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Glueballs
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 QCD Lagrangian:

 Gluons are self-interacting

 Gluon bound states: Glueballs!
Denis Parganlija                                                                                                           

Glueballs and Vector Mesons at NICA

Quantum Chromodynamics

Strong Coupling

Energy-Dependent 

Hadrons Emerge

at Small Energies 

Half-Integer Spin

Baryons
Integer Spin

Mesons Leading-

order mass 

generated 

only by the 

strong 

interaction! 



Glueballs on the Lattice
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Pure gluodynamics

Glueball spectrum 

predicted

m ≈ 1700 MeV → f0(1710)



Glueball Dynamics: an Example

 AdS/CFT Correspondence 

→ Witten-Sakai-Sugimoto (WSS) Model

Denis Parganlija, Glueballs and Vector Mesons 

at NICA -- EPJ A 52 (2016) no.8, 229 

[1601.05328]

[F. Brünner, D. Parganlija, A. Rebhan, Phys. Rev. D 91, 106002 (2015) 93, 

109903(E) (2016)  arXiv:1501.07906 [hep-ph]]

… but it is not the only candidate for the 

scalar glueball
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Candidates for the Glueball

Ground State

 States up to 1.8 GeV (PDG)

State Mass [MeV] Width [MeV]

f0(500) 400 - 550 400 - 700

f0(980) 990 ± 20 40 - 100

f0(1370) 1200 - 1500 200 - 500

f0(1500) 1504 ± 6 109 ± 7

f0(1710) 139 ± 8

f0(1790) 40

301790



60

30270



6

51723



[BES II (2005); LHCb (2014)]

[Particle Data Group (PDG)]

[PDG]

[PDG]

[PDG]

[PDG]



Main production channels for low-energy mesons: 









Glueballs should be • produced in radiative decays

• absent from γγ collisions 

The latest candidate for the scalar glueball comes from

decays and proton-proton collisions 

𝒑𝒑 

𝒆+𝒆− → 𝝋 𝟏𝟎𝟐𝟎  𝐨𝐫 𝒆+𝒆− → 𝑱/𝝍 

𝒑 𝒑 

𝝅 − 𝐧𝐮𝐜𝐥𝐞𝐨𝐧 
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Glueball Production

[Crystal Barrel; OBELIX]

[Axial Field Spectrometer Collaboration; Ames-Bologna-CERN-Dortmund-

Heidelberg-Warsaw Collaboration; GAMS; WA76; WA91; WA102; LHCb]

[CMD-2; MARK-III; Crystal Ball; KLOE; 

BES; BES II; BES III; Belle; Belle-II]

[CERN-Cracow-Munich Collaboration; CERN-Munich Collaboration; E791; 

WA76; GAMS]

[U. Wiedner, Excited QCD Winter Workshop (Sarajevo, 2013)]

𝑱/𝝍 
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How can NICA help?



Possible NICA Contribution to the 

Glueball Search
 Spin Physics Detector (SPD)
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What I Propose To Be Done:

Look into ππ final states starting at ~ 

(1.5 – 2) GeV; can the glueball 

candidate f0(1790) be reconstructed?

Look into 4π final states starting at ~ 

(1.5 – 2) GeV: glueball coupling may be 

strong 

Look into KK final states starting at ~ 

(1.5 – 2) GeV: glueball should couple 

due to flavour symmetry
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But there is more



Thermal Vector Mesons I

 Glueballs couple to the vector and axial-vector 

mesons in vacuum, e.g. ρ and a1

 Mass degeneration of ρ and a1 at finite T and μ is an 

order parameter for the chiral-symmetry restoration
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[S. Struber and D. H. Rischke, Phys. Rev. D 77, 

085004 (2008)  arXiv:0708.2389 [hep-th]]

[See the talk by Su Houng Lee at 

this Meeting]



Thermal Vector Mesons II

Glueball coupling to the (axial-)vectors 

can persist at finite T and μ → glueball 

influence on the chiral-symmetry 

restoration

Both         and                  contribute to 

the (axial-)vector masses

How does                  change away from 

vacuum?
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Thermal Vector Mesons III
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Scalar glueball becomes massless 

at ~ 900 MeV
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How can NICA help?



Thermal Vector Mesons IV
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NICA can study 

spectral functions of 

(axial-)vectors away 

from vacuum

Hints for the 

behaviour of the 

gluon condensate

My suggestion:



Summary

NICA can help us gain insight into QCD 

both in vacuum and away from vacuum

Vacuum: new resonance/glueball 

discovery is possible

Away from vacuum: (axial-)vector 

spectral functions as means to study 

the phase diagram, including glueball 

contribution
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