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Are there excited 

quarkonia here?

Note:

1) we assume that 

η(1405) and η(1475) 

are one state: η(1440)
2) f0(1790) reported by

BES (2004) and 

LHCb (2014)

3) a0(1950) reported by

BABAR (2015).

JP = 0- JP = 0+
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𝑫𝝁 = 𝝏𝝁 − 𝒊𝒈𝑨𝝁
𝒂𝒕𝒂 

 QCD Lagrangian:

 Large coupling and confinement lead to the 

emergence of hadrons

 But: perturbative expansion does not work
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Quantum Chromodynamics

Strong Coupling is

Energy-Dependent 

Baryons

(Half-Integer Spin)

Mesons

Integer Spin



Two approaches to

Low-Energy QCD
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QCD

Lattice

Light-front wave functions

Bethe-Salpeter Equations

Chiral Perturbation Theory

Linear Sigma Model
[Wilson; Alexandrou, Bicudo, Cardoiso, Dürr, Fodor, 

Gregory, Irving, Katz, Lang, Prelovsek, Silva, 

Suganuma…]

[Brodsky, Pauli, Pinsky, Teramond, …]

[Eichmann, Fischer, Nicmorus, Roberts, Williams, 

Windisch,…]

Hadrons as degrees of 

freedom:

Quarks/gluons as 

degrees of freedom:



Can a Model Ever Describe QCD?

 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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Connection to QCD Degrees of 

Freedom
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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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Linear Sigma Model
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Ground states!



The Point of Our Study

Consider two hypotheses:

i) f0(1790) and a0(1950) are excited 

scalar quarkonia

ii) pseudoscalars above 1 GeV are 

excited scalar quarkonia

The study is performed by adding a 

scalar and a pseudoscalar nonet of 

excited states to the ground-state 

model
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Content of Excited States
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f0(1790) η(1295) a0(1950)

η(1440)



The Model for the Excited States

 No mixing among excited states

 No mixing of excited states with ground states

 Discard large-Nc suppressed terms

 Then masses are determined by 4 parameters and more than 

35 decays by 2 parameters
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Masses
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Theory Experiment

Shaded areas: 

unconfirmed states

Encircled blue: 

input masses



Results

Assumption: f0(1790) and a0(1950) are 

excited scalar quarkonia
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[See 1612.09218 for more details]



Results
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[See 1612.09218 for more details]



Enforcing Excited Pseudoscalars as 

Quarkonia

Can η(1295), pion(1300), η(1440) and 

K(1460) be excited pseudoscalar 

quarkonia?

Denis Parganlija (Vienna UT)                   

Excited Scalar and Pseudoscalar Mesons in 

eLSM

[See 1612.09218 for more details]
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η(1440)

Green: ground state

(not necessarily 

quarkonium)

Red: excited state

one state: η(1440)

*
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Conclusion

 Excited scalar and pseudoscalar mesons have been 

investigated in the Extended Linear Sigma Model

 The model also contains ground-state (pseudo)scalars 

and (axial-)vectors

 The main goal was to test whether f0(1790) and the 

recently observed a0(1950) can be interpreted as 

excited scalar mesons

 The answer is positive but there appears to be tension 

with the simultaneous interpretation of pseudoscalars 

above 1 GeV as excited states

 The study has predicted more than 35 decays – all of 

them measurable by BABAR, BES, LHCb and PANDA
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