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The mesons A,(1270), Q,(1280), D(1285), E(1400) are tentatively classified according
to the JFC = 1++ nonet of SU(3) and the quark antiquark contents of the two isoscalars
are estimated by the use of the usual SU(3) symmetry-breaking mechanism. Then the har-
monic oscillator quark model for mesons is used to calculate the widths of the decays
A;(1270) - pr, Q,(1280) — K*n and D(1285) -» 3(980)n. We get reasonable widths for
these decays with the harmonic oscillator parameter @2 ~ 0.055 GeV? and the quark-pion
coupling constant £3 =~ 0.371. The main result is that a much smaller «?-value (than the one
used in the description of baryon decays) is needed to describe the mesonic processes. This
conclusion is consistent with the model results obtained for the radiative widths of the “old”
L = 0 mesons, the decay ¢ — yn°, the radiative widths of the low-lying positive parity
L =1 “old” mesons and the decays A.(1310) — pr, A,(1310) - nm; & — pn, D* - Drx;
A;(1660) — frr and A,(1660) — pr.

PACS numbers: 12.35.Ht, 13.25.+m, 14.80.Dq

1. Introduction

The quark model of elementary particles has proved very useful in classifying the
internal quantum numbers of hadrons and also very useful in describing the hadron dynam-
ics with simple additional dynamical assumpiions [1]. Assuming an appropriaie interac-
tion between quark (antiquark) and field quanium, this model also gives quite reasonable
decay widths of the hadrons [2]. In previous papers [3] we performed calculations based
on the harmonic oscillator quark model for the radiative widths of the low-lying positive
parity L = 1 “old”! mesons and the widihs of the decays A,(1310) — pn, A,(1310) — n=;
v — pn, D* — Dn; As(1660) - fr and A;(1660) — pn. Our results for all these decay
widths are in reasonable agreement with the available experimental information for these
processes. In all these calculations, we have two parameters, that is, the quark pion coupling
constant (with the p- and n-type quarks) f, where f; = % f,y and the harmonic oscillator
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parameter a? (for ithe ordinary! quark antiquark system). As all the processes dealt with
in the previous papers could be reasonably described with the values o? ~ 0.055 GeV?
and /77 =~ 0.371, we continue to use these values in the present calculations. Using the well
known SU(3) symmeiry-breaking mechanism [4] the mass-mixing of the two isoscalars
in the J*¢ = 1+ multiplet containing A ,(1270), Q,(1280), D(1285), E(1400) is considered
and the unitary spin state obtained for D(1285) is as follows:

D(1285) = 0.631(pp +ni)—0.449A K. )

We take these states as members of J'¢ = 1+ multiplet in the N = 2, L = 1 energy band
of the armonic oscillator potiential and the total quark aniiquark spin S = 1. 3(980)
is assumed to belong to the 0+ multiplet in the N = 2, L = 1 band of the harmonic oscilla-
tor potential and the total quark antiquark spin S = 1.

2. The model

The quark antiquark system (meson) is assumed to be described by the Hamiltonian
1 K
H= m‘(l’f‘*‘l’%)*‘i (ri—ry)? ¥))

in obvious notation [5]. The Hamiltonian can be reduced to one which describes the internal
motion of the quark antiquark system which in turn can be solved easily [6]. The physical
spin of the meson is obtained by coupling the spin state with the orbital angular momentum
of the spatial wave functions. Total wave functions for the mesons are obtained by combin-
ing the spin, unitary spin and the spatial wave functions.

The mechanism for a pion emission is taken as the de-excitation of a single quark
(antiquark). The interaction which we use is the one which is the non-relativistic limit of
the pion-nucleon interaction given as

# =P neo- L@ nE- )]
m, m,

in obvious notation [2]. The superscript q (q) stands for quark (antiquark). Calculations
become considerably easier if we take the pion emission along the z-axis.
The decay width of a particle with spin J is given as

1 1E2 2 .
" Qo (2J+1) E, IZ‘A i 0)*d2(6; §) @

where k is the c.m. momentum of the pion and dQ%(0,¢) is the solid angle for pion.
|4, i (0)12 is the intensity of emission (of pion) at some angle 0 to the z-axis. 4,y denotes
the amplitude where m’ refers to the decaying particle. In formula (4) E. is the energy of the
decaying particle while E; and E, are the c.m. energy of the outgoing particles. The matrix
elements which contribute are: 44, = {p, J, = t1[H#|A, J, = 1), 44, = (K% J,
= +1|#|Qy, J, = +1), Ao =<5, J=0]#|D° J, =0). With the values of the
parameters mentioned in the introduction, we get I'(A, — pr) ~ 60 MeV, I'(Q, - K*=n)
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~ 6 MeV and I'(D — én) ~ 18 MeV. These values are to be compared with the experi-
mental values [7] I'(Q, —» K*n) = 823 MeV and I'(D — én) = 6—13 MeV. For the
decay width of the process A; — prn there is no experimenial measurement up to date.
The calculated decay widths of the decays Q, — K*n and D — Jdn are as good as the
harmonic oscillator quark model results for most of the decays of other mesons [3], which
vary by a factor of two to three with the experimental values.

3. Conclusion

From the reasonable agreement of the harmonic oscillator quark model results with
the experimental measurements for the radiative and pionic widths of a large number
of mesons [3, 8] including the excited states with the same a?-value (a? =~ 0.055 GeV?),
we infer that the harmonic oscillator parameter for the ordinary quark antiquark system
a2 has got a smaller value of about 0.055 GeV? as compared to the one (¢* = 0.1 GeV?)
used in fitting the pionic and radiative widths [9] of baryons. The present calculations
also favour the identification of the mesons A;(1270), Q,(1280), D(1285), E(1400) with
the JFC = 1++ nonet of SU(3) (with the usual SU3) symmetry-breaking mechanism)
in the N= 2, L =1 energy band of the harmonic oscillator potential with the total
quark antiquark spin S = 1 and that of the §(980) with the J™ = 0+ multiplet in the
N =2, L = 1 energy band of the harmonic oscillator potential with the total quark anti-
quark spin S = 1. That a smaller «*-value is needed to describe the mesonic processes
is also supported by the observations of Ono [10]. It is clear that one cannot attach much
significance to parameters like the quark masses and charges (involved in the radiative
widths of mesons), the harmonic oscillator constant for quark-quark or quark-antiquark
system or any parameter related to quarks but the important fact which comes out of
this model calculations is that a large number of radiative and strong (especially pionic)
decays of mesons can be described by the same values of the parameters. Calculations
for the partial decay widths of other orbitally or radially excited mesons (for which there
is recent experimental information) are in progress and the results will be reported.
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