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Introduction
In this work, we have calculated the S wave

bottomonium spectrum and decays using a
relativistic quark model. In our present work,
for the confinement of the quarks we make
use of the relativistic harmonic model (RHM),
which has been successful in explaining the
properties of light hadrons [1]. For the con-
finement of gluons we have made use of the
current confinement model (CCM) which was
developed in the spirit of the RHM [2, 3, 5].
The confined gluon propagators (CGP) were
derived in the CCM, which were then used
to derive the confined one gluon exchange po-
tential (COGEP) [6]. We have also calculated
the meson decay constants, the leptonic decay
width, and the hadronic decay widths for the
ground state bottomonium.

The Model
In the RHM [4], quarks in a hadron are con-

fined through the action of Lorentz scalar plus
a vector harmonic oscillator potential,

Vc =
1

2
(1 + γ0)A2r2 +M (1)

where γ0 is the Dirac matrix, M is the quark
mass and A2 the confinement strength.

The quark-antiquark interaction potential is
given by the confined one-gluon exchange po-
tential (COGEP). The central part of COGEP
is given by [6]:

V centCOGEP =

αs
4
N4λi · λj [D0(r) +

1

(E +M)2

[4πδ3(r)− c4r2D1(r)][1− 2

3
σi.σj ]], (2)
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where the first term is the residual Coulombic
interaction and the second and the third are
the chromomagnetic interaction leading to the
hyperfine splittings.

The qq̄ wave function for each meson state is
expressed in terms of oscillator wave functions
corresponding to the center of mass (CM)
and relative coordinates. The oscillator quan-
tum number for the CM wavefunctions are re-
stricted to NCM = 0. The Hilbert space of
relative wavefunctions is truncated at radial
quantum number n = 5. The Hamiltonian
matrix is constructed in the basis states of
|NCM = 0, LCM = 0;n 2S+1LJ > and diago-
nalised. The diagonal values give the masses
of the ground and radially excited states.

The parameters of the RHM are the mass
of bottom quark (mb) and the oscillator size
parameter bn(= 1/Ωn). In our model, mb =
4.82 GeV, αs = 0.2. The value of b is found
to be 0.24 fm.

The charge radii is calculated using [7]:

< r2 >1/2=

[∫ ∞

0

|Rn0(r)|2r2r2 dr
]1/2

The decay constants of the pseudoscalar
and vector mesons are given by the Van Royen
and Weisskopf formula [8, 9]:

f2P/V = 12
|ψP/V (0)|2

mP/V

The leptonic decay width is given by [8–10]:

Γl+l− = 16πα2e2q
|ψ(0)|2

m2
V

(
1− 16αs

3π

)
The decay width for Υ→ ggg and Υ→ γgg

are given respectively by [11]:

Γggg =
40(π2 − 9)α3

s|ψ(0)|2

81m2
q

(
1− 4.9αs

π

)
Γγgg =

32(π2 − 9)αα2
se

2
q|ψ(0)|2

9m2
q

(
1− 7.4αs

π

)



Results and discussions
The obtained masses for the singlet and

triplet S-wave bottomonium are listed in Table
I in comparison with experiment [12]. The ob-
tained values are in good agreement with the
experimental results. The calculated charge
radii is also given in Table I. The meson de-
cay constants for the ground state are calcu-
lated for vector and pseudoscalar mesons. We
have also caculated the leptonic decay width
and the hadronic decay widths of Υ(1S). The
results are given in Table II in comparison
with experimental and other theoretical val-
ues. The values obtained are in good agree-
ment with the experimental results.

TABLE I: Mass(in MeV) and Charge radii(in fm)

Meson Mass PDG[12] [13] C Radii [7]
Υ(1S) 9460 9460 9460 0.294 0.186
Υ(2S) 9862 10023 10020 0.449 0.400
Υ(3S) 10193 10355 10390 0.563 0.707
Υ(4S) 10699 10579 10680 0.657 1.165
Υ(5S) 10978 10930 0.740 1.850
ηb(1S) 9455 9391 9410
ηb(2S) 9858 10000
ηb(3S) 10190 10370
ηb(4S) 10696 10660

TABLE II: Decay Properties

Property Present Exp. Others
fP (ηc(1s)) 356 MeV 599 Mev[8]
fV (J/ψ) 356 MeV 708 MeV 665 Mev[8]
Γe+e− 0.324 keV 1.340 keV 1.35 keV[10]
Γggg 10.2 keV 81.7 ± 0.7%a

Γγgg 0.23 keV 2.21 ± 0.22%a

aBranching Fraction

Acknowledgments
One of the authors (Bhaghyesh) is grate-

ful to BRNS, India, for granting the JRF.
The other author (KBV) acknowledges the
BRNS for funding the project (Sanction No.
2010/37P/18/BRNS).

References
[1] K. B. Vijay Kumar, B. Hanumaiah, and

S. Pepin, Eur. Phys. J. A 19 247 (2004).
[2] S. B. Khadkikar and P. C. Vinodkumar,

Pramana-J. Phys. 29 39 (1987).
[3] S. B. Khadkikar and K. B. Vijaya Kumar,

Phys. Lett. B 254 320 (1991).
[4] S. B. Khadkikar and S. K. Gupta, Phys.

Lett. B 124 523 (1983).
[5] S. B. Khadkikar, Pramana-J. Phys. 24 63

(1985).
[6] P. C. Vinodkumar, K. B. Vijay Kumar,

and S. B. Khadkikar, Pramana-J. Phys.
39 47 (1992).

[7] P. C. Vinodkumar, J. N. Pandya, V. M.
Bannur, S. B. Khadkikar, Eur. Phys. J. A
4 83 (1999).

[8] Olga Lakhina and Eric S. Swanson, Phys.
Rev. D 74 014012 (2006).

[9] R. Van Royen and V. F. Weisskpof, Nuovo
Cim. A 50 617 (1967).

[10]Estia Eichten, S. Godfrey, H. Mahlke, J. L.
Rosner, arXiv: hep-ph/0701208v3 (2008).

[11]W. Kwong, P. B. Mackenzie, R. Rosenfeld
and J. L. Rosner, Phys. Rev. D 37 3210
(1988).

[12]K. Nakamura et al. (Particle Data Group),
J. Phys. G 37 075021 (2010).

[13]J. Zeng, J. W. Van Orden and W. Roberts,
Phys. Rev. D 52 5229 (1995), arXiv: hep-
ph/9412269 (1994).




