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Heavy baryons 

The quark model predicts heavy baryons containing single, doubly or triply heavy 

charm or bottom quarks having either spin–1/2 or spin–3/2. 

i) Single heavy 

 So far,  

baryons with single charm quark have been discovered in the experiments, 

baryons with single “b” quark and spin 1/2 also have been detected. 

Amoung baryons with single “b” quark and spin 3/2  only        and        have 

been discovered.  



ii) Doubly heavy 

Spin 1/2 Spin 3/2 

Symmetric wavefunctions With respect to   

exchange of two heavy quarks 

Asnti-symmetric 

Amoung these states only            has been discovered by SELEX Collaboration  



iii) Triply heavy 

Spin 1/2 Spin 3/2 

Have not been discovered yet 



Method: QCD sum rule 

................................................................................................. 

QCD Lagrangian: 

................................................................................................. 

In principle, besides the dinamics of  quarks and gluons, this lagrangian should be  

responsible for determination of hadronic properties. Unfortunately, it is valid only in a 

limited region.  

 

This is one of the most attractive and applicable non-perturbative  

phenomenological  tools to Hadron physics. 



In very high energies, due to “asymptotic freedom” we can use this Lagrangian 

    and perturbation theory. However, when energy is decreased the coupling  

    constant between quarks and gluons becomes large and perturbation theory 

fails. 



................................................................................................. 

................................................................................................. 

 

 Hadrons are formed in low energies very far from the “asymptotic 

    freedom”  and perturbative region. 

To investigate their properties, we need some  

non-perturbative approaches. 

 

 Some non-perturbative methods: 

  

 Different “relativistic” and “non-relativistic” quark models 

HQET 

Nambu–Jona-Lasinio model 

Lattice QCD 

.............................. 

QCD sum rule and 

   its extension:  

   light cone QCDSR.  

 

 

One of the most  

Applicable tools to 

Hadron physics 

o does not include any free parameter 

o is based on QCD Lagrangianin 

o gives results in a good consistency  

   with existing EXP. data 

o its results agree with Lattice predi. 

................................. 



QCD sum rules in technique language  

 In this method, hadrons are represented by their interpolating quark currents. 

 The main object in this approach is the so called correlation function expressed 

in terms of these interpolating currents. 



In this version, the OPE is done in terms of distribution amplitudes of the on-shell 

particles with different twists. This can be used in all electromagnetic, weak and 

strong decays. 

These correlation functions are calculated in two different ways: 

 

 Phenomenological or physical side: in terms of hadronic parameters 

 QCD side: in terms of QCD degrees of freedom 

The QCD sum rules for physical observables: 

 

 Phenomenological = QCD side 

 



Interpolating currents for doubly heavy baryons 

T. M. Aliev, K. Azizi, M. Savci, Nucl.Phys. A895 (2012) 59-70;  Phys.Lett. B715 (2012) 149-151 

Spin-1/2 

Spin-3/2 

T. M. Aliev, K. Azizi, M. Savci, J.Phys. G40 (2013) 065003  



Interpolating currents for triply heavy baryons 

Spin-1/2 

Spin-3/2 

T. M. Aliev, K. Azizi, M. Savci, JHEP 1304 (2013) 042 

T. M. Aliev, K. Azizi, M. Savci, J.Phys. G41 (2014) 065003 



Masses and residues of the doubly and triply heavy baryons 

Brief introduction to calculations: spin ½ triply heavy   

Hadronic side 



OPE side 





Borel mass 

parameter   

Continuum threshold 



Doubly heavy spin--1/2 baryons : 

T.M. Aliev, K. Azizi, M. Savci, Nucl.Phys. A895 (2012) 59  

QCDSR, Ioffe Quark model 



QCD sum rules, Ioffe current 



Doubly heavy spin--3/2 baryons : 

We have no experimental data yet 

T.M. Aliev, K. Azizi M. Savci, J.Phys. G40 (2013) 065003  

  
[6]: Quark model 

[10,11,14,15]: QCD sum rules  



[10, 14]: QCD sum rules  



Triply heavy spin--1/2 baryons  T.M. Aliev, K. Azizi, M. Savci, JHEP 1304 (2013) 042 

[19,20] QCD sum rules, Ioffe current 

[12,13,14] QCD Bag model, relativistic three-quark model, quark model, respectively  

 



Triply heavy spin--3/2 baryons  

T. M. Aliev, K. Azizi, M. Savci, J.Phys. G41 (2014) 065003 

No experimental data yet 



Conclusion 

We have calculated the masses and residues of the doubly and triply  heavy baryons  
    predicted by the quark model via QCD sum rules. 
 
We have only experimental data on the mass of the         state.  Our result is in a good 
consistency with data.  

 
 Our results on the masses are mainly in good consistency with the predictions of 
other non-perturbative approaches like different quark models, but in the case of 
residue, somehow we see some differences between our results and existing preditions 
in the literature.    
 
Our results can be checked by future experiments.  
 



Thank You  


