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Experimental results and theoretical foundation 

Mass spectra, widths (in units of MeV), and decay modes of the observed charmed baryons  

Status of charmed baryons 
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Experimental results and theoretical foundation 

中国物理学会高能物理分会第十届全国会员代表大会暨学术年会 (上海) 



5 

Experimental results and theoretical foundation 

Status of bottomed baryons 

Mass spectra, widths (in units of MeV), and decay modes of the observed charmed baryons  

Bing Chen, Ke-wei Wei, Xiang Liu, and Ailin 
Zhang, arXiv:1805.10826 
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Experimental results and theoretical foundation 

Within the diquark picture, the mass difference between the corresponding Ξ𝑐 and Λ𝑐 states 
is about 180~200 MeV, while the corresponding Ξ𝑐

′  and Σ𝑐 states is about 120~130 MeV 

doublet 𝑠𝑙
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Experimental results and theoretical foundation 

Within the diquark picture, the mass difference between the corresponding Ξ𝑐 and Λ𝑐 states 
is about 180~200 MeV, while the corresponding Ξ𝑐

′  and Σ𝑐 states is about 120~130 MeV 
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Experimental results and theoretical foundation 

This observation supports the theory that the diquark production is the main process of 
charmed baryon production from 𝑒+𝑒− annihilation and that the diquark structure exists 
in the ground state and low-lying excited states of Λ𝑐

+ baryons.  
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Experimental results and theoretical foundation 

       If we assume that two light quarks in the charmed baryon systems develop into a quark 
cluster, then the mass differences between Ξ𝑐 and Λ𝑐 states can be understood well. In the 
quark cluster picture (or diquark picture), the degree of freedom of two light quarks in a 
diquark system is frozen. Only the degree of freedom between the center of mass of two light 
quarks and the c quark can be excited. 
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Experimental results and theoretical foundation 

Since the oscillator frequencies 𝜔𝜌 and 𝜔𝜆 are different in the charmed baryons (𝑚𝑄 ≫ 𝑚𝑞)  

𝜔𝜆
𝜔𝜌
=
1

3
1 +
2𝑚𝑞
𝑚𝑄
< 1 

which indicates that the λ mode excited charmed baryons would have lower excited energies.  
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Masses and decays of charmed baryons in diquark picture 

Q
O

diquark In the relativistic flux tube (RFT) model, Selem and Wilczek have 
obtained the following mass formula,  

E = M+
𝜎𝐿

2
+ 21/4𝜅𝐿−1/4𝜇3/2 

A. Selem, F. Wilczek, arXiv:hep-ph/ 0602128  
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We have extended equation above to the radial excited heavy baryons as  

휀𝑛𝐿 −𝑚𝑄
2
=
1

2
𝜎 𝜅𝑛 + 𝐿 + 𝑚𝑙 + 휁𝑄

2
 

where 휁𝑄 = 𝑚𝑄𝑢1
2。 

Chew-Frautschi formula  

Finally, we added the 𝑠 𝑄 ⋅ 𝐿 couplings term as  

𝐻𝑛𝐿
𝑠𝑜 =

1

3×25/2
𝛼𝑠

𝑢1+𝑢2
3

𝜎

𝜅𝑛+𝐿

3/2 1

𝑚𝑙𝑚𝑄
 𝑠 𝑄 ⋅ 𝐿 
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Masses and decays of charmed baryons in diquark picture 

Results of the excited Λ𝑐
+ and Ξ𝑐 excited states: 

Bing Chen, Ke-Wei Wei, Ailin Zhang,  
Eur.Phys.J. A 51 (2015) 82 
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Masses and decays of charmed baryons in diquark picture 

LHCb Collaboration (R. Aaij (CERN) et al.),  JHEP 1705 (2017) 030  

3

2

+
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Masses and decays of charmed baryons in diquark picture 

Bing Chen, Ke-Wei Wei, Xiang Liu, Takayuki Matsuki,  Eur. Phys.  J. C 77, 154 (2017) 
Bing Chen, Xiang Liu, and Ailin Zhang, Phys. Rev. D 95, 074022 (2017) 
Bing Chen, Xiang Liu, Phys. Rev. D 95, 074022 (2017) 

中国物理学会高能物理分会第十届全国会员代表大会暨学术年会 (上海) 
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Masses and decays of charmed baryons in diquark picture 

Bing Chen, Ke-Wei Wei, Xiang Liu, Takayuki Matsuki,  Eur. Phys.  J. C 77, 154 (2017) 
Bing Chen, Xiang Liu, and Ailin Zhang, Phys. Rev. D 95, 074022 (2017) 
Bing Chen, Xiang Liu, Phys. Rev. D 95, 074022 (2017) 
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 nL 1S 1P 2S 

𝑱𝑷 1/𝟐+ 3/𝟐+ 1/𝟐− 1/𝟐′− 3/𝟐− 3/𝟐′− 5/𝟐− 1/𝟐+ 3/𝟐+ 

Σ𝑐  Σ𝑐(2455) Σ𝑐(2520)      Σ𝑐(2800)        

Ξ𝑐
′   Ξ𝑐

′ (2570)  Ξ𝑐
′ (2645)       Ξ𝑐

′ (2930)        

Ω𝑐 Ω𝑐(2700)   Ω𝑐 (2760) Ω𝑐(3000)
  

Ω𝑐(3090)  Ω𝑐(3050)
  

Ω𝑐(3119)  Ω𝑐 (3066) Ω𝑐(3188)
  

  

Σ𝑏  Σ𝑏(5815)  Σ𝑏 (5835) 
 

              

Ξ𝑏
′   Ξ𝑏

′ (5935)  Ξ𝑏
′ (5955) 

 
      𝜩𝒃

′ (6227)−       

Ω𝑏 Ω𝑏(6045)
  

                

Bing Chen, Ke-wei Wei, Xiang Liu, and Ailin Zhang, arXiv:1805.10826 

For bottom-strange baryons, 
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Masses and decays of charmed baryons in diquark picture 
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Bing Chen, Ke-wei Wei, Xiang Liu, and Ailin Zhang, arXiv:1805.10826 
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The measured  branching ratios 

𝑩 𝜦𝒄(𝟐𝟖𝟖𝟎)→𝜮𝒄(𝟐𝟓𝟐𝟎)𝝅

𝑩 𝜦𝒄(𝟐𝟖𝟖𝟎)→𝜮𝒄(𝟐𝟒𝟓𝟓)𝝅
= 𝟎. 𝟐𝟐𝟓 ± 0.062 ± 0.025; 

Belle  [2007] 
Phys. Rev. Lett. 98, 262001 (2007) 

𝐵 Ξ𝑐(3080)→Σ𝑐 2520 𝐾

𝐵 Ξ𝑐(3080)→Σ𝑐 2455 𝐾
=
0.55±0.05±0.05

0.45±0.05±0.05
 = 0.82 ~ 1.86; 

BABAR  [2008] 
Phys. Rev. D 77, 012002 (2008)  

𝐵 Ξ𝑐(3080)→Σ𝑐 2520 𝐾

𝐵 Ξ𝑐(3080)→Σ𝑐 2455 𝐾
 = 1.07 ± 0.27 ± 0.04; 

𝐵 Ξ𝑐(3080)→Λ𝐷 
𝐵 Ξ𝑐(3080)→Σ𝑐 2455 𝐾

 = 1.29 ± 0.30 ± 0.15; 

𝐵 Ξ𝑐(3055)→Λ𝐷 
𝐵 Ξ𝑐(3055)→Σ𝑐 2455 𝐾

 = 5.09 ± 1.01 ± 0.76; 

Belle  [2016] 
Phys. Rev. D 94, 032002 (2016)  

Hai-Yang Cheng, Chun-Khiang Chua, Phys.Rev. D 75 (2007) 014006 
Bing Chen, Xiang Liu, and Ailin Zhang, Phys.Rev. D 95, 074022 (2017) 
Ya-Xiong Yao, Kai-Lei Wang, Xian-Hui Zhong, arXiv:1803.00364  
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Summary : success and difficulty 

Λ𝑐 2940
+ 

So the coupled-channel effects should be considered for the 2P Λ𝑐
+states.  

states Expt. CWLM EFG CWZ CI 

 2𝑃, 1/2−     2980 2983 2989 3030 

 2𝑃, 3/2−   2939.3 3004 3005 3000 3035 

𝑫∗ 𝒑  𝑫∗ 𝒏  

 2950  2950 

Some thresholds in an S wave plays an important dynamical role in making the  2𝑃, 3/2−   
state a notable mass shift.   

Mass (in MeV) 
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Summary : success and difficulty 
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diquark picture 

states allowed in three-
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Summary : success and difficulty 

    In the heavy quark-light diquark picture, most of the observed charmed baryon states 
can be explained including their mass spectrum and strong decays. As discussed  above, 
however, there are some questions which should be investigated deeply. 

(1) The branching ratios of Λ𝑐 2880
+and Ξ𝑐 3080  pose challenges to the diquark  

       picture, 
 
(2) The coupled-channel effects should be studied for the 2P Λ𝑐

+ states,  
 

(3) The spin-parity of Λ𝑐 2760
+ [or a Σ𝑐 2760

+ state] and Ξ𝑐
′
2980  should be 

measured, 
 

(4) We may ask why no ρ-mode excited heavy baryon state has been detected by any 
experiment. If they exist, how are we going to find them? 
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Summary : success and difficulty 
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