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Introduction
⚫ The reasons we study charmed baryons weak decays

To understand physics around 𝒎𝒄

To study the CP violation 

⚫ The experiments we have recently 

The CP violations in charmed meson have been already measured

CP violations in charmed baryons are interested

BeslII&Belle research on singly charmed baryons weak decaysLHCb’s results of doubly charmed baryons weak decays

⚫ The motivations we study Ω𝒄 weak decays 

Ω𝒄 is the lightest sextet baryon because of its’ special
flavor component

Charmed baryon weak decays
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A brief overview about the reaserch on Ω𝒄

Experiments Theories

Early

Recently

H. Y. Cheng, Phys. Rev. D 56, 2799-2811 (1997)

J. G. Korner and M. Kramer, Z. Phys. C 55,659-670 (1992)

Q. P. Xu and A. N. Kamal, Phys. Rev. D 46, 3836-3844 (1992)

D. Cronin-Hennessy et al. [CLEO], Phys. Rev. Lett 86, 3730-

3734 (2001)

R. Ammar et al. [CLEO], Phys. Rev. Lett. 89, 171803 (2002)

B. Aubert et al. [BaBar], [arXiv:hep-ex/0507011[hep-ex]] 

R. Aaij et al. [LHCb], [arXiv:2308.08512[hep-ex]]

X. Han et al. [Belle], JHEP 01 (2023), 055

Y. B. Li et al. [Belle], Phys. Rev. D 105 (2022) no.9, L091101

J. Yelton et al. [Belle], Phys. Rev. D 97 (2018) no.3 032001

C. W. Liu, [arXiv:2308.07754]

K. L. Wang, Q. F. Lü, J. J. Xie and X. H. Zhong, Phys. Rev. D 107, 
no.3, 034015 (2023)

T. M. Aliev, S. Bilmis and M. Savci, Phys. Rev. D 106, no.7, 
074022 (2022)

Y. K. Hsiao, L. Yang, C. C. Lih and S. Y. Tsai, Eur. Phys. J. C 80, 
no.11, 1066 (2020)

S. Hu, G. Meng and F. Xu, Phys. Rev. D 101, no.9 094033 (2020)
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We have some experimental results of Ω𝒄 weak decays 

Y. B. Li et al. [Belle], Phys. Rev. D 

105 (2022) no.9, L091101

J. Yelton et al. [Belle], Phys. Rev. D 

97 (2018) no.3 032001
R. Aaij et al. [LHCb], [arXiv:2308.08512[hep-

ex]]

They are all branching fractions ratios with branching fraction of Ω𝒄
𝟎→ Ω−π+

we couldn’t obtain theorical results from QCD 
obviously we need model calculation
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Characteristic of Ω𝒄 weak decays in model calculations 

Branching fraction of Ω𝒄
𝟎→ Ω−π+  

(denominator of ratio)

Difficulty: It is a decay of 1/2+to 3/2+,need to 
determine the wave functions

Simplicity: Only receive factorizable contributions

Branching fraction of Ωc
0→ B𝑓 M(lν)

(numerator of ratio)

Difficulty: Need to consider both factorizable and  
nonfactorizable contributions.

Simplicity: Some of them are the decays of 1/2+to 
1/2+

Our work: current algebra + nonrelativistic quark model 
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⚫ Hamiltonian 

General expression: 𝐻𝑒𝑓𝑓 =
𝐺𝐹
2
𝑉𝑐𝑠 𝑉𝑢𝑑

∗ 𝑐1 𝑂1 + 𝑐2 𝑂2 + 𝐻. 𝑐.

Amplitudes

Form factors 

Quark models Lattice QCD Other methods

Rarita-Schwinger vector spinor

D. Lurie, Particles and Fields (Interscience, 
New York, 1969)

〈 𝐵𝑓 𝑝𝑓 |𝑉μ|𝐵𝑖(𝑝𝑖)⟩ = തu𝑓
ν[ ҧ𝑓1 𝑞2 𝑔νμ + ҧ𝑓2 𝑞2 𝑝1νγμ + ҧ𝑓3 𝑞2 𝑝1ν𝑝2μ]γ5

〈 𝐵𝑓 𝑝𝑓 |𝐴μ|𝐵𝑖(𝑝𝑖)⟩ = തu𝑓
ν[ ҧ𝑔1 𝑞2 𝑔νμ + ҧ𝑔2 𝑞2 𝑝1νγμ + ҧ𝑔3 𝑞2 𝑝1ν𝑝2μ]
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⚫ Observable

Non-leptonic weak decay

𝑩𝒊

𝑩𝒇

𝑴
𝒒

𝑩𝒊

𝑩𝒇

𝒍

𝒒

𝝂𝒍

Semi-leptonic weak decay
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⚫ Form factors expressions

Take ത𝒇𝟏 as an example

Form factor definition
+

Vector-spinor/spinor 
expression   

Here we take x component of 
the vector current, and spin of 

𝑩𝒊 and 𝑩𝒇 to be 𝟏
𝟐
 and 𝟑

𝟐
 

Matrix element calculation

Such result depends on the 
calculations of both spin-flavor 

part and spatial part .

To obtain the final result we 
need model calculation
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Model Calculation of Form Factors
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⚫ Nonrelativistic quark model

Hamiltonian
1

2

3ρ
λ

Harmonic oscillator strengths

Baryon spectroscopy
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Model Calculation of Form Factors

F. E. Close and E. S. Swanson, Phys. Rev. D 72, 094004  (2005)



⚫ Model calculations (Take ത𝒇𝟏 as an example)
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Wave function

Select the current and spin components

Result

Delta function
Spin-Flavor

Model Calculation of Form Factors



Numerical Results 
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⚫ Branching fraction results (model independent)

Dependences between branching fractions and form factors
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Numerical Results 

S. Zeng, F. Xu, P. Y. Niu and H. Y. Cheng, Phys. Rev. D, no.3, 034009 (2023)



⚫ Form factors numerical results (𝒒𝟐 dependent)

H. Y. Cheng, Phys. Rev. D 56, 2799-2811 (1997) T. M. Aliev, S. Bilmis and M. Savci, 
Phys. Rev. D 106, no.7, 074022 (2022)

Y. K. Hsiao, L. Yang, C. C. Lih and S. Y. Tsai, 
Eur. Phys. J. C 80, no.11, 1066 (2020)
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⚫ Numerical result
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⚫ Ω𝒄 weak decays are important in many aspect.

⚫ Experiments can provide Branching fraction ratio of Ω𝒄 weak decays only, 

theoretical results are needed especially branching fraction of Ω𝒄
𝟎→ 

Ω−π+ .

⚫ Ω𝒄
𝟎→ Ω−π+ receive factorizable contribution only, NRQM could be a 

method to obtain its’ form factor, which means obtain the observable .

⚫ NRQM obtain good result fit the LHCb but could be improved.

⚫ Since the results in numbers of models are quite different, Lattice QCD 

could be expected.
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Summary



Thanks for your attention!
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