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1, Introduction

In recent years, starting from 1962, many experimental works
have been devoted to a study of n° meson deoays/ 1_17/. As is
wel knom there are great inconsistencies among the various ex-
periments which report etas decaying into neutrals, In many expe-

/ 2'4'5’8'9’13/ the ‘indirect methods for determination of the

riments
branching ratios of 7° neutral decay channels (7 %> 2y ¢ | %%y ,
7°+37%) have bheen used, i,e. in any single event under investiga-
tion not all gamma-quanta have been observed bechuse of very
small registration efficiency. The direct methods, in which the pos-
sibility exists to observe all gamma-quanta emitted, and to measure
. their energies and angles of emission, are connected with the heavy
liquid bubble chamber techniques/ 10,14, 15'17/. The investigations
performed in. these chambers concern with very small statistics,
| however, It should be pointed out, that in our work the simultaneous
investigations of all neutral decay modes of 7° meson have been
performed [15] , in contrast to other works in which some definite
neutral decay modes ﬁave ‘been investigated only. )

In this article our final results of 7° decay modes investigati-

ons are presented,



2. Method

The 1° neutral decay modes have been studied by means of
the Joint Institute for Nuclear Research 550 x 280 x 160 mm3 xe-
non bubble chamber irradiated with a 2.34 GeV/c 7' beam, The
scanning of photographs was done for the interactions of 7t - Xe,
occuring in 290 x 120 x 50 mm3 central fiducial volume, with one ’
secondary observable charged particle stopping in the chamber and
accompanied by any number of gamma-quanta, The selected events

can be interpreted as interactions of the type

at +n-> X + p, (k =0,1,...), (1)
|——¢ky

ie. 7t with quasi-free neutrons in xenon nuclei / 18/. In each event
the angles of gamma-quanta emission were estimated with the accu-~
racy A, = (0.5 - 2)°, and the energies of gamma—quanta - with the
accuracy AE,/E, = (15 - 35 ) % /19/.

The gamma-~quantum recording probability was estimated for
every gamma-quantum taking into account the possibility of measur-
ing its energy with the accuracy better than 35%. The recording
probability of gamma-quantum in selected events makes up, in ave-
rage, 0.82 - 0,86 depending on gamma-quanta number in event, The
average recording probability for 2 gamma-quanta events makes up
0.71, for 4 gamma-quanta events - 0,47, for 6 gamma-quanta events -
0.42. The average gamma-quantum observation probability equals

94%.



3. Experimental Results

This experiment uses over 500 000 stereophotographs of the
chamber, The following numbers of events have been found: 2 gam-

ma events - 746, 4 gamma events -~ 306, 6 gamma events - 51,

"~ a), Two gamma-quanta events

In fig, 1 the distribution of y-y effective mass ng is pre-
sented taking into account the statistical weight of each event. The
shaded .part of the histogram represents the background from such
three™ and four gamma-quanta events, in which only two gammas
are converted within the chamber volume, The background was es-
timated from the y-y combinations in the samples of three and
four gamma—quanta events ( M :yy and M j; )e The contamination
of wrong events was estimated from the numbers of events registe-~
red with three and four gamma-quanta, The background from the
five and six gamma-quanta events is small, being less than 1 event.

Two groups- of events are observed in the distribution presen-
ted in fig.1: the first at the 7° meson mass value, 804 + 35 events,

and the second one at the 1]° meson mass value, 195 + 20 events,
b) Four gamma-quanta events

In the sample of four gamma-quanta events the effective masses
Mfyy of y-y combinations were estimated, and the all events were

® events, 2, 7 yy events,

divided into three groups: 1. n ~n
3. 7r°—1]° events, Two gamma-quanta combinations are assumed to
be 7° meson if the value of Mfyy was lying into 90-180 MeV inter-

val, and to be 7% meson for Mf;}’ value being in 400-700 MeV interval,

x/ Assuming the three gamma—quanta events to be the "true"
three gamma events, i.e, 0% 7%y -3y , for example,



In fig.2 the effective mass distribution of 100 7% yy events
selected is shown. The recording probability of the events is taken
into account, The solid curve represents the distribution of random
7°yy  combinations estimated by means of the special Monte-Carlo
programme and normalized to the number of events with mass va-
lues M4y(n°yy)< 400 MeV, For evaluation of this curve the angular
and energy spectra of gamma-quanta from the yy sample of
selected events were used, The peak is observed above the back-
ground level at mass value interval 500-600 MeV, It can be explain-
ed as the indication for existence of 7° meson decays according
to the =%y channel. The total number of such 5° events estimated
equals 40 + 10,

The other way of the 7)0 -7 oyy decay mode selection has been
used as well, In fig, 3 the distribution of effective mass of y-y
combinations from the 7’yy and 770770 events is presented for the
pairs of gamma-quanta which combinations do not form the #° -me-
son mass values. The shaded parts of histogram represent the non-
simple events, i,e., such events in which the two y-y combinati-
ons (from the six possible for four gamma-quanta events) give the
effctive mass values correponding to the 7° meson mass, From
such events the two values of y-y combinations were included
in the histogram if the first of the mass values was less than
300 MeV and the second one higher thah 300 MeV, The solid cur-
ves represent the distributions of gamma-quanta combinations for

7° and 7° mesons from fig,1. The normalization was performed
for the taotal number of events with mass values M,, < 300 MeV
and Myy> 400 MeV, One can see from fig,3 that the main part of
the noyy events is coming from the noqoand 7% events in which

the value of effective mass of one of 7°’s do not hit within the



90-180 MeV interval, The number of such 7%~-r?events is In good
agreement with the expected one at the 30% = ° meson effective
mass determination accuracy, In fig,3 some number of events with
the 300-400 MeV mass value interval is also seen, In the work
of S. Shapiro [16] the invariant mass spectrum of the two gamma-
quanta from 7% ﬂoyy decay has been evaluated assuming the
matrix element squared for this decay is M;y (t‘ig.4/ 16/). Compari-
son of this spectrum with the one from fig, 3 allows to suppose the
group of events lying within 300-400 MeV mass values interval to
be the events of the 7% n%y decays. This supposition seems to
be true also from the analysis of 4 gamma-quanta effective mass
distribution of events considered, From fig.,5 one can see the 27
well identified events lying near the 7° mass value. The other
20 events lying near the 7° mass value (shaded part of the histo-
gram) are such events which can be not well identified, So, the
evaluation of the number of 7% 7°yydecays (27-47 events) agrees
well with this performed before (40+ 10 events).

In fig,6 the energy spectrum of the gamma-quanta from the
n %47 %y events in the center of mass system of the 7° meson is
given, The dotted line presents the theoretical evaluated spectrum
from the work of C, Baltay et al./ 13/. Good agreement between the

experimental and theoretical spectra is .observed,
c) Six gamma-quanta events

In fig,7 the six gamma-quanta combination effective mass spec-
trum for six gamma-quanta events is shown, The statistical weights
of events are taken into account in the distribution presented, The
sample of six gamma-quanta events considered contain the events
being the 7°-+37° decays and the events being the non-resonan-

ce production of 37° mesons. The curve 1 in fig,7 represents the



7% meson effective mass distribution taking into account the

mass estimation errors and the curve 2 js the phase space for
non-resonant 37°° s production. For evaluation of the curve 2 the
Monte-Carlo programme has been used/ 20/. It follows from compa-~
rison of the phase space curve with the experimental data that the
number of non-resonant 3n° events at mass wvalues region less
than 550 MeV can be practically neglected., The curve 1 has been
normalized to the total number of 37° events at mass values region
Ms},

events, after substraction of the number of theno-'377° mesons, is

<. 550 MeV, therefore, The distribution of the non-resonant 37 °

presented in fig,8, The phase space is drawn in this fig.8, too,
Thus, separating the 7°+37° events and the 37%s non-resonant
events we have estimated: 73 events of 710*3"0 decays and 41
events of non-resonant 37° s generation,

In addition to the events considered above 50 events exist
in which the number of gamma-quanta, 5 or 6, cannot be determined
because of very strong shower interlacing, Those events have
been separated into two parts of 5 and 6 gamma-quanta events in
proportion 83-47, This relation follows from the good resolved num-
bers of five and six gamma-quanta events recorded in our experi-
ment, The number of six gamma-quanta events evaluated has
been divided, in one's turn, into two parts of non-resonant 30
events and of the 7°%+3#° events in t}]ﬁe proportion 41:73, Taking
into account the registration probability the numbers of events were
estimated: 36 events of 7%37°% and 20 events of37°’s from non-
resonant reactions, In that way the number of 71°+37° events esti-
mated is equal to 109 + 30,

Supposing some other neutral decay modes do not exist, we

estimate the following relations:



N(r]o-» 2y)

=(57+9)%,
N(5 %~ all neutrals) +
N(n%a%yy)
12ty =(11 +3)%,
N(7n°- all neutrals ) -
(2
N(n% 379
7 =(32+9)%.

N( 7]0 »all neutrals )

4, Discussion

In spite of big statistical errors, we are thinking a serious
indication exists for evidence of the appreciable amount of the

qo-o noyy decay mode, Our last result does not disagree with the

results of recent works/ 9,10,13/ which are interpreted as the eviden-

ce of absence of the 1°%-+n%yy decay mode, however, In those works
as the upper limit for the ratio ( no*ﬂoyy)/(aﬂ neutr) the values
(12-17)% have been done,

It should be noted the latest result(n °+7°yy)/(all neutr.)

(12.2 t 5'42)% agrees well with the our'one 21
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Fig.1, Distribution of M3y in the two gamma-quanta events. The
shaded area represents the background from events with
number of gamma-quanta more than two. The solid curve
shows the Gauss distribution with ¢ =120 MeV,
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Fig,2. Distribution of M, (7%yy)  in the four gamma-quanta events,
The solid curve represents the background estimated by

means of Monte-Carlo programme,
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Fig.3. Distribution of ¥ -y combinations from the 70 yy and 7707]0
events for the pairs of gamma-quanta which combinations
do not form the 7° meson mass values., The shaded areas
represent the non-simple events, Solid curves - the distribu~
tions of effective mass for 7% 2y and7’°-+2y taking into
account the errors of mass measurement,
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Fig.4. Invariant mass of the two gamma-quanta from 7 -7 yy /16/
assuming the matrix element squared for the decay is M}fy .
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Fig.5. Distribution of four gamma-quanta effective mass for P yy
events in which the y-y effective mass are lying within
mass values interval 300 MeV < M}’}’< 400 MeV, The shaded
areas of the histogram represents the non-simple events,
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Fig.6, The energy spectrum of the gamma-quanta from the 7 °—>rr°yy
decay events in the center of mass system of the 77/‘; 3711eson.
The solid curve represents the theoretical spectrum’ ™/,
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Fig.?7., Distribution of the six gamma-quanta effective mass for six
gamma—quanta events. The curve 1 - the Gauss distribution
for ¢ a 120 MeV; the curve 2 - the phase space for the
reactions rt+n>p+ 370 .

18



30

20

Fig,8, Distribution of effective mass of six gamma-quanta for events
being non-resonant production of three 7° mesons. The solid
curve - the phase space for the reaction 7t 4 n-p+37
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