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QCD and Its Degrees of 

Freedom 
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¸QCD Lagrangian: 

 

 

 

 

 

 
¸Gluons are self-interacting 

¸Gluon bound states: Glueballs! 
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Quantum Chromodynamics 

Strong Coupling 

Energy-Dependent!  

Hadrons Emerge 

at Small Energies  Half-Integer Spin 

Baryons 
Integer Spin 

Mesons 



The Importance of Glueballs 

¸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 Ÿ they are mesons 

 Meson spectrum is incomplete without glueballs 

 

¸Glueballs couple to quarkonia in vacuum Ÿ (indirect) 

influence on chiral restoration 

 

¸ Relevant for PANDA @ FAIR 
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Experimental Candidates 



¸Five states up to 1.8 GeV (isoscalars) 
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Scalar Glueball Candidates 

State Mass [MeV] Width [MeV] 

f 0(500) 400 - 550 400 - 700 

f 0(980) 990 Ñ 20 40 - 100 

f 0(1370) 1200 - 1500 200 - 500 

f 0(1500) 1505 Ñ 6 109 Ñ 7 

f 0(1710) 135 Ñ 7 
Absent from ɔɔ: 
f 0(1500) 

f 0(1710) 

 

 

  

[ALEPH; L3] 

[ALEPH] 

Can theory help? 
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Theoretical Input 



AdS/CFT Correspondence 

¸N=4 SU(Ð) supersymmetric and conformal Yang-

Mills theory in 4 dim. 

ź 

A string theory in a 5-dim. curved (anti-de-Sitter) 

space (xS^5) 

¸However: QCD is 

neither supersymmetric 

nor conformal 

¸Problem resolution: AdS7 x S^4 with a 

compactified dimension Ÿ unwanted symmetries 

broken 

¸Glueballs emerge from graviton modes 
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[Maldacena 1998] 

Strongly Coupled 

Weakly Coupled 

Low-energy limit: 

supersymmetric gravity 

[Witten 1998] 
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However:  

1. No decay widths were calculated 

2. Scale matching was perfomed for the 2++ state Ÿ results 

differ for another choice of the scale-fixing observable  



Sakai-Sugimoto Model 

¸A holographic framework first applied for systems 

with chiral quarks; it can be used for glueballs as 

well (see later) 
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Sakai-Sugimoto Model 

¸ Calculations are performed using DBI (Dirac-Born-Infeld) 

action for D8 branes: 

 

 

 

 

 
 

¸ Determining the scale and one free parameter: 

 

 
¸ This implies e.g. 
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radial coordinate 

field strength for 
field strength for 

with the interpretations: 

(PDG: 2.5) (PDG data: 0.19) 
[T. Sakai and S. Sugimoto,  

Prog. Theor. Phys. 113, 843 (2005);  

114, 1083 (2006)] 



Glueballs in Sakai-Sugimoto Model 

¸Scale fixed by the rho mass 
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1487 MeV, dilaton 

855 MeV (exotic) 

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

arXiv:1501.07906 [hep-ph]] 
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Scalar Glueball 



Non-Extrapolated Results 

¸Two-Pion Decay 

 

 

 

¸Four-Pion Decay 

 

 

 

¸Data: 
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Quite narrow! 

[D. Parganlija, arXiv:1208.0204 

BES Collaboration (2006), arXiv: hep-ex/0603048] 

[D. Parganlija, arXiv:1208.0204 

WA102 Collaboration (1999), 

arXiv: hep-ex/9907055] 



Extrapolated Results 
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A. Rebhan, 1501.07906] 
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Scalar Ambiguities 

Ḩow many scalar states exist between 
1.7 GeV and 1.8 GeV? 
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resonance? same therepresent  they Can

[M. Ablikim et al. (BES II Collaboration), 

Phys. Lett. B 603, 138 (2004) and  

Phys. Lett. B 607, 243 (2005)] 



A̧ssume that they are the same 
resonance 
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Scalar Ambiguities 

[M. Ablikim et al. (BES II Collaboration), 

Phys. Lett. B 603, 138 (2004) and  

Phys. Lett. B 607, 243 (2005)] 
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Tensor Glueball 



Tensor Decays 
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Heavy tensor glueball 

is quite broad: 

 ũtotal  ~ 370 MeV 

ũtotal  ~ 820 MeV 

Note #1: there may be 

quarkonium admixtures 

 

Note #2: 4  ́the strongest 

channel for the tensor 
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Summary 

¸A holographic top-down approach to QCD 
(Sakai-Sugimoto Model) 

¸Glueball phenomenology considered 

I̧ndication is that f 0(1710) is more likely 
than f 0(1500) to have a noticeable glueball 
component 

¸Pure tensor glueball very broad: ~ (400-
800) MeV 

¸More data is needed to identify glueballs! 
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Spare Slides 



How close is Nc = 3 to Nc = Ð? 
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[G. Bali et al. (2013)] 

[B. Lucini and M. Teper (2001)] 


