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A vector-dominance model is used to calculate the widths of the three- and four-body radiative decays of

the 5(980).
I. INTRODUCTION

In recent experiments involving both K7 inter-
actions' and photoproduction, ? clear evidence has
been obtained for the existence of the 5(980) re-
sonance with IJP=1-0" coupling to n7. Because of
kinematics, the coupling of the § to KK is seen
only as an enhancement at threshold.!

Recently we have considered the § meson as a
possible intermediate state in the radiative decays
of the 7.3 The work was motivated by our observa-
tion that the usual vector-dominance models, in-
cluding the well-known one of Brown, Munczek,
and Singer (BMS)* in which SU(3)-breaking effects
are included in the PVV vertices, cannot repro-
duce the observed decay width I'(n - 7yy) =26+ 9eV.?
The BMS model gives the values 0.063 eV or 0.033
eV depending on the sign of the coupling constants,?
two orders of magnitude smaller than the observed
width. The decay widths for n—yy and n—- 77y are
normally used as input in the vector-dominance
models® and, therefore, cannot be thought of as
stringent tests of these models for 7 radiative
decays.

In our approach,® the main contribution to the
decay n— myy is assumed to be the §-meson inter-
mediate state as shown in Fig. 1. The 5-7-7 coup-
ling G is obtained from the decay width for §-nr
which we take to be 55+5 MeV." The resulting
value is G=2.1+0.1 GeV."® Using this value of G
in the diagram of Fig. 1 and fitting the result to the
observed decay width I'(n— 7yv),° we obtain a value
for the 6-y-y coupling of g=0.34+0.08 GeV™. The
large uncertainty in this number will cause uncer-
tainties in our subsequent calculations of § radia-
tive decays. It is mainly due to the 35% uncertain-
ty in the width for the decay n— 7yy. Using this
value for g, we obtain

(5~ yy) =550+ 270 keV . (1.1)

In our previous work,* we assumed that the §-y-¥
coupling occurs via vector mesons and proceeded
to calculate the four-body radiative decays of the 7.
The results are in agreement with experimental
upper limits,” and dominate the predictions of vec-
tor dominance by at least two orders of magnitude.
In this paper, we again assume that vector mesons
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are caupled to the § meson and ﬁsing this model,
calculate the three- and four-body radiative decays
of the 5. If the 6 couples to two photons via the p,
w, and ¢, then

=g sz>-l/2[(.yl2 )-1/2+ <7°2>-1/2} 1 2
g 2g"‘°“<4 yy A% > (12)

where B=g,,,/8,,5- Since the photons are real,
we shall use the vector-meson-photon couplings
obtained from photoproduction rather than e*e”
colliding beams.® The values are'®

2 2
Y061, Ylome, Y-5, (1.3)
47 4 47

where the V-y coupling is givenby e m,2/2y,. The
value of Bis assumed to be equal to the ratio

504/ 800r=0.073.> This ratio is obtained from
vector dominance and the ratio of the experimenta-
1ly observed decay widths for ¢ - 7y and p—~TY.

* Using (1.2), the resulting value for the §-p-w

coupling is**
Zows=180+40 GeV-*, (1.4)

In Sec. II we calculate the three-body radiative
decays and in Sec. III the four-body radiative de-
cays of the § meson. Our results are summarized
in Sec. IV.

II. THREE-BODY RADIATIVE DECAYS OF THE § MESON

In order to obtain the three-body radiative decay
widths for the § meson, it is first useful to calcu-
late the decays 6 ~py and 6 — wy in vector domi-

mn T

FIG. 1. Diagram for the deéay n-— 7 yy with the 6-me-
son intermediate state.
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FIG. 2. Diagrams for the decays § — py and 6 —~wYy.

nance. The diagrams for these decays are shown
in Fig. 2. Using the couplings given in Sec. I, we
obtain

T'(6—-py)=4.T£2.1 MeV,
T'(6—wy)=43+18 MeV.

(2.1)

'The diagrams for the decay 6 — 777y is shown in
Fig. 3. Evaluating the decay width from this dia-
gram gives the result

T'(6—mry)=4.2+1.8 MeV. (2.2)

This width applies to 6*— 7*7°% and 5°— 7*7°y.

In our model, the width for 6°— 7°7°y is zero. A
simpler calculation for § - 77y can be made using
the narrow width approximation

T(6~nmy)=T(8—py) Blp—~ ), (2.3)

where B(p - 7n) is the branching ratio of p— 77 to
p— all which is ®1, The result using this approxi-
mation is I'(§ - 77y)=~4.7+ 2.1 MeV which overes-
timates the exact result by ~10%. Since this over-
estimate is comparable with the accuracy of our
calculation, we shall use the narrow width approxi-
mation wherever possible in all subsequent calcu-
lations.

The two diagrams which contribute to the decay
5 - 7yy are shown in Fig. 4. The contribution from
Fig. 4(a) is

T (6~7yyY)=T(6-py)B(p—7y)=1.1:0.8 keV
(2.4)
and the contribution from Fig. 4(b) is
T (6~7yy)=T(6~ wy)B(w -7y)=3.8+1.8 MeV,
(2.5)

FIG. 3. Diagram for the decay 6 — nmy.

Only the diagram in Fig. 4(a) contributes 6*— 7*yy
so that I'(6* - 7*yy)=1.1+ 0.8 keV. Both diagrams
contribute to the neutral § decay and, therefore,
T'(8°~ 7°yy)=3.8+1.8 MeV. The three orders of
magnitude difference between these two results
can be traced to the difference in the branching
ratios for p— 7y and w- 77y which are (0.24 +0.07)
x 10~3 and (88+5) X 10~3, respectively.’

As a final example of a three-body radiative
decay of the 6 meson, we consider §°—7nyy. The
three diagrams for this decay are shown in Fig. 5.
The diagram in Fig. 5(c) included because, al-
though § - ¢v is not kinematically allowed and,
therefore, a large contribution is not possible due
to a pole contribution in the ¢ resonance denomi-

(a)

Y

(b)
FIG. 4. Diagrams for the decay § — myy.
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(a)

(c) Y
FIG. 5. Diagrams for the decay 6 —nyy.

nator in the amplitude, the ¢ -7y branching ratio®
is two orders of magnitude larger than the recently
measured branching ratios for p -7y and w—-ny.'? -
An exact calculation of the contribution to the de-
cay from Fig. 5(c) gives

T (6-nyy)=30+13 eV, (2.6)

which is three orders of magnitude smaller than
the contributions from the other two diagrams in
Fig. 5. .

Using the narrow-width approximation for Figs.
5(a) and 5(b)

T (8=nyy)=T(6~py)Blo~n7),

2.7
T (6 =nyy)=T(5 - wy) B(w~1n7).

In the data of Andrews et al.,'* there is an overlap
of the contributions of the p and w to the 7y mass
spectrum. A model is used to separate the two
contributions with the relative phase between the
two amplitudes left as a variable parameter. Best
fits are obtained for relative phases of approxi-
mately 0° and 180°, either of which is allowed by
time-reversal invariance, each corresponding to
a different set of branching ratios.

For 0° relative phase, the branching ratios are

B(p—~17)=(3.6+0.9) x10°%,

(2.8)
B(w—-17)=(3.0£2.2) X104,
When these values are used in (2.7), the resulting
decay width is T'(§ -nyy)=15+ 14 keV. For 180°
relative phase, the branching ratios are

B(p—-ny)=(5.4+1.1)x107*,

(2.9)
B(w-=ny)=(29+7)x 10°¢,

which, when substituted into (2.7), give a decay
width of T'(5 - nyy) =130+ 90 keV. Since the two
calculated decay widths for § - nyy differ by an
order of magnitude, there exists the possibility
of resolving the phase uncertainty by experiment-
ally measuring the direct decay width for & - nyy.

- III. FOUR-BODY RADIATIVE DECAYS OF THE § MESON

The diagrams for the decay 6 — TATY are shown
in Fig. 6. Using the narrow-width approximation,
the contribution from Fig. 6(a) is

(6~ m7ry)=T(6~ wy) B(w—31)=38+17 MeV.
8.1)

The contribution from Fig. 6(b) cannot be obtained
using the narrow-width approximation and, in
principle, must be calculated exactly. We obtain
an estimate by assuming that the ¢ decays to
three pions via ¢ - p7 with the subsequent decay
p—am. A calculation is then done in the p-pole
approximation where the decay width for 6 —-pny
is obtained, using the ¢ intermediate state, and
multiplied by the branching ratio for p - 77. The
result gives\

T (56—~ mrry)=5.1+2.6 eV. (3.2)

This result is much smaller than (3.1) and indi-
cates that the contribution of Fig. 6(b) can be
ignored.

In order to estimate the contribution of Figs.
6(c) and 6(d), we again use p- and w-pole domi-
nance. This results in only three-body final states,
instead of four, greatly simplifying the calculation.
The accuracy of this method is presumably well
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(c)

FIG. 6. Diagrams for the decay 6 — rrrY.

within the ultimate accuracy of our estimates of
the 6 radiative decays. For Figs. 6(c) and 6(d),
we must calculate T',(3~p7¥), T (8~ wmm), T (5
—-pnn), and I' (6 ~ w7y), where the subscript indi-
cates the intermediate particle in the decay dia-
gram. The results are

T, (6—~pmy)=400+200 eV,
T (6~wnrm)=1.5+0.6 MeV,
T (6~pmm)=1.3+0.8 keV,
T (6~wry)=11+£8¢V.

(3.3)

Two pole contributions occur for each of the dia-
grams in Figs. 6(c) and 6(d). The resulting esti-
mates are

T (6~ammy)=~T (8~pmy) B(p~ mm)

+T (6 - wmn) Blw—~17)
=130+ 60 keV,

(3.4)
T8~ mmay)=T (6~ prm) Blop~77)

+T (3~ wry) B(w—7m)
=0.46+0.43 eV.

Combining (3.1), (3.2), and (3.4), we obtain
T(6*=nm*r'n7y) =T ~0.46 £ 0.43 eV,

T(6* = ntnon%)=T,~130+ 60 keV,
(3.5)
I(8° - r*ry)=T +T,+T +T,=38+17 MeV,
(8- ry)=0.
The diagram from § - 77 yy is shown in Fig. 7.

We again use the p- and w-pole approximation and
obtain

FIG. 7. Diagram for the decay & — mryy.



T(6—~aryy) =T (6~pny)Blp—~1Y)
+T (6~ wny)Blw=177)
=1.1+0.9 eV. (3.6)

This decay width applies to the decays &*— m*1°yy
and 8°— 7°7°yy. In our model, the decay width for
8% - 7*nr"yy is zero.

IV. SUMMARY

The failure of vector-dominance models to ac-
count for the decay 7~ 77y has led us to propose
a model for the radiative decays of the 1 involving
the 6 meson as an intermediate state. After fitting
the model to the 7 radiative decay and obtaining
the coupling of the § meson tg two photons, the
vector-dominance assumption is made and used to
calculate the three- and four-body radiative decays
of the 8. The results are summarized in Table L.
Of special interest are the two results for the
decay 6 —-nyy. It appears that a measurement of
the width for this decay could help resolve the
phase uncertainty that exists in the data between
the amplitudes for p—~7y and w—-7y.
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TABLE I. Veetor-dominance .estimates of the radiative
decays of the 6 meson. The two values for 6 — 1YY cor-
respond to two values for the relative phase of the am-
plitudes for p— 7y and w— Ny obtained in Ref. 12.

89 decay Width

80 —yy 550 +270 keV
60—ty 42+ 1.8 MeV

60 —70yy 3.8 1.8 MeV
50t 15 + 14keV (2=0°)
-my {130 + 90 keV (& =180°)
60 = mt 70y 38 + 17 MeV
69 — 7070y y 1.1+ 09eV
6* decay Width
6 —~qqly 4.2 + 1.8 MeV
6 —mEyy 1.1 = 0.8keV
© 6% —qtnlnly 130 = 60 keV
6t —7tatnTy 0.46 £ 0.43 eV
6t —mtrlyy 1.1 £ 0.9eV
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