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Origin of Quantum Chromodynamics (QCD)

~ 2600 citations as of today

Phys. Lett. B 47 (1973) 365-368



Low-Energy QCD

Ø Hadrons consist of constituent quarks, e.g. baryons of {QQQ},

such as the (colorless) proton:

{QQQ} are considered as quasiparticles, confined inside hadrons.

Ø The {Q–Q} interaction is furnished by the low-energy d.o.f. of QCD, resulting 

from the spontaneous breaking of chiral symmetry (SBcS), i.e. for NF flavors

SU(NF)L x SU(NF)R ➝ SU(NF)V, leading to the appearance of Goldstone bosons.

Ø Construct a Poincaré-invariant interacting mass operator based on



Dynamical Mass Generation

Dynamical quark masses generated by
Dyson-Schwinger equations (DSE):

Slide by courtesy from G. Eichmann



Relativistic Quantum Mechanics



Relativistic Constituent Quark Model (RCQM)



Universal Goldstone-Boson-Exchange RCQM



UGBE RCQM Parametrization



Solution of Mass-Operator Eigenvalue Problem



Spectroscopy of Baryons

Excitation Spectra

of Baryons with ALL Flavors

u, d, s, c, b



Excitation Spectra of Baryons with u, d, s Flavors

red levels = theoretical prediction

green boxes = exp. data
with uncertainties

L.Ya. Glozman, W. Plessas, K. Varga, and 
R.F. Wagenbrunn:

Phys. Rev. D 58, 094030 (1999)



Excitation Spectra of Charm Baryons
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Excitation Spectra of Bottom Baryons
single bottom double bottom



Triple-Heavy Baryon Spectra



Quantum Chaos in N Spectra



Rest-Frame Baryon States



Spatial Probability Density Distributions



Spatial Probability Density Distributions



Spatial Probability Density Distributions



Electric Radii vs. Root-Mean-Square Radii



Calculation of Covariant Observables



e– Scattering – Electromagnetic Form Factors



Electromagnetic Nucleon Form Factors
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R.F. Wagenbrunn, S. Boffi, W. Klink, W. Plessas, and M. Radici: Phys. Lett. B511 (2001) 33



Flavor Decomposition of Nucleon Form Factors

M. Rohrmoser, K.-S. Choi, and W. Plessas: Few-Body Syst. 58 (2017) 83 
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Flavor Decomposition of Neutron GE(Q2)
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M. Rohrmoser, K.-S. Choi, and W. Plessas: Few-Body Syst. 58 (2017) 83

Lattice QCD:  S. Boinepalli et al.: Phys. Rev. D74 (2006) 093005



Flavor Components in L(1116) Magnetic FF GM(Q2)

M. Rohrmoser, K.-S. Choi, and W. Plessas: Few-Body Syst. 58 (2017) 83

Lattice QCD:  S. Boinepalli et al.: Phys. Rev. D74 (2006) 093005
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Electric Radii and Magnetic Moments



Electric Radii and Magnetic Moments –
Nonrelativistic !!



Baryon Electric Radii and Magnetic Moments



Axial Nucleon Form Factors



Meson-Baryon Vertices – Strong FFs



Gravitational Nucleon Form Factors



Gravitational Nucleon Form Factor A(Q2)



Hadronic Resonance Decays



Coupled-Channels RCQM with Explicit Mesons 



p-Dressing Effects on N and D



Summary and Some Open Problems

v Baryon spectroscopy of ALL flavors can be consistently described in a
universal relativistic constituent quark model (URCQM), especially with
respect to ground states

v The nonrelativistic constituent quark model must be discarded

v The covariant structures of the baryon ground states (N, D, L, X, … form
factors) at low momentum transfers result in agreement with experi-
mental observables

v Beyond that the results agree with (reliable) lattice QCD data

v Strong baryon resonance decays fail with {QQQ} d.o.f. only

v A realistic description of hadron resonances still represents a formidable
challenge (for all QCD-based approaches)

v Inclusion of explicit meson d.o.f. can be achieved in a coupled-channels
relativistic constituent quark model

v Calculation of baryon properties in a medium will be an interesting task



Thank you very much for your attention!

The End


