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Hidden-charm pentaquark 𝑷𝑷𝒄𝒄

• Λ𝑏𝑏0 → 𝑃𝑃𝑐𝑐𝐾𝐾− → 𝑝𝑝𝑝𝑝/𝜓𝜓𝐾𝐾−

• Minimal quark content: 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 ̅𝑢𝑢
• Quark model framework
• Strong decay study

[1] R. Aaij et al. (LHCb Collaboration) Phys. Rev. Lett. 122, 222001



Wave function construction
• In this work, The hidden-charm pentaquark is in the molecule state of charmed baryon and 

anticharm meson,  [𝑞𝑞𝑞𝑞𝑢𝑢][𝑞𝑞 ̅𝑢𝑢].
• The wave function of the pentaquark follows:

 The total wave function of the pentaquark should be color singlet.

 There are 3 possible configurations of the baryon-meson molecule for the color singlet 
[222].

 The explicit wave function can be calculated by
𝜓𝜓 222
𝑐𝑐 𝑞𝑞𝑞𝑞𝑢𝑢𝑞𝑞 ̅𝑢𝑢 = 𝜓𝜓 111

𝑐𝑐 𝑞𝑞𝑞𝑞𝑢𝑢 ⊗ 𝜓𝜓 111
𝑐𝑐 (𝑞𝑞 ̅𝑢𝑢) 𝜓𝜓 222

𝑐𝑐 𝑞𝑞𝑞𝑞𝑢𝑢𝑞𝑞 ̅𝑢𝑢 = 1
8
∑𝑖𝑖 𝜓𝜓 21 𝑗𝑗,𝑖𝑖

𝑐𝑐 (𝑞𝑞𝑞𝑞𝑢𝑢) ⊗𝜓𝜓 21 𝑖𝑖
𝑐𝑐 (𝑞𝑞 ̅𝑢𝑢)

 The wave function should be antisymmetric for the light quark separately by each cluster.



Baryon and meson clusters wave function

• The total wave function, which has four degrees of freedom, color 𝜓𝜓, spatial 𝜂𝜂, flavor 𝜙𝜙, and spin 𝜒𝜒, of 
the baryon cluster should be antisymmetric for the light quark 𝑞𝑞 in the cluster.

The possible configurations for the baryon 
cluster in the ground state (𝜂𝜂 3 (𝑞𝑞𝑞𝑞𝑢𝑢)).

The possible configurations for the meson 
cluster in the ground state (𝜂𝜂 2 (𝑞𝑞 ̅𝑢𝑢)).



Total wave function



Strong decay study

• The decay width formula for two-body decay, factorizing by the transition amplitudes of the spatial part and 
color-spin-flavor part, is given by

Γ𝑝𝑝𝑐𝑐→𝑖𝑖𝑖𝑖 =
2𝜋𝜋𝐸𝐸𝑖𝑖𝐸𝐸𝑖𝑖
𝑀𝑀𝑃𝑃𝑐𝑐

𝑓𝑓 𝑝𝑝2 𝛾𝛾𝐶𝐶𝐶𝐶𝐶𝐶 2.

𝑝𝑝 is the center-of-mass momentum, 𝐸𝐸𝑖𝑖 𝑖𝑖 is the energy of the final particle 𝑖𝑖.
• 𝑓𝑓 𝑝𝑝2 is the kinematic phase space factor stemming from the transition amplitude of the spatial part.
• To reduce the model dependence, we apply a phenomenological form for the phase factor from [2], 

𝑓𝑓 𝑚𝑚𝑖𝑖 ,𝑚𝑚𝑖𝑖 , 𝑠𝑠 = 𝑝𝑝 ⋅ 𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝 −𝐴𝐴 𝑠𝑠 − 𝑠𝑠𝑖𝑖𝑖𝑖
1
2 .

C and A are constant, assuming to be equal for all decay channels, which 𝐴𝐴 = −1.2 𝐺𝐺𝐶𝐶𝑉𝑉−1, 
and 𝑠𝑠𝑖𝑖𝑖𝑖 = 𝑚𝑚𝑖𝑖 + 𝑚𝑚𝑖𝑖

1/2
.

• 𝛾𝛾𝐶𝐶𝐶𝐶𝐶𝐶 is the color-spin-flavor transition amplitude which is calculated from the overlap of the color-spin-flavor 
part of the initial and final states.

[2] J. Vandermeulen, Z.Phys.C 37 (1988) 563-567



Decay width ratios

• By using three 𝑃𝑃𝑐𝑐 masses, we find the 
decay width for all the possible decay 
channels normalized by  
Γ(Ψ111 𝐶𝐶 2 𝐹𝐹 3 2 𝑆𝑆

𝐽𝐽=3/2 → 𝑝𝑝𝑝𝑝/𝜓𝜓)mode.
• Due to the result of three 𝑃𝑃𝑐𝑐 are in the 

same magnitude, we present only the 
result from the 𝑃𝑃𝑐𝑐(4457) for I = 1/2. 



Summary

• We study the hidden charm pentaquark in the molecule picture of charmed baryon 
and anticharm meson within the quark model framework.

• The wave functions are constructed by applying the group theory. We find all the 
possible ground-state configurations for the pentaquark in the molecule state totally 
18 configurations, 47 states.

• The strong decay of each possible molecule states were investigated for all possible 
channels.

• Due to the color transition amplitude, the states with the color octet 𝜆𝜆 of the baryon 
cluster cannot strongly decay.

• The decay width ratios show that five open-charm decay modes are dominant over 
the hidden-charm decay channels. 𝑝𝑝𝜂𝜂𝑐𝑐, Σ𝑐𝑐 �𝐷𝐷, and Λ𝑐𝑐+�𝐷𝐷 channels are open only J=1/2 
while Σ𝑐𝑐∗�𝐷𝐷 channel is open only J=3/2 except for 𝑃𝑃𝑐𝑐(4312).

• We strongly suggest that the spin of 𝑃𝑃𝑐𝑐 can be determined in experiment by 
investigating the 𝑝𝑝𝜂𝜂𝑐𝑐 and the open-charm decay channels.



Appendix: Color octet wave function



Appendix: γ𝑪𝑪𝑪𝑪𝑪𝑪



Appendix: γ𝑪𝑪𝑪𝑪𝑪𝑪
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