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Potential models 
worked well for 
charmonium 
spectroscopy 

Courtesy of  
C. Z.Yuan 

1, Introduction (recent multi-quark) 

2013 
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(New resonances, five-quark) 

1 / 2, 3 / 2± ±
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d*(2380), six-quark (light quarks)   
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• Molecule, baryonium  
• tetraquark  
• Hybrids  
• Coupling channel, CUSPs,tringle singularity, … 

QCD sum rule 
Non relativistic QCD 

Heavy hadron chiral perturbation theory 

Lattice calculations 

Potential models 

Heavy quark effective theory 

Approaches/ Interpretations 
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Quark 
+degrees  

 of freedom 



7 

Hadronic molecules 
• Weekly bound state of two or three hadrons 
• Typical examples: Nuclei and  hyper-nuclei 
• Baryon-baryon bound state: MH <M1 + M2 

 
• The Molecule idea has a long history 

   Voloshin, Okun (1976) 
• De Rujula, George, and Glashow (1977) 
   Long-range one-pion exchange (Tornqvist, ZPC1993) 
   Meson-exchange models (Lohse, et al., 1990) 
   Unitarized coupled channel models with chiral 

Lagrangians ( Olier, et al., 1997; Jido et al., 2005,  
                   Gammermann et al., 08)+……Chinese+ 
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2, Molecule scenario  
Of Two Pentaquark states  
Pc(4380)+, and Pc(4450)+ 

K b c cs→ +
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Interpretations of two Pc 
*kinematic effects in non-perturbative rescattering processes 
  (CUSPS or triangle singularity) 
  e.g. arXiv:1507.04950, 1507.05359, 1507.06552, et.al.. 

*bound states(or resonances) by open-charm baryon and meson 
  4.g. arXiv: 1507.03717, 1507.03704,1507.05200, 1507.4249 et. al. 

*baryon+charmonia 
  e.g. arXiv:1507.07478,1508.00888, 1512.00426  

c c c cD D D DΣ Σ Σ Σ
* ** *, , ,

c p, ( S )pχ ψ1 2

*Tightly bound pentaquark states 
  e.g.arXiv; 1201.0807,1507.04980,1507.07652,1508.00356,1507.05867,    
               1507.08252, 1508.01468,1508.04189  

*coupled-channle unitary approach: A series of meson-baryon dynamically generators 
  e.g. arXiv:PRL105,232001; PRC84,015202, PRD92,094003, etl.al… 
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Our Phenomenological approach: 

Correlation 
function Two fields 

X X (3872) 
D 

D* 

Molecule scenario PRD77,094013+… 

The mass operator represented by   2( )pΠ

in Collaboration with Amand Faessler,  
Thomas  Gutsche,  and V. E.  Lyubovitskij  
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 Compositeness condition: 
Bound state description of hadronic molecules in QFT based 
on compositeness condition:  Weinberg,PR1963;Salam, Nuov.Cim. 1962                     
                                           Heyashi et al.,Fortsch. Phys. 1967  

 
The coupling  g  is determined by the condition  

g g 

2016/8/10 
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Vertex function 
Characterize the finite size of the hadron 

                    the distributions in the hadron  

Gaussian-type is chosen for the function 

Parameter: Gaussian with free size parameter Λ 

Four-dimensional covariant calculation 
2016/8/10 EFB23, Aug. 8-12, 
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New resonance: X(3872) 

2016/8/10 

Decay modes 
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Strong decay     Radiative decay 

2016/8/10 
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Strong decay  (two-body, three-body) 
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Including of  cc

YBD, Faessler, Gutsche & 
Lyubovitskij, J. Phys. G38, 
015001 
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YBD, Faessler, Gutsche & Lyubovitskij, J. Phys. G38, 015001 

Results  (including      )  cc

Interference effect, by the 
admixture θ,  plays crucial role 
to understand the measured 
ratio   

BABAR 

LHCb 

1.1 
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Discussions 

• 1), Hadronic molecules: old expectations- 
•      renewed interest in heavy mesons 
• 2), Effective approach is applied  
•      to the states (Compositeness) 
• 3), Hadronic loop is considered 
• 4), Decay modes: some c\bar{c}  
•      +dominate hadronic picture 

Other applications: 
1), Open charmed mesons: Ds(2317) 

 
 
2), Y-type: Y(4260), Y(3940);  
    Z-type: Z(4430),Zc(3900); Zb(10610), Zb(10650) 
3),  

2016/8/10 

(2940), (2800)c cΛ Σ
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Applications to the two Pc        (PRD93,074020) c cP DΣ *( )

1

1 2 14465

1

*
cD

l

M MeV

Parity ~ (

)

)

( / ;
Σ

+ −

+

→

−



c cP DΣ *( )
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3/2+ 
3/2- 
5/2+ 
5/2- 



2016/8/10 
24 

Discussions (1) 
1), Individual contributions of the D*, D and Σc 
    For S and P waves, D* plays dominated role 
    and the interferences are still sizeable 

2), Λ=0.8~ 1.2 GeV,  Γ increases with Λ for 
                            decreases with Λ for    

3 2pJ /±=
5 2pJ /±=

3), Pc(4380), the obtained in all four cases are small than the    
    data;               D-wave (is disfavored by LHCb)  5 2pJ /−=

4), Pc(4450),             is excluded (Exp.+Γ(large)) 
                            is excluded (Γ(large)) 
                             (D-wave) 

3 2pJ /+=
5 2pJ /+=

pJ /−= 5 2

× ×
××
×
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Discussions (2) 
We consider       ,  Other scenarios of  c D*Σ

* * *
c cD, DΣ Σ

PRD93, 034031:  

PRD93, 034031:  

*
c

* *
c

D

D

M MeV

M

( / , )

M V ( / , )e
Σ

Σ

+ −

+ −

→

→

4390

4530

3 2 0

3 2 1





Heavy quark sym. 
Spin rearrangement 
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3, Production of neutral Pc states 

@J-PARC 

@Jlab.  

   @LHCb 

@PANDA 



2016/8/10 EFB23, Aug. 8-12, 
2016@Aarhus_Denmark 27 

@J-PARC 
max ( ) 20E GeVπ −



Neutral 
Pc 

states 

LHCb,  0 /b J K pψ −Λ →

PRD93,034009 
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Effective Lagrangians 

The higher partial wave 
terms are neglected 

1( )unknown,
cP Ng g π
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Not point-like 
particle 
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( )2
u

c

c

cc component
N OZI

supp

allowed

ression

P from J / N

m / m

π
ψ

−


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Total Cross Sections 

a : ( / ; / )
b : ( / ; / )
c : ( / ; /
d : ( / ; / )

)

+ −

− +

+

+

−

−

3 2 5 2
3 2 5 2
5 2 3 2
5 2 3 2

1, background is sizeable 
2, interference is small 
3, one can hadrly see     
   the differences among    
   the total cross sections    
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Differential Cross Sections (1) 
( / ; / )+ −3 2 5 2 ( / ; / )− +3 2 5 2

W(c.m.)GeV: 
(4.15,4.38,4.45, 4.5)  
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Differential Cross Sections (2) 
( / ; / )+ −5 2 3 2 ( / ; / )− +5 2 3 2
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1, t-channel  meson exchanges provide forward contribution 
 
2, two Pc states contribute mainly for the differential cross  
    sections at c. m. energy W=4.38GeV and W=4.45GeV,respectively 
 
3, angular distributions of the two Pc resonances are obviously  
   different than the forward background contribution 
 
4, angular distributions display significantly different behaviors with  
   different spin-parities assignments 
 
5, it is expected those specific features can be tested by future  
   J-PARC experiment with high luminosity    
 

For production 
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4, Summary 
1, Production of the neutral Pc states are discussed Pc   
    are cosidered as the point-particles with two assumptions 
    for JPARC   

 

2, Molecular scenario of           are employed to estimate       
   their strong decay modes (J/ψ+P) 

*( )c cP DΣ

3, Our calculations show 3¯/2 assignment for the two Pc  

4,Other possible interpretations are also needed. 
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Thank you for your attention! 
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