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OUTLINE: 

● Introduction 
 

● Quark-diquark model 
 
● Ξ𝑐𝑐𝑐𝑐++ baryon 
 

● Outlook and Remarks 
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INTRODUCTION 

●theory of strong interactions: gluons, quarks … 
 

●perturbation in αs at small distances (large energies), asymptotic freedom 
 

●non perturbative at large distances (small energies), confinement 
 

●MAIN PROBLEM: we live in a confined world :) 
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INTRODUCTION 

QUANTUM CHROMODYNAMICS 

●theory of strong interactions: gluons, quarks … 
 

●perturbation in αs at small distances (large energies), asymptotic freedom 
 

●non perturbative at large distances (small energies), confinement 
 

●MAIN PROBLEM: we live in a confined world :) 
αs=gs

2/4π 

[PDG 18] 
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INTRODUCTION 

QUANTUM CHROMODYNAMICS 

●theory of strong interactions: gluons, quarks … 
 

●perturbation in αs at small distances (large energies), asymptotic freedom 
 

●non perturbative at large distances (small energies), confinement 
 

●MAIN PROBLEM: we live in a confined world :) 
αs=gs

2/4π 

[PDG 18] requires non perturbative techniques! 
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INTRODUCTION 

QUARK MODEL 

●Hadrons are bound states of quarks and gluons  (Gell-mann and Zweig, 64) 
 

●Mesons: Baryon number 0,    quark-antiquark  states 
 

●Baryons: Baryon number 1,   3 quark  states 
 

●Only colour neutral combinations of quarks exist. 
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DIQUARK 

• The idea of diquarks is almost as old as quarks 
• A diquark is defined as a colored bound state of two quarks, although it has not been observed yet 
• In terms of color, two quarks can behave like an antiquark: 
  
  
 
 
     
    In a colorless group if one quark (antiquark) is replaced 
    with antidiquark (diquark), the group remains colorless. 
 
 
 
 
• Two antiquarks can behave in the same manner as quark: 
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DIQUARK IN BARYON 

● Baryons are made of three valence quarks:   
 
 
 
 
 
 
 
 

●Baryons can be studied as three-body problem 
●The possibility of pairwise clustering of quarks in baryons has been studied in the early days of 
Quark Model (Prog. Theor. Phys. 36, 846 (1966); Phys. Rev. 155, 1601–1606 (1967); Phys. Rev. 178, 
2197–2200 (1969)) 
● In addition to this, there are some indications such as mean separations, no need to antisymmetrizing 
the wave function, reducing the degrees of freedom (Rev. Mod. Phys. 65, 
1199–1234 (1993); Prog. Part.Nucl. Phys. 116, 103835 (2021) arXiv:2008.07630 [hep-ph]) 
 that the quark–diquark approximation is plausible for a doubly heavy baryon (qQQ) 
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DOUBLY CHARMED BARYON 

● The Ξ𝑐𝑐𝑐𝑐 baryon (with ccu quark content) was observed in 2017 by LHCb with a mass around  
3621 MeV 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

● This observation trigerred many phenonemological studies in the literature. 
● Since this is a doubly charmed and doubly charged state, it is believed that the charm 
diquark (?) may play a role in the dynamics.  
 
 

MESON MOLECULES: 
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DOUBLY CHARMED BARYON 

● Since cc diquark is heavy system, and relative slow motion of the tightly bound color antitriplet cc 
diquark in ccu baryon is similar to a quarkonium. 
● Furthermore, it can be expected that two heavy quarks in the diquark are very close to each other 
so that they are seen as a whole structure by the light quark.  
● In the quark–diquark model, two heavy quarks inside a baryon are thought to form a heavy diquark 
acting as a static color source for the third constituent light quark.  
● We studied ccu baryon with a potential model as follows: 
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DOUBLY CHARMED BARYON 

● We have taken into account possible diquark clusterings: 
 
 
 
 
 

 
 

POSSIBLE SCENARIOS: 
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DOUBLY CHARMED BARYON 

●We also calculate wave function at the origin  
● A large value of the wave function at the origin corresponds to a compact state 
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DOUBLY CHARMED BARYON 
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DOUBLY CHARMED BARYON 
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DOUBLY CHARMED BARYON 
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DOUBLY CHARMED BARYON 
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DOUBLY CHARMED BARYON 

●For further details see  
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OUTLOOK AND REMARKS 

●The discovery of doubly charmed baryon may pave the way for possible triply heavy baryon states.  
But more interestingly, it may open a perspective about our understanding of the exotic hadrons: 
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THE END 

Thank you for your attention! 
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