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OUTLINE

• Introduction 

• Model setup 

• Non-perturbative parameters in quark models 

• Results and discussion

2



INTRODUCTION
Towards charmed baryons 

• Charm quark is special for its mass implying the theoretical challenge. 

• Baryons provide a good platform to study charm physics. 

• Topics of charmed baryons: lifetimes, masses, decays, CPV…
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Siegen breakfast

SU(4) 20-plet with an SU(3) decuplet SU(4) 20-plet with an SU(3) octet 

S. Collins, P. Spradlin,  …

H.-Y. Cheng,  B. Melic,  A. Schwartz  … H.-Y. Cheng, P. Sparadlin,  Y. Xu… 
& this talk 

Charm 2025 ?

talk given by K. Vos



Doubly charmed baryon family 

• The first observed doubly charmed baryon  : mass and lifetimeΞ++
cc
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Decays of  Ξ++
cc
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Extracting information of  decays from experimental results 

        

        

Ξ++
cc
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T. Gutsche et al., PRD 100, 114037 (2019)
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• Incomplete list of recent papers on  decays 

      

Ξ++
cc
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KINEMATICS
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longitudinal polarization

dynamics

• Partial wave amplitudes 

• Physical observables
decay width or 
branching fraction

absolute size of amplitudes

relative size and phase of amplitudes



DYNAMICS: TOPOLOGICAL DIAGRAMS & POLE MODEL
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• a tool to manipulate fit ( meson case: Chau & Cheng PRL56(1986)1655 ) 
• a tool to assist in analyzing dynamics

non-factorizablefactorizable

• topological diagram method



DETAILED AMPLITUDES

A summary of all amplitudes 

factorizable  
amplitudes

non-factorizable  
amplitudes

non-perturbative parameters

• Lattice QCD 
• QCD sum rule 
• Quark Models
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MIT bag model

MIT BAG MODEL (STATIC BAG MODEL)

Baryon wave function:

11



NON-RELATIVISTIC QUARK MODEL

NR quark model
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MODEL ESTIMATIONS

Bag  
model

NRQM
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Ξ++
cc : Ξ+

c : Ξ′ +
c :

MODEL INPUTS
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RESULTS

• NF amplitudes are suppressed for  mode, due to Korner-Pati-Woo theorem. 
• Both S- and P-wave NF amplitudes in  dominate and have destructive interference with factorizale ones 
• MIT bag model estimation gives small  and large ratio R. 
• NR quark model estimation can reach experimental requirement, taking Case 2 as an example. 
• The sizes of non-factorizable amplitudes: bag model < NRQM.

Ξ′ +
c π+

Ξ+
c π+

Ξ+
c π+
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COMPARISON

destructive

constructive

• current  data on Br and R 
• future measurement of   α

help to discriminate  
theoretical studies

p
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SUMMARY

• It is the time to study charmed baryon decays. 

• The decays  have been studied theoretically in the pole model with 
the assistance of topological diagrams. 

• Non-factorizable contributions play an essential role in charmed baryon decays. 

• Two quark model have been investigated in the calculation of non-perturbative 
parameters contributing to non-factorizable amplitudes. 

• Current data (R and one branching fraction) can be explained in proper parameter 
space of NR quark model or bag model with sizable  mixing. 

• More experimental and theoretical progresses are anticipated. 

Ξ++
cc → Ξ(′ )+

c π+

Ξc
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