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Outline
⚫ Background: Pc states as meson-baryon molecular 

scenario and Pcs(4459)

⚫ The theoretical explanation for the Pcs(4459) :

1. Mass spectrum: OBE model and coupled channel analysis

2. Strong decay properties 

⚫ Other predictions: hidden-charm molecular pentaquarks 
with strangeness |S|=1, 2, and 3

⚫ Summary

2



1.

Background: Pc states as meson-baryon 
molecules and Pcs(4459)
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PRL115, 072001

Pc(4450)+ 𝑀 = 4450 ± 2 ± 3 MeV
𝛤 = 39 ± 5 ± 19 MeV

Pc(4380)+ 𝑀 = 4380 ± 8 ± 29 MeV
𝛤 = 205 ± 18 ± 86 MeV

Run 1  3 fb-1

Pc states in Λ𝒃
𝟎 ⟶ 𝐽/𝜓𝑝𝐾−

PRL122, 2220012015 2019



The nature of Pc(4380) and Pc(4450)
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Molecular 
state

Hadro-
charmonium

+ kinematic effects

Triquark-
diquark

Diquark-diquark-quark

Compact
Pentaquarks



Exotic state vs no-resonant

• Molecular states: loosely bound
states composed of a pair of
hadrons, probably bound by the
long-range color-singlet pion
exchange

• Compact Pentaquarks: bound
states of five quarks, bound by
colored-force between quarks,
decay through rearrangement,
some are charged or carry
strangeness, there are many
states within the same multiplet

• No-resonant: Kinematical artifact?
Cusp effect? Final state
interaction? Triangle singularity
due to the special kinematics?
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Pc states in meson-baryon molecular scenario

𝐼 𝐽𝑃 = 1/2(1/2−) reproduce 
Pc(4312) and Pc(4440)
⚫ Pc(4312): 
𝜮𝒄ഥ𝑫: 𝛴𝑐𝐷

∗: 𝛴𝑐
∗𝐷∗ =0.66:0.18:0.16, 

root-mean-square radius: R=1.03 
fm
⚫ Pc(4440): 𝑷 𝜮𝒄𝑫

∗ > 𝟗𝟐%,
R=0.83 fm

𝐼 𝐽𝑃 = 1/2(3/2−) reproduce Pc(4457) 
Pc(4457): 𝜮𝒄𝑫∗: 𝛴𝑐

∗𝐷∗ = 3: 1, 
root-mean-square radius: R=1.61 fm, 

coupled-channel effect: important

⚫ Pc(4380)
M=4379 MeV, P[𝜮𝒄

∗ഥ𝑫]>87%, R=1.40 fm,
Not observed in 2017 but in 2015

PRD110, 011502(R)
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Loosely bound meson-baryon molecular explanations 
for these three Pc states



𝑷𝒄𝒔 𝟒𝟒𝟓𝟗 : 𝜩𝒃
− → 𝑱/𝜳𝜦𝜥−

𝑱𝑷: Statistics not enough for determination

Including various syst. uncertainty, the 
smallest significance is 3.1 𝜎

19 MeV 𝜩𝒄ഥ𝑫
∗(𝟒𝟒𝟕𝟕)

arXiv:2012.10380
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Question: Can the newly Pcs(4459) be a 
strange hidden-charm Ξ𝑐ഥ𝐷

∗ molecular  
pentaquarks?
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One-boson-exchange (OBE) model

• 1935, Yukawa: pion-exchange and nucleon-nucleon interaction

• Nijimegen potential and Bonn potential: scalar meson 𝝈 exchange~two 𝝅
exchange；vector meson-𝝆/𝝎 exchange~multi-𝝅 exchange

Yukawa, Proc. Phys. Math. Soc. Japan 17, 48 (1935)

1
• OBE model

• Scattering amplitude

2
• Breit approximation

• Effective potential in momentum 
space

3
• Fourier transformation

• Effective potential in coordinate 
space

One free parameter 

Form factor  ℱ 𝑞2, 𝑚2 =
Λ2−𝑚2

Λ2−𝑞2
𝜦, 𝑚 and 𝑞 are the cutoff, mass and four-

momentum of the exchanged meson, respectively.

N. A. Tornqvist, Z. Phys. C 61, 525 (1994)
N. A. Tornqvist, Nuovo Cim. A 107, 2471 (1994)𝜦~𝟏. 𝟎 GeV 11



Effective Lagrangians

Charmed-strange baryon sector (heavy quark symmetry)
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Axial current and vector current

Charm baryon

Light quarks in ത3𝐹 Light quarks in 6𝐹

PRD46, 1148      PRD45,2188 PLB280,287     PLB292,119      PRD85, 014015



Pcs(4459) : a 𝜩𝒄ഥ𝑫
∗ molecule?

A single channel analysis

 There exist 𝜎, 𝜌, and 𝜔 exchanges
 𝜎/𝜌 −exchange: attractive
 𝜔 −exchange: repulsive
 OBE: weak attractive

Cutoff dependence of binding energy
E and the root-mean-square radius

 Cutoff  is far away from the typical 
value 1.00 GeV

 Pcs(4459) cannot be a pure Ξ𝑐ഥ𝐷
∗

molecule

arXiv: 2011.07214 
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Loosely bound molecular states in the 
coupled channel systems

𝑀𝑆 = 𝐴1𝐵1 + 𝐴2𝐵2 +⋯+ 𝐴𝑛𝐵𝑛

 Mass 𝑀𝑀𝑆 = 𝑀𝐴1 +𝑀𝐵1 − 𝐸, binding energy 𝐸

 Asymptotic form of wave function for an S-
wave bound state at large distance: 

𝝍 𝒓 ~ 𝒆− 𝟐𝝁𝒌෩𝑬𝒓/𝒓, 
𝜇𝑘 = 𝑀𝐴𝑘𝑀𝐵𝑘/(𝑀𝐴𝑘+𝑀𝐵𝑘)

෩𝑬 = 𝑴𝑨𝒌 +𝑴𝑩𝒌 − 𝑴𝑨𝟏 +𝑴𝑩𝟏 + 𝑬

 Size of the system : 𝑹𝑴𝑺 ~ 𝟏/ 𝟐𝝁𝒌෩𝑬
𝑹𝑴𝑺 > 𝑹𝑨𝒌 + 𝑹𝑩𝒌

 ෩𝑬 ~ 𝟐𝟎𝟎MeV, 𝑹𝑴𝑺 < 𝟎. 𝟓 fm

𝑨𝟏𝑩𝟏

𝑨𝟐𝑩𝟐

Mass

𝑨𝒏𝑩𝒏

𝑨𝒌𝑩𝒌
Dominant channel

Binding energy 𝐸

Don’t satisfy the loosely bound state scenario
14



A coupled Ξ𝑐ഥ𝐷
∗/Ξ𝑐

∗ഥ𝐷/Ξ𝑐
′ ഥ𝐷∗/Ξ𝑐

∗ഥ𝐷∗channel analysis

 Pcs(4459): the coupled Ξ𝑐ഥ𝐷
∗/Ξ𝑐

∗ഥ𝐷/Ξ𝑐
′ ഥ𝐷∗/Ξ𝑐

∗ഥ𝐷∗ state with 
I(JP) = 0(3/2−), Ξ𝑐ഥ𝐷

∗and Ξ𝑐
∗ഥ𝐷 channels are dominant

 The coupled channel effect is helpful to form this bound 
state

ProbabilitiesGeV MeV fm

15



Strong decay properties for the Pcs(4459) in a 
meson-baryon molecular scenario

Decay width

Interactions Pcs(4459) = Ξ𝑐ഥ𝐷
∗/Ξ𝑐

∗ഥ𝐷/Ξ𝑐
′ ഥ𝐷∗/Ξ𝑐

∗ഥ𝐷∗ state with I(JP) = 0(3/2−)

Wave functions for all the coupled Ξ𝑐ഥ𝐷
∗/Ξ𝑐

∗ഥ𝐷/Ξ𝑐
′ ഥ𝐷∗/Ξ𝑐

∗ഥ𝐷∗ molecular

16
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Decay 
processes

Effective 
Lagrangians P, V, B, and D: the pseudoscalar and vector 

mesons, octet, and decuplet baryons in SU(4)

PRC62, 034903 EPJA36, 73 PRC65, 015203 NPA513,557-583 17



◆Coupled channel effect:
important

◆Dominant channels: Ξ𝑐ഥ𝐷
∗and Ξ𝑐

∗ഥ𝐷

Probabilities for different channels

Convergence of the decay widths only depends on the wave functions

Decay amplitude

A upper limit integral
18



Support the Pcs(4459) as the coupled Ξ𝑐ഥ𝐷
∗/Ξ𝑐

∗ഥ𝐷/Ξ𝑐
′ ഥ𝐷∗/Ξ𝑐

∗ഥ𝐷∗

state with I(JP) = 0(3/2−)

Partial decay widths

Total decay widths

Total two-body strong decay width:  10 ~ 25 MeV
With the decreasing of the mass of the Pcs(4459), the total decay 
width turns larger. 

Mass position

Mass position

~10  
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3.

Predictions: hidden-charm molecular 
pentaquarks with strangeness |S|=1, 
2, and 3
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Predictions of hidden-charm molecular
pentaquarks with |S|=1

Interactions: strong
attractive interactions for

𝜮𝒄
(∗)ഥ𝑫(∗) systems with I=1/2

weak attractive or repulsive
interactions for the I=3/2
systems

Pc(4312): 𝛴𝑐ഥ𝐷[1/2(1/2−)]

Pc(4380): 𝛴𝑐
∗ഥ𝐷[1/2(3/2-)]

Pc(4440): 𝛴𝑐ഥ𝐷
∗[1/2(1/2−)]

Pc(4457): 𝛴𝑐ഥ𝐷
∗[1/2(3/2−)]

Question: 𝜩𝒄
(′,∗)ഥ𝑫(∗) Exist or Not? 

Pcs(4459) : a 𝜩𝒄ഥ𝑫
∗ molecule

Heavy quark symmetry

𝜦𝒄 → 𝜩𝒄, 𝜮𝒄
(∗)

→ 𝜩𝒄
(′,∗)

New
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OBE effective potentials in quark level

𝝈 spin operator

𝝉 isospin operator

𝑽 =

𝒒𝒊

𝑽𝒒𝟏𝒒𝟐Hadron Level

𝑽(𝝈𝟏, 𝝈𝟐): heavy quark spin symmetry

𝜮𝒄
(∗)ഥ𝑫(∗) ≈ 𝜩𝒄

(′,∗)ഥ𝑫(∗): exactly the same with the same spin-parity

Flavor wave functions (OBE effective potentials in the isospin-related part)

Isospin-related part

22



OBE effective potentials 
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PRD110, 011502(R)

Flavor wave functions



|S|=0
Pc(4312) Pc(4380) Pc(4440) Pc(4457)

𝛴𝑐ഥ𝐷[1/2(1/2−)] 𝛴𝑐
∗ഥ𝐷[1/2(3/2-)] 𝛴𝑐ഥ𝐷

∗[1/2(1/2−)] 𝛴𝑐ഥ𝐷
∗[1/2(3/2−)]

|S|=1

𝜩𝒄
′ ഥ𝑫 0(1/2-) 𝜩𝒄

∗ഥ𝑫 0(3/2-) 𝜩𝒄
′ ഥ𝑫∗0(1/2-) 𝜩𝒄

′ ഥ𝑫∗0(3/2-)

𝜩𝒄
′ ഥ𝑫 1(1/2-) 𝜩𝒄

∗ഥ𝑫 1(3/2-) …… 𝜩𝒄
′ ഥ𝑫∗𝟏(3/2-)

Candidates of the hidden-charm molecular pentaquarks with |S|=1

Single 𝛯𝑐
∗ഥ𝐷∗ analysis

 Isoscalar systems with 
(1/2-,3/2-,5/2-) can be 
good molecular candidates

 Λ
1−

2
< Λ

3−

2
<Λ

5−

2

 |𝑉𝐽=1/2| < |𝑉𝐽=3/2| <
|𝑉𝐽=5/2|

 No isovector molecular 
candidates

24



Hidden-charm molecular pentaquarks with |S|=2 and 3

arXiv: 2011.14296 

Prediction of hidden-charm pentaquarks with double strangeness

◆ Discussed channels: 𝜩𝒄
(′,∗)ഥ𝑫𝒔

(∗) systems
◆ Effects: the S -D wave mixing effect and the coupled channel 

effect
◆ Candidates: 𝛯𝑐

′ ഥ𝐷𝑠
∗ state with 3/2- and 𝛯𝑐

∗ഥ𝐷𝑠
∗ state with 5/2-

Hidden-charm pentaquarks with triple strangeness due to the 

𝜴𝒄
(∗)ഥ𝑫𝒔

(∗) interactions

◆ Discussed channels: 𝜴𝒄
(∗)ഥ𝑫𝒔

(∗) systems
◆ Effects: the S -D wave mixing effect and the coupled channel 

effect
◆ Candidates: Ω𝑐ഥ𝐷𝑠

∗ state with 3/2- and Ω𝑐
∗ ഥ𝐷𝑠

∗ state with 5/2-

New
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Summary

• Provide an explanation for the newly Pcs(4459)

mass spectrum and strong decay behavior

• Predicting more possible hidden-charm molecular
pentaquarks with strangeness |S|=1, 2, and 3

Thanks  for your attention ! 26


