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A bit of chiral dynamics 
 
B0 and B0

s weak decays into J/psi and f0(500), f0(980) 
 
Predictions for Λb -> J/ψ k- p and J/ψ Λ(1405) 
 
Predictions for hidden charm baryon states 
 
Comparison with the J/ψ p and K- p spectra of recent LHCb pentaquark experiment 
 
Exotic states: multirho states, K* multirho, D* multirho,  pseudotensor mesons, rho K Kbar,  
                         rho D* D*bar, D NN …. 



Pseudoscalar-pseudoscalar interaction: channels 
1) π+ π-   
2) π0 π0 

3) K+ K- 

4) K0 Kbar0 

5) ηη 
 

Meson interaction 

We use the chiral unitary approach: Bethe Salpeter equations  
in coupled channels 

T=(1-VG)-1 V 
With V obtained from the chiral Lagrangians and G the loop function 
of two meson propagators . 
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Coupled channels:  

for I=0 

Channels  Kbar N , πΣ,  



Oset, Ramos NPA98 

, 

Coupled channels:  



Much debate on recent  LHCb experiments  
(see S. Stone, L. Zhang, PRL 2013) 
 
In B0

s -> J/ψ π+π-, a big peak is seen for f0(980),  
and no signal for f0(500).  LHCb PLB 2011,  PRD 2012 
Corroborated  by Belle, CDF, D0 collaborations.  
 
Conversely, in B0 -> J/ψ π+π-  the f0(500) is seen and only a tiny  
signal for the f0(980)  is observed ,  LHCb PRD 2013.  



W.H. Liang, EO 
PLB 2014 





No trace of f0(500) 
One normalization is arbritary but 
the two decays share the  same 
normalization 



Our result 

Exp:  

Our result 

Exp:  

Note: all the ratios and the mass distributions are obtained  with no free parameters, the only 
one has been fitted to scattering data.  



L. Roca, M. Mai, E.Oset and U.G. Meissner, EPJC 2015 

u d quarks in I=0 

Λb 

u d quarks in I=0 (spectators) an s quark -> total I=0 



We have there J/ψ K- p , the final  
state in the LHCb pentaquark experiment  

1507.03414 

Note the large deviation from  
Phase space for K- p 
While for J/ψ p one has essentially 
Phase space except for the peak Large concentration of strength around 

threshold  

http://arxiv.org/abs/1507.03414


How can the peak in J/ψ appear?  The J/ψ N interaction is very weak !! 

J/ψ c cbar J/ψ 

p    uud 

J/ψ D*bar 

D* 

J/ψ 

p Σc p 

D* 

Σc Σc 

p p 

ρ 
Nothing can  
be exchanged 



J J  Wu, R Molina, E. O, B S Zou,  PRL (2010) Predictions for hidden charm Baryon states 

C W Xiao, J Nieves , E. O,  PRD 2013 :  D*bar Σc*  channel included  
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http://arxiv.org/abs/1507.04249


It is not trivial that the K- p and J/ψ p distributions can be related like that  

D*bar 

b 

u 

d 

c 
u 

d I=0 I=0 

Vcd Cabibbo suppressed 

Since D*bar Σc is the main channel one should start from this production and then 
make transition to J/ψ p,  but this configuration is now allowed 
 D*bar Λc is allowed 
but it is has small strength in the wave function and then is Cabibbo suppressed 
 
This leaves only J/ψ p to initiate the interaction to produce the resonance 

The  D*bar Σc or D*bar Σ*c picture endures all tests of experiment: mass and width, 
spin parity 3/2- acceptable, coupling of resonance to J/ψ acceptable,  nontrivial relation 
of J/ψ p and K- p distributions established. 



Multirho  states:   
The vector vector interaction can be studied  
using the local hidden gauge formalism,  Bando et al. 

g=MV/2fπ 



V=  
+ 

+ 

 
 
 Spin projectors neglecting q/MV,   in 

L=0 

Bethe Salpeter eqn. G is the ρρ propagator 

Rho-rho interaction in the hidden gauge approach  
 R.Molina, D. Nicmorus, E. O. PRD (08) 



Two I=0 states  
generated 
f0, f2 that  
we associate  
to f0(1370) 
and f2(1270) 

Belle finds the 
f0(1370) around 
1470 MeV 



We would like to construct states of many ρ with parallel spins,  
so as to have maximum binding for any pair 

ρ ρ ρ ρ ρ ρ ρ 

This is like a ferromagnet of ρ mesons 



Fixed center approximation to ρ f2 scattering 

This interaction generates the ρ3 

L.Roca, E.O. 
PRD82(2010) 





One then continues and makes scattering of f2 with f2 to get the f4 
Then ρ interaction with f4 to give ρ5 and finally f2 with f4 to give f6 

Luis Roca 
E.O. 2010 
 





Phys.Rev. D82 (2010) 094017  







Bayar, Liang, Uchino and Xiao , EPJA 2014 

The cluster is assumed to be  
the interacting K Kbar pair  
that forms the f0(980) 



Luis Roca,  

Systems with  

with the 2++ state made out of two vector mesons 

Phys.Rev. D84(2011) 094006  

Pseudotensor mesons as three body resonances 



The era of charm 

M. Bayar, X. L. Ren, E. O, Eur. Phys. J. A 2015 

In the D* D*bar interaction  one state with JP=2+ is generated around  3920 MeV, 
which could be the X(3915) or the Z(3940) (with I=0) 
   We let the ρ interact with the D* D*bar cluster and obtain a new state 

A state with the I=1, J=3- 

and hidden charm is predicted 
around 4330 MeV. 



Xiao, Bayar, E. O, PRD 2012  



Mass 

Width 



Calculations done with variational method and with FCA 
 
Bound state and narrow  around  3500 -3530 MeV, Γ=30-40 MeV 
 
Could  be considered as a  Λc(2595) N bound state. 
 
Interesting :  Narrower than the Kbar NN system 

Bayar, Xiao, Hyodo, Dote, Oka, E.O. , PRC 2012 



Conclusions:  
 
The chiral unitary approach for the f0(500) and f0(980) provides a  
simple and natural explanation of the recent results of LHCb on  
B0

s and B0  decays.  
 
Predictions for Λb -> J/ψ Λ(1405) made prior to LHCb experiment 
Preditions for D*bar Σc and D*bar Σ*c bound states also made before 
The combination of both matches recent findings of experiment 
 
The recent finding should stimulate the search for many other multiquark 
multihadron states predicted by theoretical groups.  
  





I=1 hidden charm resonances, Zc(3900) and Zc(4020) 

We study them as D D*bar  
and D* D*bar molecules 

The exchange of a light meson is OZI 
forbidden .   This means  ρ,ω cancel 
and π,η,η’ cancel if equal masses   
(or for large q) 



Then we exchange two pions  with or without interactions  

Plus heavy vector (J/psi, D*) 
 
We find the heavy vector exchange still dominates but the interaction has a weak  
strenght. 



F, Aceti, M.Bayar, J.M. Dias, A. Martinez, K. Khemchandani, M. Nielsen, F. Navarra, EO 
PRD2014 
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