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In this work we are going to discuss the radiative decay of E1 transitions involving axial vector mesons
such as, 0
→1
+ 𝛾 for which a very little data is available as of now. We make use of the general
structure of the transition amplitude, 𝑀 derived as a linear superposition of terms involving all possible
combinations of ++, and – components of saltpeter wave functions of final and initial hadrons. We
calculate the decay width for the above mentioned E1 transitions. We have compared our results with
experimental data, and some other models.

1. Introduction
Probing inner structure of hadrons is a
challenging and interesting study. Radiative
transitions [1] characterized by |∆L|=1 is the
electric dipole, E1 transitions. The E1 transitions
are much stronger than M1 transitions, and
involve transitions between excited states.
The M1 and E1 transitions of charmonia [23] are quite interesting, and have been studied in
various models, such as relativistic quark models,
effective field theory, lattice QCD,Bethe-Salpeter
equation. In the present work, we focus on the E1
decays involving axial (1± ) quarkonia. Thus, in
this work, we study E1 radiative transitions
involving these axial mesons through processes
such as 1± → 0∓ 𝛾, 0∓ → 1± 𝛾.We calculate the
radiative decay widths of these heavy-light
quarkonia for the above-mentioned processes on
the frame work of 4×4 BSE, which is fully
relativistic approach that incorporates the
relativistic effect of quark spins and can also
describe the internal motion of constituent quarks
within the hadron in a relativistically consistent
manner, due to its covariant structure. Our wave
function satisfies the 3D BSE, which is in turn
obtained from 3D reduction of the 4D BSE under
CIA. Further our transition amplitudes also have
relativistically covariant form.

2. Radiative decay process, H → 𝑯 + 𝛄
in 4×4 BSE under covariant
Instantaneous Ansatz
BSE that described the quark-antiquark bound
state of momenta 𝑝 and 𝑝 , relative momentum
q, and meson momentum P is
𝑆

(𝑝 )𝜓(𝑃, 𝑞)𝑆

(−𝑝 ) = 𝑖 ∫

(

)

K

(q,𝑞 )𝜓(𝑃, 𝑞 )
Where K(q,q’’) is the interaction kernel, and
𝑆 ±𝑝 , = ±𝑖𝑝 , + 𝑚 , are the inverse quark
and antiquark propagators. We now make use of
the Covariant Instantaneous Ansatz, where, the
kernel, K depends only on the transverse
components of internal momenta, K(𝑞, 𝑞 ) =
.
𝐾(𝑞 , 𝑞 )
where,
𝑞 =𝑞 − 𝑃
is
orthogonal to the total hadron momentum,𝑞.P=0,
while

𝜎𝑃 =

.

𝑃

is

the

component

of

q

longitudinal to P. Following usual steps, we get
four Salpeter equation which are effective 3D
forms of BSE.
The 3D B.S wave function can be expressed in
terms of the projected wave functions as
(𝑞 ) + 𝜓 ∓ (𝑞 ) + 𝜓 (𝑞 )
𝑃
𝑃
𝜓 ±± (𝑞 ) = 𝜆± (𝑞 ) 𝜓(𝑞 ) 𝜆± (𝑞 )
𝑀
𝑀
These processes involve two Lorentz frames, the
rest frame of the initial meson, H, and the rest
frame of the final mesons h”. Let P and q be the
𝜓(𝑞 ) = 𝜓

(𝑞 ) + 𝜓
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total momentum and the internal momentum of
initial hadron, while P’, and q’ the corresponding

only from 𝑆 , while the contribution from 𝑆 , 𝑆
vanish after doing the averaging over the
polarization states. This leads to,
𝑀
= |𝑆 | ,
giving the decay width,
𝑀
𝑃⃗
8𝜋𝑀
where the momentum of the final meson is,
Γ

Fig. 1. Single photon decay of Q𝑞 quarkonia described
by direct and exchange Feynman Diagram

variables of the final hadron. And k and 𝜖 be
momentum and polarization vectors of emitted
photon, while 𝜖 is the polarization vector of the
final meson.

3. Radiative decays of heavy-light
quarkonia through P → 𝑨 𝜸
The scattering amplitude of the decay process P→
𝐴 𝛾 corresponding to figure 1, can be written as,
𝑀
= −𝑖𝑒 ∫ (

)

𝑇𝑟 𝛼 𝛾. 𝑝𝜓

(𝑞 )𝛾. 𝜖 𝜓

(𝑞 ) +

𝛼 𝛾. 𝑝𝜓 (𝑞 )𝛾. 𝜖 𝜓 (𝑞 ) +
𝛼 𝛾. 𝑝𝜓 (𝑞 )𝛾. 𝜖 𝜓 (𝑞 ) +
𝛼 𝛾. 𝑝𝜓 (𝑞 )𝛾. 𝜖 𝜓 (𝑞 ) ,
where 𝛼 , 𝛼 , 𝛼 , 𝛼 are the results of contour
integrals in the complex sigma plane over the
poles of the quark propagators. Similarly, we
write down 𝑀 , which is the contribution to
scattering amplitude from figure2. The total
amplitude for the process is, 𝑀 = 𝑀 + 𝑀 .
Through a series of steps, we can express the total
amplitude for this process as,
𝑀 = 𝑆 𝜖 ,𝜖

+ 𝑆 𝜖 ,𝑃 𝜖 .𝑃 +

𝑆 𝜖 ,𝑃 𝜖 .𝑃 ,
where 𝑆 , 𝑆 and 𝑆 are the three form factors,
with detailed expressions given in [2]. To
calculate the decay width, we again need to
calculate the spin averaged amplitude modulus
square, 𝑀
,where we average over all the
initial spin states, and sum over all the final
polarization states. It is seen that the contribution
to spin averaged amplitude modulus square arises

=

→

1
𝑀 −𝑀
2𝑀
We calculate the decay widths for the process A−
→ P γ in a similar manner. For details, see [2].
The results for the decay widths for the processes,
A−→ P γ, and P → A− γ are given in Table 1.
𝑃⃗, =

Table 1: Decay widths (in KeV.) for the various
processes, A− → P γ, and P → A− γ
𝜷
Γ
Γ
Γ
Γ

(

)→

(

)

(

)→

(

)

(

)→

(

)

(

)→

(

)

0.253
0.471
0.510
0.650

BSEExpt. RQM
CIA
363.047 357±204 482
187.045
218
20.195
85
6.909

We used algebraic forms of 3D Salpeter wave
functions obtained through analytic solutions of
mass spectral equations in approximate harmonic
oscillator basis for ground and excited states of
0−+, 1−−, and 1+− heavy-light quarkonia for
calculation of their decay widths. Our decay
width nP→ 𝑛′ 𝑆 transition in E1 decays show a
marked decrease as we go from ground to excited
states, which is in conformity with data and other
models.
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