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Introduction
Recently, there have been renewed interest in the spectroscopy of the heavy flavoured
hadrons due to number of experimental facilities (CLEO, DELPHI, Belle, BaBar, LHCb
etc) which have been continuously providing and expected to provide more accurate and
new information  about the hadrons from low flavour

 

to heavy flavour

 

sector.

The heavy flavour mesons are those in which at least one of the quark or antiquark or 
both the quark and antiquark

 

belong to heavy flavour

 

sector; particularly the charm 
or beauty. They are represented by $Q \bar Q$ mesonic

 

systems which include the 
quarkonia

 

mesons. )cbor  b(c B and )bb and c(c c

The investigation of the properties of these mesons gives very important insight into 
heavy quark dynamics. Heavy quarkonia

 

have a rich spectroscopy with many narrow 
States lying under the threshold of open flavour

 

production.

The success  of theoretical model predictions with experiments can provide important
information about the quark-antiquark

 

interactions.



Among many theoretical attempts or approaches to explain the hadron

 

properties based 
on its quark structure very few were successful in predicting the hadronic

 

properties 
starting from mass spectra to decay widths.

The new role of the heavy flavour

 

studies as the testing ground for the non-

 
perturbative

 

aspects of QCD, demands extension of earlier phenomenological 
potential model studies on quarkonium

 

masses to their predictions of decay widths 
with the non-perturbative

 

approaches like NRQCD.

Our attempt here  would be then to study the heavy-heavy flavour

 

mesons in the 
charm and beauty sector in a general framework of the potential models. The model 
parameters used for the predictions of the masses and their radial wave functions 
would be used for the study of their decay properties using NRQCD formalism.



Non-relativistic Treatment for $Q \bar Q$ systems

In the center of mass frame of the heavy quark-antiquark system, the momenta of quark 
and antiquark

 

are dominated by their rest mass
which constitutes the basis of the non-relativistic treatment. 

Hence, for the study of heavy-heavy bound state systems such as
we consider a non-relativistic Hamiltonian given by A K Rai

 

(2002-05-06)
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Where 

are the mass parameters of quark and antiquark

 

respectively, p is the 
relative momentum of each quark and V(r) is the quark antiquark

 

potential.



we have considered a general power potential with colour coulomb term of the form

as the static quark-antiquark

 

interaction potential

for the study of mesons,                      being the strong running coupling constant,
A is the potential parameter and ν

 

is a general power, such that the choice, ν

 

=1
corresponds to the coulomb plus linear potential.

Hence for the present study of heavy-heavy flavour mesons, we employ the    
exponential trial wave function of the hydrogenic

 

type to generate the mass spectra.
Within the Ritz variational

 

scheme using the trial radial wave function we obtain  
the expectation values of the Hamiltonian as

The experimental spin average masses are computed from the experimental masses
of the pseudoscalar

 

and vector mesons using the relation,



We account this correction to the value of R(0) by considering

Where                                         is the spin factor

 

and spin interaction energy of the meson
in the nJ

 

state, while R(0) and MSA

 

correspond to the radial wave function at the zero 
separation and spin average mass respectively of the $Q \bar Q$ system.

The results are compared with known experimental values as well as with other the
theoretical predictions. Mass predictions with ν

 

between 1.0 and 1.5 are found in 
accordance with the experimental results Particle Data Group.

G. T. Bodwin

 

E. Braaten

 

and G. P. Lepage, PRD 51 (1995)1125, Erratum 55(1997)5853

The spin-spin and spin-orbit interactions are taken as





(1,2) PDG(2006)(2002). (12) D Ebert et al, PRD 67 (2003)014027. 
(47) S F Redford et al. PRD 75(2007) 074031



(1,2) PDG(2006)(2002). (12) D Ebert et al, PRD 67 (2003)014027. 
(47) S F Redford et al. PRD 75(2007) 074031



Decay constants (fP/V ) of the heavy flavoured mesons
The decay constants of mesons are important parameters in the study of leptonic or 

non-leptonic

 

weak decay processes.

The Van-Royen-Weisskopf formula 

Where             is the QCD correction factor given by E Braaten

 

(1995) 
Gershtein

 

(1998)



75 28 6K W Edwards et al. (CLEO) PRL 86 (2001) 30



C W Hwang et al. JPG 34 (2007) 687



Heavy-light Systems 

Hamiltonian for the heavy-light system  

Quark-antiquark potential of the form

The wave function 

















Decay Rates of Quarkonia



NRQCD formalism
The decay rates of the heavy-quarkonium states into photons and pairs of leptons are 
among the earliest applications of perturbative

 

quantum chromodynamics

 

(QCD)
(T Appelquist

 

and H D Politzer

 

1975, R

 

Barbieri

 

and Gatto

 

1976). In these analysis, 
it was assumed that the decay rates of the meson factored into a short-distance part 
that is related to the annihilation rate of the heavy quark and antiquark, and long-
distance  factor containing all non perturbative

 

effects of the QCD. 

The short-distance factor calculated in terms of the running coupling constant 
of QCD, evaluated at the scale of the heavy-quark mass mQ

 

, while the long-
distance factor was expressed in terms of the meson's non relativistic  wave function,
or its derivatives, evaluated at origin.

In case of S-wave decays and in case of P-wave decays into Photons, the 
factorization assumption was supported by explicit calculations at next-to-leading 
order in   αs.



An elegant effort was provided by the NRQCD formalism (Bodwin and Lepage 1995-97).
It consists of a non-relativistic Schrodinger

 

field theory for the heavy quark and antiquark
that is coupled to the usual relativistic field theory for light quarks and gluons. NRQCD 
not only organize calculation of all orders in      , but also elaborate systematically the 
relativistic corrections to the conventional formula.

It also provides non-perturbative definitions of the long-distance factors in terms of 
matrix elements of NRQCD, making it possible to evaluate them

 

in the numerical 
lattice calculations.

Analyzing S-wave decays within this frame work, it recover, at leading order in v2, 
standard factorization  formulae, which contain a single non-perturbative

 

parameter. 
At next to leading order in v2,  the decay rates satisfy a more general factorization 
formula, which contain two additional independent non-perturbative

 

matrix elements
related to their radial wave functions.

It is expected that the NRQCD formalism has all the corrective contributions  for the  
right predictions of the decay rates. NRQCD factorization expressions for the decay   
rates of quarkonium

 

and decay are given by (Bodwin

 

and Petrelli

 

PRD 2002).







Results

Expt.(C. Msler et al (PDG) Phy.Lett B 667, 1 (2008)), 14(Bai Qing Li et al hep-ph/0903-5506, hep-ph/0909-1369)



Quarkonia decay into Light Hadrons



G.T. Bodwin et al PRD, 66 (2002)







Conclusions

we have made a comprehensive study of the heavy-heavy flavour mesonic systems in 
the general frame work of potential models.

The potential model parameters and the masses of the charmed and beauty quark obtained
from the respective quarkonia

 

mass predictions have been employed to study their decay
properties in the frame work of NRQCD formalism as well as using the conventional 
Van-Royen-Weisskopf

 

non-relativistic formula.

It is interesting to note that the  predictions of the di-gamma decay widths of ηc and 
leptonic

 

decay widths of J/ψ

 

and Upsilon are in good agreement with the respective
experimental results.

The present study of the decay rates of quarkonia clearly indicates the relative 
importance of QCD related corrections on the phenomenological

 

potential models.

We are also studying the heavy-light flavour mesons masses, decay constants, 
branching ratios and electromagnetic transitions in the same scheme. 
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