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Outline

⚫ Background:  

1. Pc states as meson-baryon molecular states

2. A comparison between the Pc states and XYZ states from B decay

3. A comparison of the experimental data and the DDbar mass thresholds 

⚫ New characteristic spectrum to identify charmoniumlike molecules

1. Mass spectrum for the isoscalar 𝐷∗ഥ𝐷∗ bound states

2. Hidden-charm decay behavior for the isoscalar 𝐷∗ഥ𝐷∗ bound states

3. Other possible DDbar charmoniumlike molecules around 4.3 GeV

⚫ Summary
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I. Background

1. Pc states as meson-baryon molecular states

2. A comparison between the Pc states and XYZ 
states from B decay

3. A comparison of the experimental data and the 
DDbar mass thresholds 
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Pc states as hidden-charm molecular pentaquarks

PRL122, 222001 Λ𝒃
𝟎 ⟶ 𝐽/𝜓𝑝𝐾−

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,

PRD110, 011502(R)
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Prediction of hidden-charm molecular pentaquarks

𝜮𝒄ഥ𝑫(I=1/2,JP=1/2-)
𝜮𝒄𝑫

∗(I=1/2,JP=1/2-)

𝜮𝒄𝑫
∗(I=1/2,JP=3/2-)

Jia-jun Wu, T. -S. H. Lee, B. S. Zou,
Phys. Rev. C85,044002(2012)

✓ Different groups predicted the existence of hidden-
charm molecular pentaquarks before experiment

✓ Observations perfect match theoretical predictions 
in meson-baryon molecular scenario 5
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Loosely bound meson-baryon molecular explanations for these three 
Pc states after 2019
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Other predictions 
M. Z. Liu, et al PRL122, 242001 (2019)Bo Wang, Lu Meng, Shi-Lin Zhu JHEP11(2019), 108

⚫ Identify Pc(4312), Pc(4440), and Pc(4457) in meson-baryon molecular pentaquarks 
⚫ Predicting other hidden-charm molecular pentaquarks partners
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What can we learn from the Pc states?

◆ Pc(4450) is composed of two substructures 
Pc(4440) and Pc(4457)  

◆ The measurement of spin-parity quantum number 
of the observed Pc(4450) can be ignored

 Higher precision to the study of hadron spectroscopy is very important.
 How to understand the wide structure? 
 Can the 𝜮𝒄

∗ഥ𝑫(3/2-) and 𝜮𝒄
∗ഥ𝑫∗(1,3,5/2-) be the possible hidden-charm molecule?

𝑷𝒄(𝟒𝟑𝟖𝟎)
+ 𝑷𝒄(𝟒𝟒𝟓𝟎)

+

Mass (MeV) 4380 ± 8 ± 29 4449.8 ± 1.7 ± 2.5

Width (MeV) 205 ± 18 ± 86 39 ± 5 ± 19

Pc(4380)/Pc(4450) spin-parities 𝐽𝑃

Best solution (3/2−, 5/2+)
Acceptable solutions (3/2+, 5/2−) or (5/2+, 3/2−)
Challenge to the hadronic molecular assignment

PRL115, 072001

PRL122, 222001

𝚺𝒄
∗ഥ𝑫 𝚺𝒄

∗ഥ𝑫∗
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Production mechanisms for the X/Y/Z states

𝑫ഥ𝑫∗

𝑫∗ഥ𝑫∗

𝑫∗ഥ𝑫𝟏/𝑫
∗ഥ𝑫𝟐

∗

𝑫∗ഥ𝑫∗

𝑫ഥ𝑫𝟏/ 𝑫ഥ𝑫𝟐
∗

𝑫𝒔
∗ഥ𝑫𝒔

∗
Many XYZ states lie very close to open-charm thresholds

H. X. Chen, W. Chen, X. Liu and S. L. Zhu
Phys. Rept. 639, 1 (2016)

Xiang Liu, Chin. Sci. Bull. 59, 3815 (2014)                         Y. R. Liu, et al, Prog. Part. Nucl. Phys. 107, 237 (2019)
F. K. Guo, et al, Rev. Mod. Phys. 90, 015004 (2018)          N. Brambilla, et al, Phys. Rept. 873, 1-154 (2020)
A. Hosaka, et al, PTEP 2016, 062C01 (2016) 9



 Production mechanism: b quark weak decay, very similar
 Pc states as hidden-charm molecular pentaquarks
 B -> XYZ + K should be the ideal processes to produce the 

charmoniumlike molecules

Questions: How to establish the charmoniumlike molecules?

𝜦𝒃 → 𝑷𝒄 +𝑲 𝑩 → 𝑿/𝒀/𝒁 +𝑲
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Isoscalar XYZ data without hidden-strange quantum number

𝑩 → 𝑱/𝛙𝛚𝑲

𝑩 → 𝑱/𝛙𝜼𝑲

𝒀(𝟑𝟗𝟒𝟎)

𝒀(𝟑𝟗𝟏𝟓)

➢ Structures in 𝐽/𝜓𝜔 below 𝐷∗ഥ𝐷∗ thresholds: two substructures exist or not?
➢ Structures in 𝐽/𝜓𝜂 below 𝐷∗ഥ𝐷∗ thresholds: a single peak exist or not?
➢ How to understand the very broad structure around 4.3 GeV in 𝑱/𝝍𝝎?

𝒀(𝟑𝟗𝟏𝟓)

4 points

12 points

14 points
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1. Mass spectrum for the isoscalar 𝐷∗ഥ𝐷∗ bound states
2.Hidden-charm decay behavior for the isoscalar 𝐷∗ഥ𝐷∗

molecular states
3.Other possible DDbar charmoniumlike molecules 

around 4.3 GeV

II. New characteristic spectrum to 
identify charmoniumlike molecules
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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 13



Mass spectrum for the isoscalar 𝑫∗ഥ𝑫∗ bound states

Charmed mesons: 𝐻 𝐷, 𝐷∗ , 0− 1− , 𝑆 𝐷0, 𝐷1
′ , 0+ 1+ ,   T 𝐷1, 𝐷2

∗ , 1+ 2+

S-wave 𝐷∗ഥ𝐷∗( 𝐽𝑃𝐶): 0++, 1+−, 2++

OBE effective potentials: 
𝑉𝜎 + V𝜋 + 𝑉𝜂 + 𝑉𝜌 + 𝑉𝜔

Bound state solutions

𝟎. 𝟖 < 𝜦 < 𝟐 GeV, exist bound state solutions, 
isoscalar S-wave 𝐷∗ഥ𝐷∗can be molecular states

Cutoff relation
Mass spectrum
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Hidden-charm decay behavior

Strong decay channels for the isoscalar 𝐷∗ഥ𝐷∗ molecules: 𝐷ഥ𝐷, 𝐷ഥ𝐷∗, 𝜂𝑐𝜂
(′), 𝜂𝑐𝜔, 𝐽/𝜓𝜂, 𝐽/𝜓𝜔

Heavy quark symmetry

Spin parities for light quarks

Spin parities for heavy quarks

𝜂𝑐𝜂
(′) 𝜂𝑐𝜔 𝐽/𝜓𝜂 𝐽/𝜓𝜔 Channel

0++ 3 × × 1 𝜂𝑐𝜂
(′) > 𝐽/𝜓𝜔

1+− × 1 1 × 𝐽/𝜓𝜂 > 𝜂𝑐𝜔

2++ × × × 1 𝐽/𝜓𝜔

×
Suppressed

Numerical calculations: Proceeding 
Decay width ~ several MeV
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 Exist three isoscalar 𝐷∗ഥ𝐷∗molecular states with 0++, 1+−, 2++

 0++ and 2++ can appear in the 𝐁 → 𝑱/𝝍𝝎𝑲
 1+− can appear in the 𝐁 → 𝑱/𝝍𝜼𝑲

If the 𝐷∗ഥ𝐷∗ can be bound together to form charmoniumlike molecules

Similar to the Pc(4450) --> Pc(4440) + Pc(4457) with precise data

16
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Other possible charmoniumlike molecules around 4.3 GeV

𝑫ഥ𝑫𝟏

𝑫ഥ𝑫𝟐
∗

Large phase 
space

𝐽/𝜓𝜂 𝐽/𝜓𝜔

𝑫ഥ𝑫𝟏[𝟏
−−] P-wave ×

𝑫ഥ𝑫𝟏[𝟏
−+] × P-wave

𝑫ഥ𝑫𝟐
∗ [𝟐−−] P-wave ×

𝑫ഥ𝑫𝟐
∗ [𝟐−+] × P-wave

Bound states solutions

Other important decay modes:𝝌𝒄𝑱𝜼, 𝝌𝒄𝑱𝝎 ~o(1 MeV)

Numerical calculations: Proceeding 
Decay width ~ several MeV
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Other possible charmoniumlike molecules around 4.3 GeV

𝑫∗ഥ𝑫𝟐
∗𝑫∗ഥ𝑫𝟏 ✓ With important pion-exchange interactions

✓ Systems with lower spin have stronger 
attractive interaction

✓ 𝑫∗ഥ𝑫𝟏 with [𝟎−∓, 𝟏−∓] and 𝑫∗ഥ𝑫𝟐
∗ with [𝟏−∓, 

𝟐−∓] can be promising charmoniumlike 
molecular candidates 

Large phase space 𝐽/𝜓𝜂 𝐽/𝜓𝜔

𝑫∗ഥ𝑫𝟏[𝟎
−−] P-wave ×

𝑫∗ഥ𝑫𝟏[𝟎
−+] × P-wave

𝑫∗ഥ𝑫𝟏[𝟏
−−] P-wave ×

𝑫∗ഥ𝑫𝟏[𝟏
−+] × P-wave

𝑫∗ഥ𝑫𝟐
∗ [𝟏−−] P-wave ×

𝑫∗ഥ𝑫𝟐
∗ [𝟏−+] × P-wave

𝑫∗ഥ𝑫𝟐
∗ [𝟐−−] P-wave ×

𝑫∗ഥ𝑫𝟐
∗ [𝟐−+] × P-wave18



Summary
• Restudy the S -wave interactions between a charmed meson and an anti-charmed 

meson in the framework of the OBE model. 

• A peculiar characteristic mass spectrum of isoscalar 𝐷∗ഥ𝐷∗ molecular system to identify 
the charmoniumlike molecules.

• Find a serial of possible charmoniumlike molecules around 4.2 to 4.4 GeV

• We strongly encourage our experimental colleague to focus on the detail of the 
structures provided here with more precise data. 

Thanks  for your attention !
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