
Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

Glueballs: Theoretical Status and 

Experimental Search

Institut für Theoretische Physik Technische Universität Wien

Denis Parganlija

Thanks to:

F. Brünner and A. Rebhan (Vienna)

F. Giacosa (Kielce)

S. Janowski and D. H. Rischke (Frankfurt)

D. Bugg (London)



Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

What does a particle physicist 

do?



Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search



Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

I‘m a physicist so I was thinking about stuff all

day.

I even wrote some of it down.



Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

I‘m a physicist so I was thinking about stuff all

day.

I even wrote some of it down.
Dr. Leonard Hofstadter,

The second most famous physicist of all time



Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

I‘m a physicist so I was thinking about stuff all

day.

I even wrote some of it down.
Dr. Leonard Hofstadter,

The second most famous physicist of all time

Note: the most famous physicist 

of all time is of course

© CBS/Viacom

© CBS/Viacom



Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

Particle Production



A typical (but non-exhaustive) list of reactions: 

Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

Particle Production



𝒑 𝒑 

A typical (but non-exhaustive) list of reactions: 



Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

Particle Production



𝒑 𝒑 

𝒑𝒑 

A typical (but non-exhaustive) list of reactions: 





Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

Particle Production



𝒆+𝒆− 

𝒑 𝒑 

𝒑𝒑 

A typical (but non-exhaustive) list of reactions: 







Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

Particle Production



𝒆+𝒆− 

𝝅 − 𝐧𝐮𝐜𝐥𝐞𝐨𝐧 

𝒑 𝒑 

𝒑𝒑 

A typical (but non-exhaustive) list of reactions: 









Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

Particle Production



𝒆+𝒆− 

𝝅 − 𝐧𝐮𝐜𝐥𝐞𝐨𝐧 

𝒑 𝒑 

𝒑𝒑 

A typical (but non-exhaustive) list of reactions: 









Best-case signal:

Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

Particle Production



𝒆+𝒆− 

𝝅 − 𝐧𝐮𝐜𝐥𝐞𝐨𝐧 

𝒑 𝒑 

𝒑𝒑 

A typical (but non-exhaustive) list of reactions: 









Best-case signal:

Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

Particle Production

N

E (MeV)



𝒆+𝒆− 

𝝅 − 𝐧𝐮𝐜𝐥𝐞𝐨𝐧 

𝒑 𝒑 

𝒑𝒑 

A typical (but non-exhaustive) list of reactions: 









Best-case signal:

Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

Particle Production

N

E (MeV)



𝒆+𝒆− 

𝝅 − 𝐧𝐮𝐜𝐥𝐞𝐨𝐧 

𝒑 𝒑 

𝒑𝒑 

A typical (but non-exhaustive) list of reactions: 









Best-case signal:

Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

Particle Production

N

E (MeV)



𝒆+𝒆− 

𝝅 − 𝐧𝐮𝐜𝐥𝐞𝐨𝐧 

𝒑 𝒑 

𝒑𝒑 

A typical (but non-exhaustive) list of reactions: 









Best-case signal:

Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

Particle Production

N

E (MeV)



𝒆+𝒆− 

𝝅 − 𝐧𝐮𝐜𝐥𝐞𝐨𝐧 

𝒑 𝒑 

𝒑𝒑 

A typical (but non-exhaustive) list of reactions: 









Best-case signal:

Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

Particle Production

N

E (MeV)



𝒆+𝒆− 

𝝅 − 𝐧𝐮𝐜𝐥𝐞𝐨𝐧 

𝒑 𝒑 

𝒑𝒑 

A typical (but non-exhaustive) list of reactions: 









Best-case signal:

Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

Particle Production

N

E (MeV)



𝒆+𝒆− 

𝝅 − 𝐧𝐮𝐜𝐥𝐞𝐨𝐧 

𝒑 𝒑 

𝒑𝒑 

A typical (but non-exhaustive) list of reactions: 









Best-case signal:

Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

Particle Production

N

E (MeV)

May represent 

a particle (resonance)



Particle Revolution of 1950-1970

Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search



Particle Revolution of 1950-1970

Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search



Particle Revolution of 1950-1970

Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search



Particle Revolution of 1950-1970

Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search



Particle Revolution of 1950-1970

Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search



Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

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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QCD
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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Also calculable from

Bethe-Salpeter equation:

[H. Sanchis-Alepuz, C. S. Fischer, 

C. Kellermann and L. von Smekal,

Phys. Rev. D 92, 034001 (2015)

arXiv: 1503.06051 [hep-ph]]

The widths for 

glueball → 2 glueballs

and for

glueball → 2 quarkonia

both scale as 1/Nc

Model glueball-quarkonia 

dynamics
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 Symmetries of the QCD Lagrangian: Poincare; Local 

SU(3)c Colour; Global Chiral U(Nf)x U(Nf); Dilatational; 

CPT; Zn (n = 0, …, Nc – 1)

can all be implemented

 Degrees of freedom: quantum numbers I, J, P, C are 

contained – as observed by experiment and calculated 

in first-principles approaches

 Suitable for dynamics → can test structure of observed 

particles

 Historical success: a simple chiral model predicted the 

sigma meson a decade before first experimental hints
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[G. Eichmann, H. Sanchis-Alepuz, R. Williams, R. Alkofer and C. S. Fischer, 

Prog. Part. Nucl. Phys. 91, 1 (2016); arXiv:1606.09602 [hep-ph]]
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Symmetries implemented: colour, 

chiral, CPT

Also necessary: dilatation symmetry
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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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← Schechter et al. (1981)

contain vectors and axial-vectors



Results
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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]]
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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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radiative decays:
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[CMD-2; KLOE]
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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− 

Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

Scalar Ambiguities

How many scalar states exist between 
1.7 GeV and 1.8 GeV?



𝒇𝟎 𝟏𝟕𝟏𝟎 : 

𝒎𝐏𝐃𝐆 =  𝟏𝟕𝟐𝟑 + 𝟔 − 𝟓  𝐌𝐞𝐕,  

𝚪𝐏𝐃𝐆   =  𝟏𝟑𝟗 ± 𝟖  𝐌𝐞𝐕 



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− 
𝑨𝒄𝒄𝒐𝒓𝒅𝒊𝒏𝒈 𝒕𝒐 𝑩𝑬𝑺 𝑪𝒐𝒍𝒍𝒂𝒃𝒐𝒓𝒂𝒕𝒊𝒐𝒏: 

 

 

Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

Scalar Ambiguities

How many scalar states exist between 
1.7 GeV and 1.8 GeV?



𝒇𝟎 𝟏𝟕𝟏𝟎 : 

𝒎𝐏𝐃𝐆 =  𝟏𝟕𝟐𝟑 + 𝟔 − 𝟓  𝐌𝐞𝐕,  

𝚪𝐏𝐃𝐆   =  𝟏𝟑𝟗 ± 𝟖  𝐌𝐞𝐕 

[BES II (2004) and LHCb (2014)]



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− 
𝑨𝒄𝒄𝒐𝒓𝒅𝒊𝒏𝒈 𝒕𝒐 𝑩𝑬𝑺 𝑪𝒐𝒍𝒍𝒂𝒃𝒐𝒓𝒂𝒕𝒊𝒐𝒏: 

 

 

Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

Scalar Ambiguities

How many scalar states exist between 
1.7 GeV and 1.8 GeV?



𝒇𝟎 𝟏𝟕𝟏𝟎 : 

𝒎𝐏𝐃𝐆 =  𝟏𝟕𝟐𝟑 + 𝟔 − 𝟓  𝐌𝐞𝐕,  

𝚪𝐏𝐃𝐆   =  𝟏𝟑𝟗 ± 𝟖  𝐌𝐞𝐕 

data! more need -known not  is resonances  ofnumber exact  The 0f

[BES II (2004) and LHCb (2014)]



Our Best Result I

Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

[S. Janowski, F. Giacosa and D. H. Rischke,

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

arXiv: 1408.4921 [hep-ph]]



Our Best Result I

Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

[S. Janowski, F. Giacosa and D. H. Rischke,

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

arXiv: 1408.4921 [hep-ph]]



Our Best Result II

Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

[F. Brünner, D. Parganlija and A. Rebhan,

Phys.Rev. D91 (2015) no.10, 106002;

E: Phys.Rev. D93 (2016) no.10, 109903

arXiv: 1501.07906 [hep-ph]]



Our Best Result II

Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

[F. Brünner, D. Parganlija and A. Rebhan,

Phys.Rev. D91 (2015) no.10, 106002;

E: Phys.Rev. D93 (2016) no.10, 109903

arXiv: 1501.07906 [hep-ph]]



Denis Parganlija (Vienna UT)               

Glueballs: Theoretical Status and Experimental 

Search

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!


