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A method for determination of strong interaction constants is considered. The method is based on the relativistic
potential model with phenomenological selection rules. The strong coupling constant evaluation error in a nonper-
turbative region is 5 · 10−2 . Within this error the flavour independence hypothesis for the confinement potential is
confirmed for all known quark flavours. Possible techniques for further modification of this method to improve its
accuracy are discussed.

In the framework of the quantum theories of funda-
mental interactions some quantities are known which
characterize the properties of matter. These quan-
tities are called quantum fundamental physical con-
stants. According to Ref.[1], we may divide all the
fundamental physical constants into four groups and
from those groups we may select the constants of inter-
action like α, αS, ΛQCD and the constants of elemen-
tary constituents of matter like me,mquark . At present
αS,ΛQCD and mquark are known with the worst accu-
racies, especially αS in the nonperturbative region at
large distances between the strongly interacting parti-
cles.

In the present paper we describe a method for eval-
uating the strong interaction constants with high ac-
curacy on the basis of the existing data for meson mass
spectra. This method is based on the relativistic model
for quasi-independent quarks, which is in turn a ground
for the so-called bag models for hadrons [2].

The relativistic quasi-independent quark model is
suitable for hadrons with any number of both fermion
and boson constituents. The main statement of this
model is the assumption that some properties of had-
rons can be reproduced with the help of a system of
independent constituents (or quasi-independent ones
with weak residual interactions), which move in an ex-
ternal field.

In the framework of our approach [3] based on the
independent quark model, a hadron is a composite
system consisting of a white gluon field which con-
fines the quarks together and any number of light or
heavy quarks with a residual colour interaction. In
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the rest frame of a hadron we work in the equal time
approximation, so that the time coordinates of the con-
stituents are all equal to each other: t0 = t1 = . . . =
tn , where t0 is the time coordinate of the confining
gluon field and t1, . . . , tn are the time coordinates of
the quarks or antiquarks. Then the external potential,
which has a Lorentz invariant form, becomes static.

We consider an extended space-time symmetry
group G, which includes the Poincare group as a sub-
group, and for this reason we call the quark fields
generalized ones. Among different G we select the
minimal one, Gmin , which is a special pseudounitary
rank 3 group.

The motion of each constituent is described by
a one-particle equation of Dirac type with a static
QCD-motivated potential. Further on we consider
only (q̄q′)-mesons, for which we may evaluate quite
correctly the whole mass spectrum for both radial and
orbital excitations. For (q̄q′)-mesons we may include a
residual quasi-Coulomb interaction in an external po-
tential, for which we choose a QCD-motivated spheri-
cally symmetric form:

UQCD = −4αS/3r + σr (1)

where αS is the perturbative strong interaction cou-
pling constant and σ is the nonperturbative one, which
is sometimes called string tension.

For (n2S+1LJ)-states of (q̄q′)-mesons the values
of angular momentum for each constituent particle j1
and j2 must obey the following rules:

if J = L+ S, then j1 = j2 = J + 1/2,
if J �= L+ S, µ1 ≤ µ2, then j1 = j2 + 1 = J + 3/2,



132 V.V.Khruschev

(2)

where µi, i = 1, 2 are the current quark masses, while
the radial quantum numbers are equal: nr

1 = nr
2 =

n − 1.
Let us define the mass spectral function E(nr, j) of

the quark/antiquark or quark/antiquark term inside a
meson in the following form:

E(nr, j) = c+ (λ+ µ2 − kσ)1/2, (3)

where c and k are phenomenological constants, µ is a
current quark mass, λ is the eigenvalue of the model
radial equation which, with the potential (1), has the
form:

Φ(r)′′ + λΦ(r)

=
[
L′(L

′
+ 1)/r2 − 4αS(λ+ µ2 − kσ)1/2/3r

+ µσr + σ2r2/4
]
Φ(r) (4)

where L′ ∼ L and may include some phenomenolog-
ical terms. The meson mass M(nr, JPC) is equal to
E1(nr

1, j1) + E2(nr
2, j2).

In the case of light mesons we may neglect with a
good accuracy the small values of a quark/antiquark
mass and a residual quasi-Coulomb quark-antiquark
interaction. Then Eq. (4) can be solved exactly
and we have an analytic formula for the meson mass
M(nr, JPC), which is a generalization of the well-
known Chew-Frautschi and Veneziano-Nambu formu-
lae. If we restrict ourselves to 1−− -mesons, in order
to use the numerous high precision data for the above
heavy mesons [4], then for light mesons we obtain the
approximate analytic formula

E(nr, j) = c+ κ(2nr + L+ j − k′)1/2, (5)

where the phenomenological parameters are c ≈ 0, k
′ ≈

1/2, κ ≈ 0.38GeV .
For the heavy mesons we must find λ(nr, j) nu-

merically, for example, using the Numerov three-point
method for solving Eq. (4). However, for the singular
potential ∼ r−ν the main loss of accuracy occurs in the
neighbourhood of r = 0. In this case to improve the
evaluation accuracy of the quark term E(nr, j) we may
use the polynomial extrapolation of the wave function
near r = 0.

We have, however, the main trouble with the phe-
nomenological terms c and k′ . To exclude the influ-
ence of the uncontrolled phenomenological terms c and
k′ in the model considered, the following relations may
be used:

λl − λn

Ml − Mn
=

λi − λj

Mi − Mj
+
1
4
(Ml +Mn − Mi − Mj)

where Mk is the value of the (q̄q)-meson mass with
given JPC , λk is the eigenvalue for Eq.(4), which cor-
responds to Mk .

By a tentative calculation, the value of σ , where σ
is the string tension, is equal to 0.20+−0.01GeV 2 and
this value is the same for all known quark flavours.
So within the error ≤ 0.05 the flavour independence
hypothesis for the confinement potential is confirmed
[5]. To our knowledge, the accuracy of this evaluation
of σ is the best as compared with other models.

It is known that both the phase transition from
hadron matter to quark-gluon plasma and the plasma
reactions depend essentially on the value of the confine-
ment force which acts on the plasma boundary. If we
extend the flavour independence hypothesis, previously
formulated for confinement potential inside hadrons, to
include quark-gluon plasmas, we must conclude that
the value of σ should be universal for both hadrons
and quark-gluon plasma volumes. Thus we may use
the value σ = 0.20+−0.01GeV

2 for the evaluation of
the phase transition temperature and the plasma sur-
face radiation intensity [6].
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