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- Contains ‘colored’ quarks and gluons but no‘colored’ states have been appeared
- 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).
 - Linear Sigma Model
 - Non-Linear Sigma Model 

   

The QCD Lagrangian
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Decay of the
pseudoscalar glueball



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

A globally chirally invariant for three flavours

Interaction Lagrangian for the pseudoscalar glueball with vector, axial-vector, scalar and 
pseudoscalar mesons

W. I. Eshraim, Eur.Phys.J.C 83 (2023) 3, 262 [arXiv: 2005.11321 [hep-ph]]
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https://arxiv.org/abs/2005.11321


The vector 𝑉! and axial-vector 𝐴!, degree of freedom, are presented in the following lift- 
and right handed matrices, 𝐿" and 𝑅"

W. I. Eshraim, Eur.Phys.J.C 83 (2023) 3, 262 [arXiv: 2005.11321 [hep-ph]]

Walaa Eshraim

https://arxiv.org/abs/2005.11321


Glueballs
Lattice QCD calculation

[C. Morningstar and M. J. Peardon, AIP Conf. Proc. 688, 220 (2004) 
[arXiv:nucl-th/0309068]]; 

The pseudoscalar glueball at the border 
within light and heavy

The first excited pseudoscalar Glueball
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         Two experiments related to our work:

      1. PANDA experiment at FAIR facility.
          It will be capable to scan the mass region above 2.5 GeV.

      2. BESIII experiment.
          The resonance X(2370) could be a pseudoscalar glueball 
            with a mass 2.37 GeV.



Branching ratios for the two-body decays of the pseudoscalar glueball

W. I. Eshraim, Eur.Phys.J.C 83 (2023) 3, 262 [arXiv: 2005.11321 [hep-ph]]
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https://arxiv.org/abs/2005.11321


Branching ratios for the three-body decays of the pseudoscalar glueball

W. I. Eshraim, Eur.Phys.J.C 83 (2023) 3, 262 [arXiv: 2005.11321 [hep-ph]]
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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]].
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where          is a dimensionless coupling constant and Φ for three flavours, 
F

~
G
c 3=fN



Results 

Branching ratios for the decay of the excited pseudoscalar glueball into the 
pseudoscalar glueball 

The branching ratio for the decay of the excited pseudoscalar glueball into 
charmonium state

Walaa I. Eshraim, Stefan Schramm, Phys.Rev. D95 (2017) 014028 [arXiv:1606.02207 [hep-ph]].
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Branching ratios for the decays of the excited pseudoscalar glueball 
into PS and scalar-isoscalar states as well as      and       h 'h

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

Walaa Eshraim



Branching ratios for the decays of the excited pseudoscalar glueball 
into scalar-isoscalar states
and (pseudo)scalar mesons       

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

1. Construction of the interaction Lagrangian for the pseudoscalar
     Glueball with light mesons.
2. Decay of the pseudoscalar glueball.
3. Construction of several interaction Lagrangians for the excited
    pseudoscalar glueball with a scalar glueball and (pseudo)scalar mesons
4. Decay of the first excited pseudoscalar state.

   

Conclusions
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