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Earlier Predictions of 𝑃𝑐

• In 2010-2012, hidden-charm pentaquarks were predicted in the charmed 
meson-baryon interaction.    

• J.-J. Wu, R. Molina, E. Oset, and B. S. Zou, Phys.Rev.Lett. 105 (2010) 232001

• J.-J. Wu, T. S. H. Lee, and B. S. Zou, Phys. Rev. C 85, 044002 (2012)

• Z.-C. Yang, Z.-F. Sun, J. He, X. Liu, and S.-L. Zhu, Chin. Phys.C 36, 6 (2012)

• Masses below the ഥ𝐷Σ𝑐 , ഥ𝐷∗Σ𝑐
thresholds.

• ഥ𝐷 ∗ Σ𝑐
∗

, ഥ𝐷 ∗ Λ𝑐 , 𝜂𝑐𝑁, 𝐽/𝜓𝑁
channels relevant due to having 
the same quark flavors.

• Unstable bound states in ഥ𝐷 ∗ Σ𝑐
∗

system produced via strong 
interaction parameterized by 
light-meson exchange.  

• 𝐽/𝜓𝑝 channel is the lowest 
decay channel and appropriate  
for detecting 𝑃𝑐. 

Nijiati Yalikun(XJU) 
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𝑃𝑐 in the experiment 

• In 2015, the first evidence of 𝑃𝑐 captured by 
LHCb in the analysis of 𝐽/𝜓𝑝 invariant mass 
spectrum in Λb

0 → 𝐾−𝐽/𝜓𝑝 decay.    

State Mass [MeV] Width [MeV]

𝑃𝑐(4380) 4380 ± 8 ± 29 205 ± 18 ± 89

𝑃𝑐(4450) 4449.8 ± 1.7 ± 2.5 39 ± 5 ± 19

R. Aaij et al. (LHCb), Phys. Rev. Lett. 115, 072001 (2015)

• In 2019, both of 𝑃𝑐(4380) & 𝑃𝑐(4450) could 
not  survive at the LHCb experiment with 
higher luminosity. Another 3 new 𝑃𝑐 states are 
reported. R. Aaij et al. (LHCb), Phys. Rev. Lett. 122, 222001 (2019)

State Mass [MeV] Width [MeV]

𝑃𝑐(4312) 4311.9 ± 0.7−0.6
+6.8 9.8 ± 2.7−4.5

+3.7

𝑃𝑐(4440) 4440.3 ± 1.3−4.7
+4.1 20.6 ± 4.9−10.1

+8.7

𝑃𝑐(4457) 4457.3 ± 0.6−1.7
+4.1 6.4 ± 2.0−1.9

+5.7

Nijiati Yalikun(XJU) 

𝑃𝑐(4380)

𝑃𝑐(4450)
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Interpretation of 𝑃𝑐

• Hadronic molecules

• Loosely unstable bound state, 

binding energy about 2-20 MeV, 

light mesons transmit the strong 

interaction.

• Mass region covers several 

thresholds, coupled channel 

dynamics may be important for 

binding. 

• Spin-parity assignment: 

1/2−(ഥ𝐷Σc) for 𝑃𝑐 4312 , 1/2−

or 3/2− (ഥ𝐷Σc) for 𝑃𝑐(4440) and 

𝑃𝑐 4457 .

• Compact pentaquarks

• Kinematic effects

• R. Chen, X. Liu, X. Q. Li and S. L. Zhu, Phys. Rev. Lett. 115, no. 13, 132002 (2015)

• H. X. Chen, W. Chen, X. Liu, T. G. Steele and S. L. Zhu, Phys. Rev. Lett. 115, no. 17,172001 (2015)

• M. Karliner and J. L. Rosner, Phys. Rev. Lett. 115 no.12, 122001 (2015)

• L. Roca, J. Nieves and E. Oset , Phys. Rev. D 92, no. 9, 094003 (2015)

• T. J. Burns, Eur. Phys. J. A 51 no.11, 152(2015)

• H. Huang and J. Ping, Phys. Rev. D 99, no.1, 014010 (2019)

• J. He and D. Y. Chen, Eur. Phys. J. C 79, 887 (2019)

• R. Chen, Z. F. Sun, X. Liu, and S. L. Zhu, Phys. Rev. D 100, 011502 (2019)

• M. Z. Liu, Y.W. Pan, F. Z. Peng, M. S. Sánchez, L. S. Geng, A. Hosaka, and M. P. Valderrama, Phys. Rev. Lett. 

122, 242001 (2019).

• T. J. Burns and E. S. Swanson, Phys. Rev. D 100, 114033(2019).

• M. L. Du, V. Baru, F. K. Guo, C. Hanhart, U. G. Meißner, J. A. Oller, and Q. Wang, J. High Energy Phys. 08 

(2021) 157

• ……..

• L. Maiani, A. D. Polosa, and V. Riquer, Phys. Lett. B 749,289 (2015).

• Ali, I. Ahmed, M. J. Aslam, and A. Rehman, Phys. Rev.D 94, 054001 (2016).

• Z. G. Wang, Eur. Phys. J. C 76, 70 (2016)

• I. A. Perevalova, M. V. Polyakov, and P. Schweitzer, Phys.Rev. D 94, 054024 (2016).

•  E. Hiyama, A. Hosaka, M. Oka, and J. M. Richard, Phys.Rev. C 98, 045208 (2018).

….

• X. H. Liu, Q. Wang, and Q. Zhao, Phys. Lett. B 757, 231(2016).

• M. Bayar, F. Aceti, F. K. Guo, and E. Oset, Phys. Rev. D94, 074039 (2016).

Nijiati Yalikun(XJU) 
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Our related works 

• 𝑃𝑐
• ഥ𝐷Σc, ഥ𝐷Σc

∗, ഥ𝐷∗Σc, ഥ𝐷∗Σc
∗, ഥ𝐷Λ𝑐(2595)

• Mass region at 𝑀 ∼ 4.3 − 4.5GeV

• 𝑃 ҧ𝑐𝑠
• 𝐷𝑠

−𝑁, ഥ𝐷Λ, ഥ𝐷∗Λ, ഥ𝐷∗Σ, ഥ𝐷Σ

• Mass region at 𝑀 ∼ 3.0 − 3.2GeV

• 𝑃𝑐𝑐𝑠 ҧ𝑠
• 𝐷𝑠

+Ξ𝑐, 𝐷𝑠
∗+Ξ𝑐, 𝐷𝑠

+Ξ𝑐
′ , 𝐷𝑠

∗+Ξ𝑐
′ , 𝐷𝑠

+ Ξ𝑐
∗ , 𝐷𝑠

∗+Ξ𝑐
∗

• Mass region at 𝑀 ∼ 4.4 − 4.7GeV

N. Yalikun, Y.-H. Lin, F.-K. Guo K. Yuki and B.-S. Zou, ”Coupled-channel effects of the Σ𝑐
(∗) ഥ𝐷(∗) − Λ𝑐 2595 ഥ𝐷

system and molecular nature of the Pc pentaquark states from one-boson exchange model”, Phys.Rev.D 104 
(2021) 9, 094039

N. Yalikun and B.-S. Zou, ” Anticharmed strange pentaquarks from the one-boson-exchange model”, 
Phys.Rev.D 105 (2022) 9, 094026

N. Yalikun and B.-S. Zou, ” Molecular states in 𝐷𝑠
(∗)

Ξ𝑐
(′,∗)

systems”,  e-Print: 2303.03629

𝑞𝑞𝑞𝑐 ҧ𝑐

𝑞𝑞𝑞𝑠 ҧ𝑐

𝑞𝑐𝑐𝑠 ҧ𝑠

𝑞 stands 𝑢 or 𝑑

Nijiati Yalikun(XJU) 
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Theoretical framework
• Scattering matrix from Schrödinger equation 

• One-boson exchange model 
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Non-relativistic scattering

• Scattering described by time-independent Schrödinger equation: 

−
ℏ2

2𝜇

𝑑2

𝑑𝑟2 +
ℏ2𝑙 𝑙 + 1

2𝜇𝑟2 + 𝑊 𝑢 + 𝑉𝑢 = 𝐸𝑢

• For given energy 𝐸, solution can be expressed as a superposition of in and out plane 
waves,

𝑢(𝑟) = 𝐴 𝑞 ℎ− 𝑞𝑟 + 𝐵 𝑞 ℎ+(𝑞𝑟)

• For the potential 𝑉 𝑟 → ∞ → 0, asymptotic form of the wave function:

𝑢 𝑟
𝑟→∞

ℎ− 𝑞𝑟 − 𝑆(𝑞)ℎ+ 𝑞𝑟

Scattering matrix 𝑆 𝑞 = −
𝐵(𝑞)

𝐴(𝑞)

Hankel function

1. J. R. Taylor, Scattering Theory: The Quantum Theory on Non-relativistic Collisions (New York, 1972)
2. J. J. Sakurai, Modern Quantum Mechanics, 2ed addison(Wesley, 2011)

• Channel momentum 𝑞 = 2𝜇(𝐸 − 𝑊).

Nijiati Yalikun(XJU) 
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Analytic S matrix 

• 𝑞 = 2𝜇(𝐸 − 𝑊) is multi-valued function of 𝐸, each 𝐸 corresponds to two value 

of 𝑞, thus scattering matrix 𝑆(𝑞) can be analytically continued to two complex 
energy plane Im[𝑞]

Re[𝑞]

Re[𝐸]

Im[𝐸]

2nd RS

Im[𝐸]

Re[𝐸]

1st RS

Physical energy axis

Bound state  

Resonance  

Virtual state 

• Distinguish the two Riemann 
sheets(RSs) by imaginary part of 𝑞 , i.e. 
Im 𝑞 ≥ 0 corresponds to 1st RS, 
Im 𝑞 < 0 corresponds to 2nd RS. 

• Thus, S matrix at two RSs 
defined by

SRS−I = S q ,
SRS−II = S −q .

• Above the threshold, lower-half 
plane of 2nd RS is smoothly 
connected to physical energy 
axis, and resonance pole on it 
can cause a structure of the 
scattering amplitude.   

1st RS

2nd RS

Nijiati Yalikun(XJU) 
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Coupled channel S matrix

• For multi-channel scattering, coupled-channel Schrödinger equation is  

−
ℏ2

2𝜇𝑗

𝑑2

𝑑𝑟2 +
ℏ2𝑙𝑗 𝑙𝑗+1

2𝜇𝑗𝑟2 + 𝑊𝑗 𝑢𝑗 + σ𝑘≤ 𝑗 𝑉𝑗𝑘 𝑢𝑘 = 𝐸𝑢𝑗 .

• Wave functions of 𝑗th channel satisfying the 𝛼th boundary condition:  

𝑢𝑗
𝛼(𝑟) = 𝐴𝑗

𝛼(𝑞𝑗)ℎ− 𝑞𝑗𝑟 + 𝐵𝑗
𝛼(𝑞𝑗)ℎ+ 𝑞𝑗𝑟 , 

with 𝛼th boundray condition: 𝑢𝑗
𝛼 0 = 0, ቚ

𝜕

𝜕𝑟
𝑢𝑗

𝑎 𝑟
𝑟=0

= 𝛿𝑗
𝛼. 

• Asymptotic form:

𝑢𝑗
𝛼 𝑟

𝑟→∞
ℎ− 𝑞𝑗𝑟 − 𝑆𝑗

𝛼(𝑞𝑗)ℎ+ 𝑞𝑗𝑟 , 

𝑆 𝑞 = −𝐴 𝑞 −1𝐵(𝑞)

• For n channels system, each channel momentum 𝑞𝑗(𝐸) = 2𝜇𝑗(𝐸 − 𝑊𝑗)
defines two RSs, thus there are 2𝑛 RSs in this case.

• Bound state corresponds to the pole at the 1st RS (all 𝑞𝑗 𝐸 take positive values).

• Resonance corresponds to the pole between open-channels (Im[𝑞ope𝑛 𝐸 < 0]) and close-channels 

(Im[𝑞close 𝐸 < 0])

• Virtual state corresponds to other pole.

J. R. Taylor, Scattering Theory: The Quantum Theory on Non-relativistic Collisions (New York, 1972)

Nijiati Yalikun(XJU) 

Open Close

Bound state
Resonance

𝐸
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One-boson exchange model

• Strong interaction at low energy parameterized by light meson exchange:  

𝐽𝑃 = 0+ 𝐽𝑃 = 0− 𝐽𝑃 = 1−

• Potential from t-channel scattering amplitude

𝑉 𝒒 = −
𝑀ℎ1ℎ2→ℎ3ℎ4

2𝑚12𝑚22𝑚32𝑚4

,
ℎ1, 𝑝1 ℎ3, 𝑝3

ℎ4, 𝑝4ℎ2, 𝑝2

𝑞

Chen H X, Chen W, Liu X, et al. Phys.Rept. 639 (2016) 1-121

• For the meson-baryon system each containing a heavy quark

𝑝1 = 𝐸1, 𝒑 , 𝑝2 = 𝐸2, −𝒑 ,

𝑝3 = 𝐸3, 𝒑′ , 𝑝4 = 𝐸4, −𝒑′

𝑞 = p3 − 𝑝1 = 𝑝2 − 𝑝4 = (𝑞0, 𝒒)

|𝒑|

𝑚𝑖
≪ 1 → 𝑞0 =

𝑚2
2 − 𝑚1

2 + 𝑚3
2 − 𝑚4

2

2 𝑚3 + 𝑚4

Kinematics

• P. L. Cho, Phys. Rev. D 50, 3295 (1994).
• D. Pirjol and T.-M. Yan, Phys. Rev. D 56, 5483 (1997).
• Y.-R. Liu and M. Oka, Phys. Rev. D 85, 014015 (2012).

𝑉s 𝒒 →
𝑶1 ⋅ 𝑶2

𝒒2 + 𝑚2

𝑉ps 𝒒 →
𝑶1 ⋅ 𝒒𝑶2 ⋅ 𝒒

𝒒2 + 𝑚2

𝑉v 𝒒 →
𝑶1 ⋅ 𝑶2

𝒒2 + 𝑚2
−

(𝑶1 × 𝒒) ⋅ (𝑶2× 𝒒)

𝒒2 + 𝑚2

OBE potentials: 𝑉s + 𝑉ps + 𝑉v

Nijiati Yalikun(XJU) 
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Short-range contribution

• Position space potentials by Fourier transformation  

𝑉ex 𝒓, Λ = න
𝑑3𝒒

2𝜋 3
𝑉ex 𝒒 𝐹2(𝒒, Λ)𝑒𝑖𝒒∙𝒓 ,

𝑉s → Y(r, Λ, 𝑚𝑠)𝑶1 ⋅ 𝑶2

𝑉ps → C r, Λ, 𝑚ps, 𝑎 𝑶1 ⋅ 𝑶2 + T 𝑟, Λ, 𝑚ps 𝑆(𝑶1, 𝑶2, Ƹ𝑟)

𝑉v → Y r, Λ, 𝑚v 𝑶1 ⋅ 𝑶2 − 2C r, Λ, 𝑚v, 𝑎 𝑶1 ⋅ 𝑶2

+T 𝑟, Λ, 𝑚v 𝑆(𝑶1, 𝑶2, Ƹ𝑟)

OBE potentials: 𝑉s + 𝑉ps + 𝑉v

The form factor 𝐹 𝑞, Λ =
Λ2−𝑚2

Λ2−𝑞2  describes the size of the vertex, where Λ phenomenological parameter.

𝑶1 ⋅ 𝑶2

𝒒2 + 𝑚2
→
𝐹

Y(r, Λ, 𝑚)𝑶1 ⋅ 𝑶2

𝑶1 ⋅ 𝒒𝑶2 ⋅ 𝒒

𝒒2 + 𝑚2
=

1

3

𝒒𝟐

𝒒2 + 𝑚2
𝑶1 ⋅ 𝑶2 +

𝟏

𝒒2 + 𝑚2
𝑆 𝑶1, 𝑶2, 𝒒 →

𝐹
C r, Λ, 𝑚, 𝑎 𝑶1 ⋅ 𝑶2 + T 𝑟, Λ, 𝑚 𝑆(𝑶1, 𝑶2, Ƹ𝑟)

1 −
𝑚2

𝒒2 + 𝑚2
→ 1 − 𝑎 −

𝑚2

𝒒2 + 𝑚2

Leads 𝛿 𝑟 -term after Fourier transformation

F.-L. Wang and X. Liu, Phys. Rev. D 102, 094006 (2020)

𝑆 𝑂1, 𝑂2, 𝒒 = 3𝑶1 ⋅ 𝒒𝑶2 ⋅ 𝒒 − 𝒒2𝑶1 ⋅ 𝑶2)

(𝑶1 × 𝒒) ⋅ (𝑶2× 𝒒)

𝒒2 + 𝑚2
→
𝐹

2C r, Λ, 𝑚, 𝑎 𝑶1 ⋅ 𝑶2 − T 𝑟, Λ, 𝑚 𝑆(𝑶1, 𝑶2, Ƹ𝑟)

Nijiati Yalikun(XJU) 
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Short-range contribution

𝑉s → Y(r, Λ, 𝑚𝑠)𝑶1 ⋅ 𝑶2

𝑉ps → C r, Λ, 𝑚ps, 𝑎 𝑶1 ⋅ 𝑶2 + T 𝑟, Λ, 𝑚ps 𝑆(𝑶1, 𝑶2, Ƹ𝑟)

𝑉v → Y r, Λ, 𝑚v 𝑶1 ⋅ 𝑶2 − 2C r, Λ, 𝑚v, 𝑎 𝑶1 ⋅ 𝑶2

+T 𝑟, Λ, 𝑚v 𝑆(𝑶1, 𝑶2, Ƹ𝑟)

OBE potentials: 𝑉s + 𝑉ps + 𝑉v

• Short-range behaviour of the 
potential is not fully captured by Λ, 
but by parameter 𝑎

Λ = 1 GeV Λ = 1.5 GeV

• Repulsive or attractive property of the 𝐶(𝑟, Λ, 𝑚, 𝑎) near the origin is quantitatively 
determined by parameter 𝑎,  which is not accommodated by Λ. 

Nijiati Yalikun(XJU) 
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Results
• 𝑃𝑐

• 𝑃 ҧ𝑐𝑠

• 𝑃𝑐𝑐𝑠 ҧ𝑠
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𝑃𝑐 states: Single channel bound states

• Binding energy by varying the cutoff, 
binding energy and Λ in MeV unit 

• Adjusting the parameter 𝑎

𝐽𝑃(channel) M [MeV]

(𝑎 = 0.58, Λ = 1.4 GeV)
M [MeV]

(𝑎 = 0.78, Λ = 1.6 GeV)

1/2−( ഥ𝐷Σc) - 4317.38

3/2−( ഥ𝐷Σc
∗) - 4381.34

1/2−( ഥ𝐷∗Σc) 4437.8 4458.44

3/2−( ഥ𝐷∗Σc) 4457.1 4441.0

1/2−( ഥ𝐷∗Σc
∗) 4480.5 4518.17

3/2−(ഥ𝐷∗Σc
∗) 4513.7 4514.67

5/2−(ഥ𝐷∗Σc
∗) 4520.4 4498.19

𝑃𝑐 4380
B. E.~-5 MeV

𝑃𝑐 4312
B. E.~ -9 MeV

𝑃𝑐(4440) & 𝑃𝑐(4457)
B. E.~-22 MeV & ~-5 MeV

Mass gap between 1/2− and 3/2− 

bound states in ഥ𝐷∗Σ𝑐is controlled by 

adjusting the partameter 𝑎.

Other 𝑃𝑐(> 4457)

Nijiati Yalikun(XJU) 
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𝑃𝑐 states: Coupled channel results 

• Consider ഥ𝐷Σ𝑐 − ഥ𝐷Σ𝑐
∗ − ഥ𝐷∗ Σ𝑐 − ഥ𝐷∗ Σ𝑐

∗ channels, 𝑃𝑐(4312), 𝑃𝑐(4440) and 𝑃𝑐(4457)
as input, fit 𝑎 and Λ,

• 𝑎 = 0.79 case prefered due to the smaller decay width

Pentaquarks Mass [MeV] width [MeV]

𝑃𝑐(4312) 4311.9 ± 0.7−0.6
+6.8 9.8 ± 2.7−4.5

+3.7

𝑃𝑐(4380) 4380 ± 8 ± 29 205 ± 18 ± 86

𝑃𝑐(4440) 4440.3 ± 1.3−4.7
+4.1 20.6 ± 4.9−10.1

+8.7

𝑃𝑐(4457) 4457.3 ± 0.6−1.7
+4.1 6.4 ± 2.0−1.9

+5.7

Experimental data

N. Yalikun, Y.-H. Lin et al, Phys.Rev.D 104 (2021) 9, 094039

Nijiati Yalikun(XJU) 
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𝑃 ҧ𝑐𝑠 states: Molecular picture

• Binding mechanism similar with 𝑃𝑐 pentqaurks

• Relevant channels

Molecular picture Production mechanism

All channels have the same quark configuration-𝑢𝑢𝑑𝑠 ҧ𝑐

Nijiati Yalikun(XJU) 
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𝑃 ҧ𝑐𝑠 states: 𝐷𝑠
−𝑝-ഥ𝐷Λ-ഥ𝐷Σ-ഥ𝐷∗Λ-ഥ𝐷∗Σ

⚫ Decay channels

1. 1/2−( ഥDΣ) ：Ds
−p 2S1/2 ，ഥDΛ 2S1/2

2. 1/2−( ഥD∗Σ) ：Ds
−p 2S1/2 ，ഥDΛ 2S1/2 ，ഥDΣ 2S1/2 ，ഥD∗Λ 2S1/2 ，ഥD∗Λ 4D1/2

3. 3/2−( ഥD∗Σ) ：Ds
−p 2D3/2 ，ഥDΛ 2D3/2 ，ഥDΣ 2D3/2 ，ഥD∗Λ 4S3/2 ，ഥD∗Λ 2D3/2 ，ഥD∗Λ 4D3/2

⚫ Two poles with 𝐽𝑃 = 1/2− and a pole with 𝐽𝑃 = 3/2− are found at the complex energy 

plane S(E) closet to the physical region, they can be parametrized as 𝐸pole = 𝑀 − 𝑖Γ/2

Mass(𝑀)、decay width(Γ) and partial decay width(Γ𝑖) in unit of MeV

N. Yalikun and B.-S. Zou, Phys.Rev.D 105 (2022) 9, 094026

𝑎 = 0.58

Nijiati Yalikun(XJU) 
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𝑃 ҧ𝑐𝑠 states: 𝐷𝑠
−𝑝-ഥ𝐷Λ-ഥ𝐷Σ-ഥ𝐷∗Λ-ഥ𝐷∗Σ

⚫ Decay channels

1. 1/2−( ഥDΣ) ：Ds
−p 2S1/2 ，ഥDΛ 2S1/2

2. 1/2−( ഥD∗Σ) ：Ds
−p 2S1/2 ，ഥDΛ 2S1/2 ，ഥDΣ 2S1/2 ，ഥD∗Λ 2S1/2 ，ഥD∗Λ 4D1/2

3. 3/2−( ഥD∗Σ) ：Ds
−p 2D3/2 ，ഥDΛ 2D3/2 ，ഥDΣ 2D3/2 ，ഥD∗Λ 4S3/2 ，ഥD∗Λ 2D3/2 ，ഥD∗Λ 4D3/2

⚫ Two poles with 𝐽𝑃 = 1/2− and a pole with 𝐽𝑃 = 3/2− are found at the complex energy 

plane S(E) closet to the physical region, they can be parametrized as 𝐸pole = 𝑀 − 𝑖Γ/2

Mass(𝑀)、decay width(Γ) and partial decay width(Γ𝑖) in unit of MeV

N. Yalikun and B.-S. Zou, Phys.Rev.D 105 (2022) 9, 094026

𝑎 = 0.78

Nijiati Yalikun(XJU) 
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𝑃𝑐𝑐𝑠 ҧ𝑠 states: Single channel results

𝑎 = 0 𝑎 = 1• Energy of the bound states(solid 

curves) or virtual states 

states(dashed curves) in single 

channels calculated by varying 

the cutoff.

• Virtual states turn to bound states 

as the cutoff increases

• The results including (𝑎 = 0) and 

excluding(𝑎 = 1) the 𝛿-term

compared 

• Binding requires the larger cutoff 

Λ

Nijiati Yalikun(XJU) 
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𝑃𝑐𝑐𝑠 ҧ𝑠 states: 𝐷𝑠
+Ξ𝑐 − 𝐷𝑠

+Ξ𝑐
′ − 𝐷𝑠

∗+Ξ𝑐 − 𝐷𝑠
+Ξ𝑐

∗ − 𝐷𝑠
∗+Ξ𝑐

′ − 𝐷𝑠
∗+Ξ𝑐

∗

• Resonsces and bound state in the coupled-channel calculation as the cutoff Λ = 1.5 
GeV

• 5 narrow resonances and an unstable bound states are found 

• 4 virtual state poles are found at the other RSs, some of  them may cause clear cusp 
(peak- or dip-like) structure of the amplitude at the threshold 

Nijiati Yalikun(XJU) 
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𝑃𝑐𝑐𝑠 ҧ𝑠 states: 𝐷𝑠
+Ξ𝑐 − 𝐷𝑠

+Ξ𝑐
′ − 𝐷𝑠

∗+Ξ𝑐 − 𝐷𝑠
+Ξ𝑐

∗ − 𝐷𝑠
∗+Ξ𝑐

′ − 𝐷𝑠
∗+Ξ𝑐

∗

• Resonances and bound state in the coupled-channel calculation as the cutoff Λ = 1.5 
GeV

Without 𝛿-term

Nijiati Yalikun(XJU) 

• 5 narrow resonances and an unstable bound states are found 

• 4 virtual state poles are found at the othe RSs, some of  them may cause clear cusp 
(peak- or dip-like) structure of the amplitude at the threshold 
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Summary 

⚫ 𝑃𝑐

⚫ Coupled channel system ഥ𝐷Σc-ഥ𝐷Σ𝑐
∗-ഥ𝐷∗Σc-ഥ𝐷∗Σ𝑐

∗ are studied in the one-boson-exchange model. Our study 

suggests contribution of short range 𝛿-term is important for simultaneous interpretation of 𝑃𝑐(4312), 

𝑃𝑐(4380), 𝑃𝑐(4440) and 𝑃𝑐(4457) pentaquarks as the hadronic molecules. 

⚫ Another three pentaquarks 𝑃𝑐 ? are predicted in the 4.49 − 4.53 GeV mass region.

⚫ 𝑃 ҧ𝑐𝑠

⚫ Coupled channel system 𝐷𝑠
−p- ഥ𝐷Λ- ഥ𝐷Σ- ഥ𝐷∗Λ- ഥ𝐷∗Σ are studied and three pentaquarks 𝑃 ҧ𝑐𝑠 are predicted.

⚫ It is suggested that the 𝐷𝑠
−𝑝 invariant mass spectrum at the 3.0-3.2 GeV energy region in the ത𝐵𝑠

0 →

ത𝑛𝐷𝑠
−𝑝 decay is an appropriate place to detect the 𝑃 ҧ𝑐𝑠

− pentaquarks.

⚫ 𝑃𝑐𝑐𝑠 ҧ𝑠

⚫ 5 resonances and an unstable bound state in 𝐷𝑠
+Ξ𝑐 − 𝐷𝑠

+Ξ𝑐
′ − 𝐷𝑠

∗+Ξ𝑐 − 𝐷𝑠
+Ξ𝑐

∗ − 𝐷𝑠
∗+Ξ𝑐

′ − 𝐷𝑠
∗+Ξ𝑐

∗ coupled 

channel system are predicted. 

⚫ suggesting the 𝐷Λ𝑐 invariant mass spectrum at the energy region of 4.43 ∼ 4.76 GeV to explore the 

nature of 𝑃𝑐𝑐𝑠 ҧ𝑠 pentaquarks.  

Nijiati Yalikun(XJU) 
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𝑃𝑐 states: Related channels

• Partial waves of channels:  2𝑆+1𝐿𝐽, J = L + S , |L + S − 1|, ⋯ , |𝐿 − 𝑆|

• OBE potentials in S wave

Channels ഥ𝑫𝚺𝒄
ഥ𝑫𝚺𝒄

∗ ഥ𝑫∗𝚺𝒄
ഥ𝑫∗𝚺𝒄

∗

Threshold [MeV] 4321.11 4385.37 4462.42 4526.68

𝐽𝑃 = 1/2− 2𝑆1/2
4𝐷1/2

2𝑆1/2, 4 𝐷1/2
2𝑆1/2, 4 𝐷1/2, 6 𝐷1/2

𝐽𝑃 = 3/2− 2𝐷3/2
4𝑆3/2

4𝑆3/2, 2 𝐷3/2, 4 𝐷3/2
4𝑆3/2, 2 𝐷3/2, 4 𝐷3/2, 6 𝐷1/2

𝐽𝑃 = 5/2− 2𝐷5/2
4𝐷5/2

2𝐷5/2, 4 𝐷5/2
6𝑆5/2, 2 𝐷5/2, 4 𝐷5/2, 6 𝐷5/2

• Partial wave projection 

• Total potentials of ഥ𝐷Σ𝑐 and 
ഥ𝐷Σ𝑐

∗ channels inependent of 𝑎

𝑎 = 0 𝑎 = 1

1/2−

3/2−

S wave potential of ഥ𝐷∗Σ𝑐 with Λ = 1.0 GeV

• In the ഥ𝐷∗Σ𝑐 system, 1/2− is 
more attractive than 3/2− with 
𝑎 = 0, and the stuation 
interchanges with 𝑎 = 1

Nijiati Yalikun(XJU) 
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𝑃𝑐𝑐𝑠 ҧ𝑠 states: considered channels 

• Channels consisted of S wave charmed-strange mesons and baryons

Ten more virtual states are found 

in S-wave  sigle channels with 

vector meson exchange potential 

ത3𝐹 6𝐹

S-wave charmed baryon

S-wave charmed meson

Molecular state (𝑞𝑐𝑐𝑠 ҧ𝑠)

Mass region 4.43 ∼ 4.76 GeV

• How the effects of OBE and 
coupled channel dynamics?  

X.-K. Dong, F.-K. Guo, and B.-S. Zou, 

Commun. Theor.Phys. 73, 125201 (2021)

Nijiati Yalikun(XJU) 


	幻灯片 1: The effect of the short-range contribution of one-boson model on the hadronic molecular picture for pentaquarks
	幻灯片 2: Outline
	幻灯片 3: Earlier Predictions of 大写 P 下标 c 
	幻灯片 4: 大写 P 下标 c  in the experiment 
	幻灯片 5: Interpretation of 大写 P 下标 c   
	幻灯片 6: Our related works 
	幻灯片 7
	幻灯片 8: Non-relativistic scattering
	幻灯片 9: Analytic S matrix 
	幻灯片 10: Coupled channel S matrix
	幻灯片 11: One-boson exchange model
	幻灯片 12: Short-range contribution
	幻灯片 13: Short-range contribution
	幻灯片 14
	幻灯片 15: 大写 P 下标 c  states: Single channel bound states
	幻灯片 16: 大写 P 下标 c  states: Coupled channel results 
	幻灯片 17: 大写 P 下标 停顿 c bar s 结束 下标 states: Molecular picture
	幻灯片 18: 大写 P 下标 停顿 c bar s 结束 下标 states: 大写 D 下标 s ...次方 减 设备控制 4 p -大写 D bar 大写 lambda -大写 D bar 大写 Sigma -大写 D bar ...次方 星号运算符 设备控制 4 大写 lambda -大写 D bar ...次方 星号运算符 设备控制 4 大写 Sigma 
	幻灯片 19: 大写 P 下标 停顿 c bar s 结束 下标 states: 大写 D 下标 s ...次方 减 设备控制 4 p -大写 D bar 大写 lambda -大写 D bar 大写 Sigma -大写 D bar ...次方 星号运算符 设备控制 4 大写 lambda -大写 D bar ...次方 星号运算符 设备控制 4 大写 Sigma 
	幻灯片 20: 大写 P 下标 停顿 c c s s bar 设备控制 4 结束 下标 states: Single channel results
	幻灯片 21: 大写 P 下标 停顿 c c s s bar 设备控制 4 结束 下标 states: 大写 D 下标 s ...次方 加 设备控制 4 大写 Xi 下标 c 减 大写 D 下标 s ...次方 加 设备控制 4 大写 Xi 下标 c ...次方 一阶导数 减 大写 D 下标 s ...次方 左圆括号 星号运算符 加 右圆括号 设备控制 4 大写 Xi 下标 c 减 大写 D 下标 s ...次方 加 设备控制 4 大写 Xi 下标 c ...次方 星号运算符 减 大写 D 下标 s ..
	幻灯片 22: 大写 P 下标 停顿 c c s s bar 设备控制 4 结束 下标 states: 大写 D 下标 s ...次方 加 设备控制 4 大写 Xi 下标 c 减 大写 D 下标 s ...次方 加 设备控制 4 大写 Xi 下标 c ...次方 一阶导数 减 大写 D 下标 s ...次方 左圆括号 星号运算符 加 右圆括号 设备控制 4 大写 Xi 下标 c 减 大写 D 下标 s ...次方 加 设备控制 4 大写 Xi 下标 c ...次方 星号运算符 减 大写 D 下标 s ..
	幻灯片 23: Summary 
	幻灯片 24: Thanks for you attention!
	幻灯片 25: Back up
	幻灯片 26: 大写 P 下标 c  states: Related channels
	幻灯片 27: 大写 P 下标 停顿 c c s s bar 设备控制 4 结束 下标 states: considered channels 

