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New Zoo of exotic particles are on the way!

What bind us together is QCD!

Mass generation for light hadrons, like protons 

and neutrons, comes 99% from QCD and the 

remaining is due to Higgs mechanism. QCD 

bind us together!. But that’s not the full story! 

QCD predicts the existence of glueballs, hybrids 

and multiquark states, i.e., tetraquarks, 

pentaquarks and so on!.
Fig 3. Exotic hadrons.

Only five pentaquark candidates and 

18 tetraquark candidates in the 

recent 10 years! Only pentaquark 

states with charmonium quark 

content have been measured so far. 

No Θ(uuddcbar) seen.
Fig 4. New exotic hadrons in LHC.

Molecule with hadronic exchange - Preliminary results!

Theoretical methods

● Amplitude analyses.

● Lattice QCD.

● Phenomenological models.

● Effective theories (ChPT,...).Fig 5. Pentaquarks in five-body and two-body picture.

Pentaquark Five Body Equation in 

Bethe Salpeter/ Dyson Schwinger approach

Functional methods

● Dyson Schwinger & Bethe Salpeter equations. 

● Functional Renormalization Group, etc.

Fig 6. Five-body Pentaquark with 2-, 3-,4-, 5- body interaction kernel..

Fig 7. Two-body Pentaquark result.
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The Five-Body Pentaquark Bethe Salpeter Equation choose dynamically which 

type of structure is dominant and is an exact equation. The interaction kernel 

contains all possible ways the quark-core could self-interact. We restrict ourselves 

to 2-body kernels. The Bethe Salpeter Equation is simply:

    

    Where K is kernel,    product of propagators andΓthe amplitude.

A practical simplification to solve the pentaquark system is describing it as a 

‘molecule’. We solve the two-body Bethe Salpeter Equation (uudccbar) with a Σc 

and proton combination in a couple channel system. 

Fig 9. Two-body Pentaquark (Molecule).

Fig 8. Two-body Pentaquark couple channel system.

The Two-Body Pentaquark Bethe Salpeter 

Equation in a coupled channel system is

Nuclei core of Mendeleev's elements table 

are formed by protons and neutrons which 

are a subtype of hadrons named baryons. 

Ordinary hadrons are mesons, made of 

quark-antiquark pairs, and baryons, made 

of three quarks. Fig 1. From atoms to quarks.

The theory describing how hadrons are formed is called Quantum chromodynamics 

with quarks and gluons as their building blocks. 

Gluons are another fundamental 

particle which mediates the strong 

interaction between quarks.  

Fig 2. Ordinary hadrons.
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