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➢ Experimental results

LHCb Collaboration, PRL 115, 072001 (2015)

• The two 𝑷𝒄
+ states are found to have 

masses and widths of
𝑀𝑃𝑐 (4380) = 4380 ± 8 ± 29 MeV

Γ𝑃𝑐 (4380) = 205 ± 18 ± 86MeV

𝑀𝑃𝑐 (4450) = 4449.8 ± 1.7 ± 2.5 MeV

Γ𝑃𝑐 (4450) = 39 ± 5 ± 19 MeV

• The best fit solution has spin-parity 
𝑱𝑷 valuesof (3/2−, 5/2+). 

• Acceptable solutions are also found 
for additional cases with opposite 
parity, either (3/2+, 5/2−) or 
(5/2+, 3/2−).

I. Introduction
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• QDCSM was developed by Nanjing-Los Alamos 
collaboration in1990s aimed to multi-quark study.       (PRL 
69, 2901, 1992)

• Two new ingredients (based on quark cluster model 
configuration):

quark delocalization (orbital excitation) 

color screening (color structure) 

• Apply to baryon-baryon interaction and dibaryons 

NN, N , NΩ, …

deuteron                          success！

d*

II. Quark model and calculation method

➢ Quark model 
Quark delocalization color screening model (QDCSM)





In RGM, the multi-quark wave function is approximated by the cluster 

wave function,

The internal motions of clusters are frozen and the relative motion 

wave function satisfies the following RGM equation

➢ Calculation method

(1) Resonating group method (RGM)



RGM equation

where



(2) Kohn-Hulthen-Kato(KHK) variational method



III. Bound state calculation

➢ Hidden-charm pentaquarks
Eur. Phys. J. C. 76, 624 (2016) 

-16/4446 -11/4451 -10/4452

-17/4367 -14/4370 -12/4372

• The hidden charm 
pentaquark with I=1/2

Pc(4380)

Pc(4450)





➢ Hidden-bottom pentaquarks

⚫ The results are similar to the
hidden-charm molecular
pentaquark



IV. Resonance state and decay width

➢ Hidden-charm pentaquarks Phys. Rev. D. 99, 014010 (2019) 

• The phase shifts of the open channels clearly show three 
resonance states.



⚫ There are three resonance states in the              scattering phase 
shifts corresponding to     

⚫ In other scattering channels there are only two resonance states 
corresponding to  

cN
* * *

c c, , cD D D  

*

c c,D D 



Pc(4312) Pc(4457)



• The phase shifts of the open 
channels clearly show three 
resonance states.





?
Pc(4380)Pc(4440)



➢ Hidden-bottom pentaquarks









V. Summary

• For 𝑱𝑷 = 1/2−, it is possible to form bound states: Nηc and there exists some resonance 

states: ΣcD, ΣcD*, Σc*D*.

• For 𝑱𝑷 = 3/2− , there exists quasi-bound states: NJ/ψ; and some resonance states:  Σc*D, 

ΣcD*, Σc*D.

• For 𝑱𝑷 = 5/2−, there exists  quasi-bound states:  Σc*D*.

• Pc(4380): Σc*D, 𝑱𝑷 = 3/2−

Pc(4312): ΣcD, 𝑱𝑷 = 1/2−

Pc(4440): ΣcD*, 𝑱𝑷 = 1/2−𝑜𝑟 3/2−

Pc(4457): ΣcD*, 𝑱𝑷 = 1/2−𝑜𝑟 3/2−

• For the hidden-bottom system, the results are similar. Both the resonance states with 

𝐈𝑱𝑷 = 1/2 1/2− and 𝐈𝑱𝑷 = 1/2 3/2− are found from corresponding scattering 

process. The masses of these states are all above 11 GeV while their widths are only a 

few MeV.

Thank you!


