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A model with dominant TVV interaction, supplemented by experimental information from related processes,
predicts the yet-unreported decay X~~(1420)4X~(890)m~ to have a width of 7.5 MeV. A characteristic
feature of the model is that the pion pair comes out predominantly in an isotopic spin g = 1 state.

During the last few years, several groups have
reported measurements of the strong decays A,
-&uww and f -4w, the latter proceeding at least
partially as f- pw'w . Although unfavored by
phase-space limitation in comparison with the two-
body decays of the tensor mesons, these decays
turn out to be relatively frequent, the world av-
erage being'

I'(, )(A~-(oww) =8.6+1.8 MeV,

I'(~) (f- w' w w' w ) = 6.2 + 1.5 Me V.

In a recent paper, ' a theoretical analysis of these
decay modes was presented. The principal. con-
clusion is that the 7.'VV coupling appears to play
the dominant role in this type of transitions, the
major contribution to the decay amplitudes arising
through the T- V+V-P+P+V chain. A generaliz-
ation of the TVV interaction to an SU(3)-symmetric
form would then imply the occurrence of similar
transitions of the strange tensor meson K*~(1420),
i.e. , E**(1420)-K*(890)ww decays of appropriate
strength. In this note, we work out the expecta-
tions for the K~*-K*mm transitions, arriving at
a predicted rate of 7.5 MeV when the average ex-
perimental width for As- vmm is used as input.

A survey of the reported' K**experiments re-
veals that the K**-Ksm transitions have not been
analyzed in the past for the detection of the modes
suggested here. Two recent experimental analyses,
which had sought this mode, give figures differing
by an order of magnitude. With limited statistics,
Goldberg concludes' that the K** -K*-m'm pro-
cess occurs at a rate of 4+1.3 MeV. Ontheother
hand, preliminary results from the Amsterdam-
CERN-¹ijmegen-Oxford collaboration give~ 0.6'00'3

MeV for this decay.
Since we address ourselves to K~~ decays de-

riving from a TVV vertex, we have to consider
as possiMe modes K**-K*mm, K**-pKm, and
K**-(4)Km. However, while the first mode has
approximately 250 MeV of phase space available,
the other two have only a margin of a few MeV and

K~*+-K* +w +m-, (2a)

K*++ K~++7t' +m,

K**+-K*0+m++m . (2c)

Unlike the A.,- aowg decay, where the two pions
are emitted in an isotopic-spin state T =1, the
pion pair in the (2a) transition can be in both
T=O and T=1 states, whereas in K**'
-K*og'g we have again a pure 7.'=1 pion pair.

We now summarize the approach used in Ref. 2

to deal with the A, —&oww, f- pww decays and then
proceed to use the information extracted thereof
for the K** K*mm decays. The amplitude for
7+ V -P+P is calculated by including the con-
tributions from direct (s) and exchange (t, u) chan-
nels. The direct-channel contribution is dominated
by an intermediate vector meson, while the t and
u channels involve the exchange of pseudoscalar
and vector mesons. The couplings needed are
then of the TVV, VPP, TVP, VVP, and TPP types.
Except for the first one, these couplings are well
known from the strong decays of tensor and vec-
tor mesons. ' In Ref. 2, the amplitude for T+V
-P+P is calculated in the Born approximation
and in a dual model. The comparison of the cal-
culated transition rate with experiments permits
the determination of the only unknown coupl. ing of
the models, the TVV-interaction constant. In both
models the contribution of the vector-meson ex-
change in the s channel is then by far the dominat-
ing one and the value of the TV V coupling is only
slightly model-dependent. Thus, for the presenta-
tion of this paper, we shall use the simpler Born
approxlm ation.

The most general TVV vertex has five indepen-
dent couplings, defined as follows:

hence will be considerably inhibited and of no
practical interest. In the rest of this note, we
therefore restrict our analysis to the K~*-K*mm
modes only. To be specific, let us consider the
decays of K~*+; there are three channels available:
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(3)

7"",&~&'), &~~) are the polarization tensor and vec-
tors of the tensor and vector mesons, respectively.
p, is the pion mass, the g&& z, coupling being thus
dimensionless. Various models have been dis-
cussed in the literature for the a, P„P„y,5 co-
efficients. Generally, they have been determined
either from considerations of strong-interaction
dynamics' or from gauge-invariance constraints, '
with quite similar results. Adopting the first ap-
proach as the more appropriate for our case, one
has'

=(I/&2)g+&, . Since the relative phases of the
various contributions are unknown, we present
first the rates calculated from each exchange
separately, for the T =1 part of the two-pion state
only. One obtains

I"' =" (K**+-K*+w+w-}=2.5 MeV, (6a)

r' " '='& {K**+-K*'w+w-) =4.3x10 ' MeV,(~)

I&/&&'='&(K++ -K++w w-) =0.6x10-' MeV,

~i 2= 1+ 2' y=3, ~=-4 l'.

(4)
I '"&'='& (K+*+-K*+w+w-) =1.3x10-~ MeV.

(6d)

&+

/

K'+

FIG. 1. The diagrams contributing to the K~*+
—K *+x+ m amplitude.

The comparison of the decay rate of A, en'n', as
calculated in the Born approximation, with the
experimental value (1) gives then

g„~'/4w =- 2.7. (5)

We are equipped now to handle the ealeulation
of the K**-K*mm modes along the same lines.
Here the contributions come from vector mesons
in the s channel and from pseudoscalar, vector,
and tensor mesons in exchange channels. The
diagrams pertaining to the calculation of the
K**+-K*+w+n'-'decay are depicted in Fig. 1. As-
suming SU(3) symmetry and canonical mixing
for the TVV couplings, one has from Eq. (5)
g~~~+z*+ po = ~ g+&

—+ 2.95. The other couplings
(except TTP) are taken from experimentally mea-
sured rates as follows'.

( g~«( =5.9, ) gw~+wo„+)
= 4.6 i gwye+wo +i = 0.43, i gwew+weo +i = 0.26 ihe
K*~'K~*ow+ coupling is related by SU(3) to the
calculated2 value of the A~fw coupling, gw~~+w~~o„+

With this approach, the decay rate comes out to
be

I'r "(K*~+-K*ow'wo+K++w+w-} =7.5 MeV.

(6)

The distributions do/de% and do/ds, where f
=(Pww+P„}' and s =(p,, +p, )', are presented
in Fig. 2.

Contributions to K*~-K~(ww)r=', although small,
arise in our model via t and u exchanges (Fig. 1).
The couplings required for their calculation are
known and the rates for each exchange separately
are

I'Ivr&'l(K**+-K*+w+w-) =3.0x10 ' MeV, (9a)

I'I~r& "(K+++ K*+w'w -)=0.82x-10 ' MeV, (9b)

I'Irr&'&(K**+-K*+w+w-}=1.3x10 ' MeV. (9c)

The upper limit for the T=0 decays arising from
maximal positive interference is

I'"="(K** -K*+w w-) - 0.014 Mev,

I'(K~*+ —K*'wowa) ~ 0.007 MeV.
(10)

Thus, under the assumptions of this model, the

The contributing terms were then combined
with various choices for the relative phases, and
we find that the rate given by the TVV contribution
alone is never affected by more than 12%. Hence,
we can take only the s-channel part for a reliable
estimation of the rates. In this approximation, the
K**+-K*{ww) 0 mode vanishes and one has

I'(K+++ —K+ow+ wo) =21'r '(K+++ -K++ w+w-).
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FIG. 2. Calculated effective mass distributions for
the decay K**+—K* 7r+x . (a) do/dv t, where t = (P~+
+ P„+), {b)de/ds, where s =(p„++P„o) ~

amount of T =0 in the pion pair of the decay is
less than 1%.

Before concluding, we add a few remarks:
(I}In our calculation, the possible contribution

of intermediate axial-vector mesons has been
ignored. There seems to be increasing evidence'
for the existence of two strange axial-vector
mesons with masses 1300 MeV and 1400 MeV,
which decay also into K*n. However, it has been
pointed out in Ref. 2 that if the TAP coupling is
mainly responsible for the observed T- VPP
decays [through an intermediate (A}P state], its
strength would have to be" of the order of 100.
Since this appears unreasonable, and also since

its predicted differential distribution appears to
be invalidated in the A, -(dew decay, ' we assume
that it does not play a major role in these decays.

(II) The treatment presented here neglects pos-
sible final-state interactions. Their inclusion will
most probably affect the rates of the decays lead-
ing to T =0 pion pairs. One way of taking this
into account would be the inclusion of a K**

K*6-K*ww term in the decay amplitude. The
measurement of the (wv) o/(vv) ' ratio in these
decays is therefore of particular interest. How-

ever, from previous experience, the final-state
interaction is not expected to enhance the T = 0
rates [Eqs. (9)] by more than one order of mag-
nitude, which would still leave them relatively
small.

(III) The rate predicted in (8} is based on a
TVV-coupling strength (5), derived from the
world average for the A~- &uvv rate (1). However,
the latter is obtained from widely divergent ex-
perimental results, ranging from 20 MeV" (see
Ref. 11) to 5 MeV" (see Ref. 12). The calculated
K**-K*ww rate would then vary accordingly.

To summarize, our main results are the ex-
pectation of a significant K**-K*mm mode of ap-
proximately 7.5 MeV and a small value for the
(vv)r 0/(vv) ' ratio in this decay. Their experi-
mental probing is feasible and would throw light
on the validity of the picture we suggest for the
T- VPP decays in terms of a dominant TVV in-
teraction. Should the experimental. rate be very
different from the calculated one, it could imply
a sizable breaking of SU(3) symmetry or that a
quite different mechanism is at work in these
decays.

We are indebted to Professor J. Goldberg for
des cuss lons.
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