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Introduction

In 1974 the November revolution started heavy hadron spectroscopy

Three years later the U(1S) state was discovered at Fermilab

The naive quark model was successful describing the spectra up to the discovery

of the X(3872) in 2003 by Belle.

After 2003 many states that are not accommodated in the quark model have been

observed

A clear indication of states beyond the quark model are pentaquarks and charged

states in the charmonium or bottomonium energy regions (Zc and Zb)

The first charged states measured were the Zb(10610) and Zb(10650) from Belle

The charmonium analogs are the Zc(3900) and Zc(4020)

Last year BESIII ( Zcs(3985) ) and LHCb ( Zcs(4000) and Zcs(4220) ) discovered

charged states with strangeness
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The Zcs states

Significance: 
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The Zcs states

Two states

Is the Zcs(3985) the Zcs(4000)?

Significance
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Popular explanations
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The Chiral Quark Model

Spontaneous Chiral Symmetry Breaking
Pseudo-goldstone boson exchange
One gluon exchange
Confinement

A. Manohar and H. Georgi, Nucl. Phys. B 324 (1984)
F. Fernández et al., J. Phys. G 19 (1993)
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Theoretical framework

Resonanting Group Method (RGM)

Coupled-channels Lippman-Schwinger equation
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Theoretical framework

Direct
diagrams

Annihilation
of heavy q

Annihilation
of light q

Rearrengement
diagrams
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Theoretical framework
Decay width

Production amplitude

Invariant mass distribution

Fitted to the experimental data
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Zc states in the CQM

Data from BESIII Phys. Rev. Lett. 119, 072001 (2017)

P.G. Ortega et al,  Eur.Phys.J. C79 (2019) no.1, 78
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Zc states in the CQM

Data from BESIII Phys. Rev. D 92, 092006 (2015)

P.G. Ortega et al,  Eur.Phys.J. C79 (2019) no.1, 78
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Zc states in the CQM

P.G. Ortega et al,  Eur.Phys.J. C79 (2019) no.1, 78
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Results

a) Without annihilation

b) With annihilation

Two poles (virtual states):

a) 3970      and 4110
b) 3961-3i and 4106-5i

Two fits (with the same t-matrix)
1) BESSIII data
2) LHCb data
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Results
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Results

BESSIII data well reproduced
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Results

LHCb data:
- The Zcs(4000) might be the 
Zcs(3985)
- The data can be explained with the 
Zcs(4110)
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Conclusions

We use the Chiral Quark Model plus a coupled channels calculation to explain

the Zcs(3985), Zcs(4000) and Zcs(4220) as virtual states

The same model reproduces the Zc(3900) and Zc(4020) also as virtual states

Two virtual states below DsD* and D*Ds*

The Zcs(3985) and Zcs(4000) peaks are compatible with the same state

Two virtual states below B*Bs and B*Bs*
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