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Introduction

Radiative decays

The decay rates of quarkonia are quite
important to study due to huge amount of
high precession data acquired using number
of experimental facilities worldwide. New
states and production mechanisms, new decays and transitions have been identiﬁed and
even larger data samples are expected to come
from the BES-III upgraded experiment, while
the B factories and the Fermilab Tevatron
will continue to supply valuable data for few
years [1]. New facilities like the LHC experiments at CERN, Panda at GSI etc. will offer greater challenges and opportunities in this
ﬁeld [1, 2, 3].

The decay rates of the mesons are factorized into a short-distance part that is related
to the annihilation rate of the heavy quark and
antiquark and a long-distance part containing
all nonperturbative eﬀects of the QCD. The
short-distance factor calculated in terms of
the running coupling constant α(M ) of QCD
is evaluated at the scale of the heavy-quark
mass M , while the long-distance factor is expressed in terms of the meson’s nonrelativistic wave function, or its derivatives, evaluated
at origin. The di-gamma decay of 1 S0 state
using the conventional Van-Royen Weisskopf
formula [4]

The experimental detection of heavier
mesons with heavy ﬂavour combinations have
opened up a vast data bank for the hadronic
decays into various channels. For example, the
production of noncharmed hadrons in the decays of cc̄ states like ψ, ηc , χ is radiative (e.g.
ψ → γ → hadrons). A hadronic transition or
decay between quarkonium levels can be understood as a two-step process in which gluons
ﬁrst are emitted from the heavy quarks annihilating each other and then recombine into
light hadrons. Perturbative QCD is not directly applicable because the energy available
to the light hadrons is small and the emitted
gluons are soft. Nevertheless, the ﬁnal quarkonium state is small compared to the system
of light hadrons and moves nonrelativistically
in the rest frame of the decaying quarkonium
state.
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Γ0 =

12αe2 e4Q 2
RP (0)
MP2

(1)

as well as using the NRQCD formalism have
been computed. The NRQCD factorization
expressions for the decay rates are given by
[5]
Γ(1 S0 → γγ) =

2Imfγγ (1 S0 )
⟨0|χ† ψ|1 S0 ⟩
m2Q

2

2Imgγγ (1 S0 )
m4Q
[1
×Re ⟨ S0 |ψ † χ|0⟩

+

]
→
i−
⟨0|χ† (− D)2 ψ|1 S0 ⟩
2

+O(v 4 Γ)

(2)

The Vacuum saturation allows the matrix elements of some four fermion operators to be
expressed in terms of the regularized wave-
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Where CF = (Nc2 − 1)/(2Nc ) = 4/3.
The decay rates are computed using conventional Van-Royen Weisskopf formula for Γ0 as
well as using NRQCD expressions.

function parameters given by [5]
⟨1 S0 |O(1 S0 )|1 S0 ⟩ =

3
|R1 S0 (0)|2
2π
×[1 + O(v 4 )]

(3)

Conclusion

3 ∗
|R ▽2 Rcw |
2π cw
×[1 + O(v 4 )]
(4)

⟨1 S0 |P1 (1 S0 )|1 S0 ⟩ = −

Γ(1 S0 → γγ) =

2Imfγγ (1 S0 )
2
|R1 S0 |
π m2Q
−

Nc Imgγγ (1 S0 )
πm4Q

×Re(Rs∗ ∇2 Rs )
+O(v 4 Γ)
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We have computed the radiative decay rates
of the charmonia and bottomonia systems using spectroscopic parameters obtained from
diﬀerent potential models within the NRQCD
formalism. As the non-perturbative aspect of
the interaction has already been taken into account in the conﬁnement schemes of quarks
and gluons, the residual one gluon exchange
eﬀects employed in this study are treated perturbatively.
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