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𝑃𝑃𝑐𝑐 4457 , LHCb, PRL 115, 072001(2015); 𝑇𝑇cc, arXiv: 2109.01038

Remain controversial



Our research  content : 

The nature and structure of these exotic states are studied at the quark 
level by constructing multi-quark systems!
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Frame work
 The chiral quark model 
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 Quark delocalization color screening model 

 In the early 1990s, Professor Wang Fan and others from Nanjing University 
developed a new model based on the traditional constituent quark model - the 
quark delocalization color screening model (QDCSM)

 Change the quark model wave 
function in the RGM variational 
wave function

 Made corrections to the quark 
confinement potential

 The success of the QDCSM lies in explaining nuclear forces and hadronic interactions using a quark model with 
minimal parameters. To date, this model is the only one that explains the similarity between nuclear and molecular 
forces, addressing why atomic nuclei can be approximated as nucleonic systems rather than multi-quark systems
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 The resonance group method 

 The conventional ansatz for two-cluster wave function is ：

 Variational principle

 The RGM equation can be written :

A=A*A=1+A’
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 The RGM equation can also  be written :

=
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 Group theory method 

 Group chain 

 The physical basis wave function of qq-qq-�𝑞𝑞 structure.

Diquark-wave function

Diquark-Diquark-wave function
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 Physics basis and symmetric basis can be mutually converted. 

 Symmetirc wave function of qq-qq-�𝑞𝑞 structure. 
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 Fractional parentage expansion technique

 Quark-quark interaction 

𝑐𝑐24 = 6

 Quark-antiquark interaction 

𝑐𝑐14 = 4

 The matrix elements of H on the symmetric basis can be obtained. 
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Discussion on some work 

 Hidden strange pentaquark states in constituent quark models.

PHYSICAL REVIEW C 98, 055203 (2018)

 The explanation of some exotic states in the �𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 tetraquark system.

Eur. Phys. J. C (2021) 81:950
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For the first work:

Observation of 𝑷𝑷𝒄𝒄+in the 𝜦𝜦𝒃𝒃𝟎𝟎 → 𝑱𝑱/𝝍𝝍𝒑𝒑𝑲𝑲−
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The hideen charm pentaquark state: 𝑷𝑷𝒄𝒄+

The hideen strange pentaquark state: 𝑷𝑷𝒔𝒔

?

• The evidence for a new baryon state with hidden 
strange was reported by SPHINX Collaboration 
in 1999

Eur. Phys.J.A 5, 409 (1999)

Phys. Rev. C 63, 022201(R) (2001)
Phys. Rev. Lett. 64, 1011 (1990)
Phys. Lett. B 774, 108 (2017)
Phys. Rev. C 95, 055202 (2017)
Phys.Rev.C 73, 025207 (2006)
arXiv:1804.09383
Phys.Rev.D 91, 114503 (2015)

• NΦ bound state

The work goals:

To investigate whether the NΦ states  
are bound or not in  ChQM?
.
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 Three kinds of chiral quark models:

CHQM1, 𝜎𝜎 meson exchange is used between any quark pair.
CHQM2, 𝜎𝜎 meson exchange  is only valid for u/d quark pair.
CHQM3,   the full SU(3) scalar nonet-meson exchange is employed.

• The color symmetries of qqq
and q �𝑞𝑞 cluster are all [111]

• The color symmetries of 
hidden color clusters are [21]

• the first five channels are color 
single channels

• Others are hidden-color channels
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 The effective potential 

 The definition of potential can be written as:

 The effective potential between two colorless cluster is defined as:

• The potential of NΦ state in both CHQM1 and CHQM3 are attractive
• The attraction in CHQM1 is much larger than one in CHQM3
• The potential in CHQM2 is repulsive
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 The dynamic calculation  

• The single channel NΦ is unbound  in all three quark models
• The NΦ can be bound by the coupling  of the color-single channels in 

CHQM1
• The NΦ can be bound by the coupling  of all channels in CHQM1
• the mass of  NΦ in CHQM1 by 16 channel coupling :

M  =  1946.7 MeV

The channel coupling has an important impact on the NΦ state !
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 The relative motion wave function of NΦ state
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 The short summery

 The NΦ state can be bound through the interaction of 𝜎𝜎 meson exchange 
plus the effect of channel coupling 

 The effect of channel coupling has an influence on the existence of this 
bound state.
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Discussion on some work 

 Hidden strange pentaquark states in constituent quark models.

PHYSICAL REVIEW C 98, 055203 (2018)

 The explanation of some exotic states in the �𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 tetraquark system.

Eur. Phys. J. C (2021) 81:950
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For the second work:

X states：New states in 𝑫𝑫𝒔𝒔
+𝑫𝑫𝒔𝒔

−
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What is the nature of X(3960)?
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 Two kinds of configurations

• Meson-meson configuration

• Diquark-antidiquark configuration
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 The wave function construction

 Four fundamental degrees of freedom 

Color, spin, flavor,orbit

 The multiquark system’s wave function is an internal product of the color, spin, 
flavor, and orbit terms

The total wave function=color*spin*flavor*orbit



 The color wave function 

 The color wave function of a q �𝑞𝑞
cluster

[111]     color-single(1𝑐𝑐)
[21]       color-octer(8𝑐𝑐)

 The color wave function of a 
diquark cluster and antidiquark

1𝑐𝑐* 1𝑐𝑐

8𝑐𝑐* 8𝑐𝑐

6𝑐𝑐*�6𝑐𝑐

3𝑐𝑐*�3𝑐𝑐
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 The flavor wave function  The spin wave function 

 The wave function of two 
body clusters are:

 The total spin wave functions:
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 The orbital wave function

 The total orbital wave function can be constructed

The complete wave function can be written as:
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• The lowest energy of 3930 MeV is obtained by coupling all channels of two structures, 
which is 6 MeV lower than the threshold of the lowest channel Ds+Ds-. There is a bound 
state for the 0++ with the mass of 3930 MeV.

• For this bound state, the percentage of Ds+Ds+ is about 85%. 
• X(3960) is a molecular state Ds+Ds-

This results is consistent with other work,(Lattice QCD, Bethe-Salpeter)
10.1007/JHEP06(2021)035
Prog. Phys. 41, 65–93 (2021)
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• The energy of each channel is above the threshold of the corresponding channel

• There is no bound state in 1++, 1+-, 2++ system 
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 The Stabilization method

• A  factor S, which is the distance between 
two cluster, is used to scale the finite 
volume. 

• With the increase of the distance between 
two clusters, the continuum state will fall 
off toward its threshold.

• The bound states will remain unchanged

• A resonance state will tend to stable and  
act as an avoid-crossing structure.
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 The stabilization plots of the energies of 0++

• A bound state and four resonance states
• X(4381) is close to the X(4350), so X(4350) can be explained as a compact tetraquark 

resonance state with 0++
• This result is agree with some work(Born–Oppenheimer approach X(4370))

Phys. Rev. D 90, 014044 (2014)
• X(4524) is close to the X(4500), so it is possible to be a compact tetraquark with 0++
• X(4630) is close to X(4630), but the 0++ is different from the reported 0-. X(4630) 

may be X(4700). 36



 The stabilization plots of the energies of 1++

• A resonance states： X(4324) 
• X(4324) can be explain as X(4274)
• This result is similar to the results of other work. 

Phys. Rev. D 83, 034010 (2011)
(a resonance state with energy near 4.3 GeV is considered as X(4274))
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 The stabilization plots of the energies of 2++

• Two resonance states 
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 The short summery

• The molecular bound state Ds+Ds- with 0++ can be supposed to explain the X(3960)

• X(4350),X(4500),X(4700) can be explained as the compact tetraquark state with 0++

• X(4274) is possible to be a candidate of the compact tetraquark state with 1++
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Thanks you!
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