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Hadron

Experiments ：reported  a series 

of new hadron structures. 

Two key characteristics:

1. Inconsistent with the 

predictions of the 

conventional quark mode.

2. Close to the threshold of a 

pair of traditional hadrons.

Meson

Baryon

Exotic

states

Pentaquark  Molecular state

Hybrid   Glueball  Tetraquark
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1.1 QCD color singlet 
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Predicting possible molecular states of nucleons with 𝜩𝒄𝑵，𝜩𝒄
′ 𝑵, 𝜩𝒄

∗𝑵
[Phys. Rev. D 110 (2024) 5, 054040]

S-D wave interactions ;coupled channel effects.

Result : Search for hadronic molecule candidates and 

predict the existence of resonance states.

P− wave systems: 
𝒍 𝒍+𝟏

𝒓𝟐

[Phys. Rev. Lett. 133 (2024) 24, 241903]

The paper identifies G(3900) as the first P-wave 𝑫ഥ𝑫∗/ഥ𝑫𝑫∗ molecular resonance.

1.2 Why do we study P system?
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Effective Lagrangians for the interaction between hadrons and light mesons:

For the interactions between the light baryons and the light mesons:

P-wave interactions ; coupled-channel effects. 

Systems:𝛯𝑐𝑁, 𝛬𝑐𝛴, 𝛯𝑐
′𝑁, 𝛴𝑐𝛬, 𝛯𝑐

∗𝑁, 𝛴𝐶
∗𝛬, 𝛴𝐶𝛴, 𝛴𝑐

∗𝛴.

➢ heavy quark symmetry; chiral symmetry; hidden local symmetry.

➢ S U(3) symmetry

2.1 Effective potentials

Phys. Rept.149, 1 (1987). 

Phys.Rev.C63, 024001(2001).

Phys. Rev. C 81, 065201 (2010)

𝒈𝜎𝑁𝑁=8.46, 

𝒈𝜋𝑁𝑁=13.07,

𝒈𝜌𝑁𝑁 =3.25,

𝒇𝜌𝑁𝑁=19.82.

Estimated from the quark model
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P and V denote the pseudoscalar meson matrix and vector meson matrix under SU(3) symmetry, 

respectively.

B denotes the SU(3) baryon octet;

B₃ represents the triplet heavy-flavor baryons;

B₆ represents the sextet heavy-flavor baryons.

2.1 Effective potentials



𝑴(𝐚 + 𝐛 → 𝐜 + 𝐝)

Interaction Lagrangian

Feynman Rules

Scattering amplitude

𝑽 𝒒 ≈ −𝑴(𝒂 + 𝒃 → 𝒄 +

𝒅)/ 𝟐𝒎𝒂𝟐𝒎𝒃𝟐𝒎𝒄𝟐𝒎𝒅

Breit approximation

Effective potential in 

momentum space


𝐝3𝑞

2𝜋 3
ⅇ𝒊𝑞⋅ Ԧ𝑟𝑽 𝒒 𝐹2 𝒒𝟐, 𝒎𝑬

𝟐

Fourier transformation

𝑽 𝒓 =

Effective potential in 

coordinate space
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(𝜎, 𝜋, 𝜂, 𝜌, 𝜔)

a

b

c

d

Form factor 𝑭 𝒒𝟐, 𝒎𝑬
𝟐 =

𝜦𝟐−𝒎𝟐

𝜦𝟐−𝒒𝟐  ∧ (One free parameter< 𝟐𝑮eV), 

m and q are the cutoff, mass and four-momentum of the exchanged 

meson, respectively. 

2.2 One-boson-exchange (OBE) model
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Method：the multi-Gaussian expansion method.  

𝐼 𝐽𝑝 = 𝟎 𝟎− 𝐓𝐡𝐞 𝛴𝐶
∗𝛴 single-channel system; 

𝑹 = 𝑹𝛴𝑐
∗+ 𝑹𝛴 （the size of the system should be 

larger than the size of all component hadrons）.

Mass 𝑴 = 𝑀𝛴𝑐
∗+ 𝑀𝛴- 𝐸 ,E: binding energy. 

𝛴𝑐
∗ 𝛴

第八届强子谱强子结构研讨会 2025年7月11日-15日  广西•桂林

3.11 Hadronic molecular states

Loosely bound molecular states in the single system



Single-channel system : 

No bound state solution. 

Coupled channel bound states:

➢ The obtained binding energies 

are very sensitive with the cutoff 

value.

➢ The dominant channels are not 

the lowest channel 𝜩𝒄𝑵 , which 

leads to the small size of these 

bound states.

➢ Thus, we cannot recommend 

these coupled channel bound states 

as prime molecular candidates. 

第八届强子谱强子结构研讨会 2025年7月11日-15日  广西•桂林

3.12 𝜩𝒄𝑵 System
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In the cutoff Λ ≤ 

2.00 GeV, we can 

obtain the bound 

state solutions for 

the single 𝜩𝒄
∗𝑵

states with 𝟎 𝟎− , 

𝟎 𝟏− , and 𝟎 𝟐− .

For other quantum 

numbers, we did 

not find hadronic 

molecular states 

and thus made 

corresponding 

selections.

3.13 𝛯𝑐
∗𝑁System



For the single-channel 

system of 𝜮𝑪𝜮 with 

𝑰 𝑱𝒑 𝟎 𝟏− bound state 

solutions exist. The 

coupled-channel effect 

has a positive effect on 

this molecular state. 

The 𝜮𝑪𝜮/ 𝜮𝑪
∗ 𝜮 coupled 

molecular state with 

𝟏 𝟏− .
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3.14 𝛴𝐶𝛴 System



Resonances

Feshbach-type

Shape-type      

𝚲=𝟏. 𝟎𝟕GeV   E= 0.14GeV  𝚪=𝟎. 𝟎𝟔GeV

For the :𝛬𝑐𝛴, 𝛴𝐶
∗𝛬, 𝛴𝑐

∗𝛴. interactions with 𝟎 𝟎 − ; 

This leads to themaximum of the scattering cross 

section,

The resonant width is defined as 𝚪𝐫 = ൗ𝟐
𝐝𝛅

𝐝𝐄 𝐄𝐫
，

M𝐬𝐚𝐚: 𝐌 = 𝐌𝛬𝑐
+ 𝐌𝛴 + 𝐄。
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𝛔𝐭 =
𝟒𝛑

𝟐𝛍𝐄


𝐥=𝟎

∞
𝟐𝐥 + 𝟏 𝐬𝐢𝐧𝟐 𝛅𝐥 𝐄  

𝛅𝐥 𝐄𝐫 = 𝐧 + 𝟏/𝟐 𝛑，𝐧 = 𝟎，𝟏，𝟐 ⋯

3.21 Resonances



We can not obtain the loosely bound state solutions for the 𝚺𝐂
∗𝚺 molecule with 1(𝟎−) in the 

reasonable cutoff region.

Thus , this state is a shape-type resonance dominated by the 𝚺𝐂
∗𝚺 channel.
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3.21 𝑰 𝑱𝑷 = 𝟏(𝟎−) 𝛴𝐶
∗𝛴 Resonances
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The obtained resonance here is not an independent state, but corresponds 

to the 𝛯𝑐
∗𝑁molecule with 0(0−).

The current results can provide the important information of the total 

decay width for the 𝛯𝑐
∗𝑁bound state.

3.22 𝑰 𝑱𝑷 = 𝟎(𝟎−) 𝛯𝑐
∗𝑁 bound state 
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The Λ𝑪𝜮 / 𝜮𝑪𝜮 coupled interactions and the Λ𝑪𝜮 / 𝜮𝑪Λ/ 𝜮𝑪𝜮 coupled 

interactions are very similar. 

This indicates that the resonance is a Feshbach-type resonance, where 

both the Λ𝑪𝜮 and 𝜮𝑪𝜮 channels play important roles.

3.23 𝑰 𝑱𝑷 = 𝟏(𝟏−)Λ𝑪𝜮 /𝛴𝐶𝛴 Feshbach-type resonance
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In this work, we systematically study the P−wave interactions between the charmed 

and light baryons by using the OBE model. The research results are as follows：
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hadronic molecule candidates                   shape-type resonance                    Feshbach-type resonance

4. Summary



Thanks for your attention
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