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What is X(3915)? 
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•  X(3915) was first observed by Belle Collaboration in 2005. 

 

• X(3915) is a charmonium-like resonance with its quantum numbers 

𝐼𝐺(𝐽𝑃𝐶)= 0+ 0++ . 

•                                      is dominant  not a conventional 𝑐 𝑐. 

• Diquark model proposes that X(3915) is the lightest          state based on its 

decay pattern and the mass lying slightly below           threshold. 
 

• QCD Sum-Rule studies compute masses and decay constants showing 
X(3915) fits a           tetraquark. 

 
 

• X(3915) provides insight into the internal structure of exotic hadrons, 

including other hidden charm exotics. 

• We will discuss the internal structure of X(3915) as a          configuration 

from the perspective of            threshold. 
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Hamiltonian 

 

 

 

 Quark potentials 

 

 

 

 Additional mass dependences 

 

 

 

 Our model Hamiltonian well describes hadron spectra 

where n goes to 4 for tetraquarks. 

Quark Model Description 
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 Our Hamiltonian is based on two-body interactions 

 

 

 
 

 

 Coordinate Set 1 

 

 Coordinate Set 2 

 

 Coordinate Set 3 
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 Spatial Function 

Quark Model Description 
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𝐼𝐺(𝐽𝑃𝐶)= 0+ 0++ . 



Fitting Results 

Table I. Measured and fitted masses of mesons. 
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Table II. Measured and fitted masses of baryons. 

where 



                    with 𝐼𝐺(𝐽𝑃𝐶)= 0+ 0++  

 Color Space 

 - Decomposition in terms of color SU(3) 

 

 
 

 Spin Space 

- Decomposition in terms of spin SU(2) 

 

 

- For Spin 0, 

 

 
 

- For Spin 1, 

   If             , CS bases correspond to X(3872) with 𝐼𝐺(𝐽𝑃𝐶)= 0+ 1++  

Color-Spin States of X(3915) 
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Spin 2 Spin 1 Spin 0 

All possible 4 CS bases satisfy the symmetry of X(3915) 

Only 2 of 6 CS bases satisfy the symmetry of X(3872) 

Satisfying charge conjugation (+) 

Satisfying charge conjugation (+) 



 Color-Spin Bases of X(3915) 

 

 

 

 Transformation between CS Basis Sets 

 

 

 

 

 

 Color-Spin Interaction Factor 

Color-Spin States of X(3915) 
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More appropriate for investigating the properties 

of               threshold 

H. Yun, S. Noh, A. Park, S. Cho, S. H. Lee, et al, Phys. Rev. C 107, 014906 (2023) 



Color-Spin Structure of X(3915) 
Nov. 13th, 2025 

 

 

 

 Color-Spin Interaction Factor 
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Table III. Masses of X(3915) and the corresponding thresholds, obtained through variational method and our 

model Hamiltonian. 
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Color-Spin Structure of X(3915) 
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 Color-Spin Interaction Factor 

 

 

 

 

 
where 

 Color-Spin Part of Hamiltonian (                  ) 

 

 

Table III. Masses of X(3915) and the corresponding thresholds, obtained through variational method and our 

model Hamiltonian. 
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Color-Spin Structure of X(3915) 
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 Color-Spin Interaction Factor 

 

 

 

 

 
where 

 Color-Spin Part of Hamiltonian (                           ) 

 

 

Table III. Masses of X(3915) and the corresponding thresholds, obtained through variational method and our 

model Hamiltonian. 
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Color-Spin Structure of X(3915) 
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 Color-Spin Interaction Factor 

 

 

 

 

 
where 

 In threshold limit (ignoring                                                               terms) 

 

 

 

Table III. Masses of X(3915) and the corresponding thresholds, obtained through variational method and our 

model Hamiltonian. 
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Color-Spin Structure of X(3915) 
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 Well-separated              configuration 

 

 

 

 

 

    where N and N’ are the normalization constants. 

 

Table IV. Probability amplitudes for each CS basis in the ground state wave function of X(3915). 

Table III. Masses of X(3915) and the corresponding thresholds, obtained through variational method and our 

model Hamiltonian. 
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Results from Coalescence Model 
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Fig. 1(a) Transverse momentum distribution 

of X(3915) as 𝑐 𝑐,            ,           states. 

Fig. 1(b) Transverse momentum distribution 

ratios between X(3915) and        meson. 

Table IV. Yields of X(3915) for various possible states. 

 The results would be helpful in identifying the internal structure of X(3915) 

from the measurement of its production in heavy ion collisions. 



Summary 

 X(3915) can provide a valuable insight for understanding other 

hidden-charm exotics. 

 

 Our quark model analysis suggests that X(3915) is more 

consistent with a molecular structure, originating from the long-

range interaction that extend beyond our quark model. 

 

       distribution and yields from our coalescence model are 

expected to provide valuable insight into the internal structure of 

X(3915). 

 

 Continued theoretical and experimental studies are essential. 
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𝑝𝑇 



Back-up Slide 
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 Color octet-octet coupled singlet basis 

 

 

   where        are the SU(3) Gell-Mann matrices. 

 Using the standard Fierz identity for the generators 

 

 

 Applying the charge conjugation 


