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• Quantum Chromodynamics (QCD)

- Symmetries of the QCD Lagrangian.

if all quark massless then we have chiral symmetry

- Spontaneous breaking of chiral symmetry by quark condensates.

- Explicit breaking of global chiral symmetry by quark masses and chiral anomaly. 

• Effective chiral models of  (QCD).

Introduction
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Decay modes of the excited 

pseudoscalar glueball



Interaction Lagrangain for the excited pseudoscalar glueball

with a pseudoscalar glueball and the ordinary scalar and pseudoscalar mesons

with a scalar glueball and the pseudo(scalar) mesons  

with scalar and pseudoscalar mesons  

Walaa I. Eshraim, Stefan Schramm, Phys.Rev. D95 (2017) 014028 [arXiv:1606.02207 [hep-ph]].



where is a dimensionless coupling constant and Φ reads for three flavours, :3=fN
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Glueballs

Lattice QCD calculation

[C. Morningstar and M. J. Peardon, AIP Conf. Proc. 688, 220 (2004) 

[arXiv:nucl-th/0309068]]; 
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Branching ratios for the decay of the excited pseudoscalar glueball into

the pseudoscalar glueball 

Results 

Could be measured by BESIII and PANDA!

Walaa I. Eshraim, Stefan Schramm, Phys.Rev. D95 (2017) 014028 [arXiv:1606.02207 [hep-ph]].

The branching ratio for the decay of the excited pseudoscalar glueball 

into charmonium state



Branching ratios for the decays of the excited pseudoscalar glueball 

into PS and scalar-isoscalar states as well as      and       

Walaa I. Eshraim, Stefan Schramm, Phys.Rev. D95 (2017) 014028 [arXiv:1606.02207 [hep-ph]].

Could be measured by BESIII and PANDA!
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Walaa I. Eshraim, Stefan Schramm, 
Phys.Rev. D95 (2017) 014028 
[arXiv:1606.02207 [hep-ph]].

Could be measured by

BESIII and PANDA!

Branching ratios for the decays of the excited pseudoscalar glueball 

into scalar-isoscalar states

and (pseudo)scalar mesons       



Charmed mesons 

in the extended Linear Sigma Model
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• Linear sigma model with vector and axial vector degrees of 

freedom.

• Inclusion of the charmed mesons into the linear sigma model 

(extended Linear Sigma Model - eLSM). 

• Extension from low-energy to high-energy mesons.

• Study of the model for T = μ =0 (spectroscopy in vacuum).

DAADCharmed mesons in the model

• The number of fields in the model

• For Nf = 4 there are 66 fields: 64 quark-antiquark fields  + one pseudoscalar glueball

+one scalar glueball G

Scalar mesons: Pseudoscalar mesons: Vector mesons: Axial-vector mesons: 
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W. I. Eshraim, F. Giacosa, and D. H. Rischke , Eur. Phys. J. A 51 (2015) 112 [arXiv:1405.5861 [hep-ph]].
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Including charm degree of freedom

1) Pseudoscalar fields:                                      2) Scalar fields:

The multiplet of the scalar and pseudoscalar quark-antiquark states:

3) Vector fields:                                                   4) Axial vector fields:

The left-handed matrix:                                and the right-handed matrix:

W. I. Eshraim, PoS QCD -TNT-III (2014) 049 [arXiv:1401.3260 [hep-ph]];

W. I. Eshraim, F. Giacosa, and D. H. Rischke , Eur. Phys.   J. A 51 (2015) 112 [arXiv:1405.5861 [hep-ph]].

iPS +=

 AVL +=  AVR −=



Linear Sigma Model Lagrangian with (axial-)vector mesons 

D.Parganlija, P.Kovacs, G.Wolf, F.Giacosa and D.H. Rischke, Phys. Rev. D 87 (2013) 014011 [arXiv:1208.0585 [hep-ph]];

W. I. Eshraim, PoS QCD -TNT-III (2014) 049 [arXiv:1401.3260 [hep-ph]].

where             is the dilaton Lagrangian,



Spontaneous Symmetry Breaking (SSB) 

Shifting the fields           

,                                             ,                        

where, 

,    

For Nf = 4  new shift 

where

There are 29 eqs. of square masses of mesons  with 15 unknown parameters.  

D. Parganlija, P. Kovacs, G. Wolf, F. Giacosa and D. H. Rischke, Phys. Rev. D 87 (2013) 014011 [arXiv:1208.0585 [hep-ph].

W. I. Eshraim, PoS QCD -TNT-III (2014) 049 [arXiv:1401.3260 [hep-ph]];

W. I. Eshraim, F. Giacosa, and D. H. Rischke , Eur. Phys.   J. A 51 (2015) 112

[arXiv:1405.5861 [hep-ph]].



Parameters        

The values of the Nf = 3 parameters :

[D. Parganlija, P. Kovacs, G. 

Wolf, F. Giacosa and D. H. 

Rischke, Phys. Rev. D 87 

(2013) 014011 

[arXiv:1208.0585 [hep-ph]].

The new three parameters for  Nf = 4 are                     .

By fit with /d.o.f = 1 :

CCC  ,,

/d.o.f = 1.23 

W. I. Eshraim, F. Giacosa, and D. H. Rischke , Eur. Phys.  J. A 51 (2015) 112 [arXiv:1405.5861 [hep-ph]].



Masses of (open and hidden) charmed mesons:

W. I. Eshraim, F. Giacosa, and D. H. Rischke , Eur. Phys. J. A 51 (2015) 112 [arXiv:1405.5861 [hep-ph]].

W. I. Eshraim, PoS QCD -TNT-III (2014) 049 [arXiv:1401.3260 [hep-ph]. 



The mass difference of the squared charmed (axial-)vector mesons:

Weak decay constant of , and          .

[Exp. value = 206.7 ± 8.9 ] [Exp. value = 260.5 ± 5.4] [Exp. value = 335 ± 75]

W. I. Eshraim, F. Giacosa, and D. H. Rischke , Eur. Phys. J. A 51 (2015) 112 [arXiv:1405.5861 [hep-ph]].

Mass difference and decay constants

MeVMeV,   MeV,

C
fSDD,



Decay widths of open charmed mesons:

W. I. Eshraim, F. Giacosa, and D. H. Rischke , Eur. Phys. J. A 51 (2015) 112 [arXiv:1405.5861 [hep-ph]].



W. I. Eshraim and C. S. Fischer, Eur.Phys.J. A54 (2018) no.8, 139

Decay widths of hidden charmed mesons:

1) Decay widths of (axial-)vector charmonium states: 0/ = J 0
1
=

c
and

2) Decay widths of a pseudoscalar charmonium state (      ):C



Decay width of       into a pseudoscalar glueballC
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Lattice QCD calculations: 

Could be measured by



Decay widths of a pseudoscalar charmonium state (      ):c0



Conclusions

2. Decay widths of the first excited pseudoscalar glueball in cases of

and          .

3. Linear sigma model with          and vector and axial-vector mesons.

3. Masses of (open and hidden) charmed mesons.

4. Decay widths of (open and hidden) charmed mesons.

3fN = 4=fN

4=fN



Outlook

1. Study of the chirally symmetric model with vector and axial-vector mesons in 

the case of isospin breaking for            at nonzero temperature (ongoing).

2. Hybrid phenomenology in a chiral symmetric model (ongoing).

3.  Study of the light tetraquark nonet and its extension to           (ongoing).

4.   Study the scattering of glueballs.

3fN =

4=fN


