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Explanation:

Strong Interaction and its 

Theory, QCD



Introduction of Quarks

Questions:

1) Why are there no decays of new 

particles into all other ones, provided 

sufficient phase space?

2) Is there a classification scheme for 

particles?
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 Gluon bound states: Glueballs!
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 Mass of, e.g., nucleons is generated by

1. Higgs mechanism (subdominant)

2. Strong interaction (predominant)

Glueball mass is generated only by the strong interaction

 Glueballs must have integer spin → they are mesons

Meson spectrum is incomplete without glueballs

 Relevant for PANDA @ FAIR and for NICA

 Note: there are (probably) other ‘exotic’ (non-quarkonium) 

particles → see, e.g., 1) A. Ali, J. S. Lange and S. Stone, arXiv: 

1706.00610 and 2) G. Eichmann, C. S. Fischer and W. Heupel, 

arXiv:1508.07178
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First principles:
Lattice

Light-front wave functions

Bethe-Salpeter Equations

Chiral Perturbation Theory

Linear Sigma Model
[Wilson; Dürr, Fodor, Gregory, Irving, Katz, Lang, 

Mohler, Morningstar, Peardon, Prelovsek, …]

[Brodsky, Pauli, Pinsky, Teramond, …]

[Alkofer, Eichmann, Fischer, Heupel, 

Kellermann, Krassnigg, Nicmorus, Roberts, 

Sanchis-Alepuz, von Smekal, Williams, …]

Effective theories and models:

First principles

↔ quarks/gluons

Holographic QCD
[Maldacena; Brower, Brünner, Mathur, Parganlija, 

Rebhan, Sakai, Sugimoto, Tan, Witten, …]

Glueballs should have 

distinct mass/decay 

properties

Effective approaches

↔ hadrons
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Linear Sigma Model with a Dilaton

G renders the mass term dilatationally 

invariant

 Identification: G ↔ glueball; G0 ↔ gluon 

condensate

Glueball mixes with quarkonia; full 

Lagrangian → next slide
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contain vectors and axial-vectors
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[S. Janowski, F. Giacosa and D. H. Rischke,

Phys. Rev. D 90, no. 11, 114005 (2014)

arXiv: 1408.4921 [hep-ph]]



Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

Glueballs and Experiment



Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

Production of Glueballs



Main production channels for low-energy mesons: 

Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

Production of Glueballs



Main production channels for low-energy mesons: 

 𝒑 𝒑 

Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

Production of Glueballs

[Crystal Barrel; OBELIX]



Main production channels for low-energy mesons: 





𝒑 𝒑 

𝒑𝒑 

Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

Production of Glueballs

[Crystal Barrel; OBELIX]

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

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



Main production channels for low-energy mesons: 





 𝒆+𝒆− → 𝝋 𝟏𝟎𝟐𝟎  𝐨𝐫 𝒆+𝒆− → 𝑱/𝝍 

𝒑 𝒑 

𝒑𝒑 

Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

Production of Glueballs

[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]



Main production channels for low-energy mesons: 









𝒆+𝒆− → 𝝋 𝟏𝟎𝟐𝟎  𝐨𝐫 𝒆+𝒆− → 𝑱/𝝍 

𝒑 𝒑 

𝒑𝒑 

𝝅 − 𝐧𝐮𝐜𝐥𝐞𝐨𝐧 

Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

Production of Glueballs

[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]



𝒑 𝒑 

Main production channels for low-energy mesons: 









Glueballs should be • produced in 

• produced in radiative decays 

• absent from γγ collisions 

𝒆+𝒆− → 𝝋 𝟏𝟎𝟐𝟎  𝐨𝐫 𝒆+𝒆− → 𝑱/𝝍 

𝒑 𝒑 

𝒑𝒑 

𝝅 − 𝐧𝐮𝐜𝐥𝐞𝐨𝐧 

Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

Production of Glueballs

[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)]



𝒑 𝒑 

Main production channels for low-energy mesons: 









Glueballs should be • produced in 

• produced in radiative decays 

• absent from γγ collisions 

What is the status in the scalar sector?
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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 ± 86
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
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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

[Crystal Barrel; OBELIX]

[Columbia-Syracuse;

Crystal Barrel; OBELIX]

Seen in 

radiative decays:
f0(980)

f0(1500)

f0(1710)

[CMD-2; KLOE]

[MARK III/Crystal Barrel;
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Absent/suppressed in γγ:
f0(1500)

f0(1710)

[L3; ALEPH]

[ALEPH]

[Belle: contrary statement]
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𝒇𝟎 𝟏𝟕𝟗𝟎 : 

𝒎 = 𝟏𝟕𝟗𝟎−𝟑𝟎
+𝟒𝟎 𝐌𝐞𝐕,  

𝚪  = 𝟐𝟕𝟎−𝟑𝟎
+𝟔𝟎 𝐌𝐞𝐕 

𝒇𝟎 𝟏𝟕𝟏𝟎    𝐚𝐧𝐝   𝒇𝟎 𝟏𝟕𝟗𝟎  𝐤𝐧𝐨𝐰𝐧 𝐟𝐫𝐨𝐦 𝑱/𝝍 𝐝𝐞𝐜𝐚𝐲𝐬: 

𝑱/𝝍 → 𝝎𝑲+𝑲−    𝑱/𝝍 → 𝝎𝝅+𝝅− 

𝑱/𝝍 → 𝝋𝑲+𝑲−    𝑱/𝝍 → 𝝋𝝅+𝝅− 
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Summary

Glueballs are a promise of the strong 
interaction

Experimental identification complicated 
because of overlap with quarkonia

Ground state may have been discovered: 
f0(1710)

More data and more theoretical effort are 
needed to identify the other ones!


