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1. INTRODUCTION 
T h e production and d e c a y s of neutral b o s o n s 

into gamma quanta, via n° and rf mesons , have 
been the subject of r e s e a r c h in many works, e s p e 
cially during last ten y e a r s , firstly, due to the impor
tant physical problems connected with the poss ib le 
ex i s t ence of new neutral m e s o n s and specia l d e c a y 
channe l s of t he se bosons / 1 _ 6 / and, secondly, due 
to the tendency to obtain a complete s e t of infor
mation concerning the neutral d e c a y s of v° , &>° and 

/ 7 / 
other mesons 

Th is work s ta r t s a s e r i e s of papers which con
tinue the ar t ic les appea red a few y e a r s a g o / 5 , 8 - 1 0 / . 
It is based on the new experimental material ob
tained by means of a large 180 litre, instead of 
2 6 litre, xenon bubble chamber. 

In this paper the distributions of the effective 
m a s s e s M(3y> , М(Уу).М( v

0y), MGrVy) , MfoVy) from 
у ... у combinations a r e studied in one-prong ?r~+Xe 
interactions a t 3.5 GeV/c. Especial ly the <o°-* n° у , 
w°-» r\°y and й)а-*п°гг°у d e c a y s a r e s e a r c h e d for. 

2. METHOD 
The effective mass spec t ra of M(3y) and M(5y) 

have been studied by means of the 104x40x40 cm3 

xenon bubble chamber irradiated with a 3.5 GeV/c 
n~ beam at the acce le ra to r of the Institute of 
Theoretical and Experimental Phys ics in Moscow. 
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T h e s c a n n i n g of p h o t o g r a p h s w a s d o n e for t he 
o n e - p r o n g n~ +Xe i n t e r a c t i o n s o c c u r i n g in 
a 4 8 x 1 1 x 1 1 c m 3 c e n t r a l f iducial vo lume , a c c o m p a 
n ied b y a n y n u m b e r of gamma q u a n t a . T h e s e l e c t e d 
e v e n t s c a n b e i n t e r p r e t e d a s i n t e r a c t i o n s of t h e 
t y p e 

* " +П-.П--+П+Х , ( k - 0 , 1 , 2 , . . . ) . (1) 
I—• к у 

i .e. , a s n~ with a q u a s i - f r e e n e u t r o n in t he x e n o n 
n u c l e u s 'H.12/_ 

In e a c h e v e n t t h e a n g l e s of gamma q u a n t a e m i s 
s i o n w e r e m e a s u r e d with a n a c c u r a c y of ЛВ - (05-2 ) ° , 
a n d t h e e n e r g i e s of gamma q u a n t a vith a n a c c u r a c y 
of A E y / E y - ( 15 -30 )% / 1 3 V . 

The gamma quantum recording probability was 
estimated for every gamma quantum taking into ac
count the possibility of measuring its energy with 
an accuracy of better than 35%. The gamma quantum 
recording probability in the selected events is, on 
an average, 0.977-0.986 depending on the number 
of gamma quanta in events. The average recording 
probability for 2 gamma quanta events is equal 
to 0.977, for 3 gamma quanta events 0.970, for 
four gcimma quanta, events 0.968, for f> gamma quanta 
events 0.965. The average gamma quantum observa
tion probability equals 0.97%. 

Using the information that the main sources of 
the gamma quanta accompanying the reactions are 
я0 and JJ° mes ons and taking into account a large, 
near 100%, registration efficiency of gamma quanta, 
the correction of energy values of gamma quanta 
has been made. This correction does not influence 
the results concerning the problem under investiga
tion. 

The background was determined using similar 
effective mass distributions of a sample of events 
with a larger number of gamma quanta. 
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3. EXPERIMENTAL RESULTS 
About 200 000 photographs of the chamber have 

been u sed in this experiment. T h e total number of 
3906 events of the type (l) was found out of which 
386 a r e 3 gamma quanta events and 134, 5 gamma 
quanta ones . 
a) T h r e e gamma quanta even ts 

In this sample of events the correlat ions in ef
fective m a s s e s of pairs of gamma quanta have been 
made to look for the s o u r c e s of the gamma quanta -
т° or 17° mesons . 

Figure 1 p re sen t s the effective mass spec t 
rum of 3 gamma quanta, M(3y) for 269 even t s . T h e 
histogram contains natural 3 gamma quanta events 
and the background c a u s e d by their registration 
efficiency smaller than 100% and due to the mistakes 
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Pig. 1. Distribution of 
the type (l) accord ing 
to the effective mass 
M(3 y). 
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of s c a n n e r s in classification of events with larger 
numbers of gamma quanta a s 3 gamma quanta events . 
T o reduce this background, the combinations of 
3 gammas have been made from the sample of 
4 gamma quanta events in the M (3 y) effective m a s s e s . 
The solid curve superimposed on the histogram r e 
p resen t s the distribution of s u c h effective m a s s e s . 
The curve is normalized to the total number of 
events represen ted by the histogram at M(3y) 
va lues no larger than 500 MeV. Due to a large 
registration efficiency, the fraction of background 
events from the react ions accompanied by i<irger 
than 4 gammas is negligibly small. 

Some number of events with mass va lues in a n 
interval of about 700-1400 MeV cannot be attributed 
to the background caused by the registration effi
c iency l e s s than 100% or by the mistakes of s c a n 
n e r s . The detailed ana lys i s of this sample of 3 gam
ma quanta events should give some information con
cerning the nature of the peaks appear ing in fig. 1. 

Let u s se lec t the events which can be interpre
ted a s л у even ts . The corresponding effective mass 
spectrum is shown in Pig. 2 for 204 s uch events . 

1.0 1.5 
Mfcrr) G*V 

Pig. 2. Distribution of 
the events of the type 
with 3 gamma quanta 
in the configuration n°y 
according to the effec
tive mass M ( ff У ) • 



T h e solid curve r ep re sen t s the background from 
4 gamma quanta events normalized at М(я°у) <_ 
<500 MeV. A. wide peak in the region of effective 
m a s s e s of 750-1400 MeV should contain the ь>° *-n°y 
events which must be placed at m a s s e s of about 
600-1000 MeV accord ing to the a c c u r a c y of our 
m a s s estimation. Then, the remaining events should 
be attributed to the other particle decaying into n°y • 

Among the known part icles in the region of ef
fective m a s s e s of about 1000 MeV the particle with 
a mass of 1020 MeV can d e c a y into s u c h a mode. 
We have no other possibility of identifying the pa r 
ticle beyond the mass va lue criterion. We a s s u m e 
that the peak at about 1000 MeV r e p r e s e n t s the 
Ф°- 77 °Y d ecay . T h e third peak at about 1300 MeV 
is he re statistically insignificant. 

T h e other sample of 3 gamma quanta events con
tains rfv combinations. The effective mass spec t 
rum for these 53 events is shown in Figure 3 . The 
solid curve r ep re sen t s the background from the 
cor responding events in interactions with 4 gamma 
quanta normalized at mass v a l u e s of M(r/°y) < 
< 750 MeV. T h e peaks a r e distinctly s e e n in spite 
of a small number of even t s represen ted by the 
histogram. 

1.0 1.5 
M^'ff) GeV 

Fig. 3. Distribution 
of the effective mass 
M(rj°y) in the type (l) 
3 gamma quanta events . 
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The first peak c a n be attributed to the (о°-+т)°у 
d e c a y s , the s econd one to the Ф°-»17°у d e c a y s a t 
about 1000 MeV and the third one cannot be attri
buted to a n y known particle at about 1300 MeV 
which c a n d e c a y via rfy channel . 
b) Five gamma quanta events 

Among the 5 gamma quanta events almost all 
a r e n°ir°y even t s . The distribution of s u c h events 
accord ing to the effective m a s s e s М(77°я°у ) is 
shown in Figure 4 . The solid curve r ep re sen t s the 
corresponding background from the б gamma quanta 
events normalized to the total number of events r e 
presented by the histogram. No evident peaks a r e 
observed but some indications of a small intensity 
of тт°п°у channe l s at about 800 MeV and 1060 MeV 
c a n be obtained. 

1.0 ».5 
П(1Г*ЯЧ) G*V quanta 

Fig. 4. Distribution of 
the effective mass 
M(7r°ff°y) in the events 
of the type (l) accom
panied by 5 gamma 
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4. DISCUSSION 
The histograms presented a b o v e contain the in

formation that the sys tems decay ing into n°y , r\ay j 

and n°n°y a r e produced in quasi-free ^".-neutron 
react ions . Supposing that some number of such 
three and five gamma quanta even ts lying above 
the background level in the region of mass va lues 
to" and Ф° is due to the co° and Ф0 meson neutral 
d e c a y s , one can estimate the branching ratios of 
the ш° and Ф° meson neutral d e c a y modes. 

The numbers of events above the background 
level have been estimated using the G a u s s i a n d i s 
tributions for the <o° and Ф0 effective m a s s e s / 7 , 

with three s tandard deviations cor responding to the 
a c c u r a c y of the experimental mass evaluation of 
about 8%. 

In the Table the numbers of even t s which c a n be 
a sc r ibed to the Ф° and w° neutral d e c a y s into n° t jf , 
and gamma quanta a r e presented . In the sample of 
1°У d e c a y s 7+_2 events can be attributed to 
a possible sys tem with a mass of about 1300 MeV 
decaying into v°y ~* 3 у • Assuming that the sys tem 
exis ts , we can attribute to it 2+_l n°y and 3+_2 n°n°y -
d e c a y s . 

Tab le 
T h e numbers of a>° and Ф° even ts recorded 

Decay mode Number of events 

о о 
О) -» IT У 

O O n 

о) -» г) у -»о у 
О О О с 

со -* п it у -»0у 

Ф° -* п°у 

Ф°^г]°у - З у 
Ф° - п°п°у -*Ъу 

16 + 4 

11 ± 3 

< 3 

20 ± 4 

7 + 2 
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U s i n g the d a t a p r e s e n t e d in T a b l e 1, w e e s t i m a t e 
t h e following b r a n c h i n g r a t i o s : 

N(a>°->7,°v -> Зу ) 

N(w° 

о 
•* тг у •* 

О 0 
-+ п п у 

Зу ) 

- 5 у ) 

N ( Ф 0 

-» тт° у -» 3 у ) 

•* г}°у •* 3 у ) 
N( Ф° 

Ы(Ф° 

-* п-°у 

о о 
-» п- я у 

- З у ) 

- 5 у ) 

0.68 ± 0.18, (2) 

: 0.18, (з) 

0.35 ± 0.12, (4) 

0.15 . (5) 
N( Ф° - „о у -, Зу ) 
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