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Charmed baryon physics

Introduction

• There are various experimantal facilities focus 
on charmed baryon physics in the world.

• The theoretical analysis is still incomplete.

• Charmed baryon physics are hopeful to become 
a new platform for study NP.



< 5 >

Charmed baryon physics

Introduction

in experiment
R(�� )=0.242 ± 0.026 ± 0.040 ± 0.059       PRL 128 (2022)191803

First observation of �� → ��+                  PRL128(2022)142001
First observation of �� → ��−�+�          PRD 106 (2022) 11, 112010
First observation of �� → ��’                    JHEP 03 (2022) 090

First search for the weak radiative decays  
                                                                      PRD 107 (2023) 3, 032001

Search for the weak radiative decay                    at BESIII
           PRD 107 (2023) 5, 052002
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Charmed baryon physics

Introduction

in theroy
• SU(3) analysis: [PLB 823 (2021) 136765], [JHEP 03 (2022) 143], [ JHEP 12 (2022) 003], 

             [JHEP 09   (2022) 035],  [JHEP 02 (2023) 235].


• Λc →Λ Form Factors in Lattice QCD        Turk.J.Phys. 45 (2021) 4

• First lattice QCD calculation of semileptonic decays of charmed-strange 
baryons Ξc*                                              Chin.Phys.C 46 (2022) 1, 011002

• QCDSR : [PRD 104 (2021) 5, 054030], [PRD 106 (2022) 9, 9] , [ 2103.09436], 

• Weak radiative decay Λ c+→Σ +γ using light-cone sum rules 
                                                                       EPJ.C 83 (2023) 3, 224
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SU(3) analysis
Channel experiment data(%) SU(3) symmetry(%)

input data

2σ standard deviation
6σ standard deviation
5σ standard deviation

Not consist with SU(3) symmetry 

Introduction

X.G.He, F.Huang, W.Wang and 
Z.P.Xing,Phys. Lett. B 823, 136765 (2021) 

[1].PDG
[2].S.Acharya et al. [ALICE], Phys. Rev. Lett. 127, no.27, 272001 (2021)
[3].Y. B. Li et al. [Belle], Phys. Rev. Lett. 127, no.12, 121803 (2021)
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�� anormaly
Channel experiment 

data(%)
SU(3) 

symmetry(%)
Lattice(%) QCD sum 

rules(%)
light-cone sum 

rules(%)

-

Introduction

globe fit

Not consist with SU(3) 
symmetry 
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[5].H.H.Duan, Y.L.Liu and M.Q.Huang, Phys. Rev. D 106, no.9, 9 (2022)
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SU(3) symmetry breaking from the quark mass
SU(3) symmetry breaking

Amplitude:

Introduction
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global fit
Helicity amplitude:

Pole model Constant

The differential branching ratio 
with two different treatments of 
form factors

Introduction
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                                  mixing effect

Symmetry breaking matrix:

Amplitude:

ω

The anti-triplet and sextet and mixing by the 
SU(3) symmetry breaking effect ω.

Introduction
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                                  mixing effect
SU(3) amplitudeRedefine the helicity amplitude:

The θ and �� can be absorbed into �� and 
��

The SU(3) symmetry breaking term a2 and 
a4 can also be explained by the mixing effect

Introduction
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                                  mixing effect

�� −��’  mixing effect

[1].H.Liu, L.Liu, P.Sun, W.Sun, J.X.Tan, W.Wang, Y.B.Yang and Q.A.Zhang,[arXiv:2303.17865 [hep-lat]]
[2].T.M.Aliev, A.Ozpineci and V.Zamiralov,Phys. Rev. D 83, 016008 (2011)
[3].Y.Matsui, Nucl. Phys. A \textbf{1008}, 122139 (2021)
[4].H.W.Ke and X.Q.Li, Phys. Rev. D 105, no.9, 9 (2022)
[5].C.Q.Geng, X.N.Jin and C.W.Liu,Phys. Lett. B 838, 137736 (2023)

Lattice[1]

QCD sum rules[2]

HQET[3]

LFQM[4]

Mass spectrum[5]
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• Theorical formwork
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�� → �훖�� four body decays

Theorical formwork

 kinematics

Resonance:   ��:  �
�
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Angular distribution

                                  mixing effect

Mixing

SU(3) forbidden process
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                                  mixing effect preliminary analysis

[1].R. M. Wang, M. Z. Yang, H. B. Li and X. D. Cheng, Phys. Rev. D 100, 
no.7, 076008 (2019)

Angular distribution
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Angular distribution

Amplitude

Breit-Wigner form Sub-processes 
amplitude

 kinematics
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Angular distribution

Amplitude

Wigner FunctionHamiltonian
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Angular distribution

Amplitude

Wigner Function
Special process

�
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Angular distribution

decay width  kinematics
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• Angular distribution
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Angular distribution

Angular distribution
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Angular distribution

Observables  kinematics

�퐹�
� �퐹�

��

Interference of vector 
and axis-vector current

Interference of resonance 
with different spin

see work:  PRD 106 (2022) 11, 114041
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Angular distribution

Observables  kinematics
PRD 106 (2022) 11, 114041previous work:

Can we search the resonance        and       
by forward-backward assymetry?

�’            �
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Angular distribution

Forward-backward Asymmetry

two zero point
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• Numerical results
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Numerical results

decay width  kinematics
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Numerical results

Hadron matrix element

Three hadronic matrix element
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Numerical results

Lattice Calculation

Light-cone Sum rule Calculaion

Light-front quark model

Eur. Phys. J. C (2022) 82:11

Eur. Phys. J. C (2020) 80:1066

arXiv:1107.5925v2
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Numerical results

Mixing angle

[1].H.Liu, L.Liu, P.Sun, W.Sun, J.X.Tan, W.Wang, Y.B.Yang and Q.A.Zhang,[arXiv:2303.17865 [hep-lat]]
[2].T.M.Aliev, A.Ozpineci and V.Zamiralov,Phys. Rev. D 83, 016008 (2011)
[3].Y.Matsui, Nucl. Phys. A \textbf{1008}, 122139 (2021)
[4].H.W.Ke and X.Q.Li, Phys. Rev. D 105, no.9, 9 (2022)
[5].C.Q.Geng, X.N.Jin and C.W.Liu,Phys. Lett. B 838, 137736 (2023)

Lattice[1]

QCD sum rules[2]

HQET[3]

LFQM[4]

Mass spectrum[5]
 

Y. B. Li et al. [Belle], Phys. Rev. Lett. 127, no.12,121803 (2021) 

Comparing with Belle data:

The matrix element depends on the 
mixing angle
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Numerical results

Decay width

• Model dependence
• Does not change 

significantly with 
angle
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Numerical results

Forward-backward Asymmetry

disappeared when mixing angle is zero
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Conclusion

• The puzzle in charm baryon decays can be solved by the �� −��’  
mixing effect.

• The mixing effect can be observed in angular distribution of 
process

•  The forward-backward asymmetry is good observables for searching 
the mixing effect.
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