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X (3872)  is not very likely to be charmonium state 

M(+-) 

+- pair is  
produced via 0 

X(3872) is observed in 
 isospin-violating mode 

X(3872) → J/ψ π+ π- 
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JPC =1++  X(3872)   (D* D threshold) 
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Coupled channel Two almost degenerated states 
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Two different scenarios: 
 

Strong coupling 
 

a) The coupling shifts  substantially the energy of the two 
quark   state   (mass shift) 

b)   If strong enough it may create new extra states (XYZ states) 
 

Weak coupling 
 a) The coupling shifts slightly the energy of the two quark state  
 b) No extra states ( but some  threshold effects are possibles) 
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2015 LHCb Pentaquark 

https://arxiv.org/ct?url=http://dx.doi.org/10.1103/PhysRevLett.115.072001&v=c0dab2ab


2016 what else? 
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Theoretical Ingredients 
 
 
 

Two body model: Constituent Quark Model 
 

Coupled channel model: RGM 
 

Coupling : Pair Creation Model (3P 0) 
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The constituent quark model 
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QCD lagrangian 

 - Asymptotic freedom 

 - Confinement 
 - (approximate) Chiral Symmetry 
 

Chiral Symmetry is spontaneously broken at low 
momenta 
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This interaction is not relevant for heavy quarks but is important for molecules 



The constituent quark model 

One Gluon Exchange 

Confinement 
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Solving the two body problem 

To found the quark-antiquark bound states we solve the 
Schrödinger equation using the Gaussian Expansion Method 

The coeficients bn and the eigenenergy E are determined 
from the Rayleigh-Ritz variational principle 
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Results for the 1- - sector 

PRD 78 114033 (2008)  
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Coupling the states of two and four quarks (3P0 model) 
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Solving the coupled channel problem 
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J. Phys. G 40  085107 (2013) 
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Pentaquark Pc(4380),  Pc(4450) 

DΣ*c threshold D*Σc threshold 
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The compositeness problem 
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The parity problem 
         negative parity          S-waves molecules  
         positive parity            P-waves molecules (centrifugal barrier) 

Residual interacction !!!!!  (model) 23 



Pentaquark 

Pc(4380),  Pc(4450) 
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New LHCb resonances 
 

 
 

 

 

 

Quark model predictions 
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Looking for the X(4140) 

We include: DsDs, D*sD*s,  DsD*s, J/ψφ components 
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Coupling channel calculation for the   JPC=1++ channel 

Any signal of X(4140) 
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 As we do not find any signal for the X(4140), neither bound 
nor virtual, we analysed the line shapes of the J/ψφ channel 
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 the X(4140) signal appears as a 
threshold cusp. 



 Conclusions 

1. The heavy quark sector shows a rich phenomenology   
including  two, (three), four and five body problems 
depending of the dynamics. 
 

2. A constituent quark model plus a coupled channels 
calculation can account for this phenomenology from the J/ψ 
to the recently pentaquarks signals ( and beyond) 
 
 

  
 
 
 
 

Thanks for your attention 
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