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The relativistic potential quark model of heavy-light mesons describing the motion of a light antiquark by the Dirac equation with a scalar-vector coupling is constructed. In the quasiclassical approximation we have obtained the simple asymptotic formulae for energy and mass spectra of D-, DS-, B- and BS-mesons ensuring an appropriate accuracy of calculations even for states with the radial quantum number nr ~ 1. Our results fully agree with experimental data.

Introduction
As numerous experiments demonstrate most of the known particles have an inner structure, i.e. they are composite objects. First of all it concerns hadrons (both mesons and baryons), which according to modern vision are the bound states of colour quarks and gluons.
The description of mass spectra and decay probabilities of composite objects precludes the construction of the consistent theory of bound states. Such theory should be founded on basic principles of the local quantum field theory (LQFT) and should use its formalism [1]. However direct calculations of the specified characteristics of composite systems in the framework of LQFT are hardly always possible, because in LQFT the only known way of calculation is based on the perturbation theory, while the nature of creation of bound states of interacting particles, unconditionally, should be determined by nonperturbative effects. 

The most effective way to go beyond the framework of the perturbation theory when constructing the theory of bound states is usage of dynamic equations. Even if it is possible to construct cores (potentials) of dynamic equations only in the lowest orders of the perturbation theory, the elaboration of methods of their precise or approximative solving (but without the perturbation theory) allows to take into account the contribution of nonperturbative interaction effects at calculations of observed characteristics of bound states. In the nonrelativistic case the similar theory is constructed with the help of the dynamic Schrödinger equations on the language of classic potential. However at large bound energies the suitable theory should be essentially relativistic. In this regard about a half century ago the way of solving the given problem, based on using of the dynamic equations in the local quantum field theory, was scheduled. Examples of such equations are the Bethe-Salpeter equation [2], the quasipotential equation [3] and other ones [4].
The effective Dirac equation method plays an important role in the modern relativistic theory of bound states. This method allows to pass consistently from the two-particle theory to the external field approximation [5]. As it follows from the results in [5, 6], this possibility is realized and has practical advantages in the case of hydrogen-like atoms and 
[image: image1.wmf]q

Q

 systems. However, in the majority of problems, where the external field concept [6] is physically justified, attempts to find exact solutions of the Dirac equation with more or less realistic interaction potentials still encounter insurmountable difficulties. Either numerical or asymptotic methods are most often used to calculate the solutions. In many theoretical and applied problems precisely the possibility of obtaining an asymptotic solution permits analyzing the problem most completely. Therefore, it hardly needs saying how important it is to create and develop asymptotic methods for solving the Dirac equation. 

The construction of quasiclassical solutions of the spinor equation with scalar-vector coupling was recently given in [7, 8]. The scheme of quasiclassical quantization, offered in [8], allows to clear up connection of quasiclassical asymptotics in spectral problems for the Dirac equation in external scalar and vector fields with Lorentz structure of the interaction potentials corresponding to them. 

In this paper, within the WKB method, the behaviour of a spin-1/2 relativistic particle is studied in the presence of scalar-vector external fields with potentials of a confining type. More definitively, when creating the relativistic version of potential model which is taking into account the Lorentz structure of interquark interaction potentials, we used the Cornell model offered in [9] in which the effective colour Coulomb attraction on small distances 
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 and string interaction at large 
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 are taken into account.
Quasiclassical description of energy spectrum of heavy-light quark-antiquark systems
The problem of the motion description of a relativistic particle of a spin-1/2 in a central field composed of scalar and vector external fields is reduced via the separation of variables to solving the system of radial Dirac equations (
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where 
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 are radial functions for upper and lower components of the Dirac bispinor [10], 
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 are the total energy and the rest mass of a particle, 
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j is the total angular momentum, l is the orbital angular momentum.

The theory of a quasiclassical approximation of the Dirac equation as 
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 with a scalar-vector coupling began systematically to be elaborated in [8]. The formal asymptotic expansions in powers of 
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 in the initial Dirac system (1) for radial functions 
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 lead to the hierarchy of matrix equations, which are solved consistently by known technique of the left and right eigenvectors of a homogeneous system. The wave functions for the barrier-type effective potential (EP) in classically allowed and forbidden regions were constructed
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	Fig. 1. Form of the barrier-type effective potential 
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Also neglecting the barrier penetrability in the region 
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 (see fig. 1), we have obtained the quantization condition
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where 


[image: image34.wmf]÷

ø

ö

ç

è

æ

-

-

+

+

¢

-

¢

=

r

V

E

S

m

S

V

w

1

2

1

,


[image: image35.wmf]2

1

2

2

2

]

)

(

)

(

)

[(

)

(

r

k

S

m

V

E

r

p

-

+

-

-

=

, is the quasiclassical momentum for the radial motion of a particle, 
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 is the radial quantum number.
To apply a potential approach for the description of the property of heavy-light mesons it is important to construct an interaction potential between quark and antiquark. As is known in QCD [7, 11], the asymptotic freedom at small distances implies that the main contribution to the 
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 interaction is given by the usual Coulomb potential of the one-gluon exchange, 
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 is the strong coupling constant. As the distance increases, the main contribution is given by the scalar confining interaction (confinement) whose "exact" form has not yet been found within QCD. The confining potential can be of complicated Lorentz structure. The lattice calculations [12] based on the first QCD principles distinguish the linear confinement as the most argued one. Thus, for the long-range part 
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 reproducing results of lattice QCD-calculations fairly well [13]. Hence we assume that 
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); the long-range linear scalar confining potential 
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; the long-range linear vector potential 
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In this case the vector and scalar parts of interquark interaction potential equal
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where 
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 is the electrostatic coupling constant, 
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 is the string tension, 
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In our model (4), (5) the asymptotic behaviour of the EP 
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It can be seen that regardless of the sign of the parameter 
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 of the considered model (4), (5) is (at rather large distances) an attractive potential for 
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 of model (4), (5) looks like the well which is carved out from exterior range by wide (at 
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) potential barrier (see fig. 1). Due to the barrier the solution of the Dirac equation in an external field (4), (5) has a divergent wave asymptotics at the infinity. This corresponds to a particle being in a quasistationary state and eventually escaping from a decaying system [14]. 
The physical distinction between two considered cases (
[image: image71.wmf]2

1

<

l

 and 
[image: image72.wmf]2

1

>

l

) can be explained as follows. The existence of term 
[image: image73.wmf](

)

m

V

S

2

2

2

-

 in the formula (2) for EP 
[image: image74.wmf](

)

E

r

U

,

, which is characteristic for a relativistic problem, demonstrates that in the 
	[image: image75.jpg]U(r, E)

A<1/2






	Fig. 2. The effective potential 
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 we obtain the linear confining potential which has a discrete spectrum only. However, at 
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 of model (4), (5) has a wide barrier. Due to this there is a capability of decay of a level by tunnelling through the potential barrier, i.e. the bound level transforms in the quasistationary exponentially decaying state with complex energy 
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. Since one fails to obtain an exact solution of the Dirac system (1) with potentials (4) and (5), we apply the method of a quasiclassical approximation which has, in the case of scalar and vector fields of the Coulomb-type and oscillator-type, a high accuracy even for small quantum numbers [8].
After substituting the potentials (4), (5) in the quantization rule (3) and integrating we arrive at the transcendental equation:
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where 
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"Weak coupling" approximation
Of course, in general, it is impossible to obtain "exact" solution of the equation (7), however, situation is simplified in the process of increase of energy 
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 or in the approximation of a "weak" (as contrasted to the Coulomb field) long-range field. The first case corresponds to not too large (i.e. "intermediate") values of parameters 
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. For our purposes (i.e. for physics of heavy-light mesons) only the first case is interesting, whereas the second one most often meets in approximated calculations of those properties of lowest hadron states, which directly do not depend on existence or absence of confinement. 

The simple and often effective way of obtaining asymptotic expansions of integral (3) consists in expanding the quasimomentum 
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Though the equation (11) is much easier than the "exact" quasiclassical equation (7) for level energy, it is necessary to use numerical calculations to solve it. Below we consider some limit cases, when the equation (11) is simplified and can be analytically studied. 
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Solving this equation by the method of series iterations, as a first approximation we obtain the required expression for eigenvalues of the energy 
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Energy and mass spectra of heavy-light mesons
In table 1 the comparison of calculation results of levels energy 
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As it can be seen from table 1 the errors in calculating the quasiclassical values 
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where mQ and mq are masses of a heavy quark Q and light antiquark 
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where 
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Based on these observations, we attempted to describe the mass spectra of the lowest states of heavy-light B(
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The mass spectra of D-, 
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	Table 2. The mass spectrum of D-, Ds-mesons (in MeV).
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	Table 3. The mass spectrum of B-, Bs-mesons (in MeV).
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РЕЛЯТИВІСТСЬКА КВАРКОВА МОДЕЛЬ D-, DS -, B- ТА BS-МЕЗОНІВ 
В.Ю. Лазур, О.К. Рейтій, В.В. Рубіш
Ужгородський національний Університет, вул. Волошина, 54, 
Ужгород, 88000, Україна 
Побудовано релятивістську потенціальну кваркову модель важко-легких мезонів, у якій рух легкого антикварка описується рівнянням Дірака з скалярно-векторним зв’язком. У рамках квазікласичного наближення отримано прості асимптотичні формули для енергетичного і масового спектрів D-, DS-, B- та BS-мезонів, які забезпечують високу точність розрахунків навіть для станів з радіальним квантовим числом nr ~ 1. Отримані результати добре узгоджуються з експериментальними даними.
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