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The Ξc K- mass spectrum is studied with 
a sample of pp collision data by LHCb , 
PRL 017

Five clean narrow peaks are obtained



LHCb,  PRL 2019

PRL 2010

PRC 2011

PRD 2013



Chiral LagrangianSU(3)
Meson baryon interaction:

Coupled channels: 

A cut off, qmax, is taken to regularize the loops
qmax=630 MeV



This is zero at tree level.
Coupled channels are
essential

In addition two Λ(1405)
states appear, now
supported by many
experiments



Equivalent method: 
Local hidden gauge 
Approach. M. Bando, 
Phys. Rept 1988 g=MV/2 fπ



Instead of using the Lagrangians, one can use the meson or baryon wave functions with the suitable operators

PPV vertex (Sakai, Roca, E. O,  PRD 96 (2107))
Operator for ρ0 exchange

One does not need to use SU(4). Yet, it is practical to evaluate it using and the SU(4) matrices

Example in the charm sector: 



Lower vertex
BBV

In SU(3)



Back to Ωc states

Note that we do not use SU(4) baryon wave functions,
the heavy quark is singled out and flavor-spin symmetry
is demanded for the light quarks.

Debastiani, Dias, Liang , Oset,  PRD 2018



No need to invoke SU(4)

With light vector exchange the heavy quarks 
are spectators. Nothing depends upon them.
Heavy quark symmetry is automatically implemented

Upper vertex

Lower vertex

g=mV/2 f,
f=93 MeV



The exchange of heavy vectors is penalized



We get three states in very good agreement with experiment, both mass and width

Exp (MeV) 
M       Γ

3050, 0.8

3090, 8.7

3119, 1.1



Related work: 

J.~Nieves, R.~Pavao and L.~Tolos, Omega _c excited states within a SU(6)}_  HQSS 
model,     Eur. Phys.  J. C  78 114 (2018)

Revisions made after experiment to fit some parameter

Uses SU(4) : matrix elements exchanging light vectors are equal.  Results similar to ours, but
only two states, since they study 1/2 – states only

Better results than in [17] but the widths and the positions not so good as in the works
of Montaña and present work .



PRD  (2019)

HQSS tells that the interaction cannot depend on the spin of the heavy quarks.  Then one rewrites the physical
states in terms of a basis of states where the spin of the light quarks and the heavy ones are separated. 

One uses the Wigner Eckart theorem to write matrix elements in terms of a few reduced matrix elements

This produces  symmetries in the matrix elements of the interaction.







The different terms are evaluated using an extensión of the local hidden gauge approach, with the
exchange of vector mesons.

f= fπ=93 MeV, k0, k’0 are the energies of the external mesons

The only free parameter is the subtraction constant in the regularization of the meson baryon loops.
We take it such that the average mass of our states agrees with experiment. 





????

And a state at :





M.Z. Liu, Y.W. Pang, F.Z. Peng, M. Sanchez-Sanchez, L.S. Geng, A. Hosaka, M. Pavon-Valderrama  
Arxiv 1903.11560 , PRL 2019
Similar conclusions based on single channels. 

All these papers, written after the LHCb paper,
claim these seven states of molecular nature.
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J.~M.~Dias, V.~R.~Debastiani, J.-J.~Xie and E.~Oset, 
%``Doubly charmed $\Xi_{cc}$ molecular states from meson-baryon interaction,''

Phys.\ Rev.\ D {\bf 98}, no. 9, 094017 (2018)

Q.~X.~Yu, J.~M.~Dias, W.~H.~Liang and E.~Oset, 
%``Molecular $\Xi_{bc}$ states from meson-baryon interaction,''
arXiv:1909.13449 [hep-ph].

Q.~X.~Yu, R.~Pavao, V.~R.~Debastiani and E.~Oset, 
%``Description of the $\Xi _c$ and $\Xi _b$ states as molecular states,''
Eur.\ Phys.\ J.\ C {\bf 79}, no. 2, 167 (2019)

C.~W.~Xiao, J.~Nieves and E.~Oset, 
%``Prediction of hidden charm strange molecular baryon states with heavy quark spin symmetry,''

arXiv:1906.09010 [hep-ph].



1/2-

C.W. Xiao, J. Nieves and E. Oset To be observed
In J/ψ Λ





Conclusions

Extension of chiral unitary theory to the heavy sector, using the exchange of vectors in the hidden gauge approach,
together with unitarity in coupled channels leads to neat predictions for molecular states

The important terms in the interaction come from light vector Exchange -> 1) heavy quaks are spectators and 
matrix elements do not depend upon them HEAVY QUARK SYMMETRY AUTOMATICALLY FULFILLED.
2) One does not have to invoke SU(4) to evaluate matrix elements.

Recent results for Ωc states and the new pentaquarks states of hidden charm, are giving support to these molecular
pictures. 

Reliable predictions are made for many states likely to be observed in the near future. LHCb has the key to them
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