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Some strong and electromagnetic decay processes of mesons are studied in the context of Mitra’s
version of the relativistic quark model involving broken SU(6) X O(3) group structure in conjunction
with Schwinger’s technique of partial symmetry and the hypothesis of vector-meson dominance. In
particular, we calculate the decay rates and the corresponding branching ratios for the processes
(A,,43)>y 7, wamy B—>ym, pam; w >3, n—>7°yy, nny; and 70 -4y, Comparison of the pre-

dicted results with experiment is discussed.

I. INTRODUCTION

In an earlier paper! [hereafter referred to as
(1)], we studied some two-body electromagnetic
decay processes of pseudoscalar and vector me-
sons, e.g., P(7%n, X°)~2y and V(p, w, ¢)

- P(7°% 1)y, in addition to some important strong
three-body decay modes of X° E, and A, mesons
in the context of Mitra’s® version of the relativistic
quark model with SU(6)x O(3) broken group struc-
ture, Schwinger’s technique of partial symmetry,?
and the hypothesis of vector-meson dominance?* of
the electromagnetic interactions of hadrons. In the
present investigation we continue the program by
examining some additional decay processes in or-
der to assess the true progress of Mitra’s formu-
lation of the model in a more comprehensive man-
ner. For this purpose, we calculate the decay
rates and the corresponding branching ratios (from
the viewpoint of comparison with experiment) of
some strong and electromagnetic decay processes
involving multibody final states. The strong decay
modes studied are the ones corresponding to the
processes (4A,,A;)~wam, B-pun, and w—37 while
the electromagnetic processes considered are

(A, A, B)~ym,n -~ (a%y, 17y), and 1°~4y.

The relativistic coupling structures,? constructed
essentially in a phenomenological way, are based
on the idea of single quark transition with the
emission of an elementary meson (regarded as a
quantum of radiation) corresponding to the basic
gqP vertex. The form factor multiplying the cou-
plings has the structure®:®

Fr@®) =g pnE p/w )  (w/m V2 @M), (1)

which not only introduces the desired symmetry
breaking through physical masses of the hadrons
but also gives a better form of parametrization,
in that the entire supermultiplet transition
(L—-L+1) is governed by a single dimensionless
coupling constant g;.

In Sec. II we discuss the three-body strong de-
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cay modes, (4,, A,)~wnrm, B-pnrm, and w— 37,
assuming the decay amplitude to be dominated by
the vector mesons, p and w, in the intermediate
channels. Section III is concerned with the evalua-
tion of the very rare decay 7°~ 4y using partial
symmetry and vector-meson dominance. Other
electromagnetic decay processes considered are
n—-myy, nry, and (4,, A,, B)~yn. Conclusions of
the results are discussed in Sec. IV.

II. STRONG DECAYS

First, we apply the model to the study of the
three-body strong decay modes of mesons. The
couplings necessary for the evaluation of these
decay processes have been worked out by Mitra,?
and we shall essentially follow his formalism to
calculate the decay rates and the branching ratios.
Recent measurements®” on the wnm decay mode
of A, have generated considerable interest in this
process. The A,(1320) meson has been well
established as a constituent member of the tensor
multiplet JF¢=2"") with =1 and belongs to the
L =1 in the supermultiplet classification scheme.
For our purpose, we shall assume that the prop-
erties of the A,(1320) will be those derived from
a single resonance, the mass spectra being well
described by a Breit-Wigner shape. In the frame-
work of the model, the decay process A, - w77 is
assumed to proceed via a pm mechanism such that

A,—~pm—~wam .
This involves the A,pm and wpm vertices given

respectively by?

1
A,pm: ;n:-z 0, Ay Ry€yyaoR AT, 2)

1

wpm: —— apeuv AWy AT . (3)
mw

It is now a matter of straightforward application

of (2) and (3) with appropriate SU(3) coefficients

and form factors to calculate the decay width for

K
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the process A, -~ wnm7. We make use of the covari-
ant phase-space formalism suggested by Kumar®
for three-particle final states and operative on
the invariant T-matrix element squared dominated
by the p-meson pole. The resulting expression
for the decay width can be cast in the form

2 2
I‘(Az ~wﬂﬂ)=<zc;><%r‘> (%) myr-‘!mAz—st ) (4)

J

where C is the over-all SU(3) coefficient and the
coupling constants g, and g, are given by?

2 2

&9 &
= =
ar 003, 4 0.08 . (5)

The quantity /, is a phase-space integral given
explicitly by

s (s —mpz)z

+m T 2

I ___f("‘Az'"'")z ds [-4m2s +(ma® - s —m 2P -4m Pm 2+ (s —m 2 —m )]
(

m1|-+mw)2

X)\”/z(s, mwz’ mwz))‘l/z(mAzz, s, mﬂz) ,

where A (a, b, ¢)=a% +b% +c® -2(ab +bc + ca).

Since the range of integration in (6) lies well
above s =mp2, the result is quite insensitive to
r, (or any reasonable energy-dependent param-
etrization of ;). We find

T'A,~wrr)=35.2 MeV , (7
and with T'(4, -~ p7) =82 MeV,® a branching ratio
R=T'(A,~wrn)/T(A,~pm)
=0.43 . (8)

This is in fair agreement (to within a factor of
about 1.5) with the experimental value

{0.281 0.09: Diaz ef al.,®
0.29+0.08: Karshon et al.”

We also briefly report on the A, - w77 and B
- pnw decay processes. The A,(1100) meson is
supposed to belong to the JY°=1"* nonet and is
taken to be an L=1 excitation in the supermultiplet
scheme. However, there are doubts about its
interpretation as a resonance, and the enhance-
ment appears to occur mainly in the p7 channel.
Assuming this to be a resonant state, the wnrw
final state is achieved via a p7 intermediate state,
A, —-pr~wnm, involving A,p7 and wpm vertices.
The A,p7m vertex?®

1
Apm: = (kyp" Ry +u0, )A%T , (9)

in conjunction with the wpw vertex given by Eq.
(3), is used to determine the decay rate A, - w7,
The resulting decay width turns out to be

T(A, - wrr)=21.6 MeV , (10)
so that®
LA ~wrm) _gq (11)

T'(A, ~pm)

(6)

The decay of the B(1220) meson into the p7r sys-
tem can be computed in a similar way. The state
B(1220) with JF€=1"" seems to be a well-estab-
lished resonance with L=1 excitation. The p77
final state is obtained via an w7 channel such that
B-~wn—~prr. We need the vertices wpw [given by
Eq. (3)] and Bwr given by?

Bwr: B, k“w“k”n (12)
to evaluate this decay rate. We find

T'(B-pnm)=18.3 MeV (13)
and the branching ratio®

T'(B-pmm) _

TB=wn =0.14 . (14)

The predictions (11) and (14) await experimental
confirmation.

Yet another process of interest is the w37 de-
cay which is supposed to proceed via a p7 state:
w-pm—nrm. The vertices needed are wp7 [given
by Eq. (3)] and p77 given by?

pT: ieabcpﬁn”ﬁ“ 7 . (15)
The decay width for w -3 is then found to be
T'(w—-37)=12.7T MeV , (16)

in good agreement with the experimental value'®
and indicates an improvement over the correspond-
ing value of about 15 MeV obtained by Von Royen
and Weisskopf.!!

IIl. ELECTROMAGNETIC DECAYS

Now we apply the model prescriptions to the
study of some rare electromagnetic decay pro-
cesses of mesons. As is well known, the decay
of the neutral pion into photons is an outstanding
process from the theoretical point of view., While
the electromagnetic decay of 7° into a pair of
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photons, e.g., 7°~2v, has been studied in suf-
ficient detail in (I), we shall now be concerned
with the four-body decay process n°—~4y. Even
though this extremely rare radiative decay is not
forbidden by any known laws of interactions, no
experimental determination for it seems to have
been reported earlier in the literature. Recently,
Abrams and collaborators' have searched for this
decay using the process K * -~ 7*7° as a source of
kinematically defined neutral pions. The result of
this investigation is to place an upper limit on the
branching ratio:

T'(n°— 4y)

- -5 o
T T(P~2y) <6.1x107°% (90% C. L.).

Recently Schult and Young!® have attempted to
calculate this decay rate and the corresponding
branching ratio by using several theoretical mod-
els. These authors find typical values of R in the
range from 4X107'* to 107!, which is obviously
many orders of magnitude below the experimental
value and is also in sharp contrast even to the
crudest estimate for R ~a®~107%,

In this investigation, we attempt to calculate the
decay rate for the process m°—4y and estimate the
corresponding branching ratio R =T'(7°— 4y)/
T'(n°— 2y) within the general prescriptions of the
relativistic quark model by making extensive use
of the techniques of partial symmetry® and the
vector-dominance hypothesis.* In accordance with
this formulation, the four-body electromagnetic
decay process m°—4v is regarded as proceeding
via vector mesons p, w, and ¢ in the intermediate
state. A schematic diagram indicating the various
stages of the process is depicted in Fig. 1. Here
V and V' represent the p and @ mesons, respec-
tively, while P stands for either °, 7, or X°
mesons. It should, however, be noted that we in-
clude only the 7° meson (and neglect 1 or X° me-
sons), which is expected to yield maximum con-
tribution due to its smaller mass.

In order to construct the model amplitude for
this process, the radiative coupling structures

QECGUEEE,

sl [(m w2 - S

'(n°—=4y)=A f

where A is another factor having the value
A =(8X10"1)m ", (21)

The phase-space integration over the variables
s, and s, is computed numerically. As a result of
our calculation, the decay width for 7°— 4y turns
out to be

\ \ \

m° V' P v Y
FIG. 1. A typical diagram for the 7' 4y decay process.

Here V and V' represent the vector mesons (p or w), and
P stands for a pseudoscalar meson (m°, 7, or X%,

needed are those governing vertices of the type
VyP and yyP, which can be easily obtained from
the VVP coupling by successively replacing the
vector-meson fields (V) by the corresponding
photon field (A,) in accordance with vector domi-
nance. The details for the evaluation of these
effective electromagnetic couplings have already
been worked out in (I).

Application of these coupling structures enables
us to calculate the decay width for the process
71°—~4vy. For this purpose, we make use of the
covariant phase-space formalism suggested by
Kumar® for four-body final states and operative
on the invariant T-matrix element squared. The
relevant T-matrix element squared, dominated by
w and 7 poles, can be written in the form

[Sz(sl - sz)(Wl'rr2 - sl)]z
(m.° =, +m T2 [(ms" = s, + m 2T ]

an

712 =

where 3 is a kinematical factor given explicitly by

2(327) (g2 /4m)% (e /4m)

A= (gp1r1r2/477)4m 8 ’ (18)
with
e?/4n=a~1/137 and gyn>/47=3.6. (19)

The quantities s, and s, are two Mandelstam-type
variables explained in Ref. 8. The resulting ex-
pression for the decay width I'(r°~4y) can be
written in the form

S$y7 (s, = 5,)° (20)

P +m, sz f ds

2 [(mwz - 32)2 +m1r2r1r2] ’

T'(r°~4y)=6.6X10715 MeV. 22)

In order to make comparison of this result with
experiment, we need information on the two-photon
decay of the neutral pion. As reported in (I), the
decay width for the process m°—2v is

T'(n°—=2y)=7.4X10"% MeV, (23)
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in close agreement with the experimental value®®
of (7.8 +0.9)X107% MeV. This immediately leads to
the branching ratio

L(n°~4y)

R=Tw=2)

=0.9%1079, (24)
which is roughly five orders of magnitude higher
than the corresponding value (in the range 4X107*
to 107!8) obtained by Schult and Young. It is, how-
ever, still four orders of magnitude below the ex-
perimental upper limit and the naive @ estimate.
Such a rate suppression is accounted for by the
low-energy theorem and the presence of angular
momentum barriers. The difference with the re-
sults of Ref. 13 may be understood in terms of the
difference in assumed coupling structures. Schult
and Young impose the low-energy theorem by ex-
plicitly including factors of the final photon four-
momenta, thus guaranteeing that the amplitude
vanishes when any one of these four-momenta is
zero. The amplitude of Eq. (17) also has this
property, but without the need for explicit factors
of photon four-momenta, for, when &k, =0, s, be-
comes just m,.%; when &, =0, s, is equal to s,; and
when either &, or k, =0, s, vanishes. Equation (17)
is also consistent with partially conserved axial-
vector current (PCAC), if m,? is recognized as
the square of the pion four-momentum. When the
latter vanishes, m,? is replaced by zero, and s,
also vanishes.

Encouraged by the performance of the model,
we take a brief look at the 7%y and 77y decay
modes of the 7 meson. Using the coupling struc-
tures outlined in (I), we find

T'(n—~ °vy)=0.31 eV. (25)

If we compare this with I'(7—yy) calculated in (I),
we get

T'(n— )

R =
T(m—v»y)

=1.1X1073, 26)
in comparison with the experimental value!® of
0.05 to 0.10. This is in disagreement with our
calculation, though the experimental situation is
not very clear. We note that our result for this
ratio is about two times higher than that obtained
by Von Royen and Weisskopf,!!

The process n— nny is analogous to the n— myy
process. The decay width for this mode turns out
to be

T'(n—nmy)=0.09 keV, (27)
so that the branching ratio

T(n—mmy)

T=7) =032 28)

in comparison with the experimental value of about

0.13. Since the relative strength of the n— mmy
process is still not definitely established by ex-
periments, our result does not seem to be unrea-
sonable.

Finally, for completeness, we consider the yr
modes of the A;, A,, and B mesons. The tech-
nique of computing these processes is essentially
the same as for the other radiative decays, in that
the p and w fields in the coupling structures (2),
(9), and (12) are replaced by the corresponding
photon field in the spirit of vector-meson domi-
nance. The resulting widths are predicted to be

T((A,,A,, B)~ym)=(0.76, 0.81, 0.61) MeV,
(29)

respectively, in good agreement with the calcula-
tions of Berger and Feld.!* While the predictions
for (A,, B)—~ym await experimental confirmation,
the decay width for A, ~ yr compares reasonably
well with the experimental value of about 0.5 MeV
measured by Eisenberg et al'®

IV. CONCLUSIONS

In this paper we have attempted to investigate
some rare strong and electromagnetic decay pro-
cesses of mesons using Mitra’s formulation of the
relativistic quark model. We find that our calcula-
tions of the decay rates for these processes are in
reasonably good agreement with the experimental
data. It may be stressed at this point that this
simple quark model of mesons (¢g) and baryons
(9qq) structure provides a single consistent way of
calculating a large number of decay processes.+2:16
The elegance of the present approach is reflected
in the model’s simplicity and compactness which,
unlike the SU(6), serves as a unifying basis for
treating the meson and baryon couplings on the
same footing (based on the idea of single-quark
transition).

The formulation of Mitra gives us a consistent
and coherent description of meson decays in terms
of a composite particle model in which the decays
proceed by single-quark transitions accompanied
by radiation of single-meson quanta, Whether or
not one believes in this picture, the model pro-
vides a phenomenological prescription that in-
corporates the essential features of SU(6)XO(3)
symmetry and gives symmetry breaking through
unambiguously defined form factors. The result
is a scheme in which a large number of decay
processes can be computed in terms of a few phe-
nomenological coupling constants. The present
paper, along with Ref. 1, extends the application
of the model to multiparticle final states by con-
sidering these as due to a succession of single
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quantum emissions. Electromagnetic decays are
easily incorporated by using the ideas of vector
dominance. The results are very encouraging;
considering the small number of free parameters,

the general patterns of the whole range of meson
decays treated by this scheme to date are striking-
ly similar to the experimentally observed patterns.
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