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Schrödinger equation: 
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After 2013: 



Tetraquark Meson molecule 

X (3872) 

Compact object: ~ 1 fm   Large object: ~ 10 fm   

Exotic Charmonium: multiquark states 
 S. Cho et al.  arXiv:1702.00486 M. Nielsen et al.  arXiv:1611.03300 

Mixture   
X = a |cc̄i + b |cc̄qq̄i

X = a |�0
c1i + b |DD̄⇤i



X(3872)  production 



B decays 

E. Braaten,  M. Kusunoki, hep-ph/0404161 

Small binding energy 
Meson coalescence 

Meson Molecule 

Diquark-antidiquark picture 

Non-relativistic potential 

Tetraquark 

S.J. Brodsky,  D.S. Hwang,  R.F. Lebed,   
             arXiv:1406.7281 

Both approaches work ! 

b→ c + c + s



Charm quark pairs generated with  PYTHIA 

  Bignamini et al.,  arXiv:0906.0882, arXiv:09012.5064 

Fragmentation into D and D*  

Model for binding   D and D*  

Meson molecule 

Proton-proton 

Guerrieri et al.,  arXiv:1405.7929 

�
th

' 0.01�
exp

(CDF) 



Charmonium - Molecule Mixture 

Meng, Han, Chao,  arxiv:1304.6710  

ATLAS - CONF - 2016 - 028  
K. Toms, ICHEP 2016 Chicago   

Pure D D*  molecule ruled out ! 

X = a |�0
c1i + b |DD̄⇤i (NRQCD) 

Charmonium with ~ 40 % probability 



Carvalho, Cazaroto, Gonçalves, FSN,  arxiv:1511.05219 

Tetraquark 

Double parton scattering 

Binding as in the  Color Evaporation Model 

Prediction of the energy dependence 



Mass 

Hadronic decay width 

Production in B decays 

X(3872)

B ! KX(3872)

X(3872) ! J/ ⇡ ⇡

Can be understood in both approaches ! 

So far… 

but… 



Mass 

Hadronic decay width 

Production in B decays 

Production in hadronic collisions 

X(3872)

B ! KX(3872)

X(3872) ! J/ ⇡ ⇡

p p ! X(3872) + X

Can be understood in both approaches ! 

So far… 

but… 

Molecular picture disfavored 

Production in nucleus-nucleus collisions 

central : from QGP  
EXHIC  arXiv:1702.00486 

peripheral : photon-photon   



Production of exotic charmonium  
      in two photon processes 

p p ! p pR

AA ! AAR

Exclusive production in peripheral pp or AA collisions 



Production  by Two Photons 

Photon-Photon Collisions at the LHC 

�� ! R

Bertulani,Klein,Nystrand,       
arXiv:nucl-ex/0502005 
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Form factor  F 
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⇤2 + q2
Nucleus 
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i2Proton 

F (q2) = 1Pointlike 

⇤ = 0.088 GeV

⇤ = 0.71 GeV

Klusek-Gawenda, Szczurek,  
       arXiv:1004.5521  
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realistic 



~ 10 fm 

Heavy meson exchange 
   is short distance 
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Decay  width into two Photons �(R ! ��)

Suppressed ? 

Unsuppressed ? 

D



T. Branz et al., arXiv:0903.5424  
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Decay  width into two Photons �(R ! ��)
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Results 

Meson molecule 
Moreira, Bertulani, Gonçalves, FSN, arxiv:1610.06604 



Proton-proton 

    V. Gonçalves,  
      D. Silva,   
    W. Sauter, 
arXiv:1209.0701 

    This work  
arXiv:1610.06604 

dipole  pointlike  



Pb - Pb 

p - Pb   

Bertulani, arXiv:0903.3174  

Klusek-Gawenda, Szczurek,  
       arXiv:1004.5521  monopole  pointlike  



Conclusion 

Since we know that the R states exist and since everything else is known 
the measurement of the cross section will  determine the decay width and 
therefore the  R structure 

Y(3940) , Y(4140) in  p-Pb and Pb-Pb for the first time 

Z(3930) , X(4160) , Y(3912), X(3915)  for the first time 

Thank you ! 





The cross section 



~ 10 fm 

heavy meson exchange is short distance: ≈1/mD ≈ 0.2 fm

Decay into charmonium is suppressed ! 

Γ <10 MeV    Mahajan,  
arXiv:1304.1301 

( Γexp ≈ 29 MeV )

Molecule decay 



Tetraquark Meson molecule 

The  X (3872)  structure 

Mixture ?  
X = a |cc̄i + b |cc̄qq̄i

compact 
color exchange 

large  
loosely bound 
meson exchange 

X = a |�0
c1i + b |DD̄⇤i



Tetraquark Meson molecule 

X (3872) 

Compact object: ~ 1 fm   Large object: ~ 10 fm   

Exotic Charmonium: multiquark states 
 S. Cho et al.  arXiv:1702.00486 M. Nielsen et al.  arXiv:1611.03300 





≈1/m
D*
≈ 0.2 fm



Exotic charmonium  

�� ! Y

�Y / N(!1)N(!2)�(Y ! ��)



new ! 



Charm quark pairs generated with  PYTHIA 

  Bignamini et al.,  arXiv:0906.0882 

Fragmentation into D and D*  

Model for binding   D and D*  

Meson molecule 

Proton-proton 

~ 10 fm 

D D* rescattering  

Relative momentum ~  pion mass 

NRQCD 

Artoisenet,  Braaten,  arXiv:0911.2016 

Dall’Osso et al.,   POS (Beauty 2013) 066 Guerrieri et al.,  arXiv:1405.7929 
  Bignamini et al.,  arXiv:09012.5064 Artoisenet,  Braaten,  arXiv:1007.2868 
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        CMS,  
arXiv:1302.3968  



B decays :  

Proton-proton: 

 X (3872)  production 

g + g→ c + c

c→D

Nucleus-nucleus: 

D + D*→ X

e+ + e− → B+ + B−

B+ → X + K + X→ J /ψ + π + + π −

c→D*
(prompt production) 

ExHIC  Collab.,  Cho et al.,  PRL 106, 212001 (2011) ; PRC 84, 064910 (2011).   

? 



Comparison with 
  other works 

Pb Pb 
Bertulani, arXiv:0903.3174  



Meson molecule 

X (3872) 

Large object: ~ 10 fm   

Exotic Charmonium: multiquark states 
 S. Cho et al.  arXiv:1702.00486 M. Nielsen et al.  arXiv:1611.03300 


