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➢ Experimental results

• 2015 LHCb Collaboration, Phys. Rev. Lett. 115, 072001

• 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 preferred spin-parity 𝑱𝑷 are of 
opposite values, with one state 
having spin 3/2 and the other 5/2. 

I. Introduction



• 2019 LHCb Collaboration, Phys. Rev. Lett. 122 222001 

• The Pc(4312) was discovered
with 7.3σ significance by analyzing 
the J/ψp invariant mass spectrum. 
• The previously reported Pc(4450)
structure was resolved at 5.4σ 
significance into two narrow
states: the Pc(4440) and Pc(4457).
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• The Nφ bound state was first studied by H. Gao . 
PRC 63 (2001) 022201(R)

The QCD van der Waals attractive potential is strong enough to bind a φ meson
onto a nucleon inside a nucleus to form a bound state. 

• The feasibility of experimental search for the Nφ bound 
state  at Jefferson Lab was demonstrated by H. Gao . 

PRC 75 (2007) 058201

• Measurement of coherent φ-meson photoproduction from
the deuteron.

CLAS Collaboration, PRC 76 (2007) 052202(R)
PLB 680 (2009) 417-422, PLB 696 (2011) 338-342

• The Nφ was a quasi-bound state in the extended chiral SU(3)
quark model.

PRC 73 (2006) 025207   

➢ Nφ



➢ Our work

1) Hidden-charm pentaquark

2) Hidden-bottom pentaquark

Eur. Phys. J. C. 76, 624 (2016), arXiv: 1510.04648.

Phys. Rev. D. 99, 014010 (2019) , arXiv: 1811.04260.

3) Hidden-strange pentaquark
Phys. Rev. C. 95, 055202 (2017) , arXiv: 1701.03210.
Phys. Rev. D. 97, 094019 (2018) , arXiv: 1803.05267.



➢ Quark delocalization color screening model (QDCSM)

II. Quark model and calculation methods 

• 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 the study of baryon-baryon interaction and 
dibaryons 

deuteron, d*, NN, N, NΩ, …

• Apply to the study of baryon-meson interaction and 
pentaquarks

NK, Npi, … 





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 methods

(1) Resonating group method (RGM)



RGM equation

where



Extending the relative motion wave function to the Gaussian 
function:

(2) Generating coordinates method (GCM)





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





1). d* mass and width in  NN scattering       
PRC 79 (2009) 024001

➢ Some examples



2).     mass and width in Npi scattering     Δ

✓ The mass of the resonance state will shift by coupling to the open channel. 
It is better to study the resonances in the scattering process rather than in 
the limited space.

✓ Extending the work to the other pentaquark systems is feasible.

M0=1525 MeV



III. Hidden-charm pentaquarks
• The hidden charm pentaquark channels with I=1/2

• The effective potentials 

✓ The state with the 
positive parity  is 
unbound in present  
calculations.



✓ The potentials are repulsive 
between c and D/D*. So 
no bound states or 
resonances can be formed 
in these two channels cD
and cD*. 

✓ Strong attractions between 
Σc/Σc* and D/D*.

✓ It is possible for Σc/Σc* and 
D/ D* to form bound states 
or resonance states.



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

-17/4367 -14/4370 -12/4372 Pc(4380)

Pc(4450)

• The single channel calculation

Comparing with the LHCb’s result in 2015
✓ The main component of the Pc(4380) maybe Σc*D with 𝐽𝑃 = 3/2− .
✓ The mass of the ΣcD* with 𝐽𝑃 = 3/2− is close to the reported Pc(4450), but 

the opposite parity of this state to Pc(4380) may prevent one from making 
this assignment at that time.



• The channel-coupling calculation

✓ A bound state: 𝑱𝑷 = 1/2− Nηc
✓ 𝑱𝑷 = 3/2− NJ/ψ (decay to open channels: D−wave Nηc)
✓ 𝑱𝑷 = 5/2− Σc*D* (decay to open channels: some D−wave channels)
✓ Where are these states?

They maybe the resonance states. 
To check whether they are resonance states or not, the study of scattering process of 
the corresponding open channels are needed ! 

𝑱𝑷 = 1/2− ΣcD, ΣcD*, Σc*D* 

𝑱𝑷 = 3/2− Σc∗D, ΣcD∗, Σc*D* 

(decay to open channels: S-wave Nηc, NJ/ψ, cD, 
cD* and some D-wave channels)

(decay to open channels: S−wave NJ/ψ, cD∗ and
some D−wave channels)



• Resonance states in the scattering process

𝟏. 𝑱𝑷 = 1/2−

• There are three resonance 
states: ΣcD, ΣcD*, and Σc*D*
in the Nηc scattering phase 
shifts. 

• In other scattering channels 
there are only two 
resonance states: ΣcD and 
ΣcD*.

• There is only a cusp around 
the threshold of the third 
state Σc*D*, because the 
channel coupling pushes the 
higher state above the 
threshold.



Pc(4312) Pc(4457)



2. 𝑱𝑷 = 3/2−

• There are two resonance 
states: ΣcD* and Σc*D in 
the NJ/ψ scattering phase 
shifts.

• There are three resonance 
states: ΣcD*, Σc*D and 
Σc*D* in the cD* 
scattering phase shifts.



?

Pc(4380)Pc(4440)



• Compare with the experiment

LHCb Collaboration, 
Phys. Rev. Lett. 122 222001 (2019)

Phys. Rev. D. 99, 014010 (2019),
arXiv: 1904.00221

ΣcD ΣcD*Σc*D



IV. Hidden-bottom pentaquarks

𝟏. 𝑱𝑷 = 1/2−



2. 𝑱𝑷 = 3/2−

✓ The results are similar to the hidden-charm pentaquarks.
✓ Some narrow hidden-bottom pentaquark resonances above 11 GeV are 

found from corresponding scattering process. 



V. Hidden-strange pentaquarks

• The hidden strange pentaquark channels

✓ The states of P and D 
wave are unbound in 
present  calculations.



• The effective potentials 



• The bound state calculation

✓ Nη’ is a bound state by channel-coupling calculation.
✓ Nφ may be a resonance state.



• Resonance states in the scattering process

1. Nφ



2. Pc-like resonances

N*(2100) N*(1875)





VI. Summary

1. Hidden-strange pentaquark
1 bound state:             𝑱𝑷 = 1/2− Nη’

8 resonance states:     𝑱𝑷 = 1/2− ΣK, ΣK*, Σ*K*
𝑱𝑷 = 3/2− Σ∗K (N*(1875) ), ΣK∗(N*(2100)), Σ∗K∗, Nφ
𝑱𝑷 = 5/2− Σ*K*

2. Hidden-charm pentaquark
1 bound state:             𝑱𝑷 = 1/2− Nηc

8 resonance states:    𝑱𝑷 = 1/2− ΣcD (Pc(4312)), ΣcD* (Pc(4457) ), Σc*D*

𝑱𝑷 = 3/2− Σc∗D (Pc(4380)), ΣcD∗ (Pc(4440)), Σc∗D∗, NJ/ψ
𝑱𝑷 = 5/2− Σc*D*

3. Hidden-bottom pentaquark
1 bound state:             𝑱𝑷 = 1/2− Nηb
8 resonance states： 𝑱𝑷 = 1/2− ΣbB, ΣbB*, Σb*B*

𝑱𝑷 = 3/2−Σb∗B, ΣbB∗, Σb∗B∗, NY
𝑱𝑷 = 5/2− Σb*B*



Thanks for your attention!


