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▪ QCD is the theory of quarks, gluons and 
their interactions

▪ Strong interactions atract lots of interest

▪ The behavior of the running coupling
naturally sets up three scenarios for
QCD interactions

▪ Light sector: Chiral symmetry breaking
and confinement

▪ Heavy sector: Asymptotic freedom, non 
relativistic description

▪ Transition region

▪ Simplest bound states: Mesons



▪ Experimental measurements

▪ Lattice simulations

▪ Continuum studies

▪ Schwinger-Dyson equations

▪ Effective models

▪ Etc
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▪ Schwinger-Dyson equations

▪ Mesons appear as poles in the Bethe-Salpeter kernel

▪ Diquarks 1/2



▪ Schwinger-Dyson equations

▪ Barions: Quark-Diquark system with one-quark-exchange

▪ Tetraquarks: Diquark molecules



▪ For mesons with heavy quarks, a natural starting point to study their spectra is the
one body reduced Schrödinger stationary equation

𝐻𝜑 = 𝐸𝜑

▪ With 𝐻 = 𝐾 + 𝑉; 𝐾 = 𝑚 ത𝑞 +𝑚𝑄 +
1

2𝜇
Ԧ𝑝2;

𝑉 = 𝑉 𝑟 + 𝑉𝑆 + 𝑉𝑇 +⋯



▪ Cornell Potential



▪𝑉𝑠 =
32𝜋𝛼𝑠
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▪ Schrödinger equation
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▪ Variational & Uncertainty Principles

R. Manzoor, J. Ahmed, AR, QPL 6, 99 (2017)



Leptonic widths Flux tube
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▪ Quark velocities
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▪ Variational mass formula

R. Manzoor, J. Ahmed, AR, RMF 67, 33 (2021)



▪ Beyond spin-averaged approximation

J. Ahmed, R. Manzoor, L. Chang, K. Raya and AR, FBS 62, 39 (2021) 



Hyperfine splitting
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▪ For convenience notation
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▪ Static potential

L. Xiomara Gutiérrez-Guerrero, J. Alfaro, AR, IJMPA 36, 2150171 (2021)



▪ Mesons and diquarks
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▪ Potential models allow simple calculations with high degree of accuracy in the
predictions of mass of heavy quarks (~10%)

▪ Other physicsl observables can be obtained directly

▪ Variational techniques render the calculations even simpler without compromising
accuracy



▪ Cornell potential, even though the most popular choice, demands tuning of
parameters for different heavy meson families

▪ Song-Lin potential requires a single set of parameters to describe the spectra of
charmonium, bottomonium and Bc mesons

▪ Additional phenemenology can be straightforwardly obtained

▪ Contact interaction potential allows direct comparison against field theoretical
predictions



▪ Radii, masses and decay widths from variational considerations

▪ Tetraquarks and other exotic states

▪ Baryons

▪ Full comparison agains SDE-BSE




