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Introduction 

The semileptonic decay of heavy hadrons 
is a unique tool for determining the 
elements of the Cabibbo–Kobayashi–
Maskawa (CKM) matrix.  
 
The chosen semileptonic Λb→Λc  l ν 
transition is one of the prominent decay 
channels out of the manifold available 
channels of the Λb baryon reported by 
PDG. 
 
The experimental group like DELPHI 
collaboration and LHCb collaboration 
reported their measurement on the slope 
parameter ρ2 of the Isgur-Wise function 
and the branching ratio of the 
semileptonic transition of Λb baryon. 

 
 



Framework: Hypercentral constituent 
quark model (HCQM) 
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Hyperspherical Coordinates 

Hyperradius    (Size) 

Hyperangle    (Form) 



Quark Wave Function Factorization 

𝜓 𝑥, 𝜉, Ω𝜌, Ω𝜆 = 𝜓𝜈𝛾 𝑥      𝑌𝛾,𝑙𝜌,𝑙𝜆  

Dynamics 
Geometry 

Where,  

𝜈     Hyperradial excitation  

 𝛾   Grandangular quantum number 

𝐿2 Ω 𝑌 Ω  = 𝛾(𝛾 + 4) 𝑌 Ω   

The hyperspherical harmonics, satisfying the eigenvalue 
relation 

Framework: Hypercentral constituent 
quark model (HCQM) 



Framework: Hypercentral constituent 
quark model (HCQM) 

The wave function parameter g and hence the energy eigenvalue are obtained by applying 
virial theorem. The baryon masses are determined by the sum of the model quark masses, 
kinetic energy and potential energy. 



Isgur-Wise function for the Semileptonic 
transition of Λb→ Λc e

−𝜈 𝑒 
 

𝑚𝑏, 𝑚𝑐 ≫ Λ𝑄𝐶𝐷  

Approximation 𝑚𝑏,𝑐 →  ∞ 



Isgur-Wise function for the 
Semileptonic transition of Λb→ Λc e

−𝜈 𝑒 
 

 

 

 

 

 

Isgur-Wise function in HCQM  Phys. Rev. D 90, 074024 (2014) 
Eur. Phys. J. C 80:926 (2020)  



Slope and Curvature of the Isgur-Wise 
function 

 

• The slope and curvature of the Isgur-Wise function in HCQM can 
be derived as 

 

 



Differential and Total  Decay Width 

To calculate the total decay width, we have integrated the above Equation 
over the solid angle as 

where the upper bound of the integration ωmax is the maximal recoil (q2 = 
0) and it can be written as 
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RESULT AND CONCLUSIONS 

• The calculated value for the slope at zero recoil of the baryonic Isgur-Wise 
function is 1.58 which fairly agrees with other theoretical predictions. 
 

• The predicted value for the slope of the Isgur-Wise function is in 
accordance with the experimental value 1.63±0.07±0.08, recently 
reported by LHCb collaboration. 

 
• By comparing the slope of the Isgur-Wise function at the zero recoil point 

for the heavy baryon and the heavy meson, we predict that the Isgur-Wise 
function for the baryons should be a much steeper function of ω than the 
corresponding function for mesons. 

 
• The HCQM gives plausible predictions for the Isgur-Wise function, decay 

width and the branching ratio corresponding to the Λb→ Λc e− ν e 
semileptonic decay 
 




