Korner-Pati-Woo theorem: 
quark pair in a baryon produced by weak interactions
is required to be antisymmetric in flavor —> [l, k] asymmetric
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A further simplification

# diagrams: 7

# diagrams: 5; parameters: 19

KPW theorem 
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Chau-Cheng-Tseng, 1996



Amplitudes and their relations
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Incorporation of Penguin



KPW theorem:

redundant dof:

Geng-He-Jin-Liu-Yang, 2024



All available charmed baryon data in 2024

to interpret data
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Belle 2024

LHCb 2024



Fitted parameters
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χ2
min /dof ∼ 2

Jan. 2024 Oct. 2024
scheme I: without Belle/Belle-II 2024;
scheme II: all 38 data included



Part of predictions: January
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if phase shift vanishes, global fit ; non-unity non-vanishing phase shift → α ∼ 1 α →



Part of predictions: October



Part of predictions: October



A brief history of Λ+
c → Ξ0K+
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1. Theory in 1990s, small BF & zero , due to smallness of S-wave amplitudeα

2.  BF was measured, not that small, ℬ(Λ+
c → Ξ0K+) = (0.55 ± 0.07) %

3.  Recently both in SU(3) fit or dynamic model calculation, α ∼ 1

4.  The puzzle with  was resolved by BESIIIα

5.  The smallness  can be accmmodated recently in both IRA and TDAα



1.  : remaining problems from BESIIIΛ+
c → Ξ0K+
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(1) two sets for amplitudes

(2) ambiguity in sign of phase-shift 
: relative size of partial wavesγ

: relative sign of phase-shiftβ

We only had BF and  in January, so could not solve the problems.α



1.  : BESIII problem has been solved by LHCbΛ+
c → Ξ0K+
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(1) two sets for amplitudes

(2) ambiguity in sign of phase-shift 

LHCb, 2409.02759

Fit 10/2024

Select the solution



3.  Ξ0
c → Ξ−π+
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Our fit

Other support: 

fitted results
measured values



3’.  Ξ0
c → Ξ−K+
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measurement of  needs to be improved!Ξ0
c → Ξ−π+



SUMMARY

TDA approach to charmed baryon is established.

The proper fits can be carried out.

The unification of TDA & IRA is demonstrated.

All the kinematic measurements: BF, alpha, beta, gamma play their 
roles as expected.

Time to explore the underlying dynamics in charm system.
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