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Scalar-meson contributions to the radiative decays of vector mesons
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We study the contributions made by the 8(980) scalar meson to radiative decays of vector mesons. Using
results from previous studies of pseudoscalar-meson decays, we calculate the widths of the three-body decays
p, co, P~qwy and Q —+ KKy.

In two previous papers, "'we investigated the
role which scalar mesons play in the radiative de-
cays of pseudoscalar mesons. We found that the
5(980) resonance, the only well-established scalar
meson, plays an important role in the dynamics of
several radiative decays of the X and g mesons.

In the present paper we investigate the contribu-
tion which the 5 scalar meson makes, to the radia-
tive decays of vector mesons. Since the 5(980)
couples predominantly to gg and XK, we focus our
attention on the three-body radiative decays

p- /my,

e-/my,

qvy-,

P-Eely .
In oui model we assume that processes (I) are

dominated by a 6 intermediate state which vir-
tually decays either into gz or KZ. In Fig. 1 we
exhibit the Feynman diagrams contributing to these
processes. As is evident from the diagrams, we
invoke vector dominance in describing the coupling
of the photon to the vector-meson-scalar-meson
system.

In evaulating the decay widths from the diagrams
in Fig. 1, various coupling constants must be de-
termined. The 6-g-m coupling instant g6~ is ob-
tained from the observed decay width for 6-gm
which we take to be 55 a 5 MeV. ' The resulting
value for the coupling is"'

g,„,= 2.1 +0.1 GeV.

The 6-E-K coupling can be estimated from the
SU(3) prediction

3 j./2~azz= (-.)"'ga.,
Since the photons are real, we shall use the vec-
tor-meson-photon couplings obtained from photo-
production rather than from e'e colliding beams. '
The values are'

(5)g,„l=180 +40 GeV

The value of g, a,/g, „a is assumed' to be equal to
the ratio g, o,/g, „,= 0.073. This ratio is obtained
from vector dominance and the ratio of the ex-
perimentally observed decay widths for p -my and
p-my. ' The uncertainties in our subsequent re-
sults will be due mainly to the large uncertainty
in (5) which can be traced to a 35% uncertainty in
the width of the decay g -m'yy. '

Using the coupling constants given by Eqs. (2)-
(5), the decay widths for processes (I) are calcu-

(b)

(c)

where the vector-meson-photon coupling is given
by em„'/2y„. Finally, the coupling constants g,„„
and gzeq, associated with the p-&u-5 and p-P-5
strong vertices, are determined' by fitting the 5
model to the radiative decay g- m'yy. One obtains

2 2 2~' =0.61, ~" =V.6, ~' =5.9
4m

' 4n
' '

4m
(4)

FIG. 1. Diagrams for the radiative vector-meson
decays (a) p —gory, (b) co gay, (c) ft)

—g&p, and
(d) t15 KÃy in the 6-meson model.
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lated to be

1(p-t}sy)=0.10+0.05 keV

I"((o-qmy) = 1.8 +0.9 keV, (6b)

I'(y -qsy) =(0.82+0.44)-(0.41+0.22) keV, (6c)

I'(p —X'E y) = 22 + 12 eV,

1(y -Z'Zoy) = 8.8 ~1.8 ev.
(6d)

(6e)

In the case of P -qsy we have used the narrow-
width approximation'

r(y -nsy) = r(4 -6y}a(6-ns),

where B(6-tis) is the branching ratio of 6-qw to
&-all. There is some uncertainty on the value
for the full width of the 6 partly due to the possibil-
ity that the EE channe1. is strongly coupled to the

In addition, vector dominance predicts" that
some of the radiative decays of the 5 give sizable
contributions to the full width L'6. As a result, the
range of values for I"(p-qvy} appearing in (6c} is
obtained by having the full 6 width l.ie within the
range 55 MeV» 2. 6~110 MeV.

Although there is no reported data on the radia-
tive processes (I) to compare with the predictions
(6}, there is one relevant experimental upper lim-

I"(&g-q+ neutrals) & 150 keV.

Using (8) as an approximate" upper limit for
Z(&o-qv y) we see that the predicted value (6b) is
about 2 orders of magnitude below this limit.

Finally, we compare the scalar-model predic-
tions (6) with the corresponding predictions based
on vector dominance. For instance, in the vec-
tor-dominance picture, the decay -pe proceeds
by ~-g~-goy. In order to estimate the decay
width, we first compare this process to g- ~~
-gyy. %e find

(9)

where 4= 5.6 x 10 ' represents a phase-space cor-
rection. A recent vector-dominance-model calcu-
lation' for q- vyy gives 1(q —myy) = 0.06 eV and,
therefore, we expect vector dominance to yield a
width I'(~- ivy) =0.014 keV which is about 2 or-
ders of magnitude smaller than our prediction
based on the 6 model. Similar conclusions can be
made for the three-body radiative decays of the
p and g mesons.
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