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Charm baryons—why do we need to 
study them? 

Have not been studied (both experimentally and theoretically (to 
some extent)) in great details as charmed mesons even though 

they can provide similar information about the theory of strong 
interaction 

 Singly charmed baryons :  

– light quark dynamics in presence of one heavy quark. 

– Experimentally many more states should be observed. 

 Doubly charmed baryons :  

– nature of strong force in the presence of slow relative motion of the 
heavy quarks along with the relativistic motion of a light quark.  

– Is  there any quark-diquark symmetry :                      ? 

– Experimental discovery is not settled  

 Triply-charmed baryons :  

– Charmonia analogues in baryons 

– Quark-quark interaction 

– No experimental discovery yet 
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    Charm baryons—Theory 
 
 There are many results from various model 

    calculations 

 

 Lattice results are available, but only for ground  

state spectra up to spin 3/2 
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         Doubly charmed baryons 

Lattice results : Mathur et.al PRD66, 014502 (2002) 
                       Liu et.al PRD81, 094505 (2009) 
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    Charm baryons--Theory 

Need : A comprehensive lattice QCD study of 

energy spectra, including excited states, of 

charm baryons 

 

A first step towards that goal has recently been 
taken 
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    Rotational Invariance in Spectrum 

Phys. Rev. D77: 034501 (2008)  

If there is rotational invariance there will be no overlap (coupling) between different  J,  
that is  the matrix   
 
Approximate block-diagonality has been observed 
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 Ωccc -3/2 J/Ψ = 148(8) MeV  

Padmanath et al, HSC : PRD90, 074504(2014)   

            Triply charmed baryons  
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          How heavy is charm?  

         Can NRQCD still work? 

Padmanath et al, HSC : PRD90, 074504(2014)   
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                Energy Splittings  
and their quark mass dependence 
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Padmanath et al, HSC : 1311.4354  
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8037(9)(20), Brown et al 

1409.0497 

53(7), PRL104 (2010) 022001 
54(3) PRD86 (2012) 094510 
HPQCD 
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  Singly Charm baryons 

Padmanath et al, HSC : 1311.4806  
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    Singly Charm baryons 

Padmanath et al, HSC : 1311.4806  
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  Singly Charm baryons 

Padmanath et al, HSC : arXiv 1410.8791   
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                Need to do 

 Chiral extrapolation (more quark masses) 
 

  Continuum extrapolation (more lattice spacings) 
 

  Infinite volume extrapolation (more volumes) 
 

  Include multi-particle interpolating fields 
 

  Study resonance parameters 
 

  Similar study for bottom baryons 
 

         Possible to do these with adequate 
     computational and human resources 
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                           Conclusion 
     

 

A comprehensive Lattice QCD study of the energy spectra of charm 
baryons is quite necessary. 

 
Results from a recent lattice calculation on the excited state spectra of 

singly, doubly and triply charmed baryons, up to spin 7/2 and with both 
parities, are reported here.  

 

The extracted low-lying spectra closely resemble the expectation from 
models with an SU(6) X O(3) symmetry. 

 

This calculation needs to be repeated with better systematics to get a 
quantitative prediction of excited state spectra of charm baryons. 

• .  
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….D. Richards, Extreme scale computing 
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