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Abstract. The masses of mesons and baryons with various flavour combinations for qq̄, qQ̄, QQ̄, qqq,
qqQ, qQQ, QQQ etc. are computed using a confinement scheme based on harmonic approximation with
Lorentz scalar plus vector character. The residual two body coulombic interactions and the spin-hyperfine
interactions of the confined one gluon exchange effects are perturbatively calculated and added to the
confinement energy to get the mass of the hadron. With all the parameters fixed to get ground state masses
of hadrons containing like flavour combinations, a parameter free prediction of the leptonic decaywidths
of vector mesons and their sizes are being made. Our results on the baryonic and mesonic masses with
open flavours and the predictions on the leptonic decay widths are in good agreement with the respective
experimental values.

PACS. 12.10.Dm Unified theories and models of strong and electroweak interacting

1 Introduction

In recent years, there has been a renewed interest in
the spectroscopy of hadrons due to a number of experi-
mental facilities (CLEO, DELPHI etc.) which have pro-
vided and are expected to provide more accurate and new
informations about hadrons from low flavours to heavy
flavours [1-3]. Among the many theoretical attempts and
approaches to explain the hadron properties based on its
quark structure a very few were successful in predicting
the hadronic properties starting from low flavour to heavy
flavours. Apart from some recent algebraic attempts which
lack the probable link with the theoretical approxima-
tions of qcd for the confinement of coloured quarks [4],
most of the properties of hadrons are reported in a po-
tential frame work. The non-relativistic potential models
with linear plus coulomb, power potential [5, 6] etc. were
successful at the heavy flavour sectors, while the nonrel-
ativistic harmonic oscillator potential [7] as well as the
Bethe-Salpeter approach under harmonic confinement [8]
were successful at low flavour sectors. Though some of
these successful model could reproduce the masses of the
low-lying hadrons, their predictions for the leptonic de-
cay widths of vector mesons are not satisfactory with re-
spect to the experimental values [9, 10]. Here we would
like to mention one of our earlier work on effective the-
ory of small fluctuations around a background classical
solution of Yang-Mills theory [11], where we have been
able to provide a physical basis for the heuristic nature of

the phenomenological confinement schemes with Lorentz
scalar plus Lorentz vector character such as the relativistic
harmonic confinement model (RHM) for quarks and the
current confinement model (CCM) for gluons, in the form
of condensate of the background colour fields. These mod-
els have already been employed for the study of the mag-
netic moments of baryons, light flavour low-lying masses of
hadrons and for the study of glueballs [12, 13]. They were
also instrumental for the derivation of the residual effec-
tive (confined) one gluon exchange potential (COGEP)
through Breit formalism under the Born approximation
[14], and have been successfully employed for the study of
nucleon-nucleon scattering phase shifts in quarks cluster
calculations [15, 16]. In this context, one would like to em-
ploy this scheme with the desired properties of qcd, for the
study of hadrons from the low flavours to heavy flavours.
Hence the present study is an attempt to understand the
spectroscopy of the hadrons, in particular, the masses and
leptonic decay widths of the vector mesons and the masses
of baryons with different flavour compositions containing
light as well as heavy quarks, in the frame work of RHM
with the residual confined one gluon exchange potential
(COGEP) between the confined quarks.

The details of the present study are presented as fol-
lows. In Sect. 2, the theoretical formulation leading to
the computations of the hadronic masses with different
quark/antiquark combinations are discussed. Apart from
the confinement energy (the dynamical internal mass) of
quarks in the mean field potential provided by the RHM,
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the residual two body coulomb interactions among the
constituent confined quarks are computed to get the spin
averaged centre of weight (COW) masses of mesons and
baryons. The spin hyperfine interaction given by the resid-
ual effective (confined) one gluon exchange potential (CO-
GEP) employed in our earlier studies [14, 15, 16] is used
here to get the mass difference of the pseudoscalar-vector
mesons as well as the spin 1/2 - spin 3/2 baryons. With
all the parameters fixed to yield the mesonic masses of
the like flavour combinations, we predict the masses of
the open flavour mesons and baryons in the ` = 0 states.
We also compute the leptonic decay widths of the vec-
tor mesons and their sizes with no other additional free
parameters. The details are presented in Sect. 3 of this
paper. Finally we conclude in Sect. 4 by summerising the
main features of the present study while comparing our
results with other theoretical models.

2 Theoretical formulation of the unified
scheme for hadronic masses

The properties of hadrons are calculated in a potential
frame work using a mean field confinement potential with
residual colour electrostatic and chromomagnetic inter-
actions added perturbatively. Accordingly, the mass of a
hadron in an energy eigen state N and spin state J con-
taining p number of different quarks or quark-antiquark
combinations in general can be calculated using the for-
mula,

MJ
N (q1, q2, ....qp) =

p∑
i=1

εN (qi, p)conf

+
p∑

i<j=1

εN (qi, qj)coul

+
p∑

i<j=1

εJN (qi, qj)S.D. (1)

Here we have p = 2 for mesons and p = 3 for baryons.
The first term in the above mass expression corresponds
to the total confinement energy (total dynamical inertial
mass) of the constituent quarks, which are computed non-
perturbatively using the scheme described by RHM. The
second term which is the residual coulomb energy among
the confined constituent quarks, corresponds to the resid-
ual colour electrostatic interactions. The third term cor-
responds to the spin-dependent interaction energy (spin-
hyperfine, spin-orbit and tensor etc.) among the confined
constituent quarks. These energies are calculated pertur-
batively and are added to the confinement energy. For
total orbital angular momentum ` = 0 states the spin-
orbit and tensor terms do not contribute. Presently we re-
strict our calculations for the S-state hadrons and retain
terms upto the spin-hyperfine. The spin-averaged (cen-
tre of weight) masses of the hadrons are the one without
the spin dependent term of (1) and is reperesented by
MN (q1, q2, ....qp).

We briefly review the relativistic harmonic confine-
ment mean field potential (RHM) applied here in comput-
ing the confined energy εN (qi, p)conf of the participating
quark (qi) in the eigenstate N of a p-quarks system. In this
scheme, the quarks inside a p-quarks system (hadron) are
under the action of a Lorentz scalar plus a Lorentz vector
mean field potential of the form [12],

Vconf =
1
2

(1 + γo)A2r2 (2)

where A is the confinement mean field parameter, γo is

the Dirac matrix
(

1 0
0 −1

)
and r is the mean distance

of the quark from the p-quark centre. The confined single
particle state of the quarks under this mean field potential
is described by the Dirac equation,

[iγµ∂µ −Mq − V (r)]ψq(r) = 0 (3)

where the quark wave functions ψq(r) expressed in
bispinor form [χq, φq] satisfy the coupled equation,[

E −Mq −A2r2
]
χq = −iσ.5 φq (4a)

and
[E +Mq]φq = −iσ.5 χq (4b)

Here Mq is the quark mass parameter and E is the eigen-
value of the single particle Dirac equation. Using a trans-
formation as shown below, the lower component of the
bispinor can be eliminated as [15],

Uψq =
1[

1 + p2

(E+Mq)2

] [ 1 σ.p
|E+Mq|

−σ.p
|E+Mq| 1

]

×
(
χq

φq

)
=

(
χq

0

)
(5)

such that 〈ψq|ψq〉 = 〈χq|χq〉 and are normalised. The up-
per component χq now satisfies[

−52 +A2r2(E +Mq)
]
χq = (E2 −M2

q )χq (6)

which resembles the three dimensional harmonic oscillator
equation with energy dependent size parameter,

ΩN (q) = A(EN +Mq)1/2 (7)

and the radial solution of (6) is given by,

Rnl(r) =

[
Ω

3/2
N

2π
n!

Γ (n+ l + 3
2 )

]1/2

× (Ω1/2
N r)lexp

(−ΩNr2

2

)
L
l+ 1

2
n (ΩNr2) (8)

Here the oscillator eigenvalue 2N+3 occurs in the expres-
sion for E2

N instead of EN of a nonrelativistic oscillator
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potential. From the eigenvalue expression for (6), the sin-
gle particle energy of the quark is given by

EN = ±
√
M2
q + (2N + 3)ΩN (q) (9)

Following Dirac, the negative energy states are interpreted
as antiparticles. Further in the limit, momentum p → 0,
the eigenvalue becomes proportional to the distance r
which is consistent with the lattice result of the linear
behaviour of confinement potential. The energy quantum
number N = 2n + ` = 0, 1, 2.... , where n is the radial
quantum number with ` as the angular momentum quan-
tum number. Though the RHM mean field potential de-
scribed by (2) has r2 like confinement, the confinement
energy goes as square root of the respective eigenvalue
equation with energy dependent size parameter. This par-
ticular attribute of the mean field relativistic harmonic
confinement model (RHM) makes it different from other
potential models. And it has motivated us to employ the
scheme for the study of heavy flavour mesons as well as
baryons. Preliminary calculations of the hadronic masses
with different flavour content [17] has encouraged us to
do the detailed computations incorporating the residual
effective (confined) one gluon exchange effects.

Thus we have the single particle energy expression for
quarks and antiquarks as a function of the confinement pa-
rameter A and the mass parameter Mq for each eigenstate.
Here we treat quarks and antiquarks on equal footing with
their energy represented by |EN |. Moreover, the transfor-
mations given by (5) enable us to treat the system nonrel-
ativistically. Energies of the mesons and baryons (qq̄, QQ̄,
qqq, qQQ, qqQ etc.) are constructed from these single par-
ticle energies by accounting for the spurious motion of the
centre. We adopt a scheme similar to the one which was
used for the predictions of the low lying baryonic masses
by keeping the ‘center of mass’ at the lowest eigenstate
[12]. Then the intrinsic energies of the participating quarks
are obtained by subtracting their contribution to the cen-
tre of mass from their single particle energy. Accordingly
the intrinsic energies of the quarks in a p quark system
(for mesons, p = 2 and for baryons p = 3) are given by

εN (q, p)conf

=

√√√√√√(2N + 3)ΩN (q) +M2
q −

3Mq
p∑
i=1

Mq(i)

Ω0(q) (10)

The confinement energies of the hadrons can then be ob-
tained by adding the respective intrinsic energies of the
chosen flavour combinations from (10).

The residual confined one gluon exchange interaction,
particularly the static coulombic interaction between the
confined quarks is treated here perturbatively in the con-
finement basis and added according to (1) to get the spin
independent centre of weight mass of the hadron as,

MN (q1q2.....) =
p∑
i=1

εN (qi, p)conf

+
p∑

i<j=1

εN (qiqj)coul (11)

The coulombic part of the energy is computed using the
residual coulomb potential given by [18],

Vcoul(qiqj) =
αeffs (µ)

r
(12)

where αeffs (µ) is related to the perturbative αs(µ) as,

αeffs (µ) =
αs(µ)
ωn

(13)

where ωn is the colour dielectric “coefficient” [18]. Such
medium effects reflect the noncoulombic form of the static
colour coulomb force derived recently using charmonium
states [19]. In the present calculations, we found ωn to be
state (energy) dependent so as to get consistent coulombic
contribution to the excited states of the hadrons. Using
the centre of weight masses of cc̄ states, we determine the
values of ωn. The colour dielectric coefficient deduced from
the cc̄ spectrum reflects the nature expected for the gross
property of QCD [18]. It has been found that the effective
colour dielectric coefficient can be parametrised as,

ωn = k

√
α3
s(µ)

αm(µ)

{
2(n−1)/2[2n+1 − (−1)n]

}−1

(14)

where αm(µ) is a flavour dependent deimensionless model
parameter defined as

αm(µq) =
[
A2/3

µq

]
(15)

It is a measure of the confinement strength through the
nonperturbative contributions to the confinement scale at
the respective threshold energy of the given flavour pro-
duction. The strong running coupling constant αs(µ) is
computed using

αs(µ) =
αs(µo)

1 +
33− 2nf

12π
αs(µo)ln

(
µ

µo

)2 (16)

here αs(µo) is the strong coupling constant at the thresh-
old production of mesons in the (uds) sector with a thresh-
old energy around 1 GeV. In the present calculation we
have taken the value of αs(µo) = 0.7 and the αs(µ) for
heavy systems are calculated using (16).

It can be shown that the αm(µq) defined in (15) vary
with αs(µ) as,

αm(µq) =
A2/3

ΛQCD
exp

[ −6π
(33− 2nf )αs(µ)

]
(17)

It has the right behaviour with αs(µ) at the asymptotic
limit as αs(µ)→ 0, then αm(µq)→ 0 exponentially. Hence
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Fig. 1. The running coupling con-
stants αm and αs as a function of
centre of weight mass

Table 1. a. Parameters used in the calculations of the spin-
averaged mass of the hadrons

Confinement mean field paramater, A = 2166 (MeV)3/2 as
in Ref. [12,14,15]
Mu = Md = 82.8 MeV; Ms = 357.5 MeV; Mc = 1428 MeV;
Mb = 4636.6 MeV; Mt = 177 GeV (Ref. [25])
The medium parameter, k = 5.1943 (for mesons) and
11.0252 (for baryons)
Co = 1.47109 (for all hadrons)

Table 1. b. Parameters used for the spin-hyperfine calcula-
tions

CCCM for baryons = 50.00 MeV
CCCM for mesons = 56.6 MeV (uds sector);
99.82 MeV (charmed mesons);
142.5 MeV (beauty mesons)

coulombic strength vanishes as αs(µ) → 0. The effective
radial coulomb energy εN (qiqj)coul then contains an im-
plicit flavour dependence through αs(µ) and αm(µ) and
an explicit state dependence through the radial quantum
number ‘n’.

Now we make an ansatz to obtain the wave functions
of the two quark systems which are constructed from the
RHM single particle wave function using a simple addi-
tive rule for the two particle size parameter. It can be
shown through the Moshinsky transformation [20] that the
form of the wave function for a two/three particle systems
are qualitatively similar to the single particle wave func-
tions in the oscillator model but for their size parameter.
Thus using RHM we construct the wave functions for the
two quark systems by retaining the nature of single parti-
cle wave function but with a two particle size parameter
ΩN (qiqj) instead of ΩN (q) appearing in (8). We construct
ΩN (qiqj) for `=0 states as,

ΩN (qiqj) = CN (qi)ΩN (qi) + CN (qj)ΩN (qj) (18)

here CN (q) are related to the Moshinsky transformation
coefficients [20]. For simplicity, we approximate these co-
efficients and parameterise in terms of the ratio of two
dimensionless parameters αm and αs, so as to make it
convenient to generalise for hadronic systems containing
multiquarks (i.e. p ≥ 3). Thus, for p - quark system we
may define a single centre ΩN (q1, ...qp) as

ΩN (q1, ...qp) =
Co
pn

p∑
i=1

αs(µi)
αm(µqi)

ΩN (qi) (19)

where n is the radial quantum number given by (N −
l)/2, Co is a constant weight factor. Now coulomb energy
is computed perturbatively using the confinement basis
with two particle size parameter defined above for different
states as,

εn(qiqj)coul = 〈N |Vcoul|N〉 (20)

From (11) with the help of (10) and (20), we compute
the centre of weight mass of the hadrons from the light
flavour sector to the heavy flavour sector. The confine-
ment parameter A has been taken as the same value used
for the study of the low lying baryons and their mag-
netic moments [12]. Thus in the present study, the free
parameters are fixed to yield the ground state masses of
the mesons of the like flavour combinations using contour
plots for their ground state energies. The parameters used
here for the computation of the centre of weight masses
of the hadrons are listed in Table 1a. The dimensionless
running parameter αm(µq) and αs(µ) are plotted in Fig.
1 as a function of the centre of weight mass of the respec-
tive mesons. The behaviour of the plot clearly indicates
the importance of nonperturbative calculations around 1
GeV and the validity of perturbative calculations at higher
threshold energies with a critical αs. The behaviour of
our plot is found to be similar to that of αs(Q2) with a
parametrised form for αs(Q2) at Q2 → 0 given by Cap-
stic and Isgur in their study of baryons [9]. The computed
centre of weight masses for the various hadrons in open
flavour are listed in Table 2 along with the correspond-
ing values deduced from the experimental masses of the
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Table 2. Centre of weight mass of mesons and baryons having
different flavour contents

Mesons / Baryons Masses in MeV

(u = d = q) Theoretical Experimental

qq̄ 612 612
qs̄ 817 793
qc̄ 1912 1974
qb̄ 5222 5312
ss̄ 1020 1020
sc̄ 2085 2074
sb̄ 5382 5392
cc̄ 3068 3068
cb̄ 6300
bb̄ 9452
tt̄ 354310 –

qqq 1085 1085
qqs 1287 1287
qqc 2358 2369
qqb 5606 –
qss 1490 1426
qsc 2545 –
qsb 5793 –
qcc 3555 –
qcb 6783 –
qbb 9979 –
sss 1689 1672
ssc 2732 2704
ssb 5980 –
scc 3741 –
scb 6969 –
sbb 10165 –
ccc 4739 –
ccb 7955 –
cbb 11147 –
bbb 14329 –

hadrons using

Mhh′ = Mh −
|SFh′ |(Mh −Mh′)
|SFh|+ |SFh′ |

(21)

Here SFh’s correspond to the spin factor for the hadron
h and Mh’s are the experimental masses of the hadrons h
and h′ with similar flavour content.

From the centre of weight masses, the pseudoscalar as
well as the vector mesonic masses and the baryon octet
(J = 1/2) and decuplet (J = 3/2) masses are obtained
by incorporating the residual two body chromomagnetic
interaction through the spin-dependent term of (1) as,

εJN (qiqj)S.D. = 〈NJ |Vσ1.σ2 |NJ〉 (22)

Here, we consider the spin-hyperfine interaction of the
residual (effective) confined one gluon exchange potential
(COGEP) as,

Vσi.σj =
αs(µ)N2

i N
2
j

4
λi.λj

[Ei +mi][Ej +mj ]

× [4πδ3(r)− C4
CCM

r2D1(r
ij

)]
(
−2

3
σi.σj

)
(23)

where D1(rij) is the confined gluon propagator and Ni/j
are the RHM normalisation constants given as [14, 15],

D1(r
ij

) =
Γ (3/4)
4π3/2

C
CCM

(C
CCM

r
ij

)−3/2W0,−1/4(C2
CCM

r2
ij

)

(24a)
and

Ni/j =
√

2(Ei/j +Mi/j)/(3Ei/j +Mi/j) (24b)

Where, C
CCM

corresponds to the confinement strength of
the gluons, rij is the interquark distance and Wλ,k repre-
sents the Whittaker function. In the present calculations,
we treat the parameter CCCM as the hyperfine parame-
ter, which is to be fitted to get the ground state energy
difference of the hadrons with same flavour content but
with different spins. It is found that the single hyperfine
parameter (C

CCM
) obtained from the N−∆ masses could

predict the masses of baryons from lower to heavier flavour
combinations. Where as for mesons, the hyperfine param-
eter varies as per their centre of weights. It may be at-
tributed due to the contributions like qq̄ annihilation into
hard gluons. Hence the hyperfine parameter is different for
different threshold energies of the various flavour meson
productions while for baryons such contributions are neg-
ligible and expected to have a single hyperfine parameter
for all flavour sectors [21,22]. We obtain CCM parame-
ter separately for mesons with lower flavour mesons, cc̄
and bb̄ systems so as to get the ground state masses of
the respective spin 0 (pseudoscalar) and spin 1 (vector)
mesons and are listed in Table 1b. The CCM parameters
for open flavour mesons are computed as the average of
CCM parameters weighted with the sum of the running
coupling constants of the respective flavour content of the
mesons. The computed ground state masses of the octet,
decuplet baryons and vector, pseudoscalar mesons with
different flavour combinations are tabulated in compari-
son with the experimental values [3] as well as with other
theoretical model predictions [9,23] in Table 3a for baryons
and in Table 3b for mesons [4,10] respectively.

3 Leptonic decay widths and charge radii of
vector mesons

One of the crucial test for the success of any phenomeno-
logical model for the colour confinement is provided by its
predictions of the leptonic decay widths of vector mesons.
The contemporary confinement models are not satisfac-
tory in yielding the absolute values of the leptonic decay
widths [5, 24] using the Van - Royen - Weiskopf formula (V
- W) [6]. In many cases, it overestimates although ratios
of leptonic widths of excited states to that of the ground
states are satisfactory. To deal with this problem, various
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Table 3.a. Ground state masses of octet-decuplet baryons

Baryons Masses in MeV in 1S state

Present Expt.[3] Ref. [9] Ref. [23]

N 939 939 960 939
∆ 1232 1232 1230 1224
Σ 1181 1192 1190 1195
Σ∗ 1393 1385 1370 1381
Ξ 1323 1315 1305 1316
Ξ∗ 1557 1530 1505 1532
Ω 1689 1672 – –
Σc 2310 2454 2440 2467
Σ∗c 2407 – 2495 –
Ξc 2519 2470 – –
Ξ∗c 2572 2644† – –
Ωc 2732 2704 – –
Σb 5582 – 5795 –
Σ∗b 5631 5641†(Λb) 5805 –

† Experimentally JP values are not confirmed

Table 3.b. Ground state masses of pseudoscalar-vector mesons

Mesons Masses in MeV in 1S state

Present Expt.[3] Ref. [10] Ref. [4]

π 149 139 152 145
ρ 767 770 770 762
K 507 494 470 501
K∗ 921 892 900 902
D 1758 1869 1880 1831
D∗ 1964 2007 2040 1977
Ds 2000 1969 1980 2015
D∗s 2113 2112† 2130 2148
ηc 2979 2979 2970 2997
J/ψ 3097 3097 3100 3089
B 5195 5279 5310 5117
B∗ 5231 5325 5370 5176
Bs 5371 5369 5390 –
B∗s 5386 – 5450 –
Υ 9461 9461 9460 9601
ηb 9424 – 9400 –
tt̄ 354310 – – –

† Experimentally JP values are not confirmed

authors considered re-scaling of mesonic wave functions
[5] and incorporated radiative corrections to the V - W
formula. Even then the success were partial as some mod-
els were successful at the light flavour mesons [8] while the
others were successful at the heavy flavour mesons [6].

In this context, it is desirable to compute the leptonic
decay widths of vector mesons and their sizes from the
single unified scheme similar to the one employed for the
study of hadronic masses in this paper. The leptonic decay
widths are computed using the V - W formula [5, 24] given
by,

Γv→l+l− =
4α2e2

q

M2
v

|RqiqjnS (0)|2 (25)

here Mv is the mass of the vector meson in the nth state, α
is the electromagnetic fine structure constant (= 1/137),
eq is the charge content of the quark flavour composition
of the meson and R

qiqj
nS (0) is the radial wave function of

the meson evaluated at the centre. Using the two particle
size parameter ΩnS(qiqj) calculated from (16) with p=2,
we compute |RqiqjnS (0)|2 for S-states (`=0) as

|RqiqjnS (0)|2 =
Ω

3/2
nS (qiqj)n!

2πΓ (n+ 3/2)

[
L1/2
n (0)

]2
(26)

and the scalar charge radii of the mesons in the given eigen
state can be obtained as

〈r2
nS〉1/2 =

[∫ ∞
0

|RqiqjnS (r)|2r2r2dr

]1/2

(27)

As all the parameters here are fixed to yield hadronic
masses, the computed values of the decay widths as well as
their radii are parameter free predictions from the scheme
presented in this paper. The computed values of the lep-
tonic decay widths and the scalar charge radii of the vec-
tor mesons in various ` = 0 states are listed along with
their computed masses and compared with the respective
known experimental values in Table 4. The present val-
ues of the masses of various excited ` = 0 states of vec-
tor mesons are compared with other successful theoretical
models [4,10]. While most of the models failed to repro-
duce the masses and the absolute value of leptonic de-
cay widths simultaneously under a unified framework, the
model based on covariant soliton dynamics [24] predicted
the masses of vector mesons, their leptonic decay widths
and the charge radii rather accurately. Hence we compare
our computed values with their results also in Table 4.

4 Summary and conclusions

In the present study based on a harmonic approximation
to the confinement scheme with a phenomenological pa-
rameterisation for the residual colour electrostatic poten-
tial and using the residual one gluon exchange potential
for spin-hyperfine interactions, we have been able to com-
pute the masses of mesons and baryons of different flavour
combinations with a single confinement strength. Unlike
in the general case of a potential model, here we are able
to get a good predictions of the masses of the hadrons
in various flavour combinations. For the mass calculations
we have included an effective residual coulombic potential
perturbatively in the confinement basis. The masses thus
computed with a similar quark composition yield the re-
spective centre of weight mass for the multiquark systems.
Our results of the centre of weight masses of mesons and
baryons in Table 2 are in good agreement with the re-
spective experimental values. The underlined masses of
the like flavour combinations are used for fixing the mass
parameter (Mq) of the respective flavours. The medium
parameter (k) for the mesons is fixed to yield cc̄(1S) cen-
tre of weight mass and that for baryons is fixed to yield the
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Table 4. Masses, leptonic decay widths and r.m.s. radii of vector mesons in comparison with experimental as well as theoretical
results

System Masses (in MeV) Leptonic Decay Widths ΓV (in keV) 〈r2
ns〉1/2 in fm

Present Ref.[10] Ref.[4] Ref.[24] Expt. Present Ref.[24] Ref.[5]a Ref.[5]b Expt. Present Ref. [24]

tt̄(1S) 354310 – – – – 0.367 – – – – 0.010 –
tt̄(2S) 355286 – – – – 0.196 – – – – 0.021 –

Υ (1S) 9461 9460 9601 9460 9461 1.320 1.27 1.10 2.85 1.32 ± 0.05 0.186 0.28
Υ (2S) 10023 10000 9977 10025 10023 0.628 0.45 0.50 1.07 0.52 ± 0.03 0.400 0.62
Υ (3S) 10326 10350 10333 10345 10355 0.263 0.19 0.32 0.76 – 0.707 1.189
Υ (4S) 10574 10630 10670 10560 10580 0.104 0.11 0.23 0.63 0.25 ± 0.03 1.165 1.529
Υ (5S) 10753 10880 10990 10830 10860 0.0404 0.07 – – 0.31 ± 0.07 1.850 1.429

J/ψ(1S) 3097 3100 3089 3050 3097 5.469 4.73 4.80 7.82 5.26 ± 0.37 0.386 0.385
J/ψ(2S) 3674 3680 3687 3671 3686 2.140 1.17 1.73 3.83 2.14 ± 0.21 0.823 1.195
J/ψ(3S) 4073 4100 4189 4057 4040 0.796 0.26 0.98 2.79 0.75 ± 0.15 1.443 1.443
J/ψ(4S) 4420 4450 4629 – 4415 0.288 0.08 0.51 2.19 0.47 ± 0.1 2.358 1.545

φ(1S) 1020 1020 1054 1020 1020 1.380 – 1.21 (Ref.[8]) 1.37 ± 0.05 0.800 –
φ(2S) 1675 1690 1572 – 1680 0.286 – – – 1.634 –
φ(3S) 1892 1900 1844 – 1850 0.085 – – – 2.784 –

ρ(1S) 767 770 762 775 770 6.510 – 5.71 (Ref.[8]) 6.77 ± 0.32 0.958 –
ρ(2S) 1441 1450 1393 – 1450 1.375 – – – 1.852 –

ω(1S) 767 780 762 775 783 0.723 – 0.65 (Ref.[8]) 0.6 ± 0.02 0.958 –
ω(2S) 1441 1460 1393 1450 1420 0.153 – – – 1.852 –

a Using logarithmic potential b Using modified coulomb potential

N−∆ centre of weight mass. The confining mean field pa-
rameter A used in the present study is the same as used for
the study of the baryonic magnetic moments [12] as well
as for the study of N − N -scattering phase shifts based
on RHM and COGEP [14-16]. The same spin-spin inter-
actions of the residual confined one gluon exchange po-
tential (COGEP) has been employed here to compute the
respective masses of the pseudoscalar and vector mesons
as well as the decuplet (J=3/2) and octet (J=1/2) bary-
onic masses. The present results for the ground state
masses of the baryons are in better agreement with the
experimental values compared to other theoretical mod-
els (See Table 3a) based on relativistic potential calcula-
tions [9, 22]. Similarly our results of mesonic ground state
masses with various flavour combinations are compared
with some of the successful theoretical models such as a
relativistic potential model for mesons [10] and with a
theoretical model based on a systematic investigation of
hadronic properties in terms of spectrum generating alge-
bra U(4) ⊗ SUs(2) ⊗ SUf (6) ⊗ SUc(3) for qq̄ mesons [4].
Since the pseudoscalar partner of Υ (1S) is not yet exper-
imentally known, our predictions of η

b
(1S) is comparable

with the other model predictions [10,24]. It is quite ev-
ident from the Tables 3a and 3b that the present study
could successfully predict many of the low-lying baryons
as well as mesons from low flavour to the heavy flavour
sectors. Our results on D and B-mesons and Σc baryons
are not satisfactory though their hyperfine interactions are
comparable.

The striking feature of the present study is that we
have been able to do parameter free predictions of the
leptonic decay widths of vector mesons upto few excited

S-states and their sizes. Unlike many of the theoretical
models, here we have been able to get consistent predic-
tions of the masses, leptonic decay widths and the charge
radii of the vector mesons. For Υ (bb̄) as well as for J/ψ(cc̄)
systems we have listed the properties upto 5S states while
for the light flavour, ss̄ and uū/dd̄ ’s, we have listed upto
3S and 2S only, though in principle we can get theoreti-
cal values for any excited states, but only very few excited
states of these mesons are known experimentally [3]. Us-
ing the current experimental value of top quark mass [25]
we have calculated the masses, leptonic decay widths as
well as the sizes of tt̄ meson upto 2S state eventhough the
formation of tt̄ bound state is very weak as t-quark decays
faster than it could form a bound state. But there are the-
oretical model predictions of the properties of tt̄ mesons
[6] with the top quark mass much lower than the current
value of Mt = 177 GeV [25]. Hence, we don’t compare our
results for tt̄ mesons with other results.

From our results, it is clear that the present study
predicts the masses and the leptonic widths (of low-lying
states) of various mesons fairly well. However, the values
of the leptonic widths of bb̄ mesons beyond 3S shows some
disagreement with the calculated values. While for the cc̄
case, the hyperfine spectra as well as the decay widths
are in close agreement with the respective experimental
values. For φ, ω and ρ, the calculations reproduced the
experimental results quite satisfactorily. Single CCCM pa-
rameter for baryons and different C

CCM
for the mesons

suggest the importance of hard gluonic effects in the case
of mesons which then may vary according to the threshold
energy of the flavour production. For the charge radii of
these mesons, our results are as per the expectation and
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are comparable to the values obtained in a covariant soli-
ton model at the ground state [24]. The low lying baryonic
masses from the uds sector to the b-quark sector obtained
from the present study contain many predictions, even-
though many of the charmed and beauty baryons are yet
to be established experimentally. We hope and look for-
ward the confirmation of these heavy hadrons in future
experiments. One of the important aspect of the present
study is the description of the mesons and baryons with
different flavour combinations in a single consistent unified
framework. The leptonic decay widths of vector mesons
upto a few excited states accomplishes this unification as
we have no additional free parameters. We also obtained
good results for the masses of open flavour mesons and
baryons. We found that the octet-decuplet hyperfine split-
ting has common origin to the pseudoscalar-vector mesons
but for different strength of the gluonic effects.

The present study has also enlightened us about
the behaviour of an effective running coupling constant
αm(µq) in the infrared region. The strong running cou-
pling constant (αs(µ)) computed using (16) largely corre-
sponds to the perturbative interactions, while the model
runnig coupling constant αm(µq) defined using the con-
finement strength and the masses of the quarks (15), corre-
sponds to the nonperturbative interactions. From the plot
of αs(µ) and αm(µq) against the centre of weight masses
obtained in the present study (see Fig. 1) clearly demark
the nonperturbative as well as perturbative domain with
a critical running coupling constant αc(µ) ∼ 0.7, which
is close to a similar value of 0.6 obtained through quark-
quark correlator study [26] and the behaviour is similar to
a parametric form of αs(Q2) expressed by Simon Capstick
and N. Isgur in their study of baryons [9].

The single centre approximation for the size parameter
defined in (19) for a p - quark wave function may be use-
ful for the study of multiquark states like qqqq, qq̄qq̄ etc.
Study of such states are beyond the scope of this paper.
However, we might use it to obtain the average sizes of
the baryons (p = 3). We find the average sizes 〈r2

o〉1/2 in
fermi as 0.78, 0.73, 0.69, 0.65, 0.47, 0.46, 0.45, 0.25 etc.
for N −∆, Σ −Σ∗, Ξ −Ξ∗, Ω−, Σc −Σ∗c , Ξc −Ξ∗c , Ω0

c ,
Σb−Σ∗b etc. respectively. These results are comparable to
the expected sizes of the baryons. There is wide scope for
the applications of such simplified approximations in the
study of multi-particle states.

In conclusion it suggests, the success of the suitable
phenomenological parameterisation employed in this pa-
per is responsible, in our opinion, for the satisfactory re-
sults obtained for the predictions of the masses of the open
flavour hadrons and the leptonic decay widths of the vec-
tor mesons. The extension of the present study for the
various properties of hadrons vis-a-vis radiative transition
rates, other hadronic decays and the negative parity states
of baryons, hybrids and glueballs are in progress.
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