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Recently the neutral decay modes of the eta
meson have received a great deal of attention
both theoretically and experimentally. Exper-
imentally, ratios between the decay modes
(a) q-2y, (b) q-3mo, and (c) q-moyy have been
measured by several counter and spark-cham-
ber groups' 4 with varying techniques, yield-
ing values of

in apparent disagreement with one another.
In particular, one experiment (Ref. 1) obtained
R~=0.90+0.10 whereas in another (Ref. 2),
it was concluded that R, & 0.50 (90%%uo confidence
level). Furthermore, measurements of the
three-pion eta-decay ratio

even with pure I= 1. Earlier estimates for
a pure I=1 final state included R, = 1.63 with-
out final-state interaction and R, = 1.35 assum-
ing a cr meson of 400-MeV mass. ~ The pre-
sent theoretical estimates appear to be able
to accommodate any value of R3 between 0.5
and 1.6.

In view of theoretical interest in eta decay
and the widely spread experimental values for
branching ratios to the mode g - 3m', we wish
to report an independent measurement of the

0
branching ratio R, = r(q - 3w )/r(r) - 2y). It
is based on 4m spark-chamber observation of
five- (5s) and six-shower (6s) events produced
in w p —rp and other m p -neutrals both below
and above g threshold. No confusion with ~'yy
decays occurs. Our result is that

in hydrogen bubble chambers' ' and heavy-
liquid bubble chambers' yield values of R, as
low as 0.38' and as high as 1.2.' The 3m' rate
obtained from Ref. 1 may be combined with
the eta-decay charged/neutral ratio to give
R 3

= 0.68 + 0 ~ 14. The primary area of experi-
mental uncertainty is the rate of g-n'yy rel-
ative to g-37t', which enters directly or in-
directly into all determinations of R3. The
basic experimental problem is to detect mul-
tiphoton events with known but high efficiency
so as to separate accurately decay modes over-
lapping in numbers of observed showers or
pairs.

Theoretically the estimates for R, also vary
widely depending upon assumptions made in
the calculations. Adler's original prediction
that I= 3 three-pion final states are required
if R3&1 now seems less compelling. Price
and Crawford" have shown that Rs as low as
0.5 is perfectly consistent with existing Dalitz

plots of g-m+71 m as long as a matrix element
including cubic terms in pion energy is allowed,

where the error is primarily due to uncertain-
ty in separating 3m'n from q'(-3m') final states.
Combined with the latest compilation' of branch-
ing ratios (weighted values)

R =r(q 2y)/r(q-m+z m ) =1.40+ 0.15,

we obtain

R3 =R~R4= 1.5+ 0.3.

Our result is not inconsistent with a pure I= 1
three-pion final state in eta decay.

Our experiment does not appear to be capa-
ble of measuring the moyy/yy ratio due to a
large background of 2m' events.

Our data are drawn from a study of pion charge-
exchange" and eta production' at nine pion
energies between 0.5 and 1.3 BeV. The detec-
tor was a 47t -solid-angle cubical spark cham-
ber of 6 radiation lengths total thickness on
each side using -,'-in. steel plates.

The important points are that (a) multishow-
er events were observed with good efficiency,
and (b) the frequency of 5s and 6s events ris-
es abruptly at the eta production threshold.
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FIG. 1. Measured 7t p cross sections for production
of five- and six-shower events (x) as a function of
laboratory x kinetic energy. Th.e 6' cross sections
are obtained by dividing by detector efficiency.

(See Fig. 1.) This sudden rise must be pri-
marily due to w p-q(-Swo)n since the yield
increases by a factor of 7 within 70 Mev in
passing over eta threshold (at 560 MeV). Al-
though 3m n events are kinematically indistin-
guishable from q(- 3w')n events, the low 5s
+6s yield just below g threshold establishes
the size of this background.

The detection efficiency for 5s+ 6s events
from Swon or q(- 3w')n depends sensitively up-
on the single-photon detection efficiency as
a function of photon energy, s, (k). Two-pho-
ton events from w'n and il(-2y)n final states
yielding 2s and 1s events were used to con-
struct an empirical e,(k)." The function e,(k)
=- C(l-exp[-(k-k, )/M]) was adopted, with k,
the "threshold energy" (-15 MeV for three
sparks), and C = 0.975 and M adjusted to fit
the observed ratios 1s/2s. A single value M
=72+ 7 MeV gave a good fit at all nine ener-
gies. At Tw = 600 MeV, 94% of the g(- 2y)n
events and 75 @of the w'(-2y)n events gave
two showers.

Monte Carlo predictions of the probability
of seeing q(-Swo)n as a 5s or 6s event were
made for all nine incident pion energies. The
observed ratio 5s/6s was used to check wheth-
er or not the same chamber response func-

FIG. 2. Comparison of observed and predicted (five-
shower)/(six-shower) ratios, for various parameters
of spark-chamber efficiency function.

tion deduced from two-photon events would
also describe six-photon events. Figure 2
demonstrates that both the magnitude and m

energy dependence of the observed ratio 5s/
6s are fitted well with Ak = 60+ 10 MeV which
is compatible with M =72+7 MeV obtained
from 1s/2s ratios independently. The Mon-
te-Carlo-calculated probability P(Sw'-5s+6s)
increases linearly from 29 $ at Tw- 500 MeV
to 63 $ at Tw- = 1310 MeV.

The resulting cross section for the proces-
ses v[w-p-6yn] is also shown in Fig. 1, as-
suming that 3n'-6y. We assume that the on-
ly important processes yielding six photons
are w p- q(- 3w')n and w p- 3w'n. We already
know the shape of the production cross section
o(w p-qn) from previous measurements us-
ing the 2y decay. '4& The parameter Ri is used
to adjust the magnitude of the partial cross
section o[w P-q(-Sw')n) as will be described
below. The remaining 6yn yield we ascribe
to the "background" cross section v(w p- Sw'n).

We are unaware of any direct measurements
of o(w p- Sw'n). The most relevant data ap-
pear to be recent preliminary bubble-chamber
cross-section measurements" for w P - w

+xw'(x ~ 1) in the incident-pion energy range
750—840 MeV (see Fig. 3). We assume these
cross sections to represent an upper bound
for the w-P-Sw'n cross section. Our two v(6yn)
points below eta threshold constitute another
upper Iimit. We can thus construct an approx-
imate o(w P-3w n) in Fig. 3.

The scale of v[w P -qo(- Swo)n] is established
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FIG. 3. Total 6' cross section resolved into

g( 37I )n and 3m z components. The shape of qz cross
section was determined from q( 2y)g measurements.
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by subtracting 3m'n background just above eta
production threshold. The curves in Fig. 3
correspond to R, =1.1, the best fit. A comput-
e fit to the data was felt to be unnecessary
in view of the errors involved. The value c(3rr'n)
=0.2 mb near 600 MeV is sufficient to fix Rg,
assuming a gradually rising background ade-
rluately fits both o (6yn) and the bubble-cham-
ber data, as shown in Fig. 3.

The plotted errors include uncertainties in
detection efficiency as well as statistics (2700
total 5s+6s events). From attempts to fit the
data with various values of Py we conclude
that the uncertainty in R, is +0.2.
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