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I. I n t r o d u c t i o n 

In film obtained in an exposure of the JINR 23-inches xenon bubble 

chamber to a 2.34 BeV/c 11 + bea1n., we have sea.rched for production 

a nd decays of n eutral bosons <iE~caying into 11° -mesons and y -quanta. 

There are many p hysical topics conc<>rning s uch decays of bo-

sons. These a r e connected , for exampl e, "'-''th the problems of the exis­

tence of new neutr a l meso ns/l, 
2

/ , w ith the exo.mination of the conseau­

e nces of SU 6 theo~3/, a nd with the verification of the possibl e C , T 

noninvariance in the electromagnetic interacti o ns of stron::<lv interacting 

particles/
4

-
6

/. It i s importa nt also to obtain the complete sel of informa-

tions concerning the neutral ctecays o f ry 0 

Vlfe present in this paper the preliminary experimental results which 

can be attributed to some of th e above mentioned problems. Our results 

are based on a very small part of photog raphs available disigned for 

this i nvestiga tion. The experimental d a ta were a nalysed o.nd discussed. 

II. Exper imental Procedure 

The scanning for interactions of beam particles occuring in a chosen 

central regi on of the bubble chamber has been made t w ice in succes­

sion. The interactions w ith ~ and 2 prong s and w ith some numbe r 

k ~ 0 ,1, 2, of y -rays ascribed to these interactions are searched. 

'T'he l ower l imit of energy for }' -rays dete cta ble in the chamber 

w ith n early constant efficiency wa s about ~ 5 MeV. The record in~?, proba-
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bilitv of y -ravs gen erated in the chosen central region of the chamber 

and recorded within the fiducia l volume equals 80-95"/o* /. '!'he e nergy 

F.y of y rays was estimated according to the method worked ou/B-
11

/. 

'!'he accuracy of energy measurement in the e n e r gy interval 10-9000 MeV 

is 12-30"/o. '!'he accuracy of the measurement of the angl e 

any two y rays is equal to 0 . 5-2 degrees. 

Thus, it is possibl e to estimate the invariant mass 

®yy between 

M combin-
kY 

ing some number k of y . It was found that k can be equal up to 8 

and it is still possible to distinguish single y and to evaluate Ey . '!'he 

y quanta used for the evaluation of 

in the point o f interaction of incident 

expressed by the formula 

TT 

Mky 
+ 

are observed as generated 

'I'hus, the mass Mk Y can be 

2 ·M 
kY 

n 

~ 
!,j=l 

I ,b l 

2 

My! yl (1) 

irrespectively whether the Y are generated independently by the radiative 

decay of some particle X or by decays of X via, for example, rr
0 

or '7 -+ 2 y · '!'he accuracy in M k v determination depends on the accuracy 

of the 0yy and Ey 

of k · For events with 

estimation, and is different for different values 

k = 2 this accuracy reaches in average 10-12"/o, 

for events with k = 3 about 9-10°/o, and for events with 

8-10"/o. 

k = 4 about 

'!'he minimum energy value for detectable p rotons in stars with a 

small number of prongs (less than 4) is a bout 5 MeV. '!'here exist the 

indications that in the high-energy interactions with a small number of 

prong s the pion-nucleon interactions of rr with the quasi-free nucleons 
. ' . /12-13/ 
m the nuclei play a predomtnant role • 

Confining oneself to the investigation only the interactions with one 

observed secondary track stopping in the chamber, we can assume the 

selected interactions to be in .general the process 

x?'I'his probability depends on both the energy of y 
geometrical factors/?/. 

4 
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(2) 

n being quasi-free n e utron in the periphe ry o f th e xenon nucle~sx/. 
The ene r gy of the secondary cha r g ed particle, assumed as the proton, 

can be estima ted by means of the range-ene rgy relation. It i s possible 

to select in this way the reaction of type (2) in which the total ener gy 

of secondary products, y quanta and p 

curacy o f determination o f F. y 

71+ 

is equal (in the frame of ac­

t o the energy of the incoming 

III. Experimental Data 

Out of 150000 photog r a phs about 2500 events w ith one prong and 

about 4000 events with two prong s were selected. 573 events of type (2) 

with stopped secondary track w e re s ing led out. Later on only these events 

will be analysed in detail. T abl e 1. presents the distribution o f events 

according to the numbe r o f Y -rays. 

Table 1 
The Distribution of Events-of Type (2) According to the 

Number of y -Bays 

Number of y Number of events Recording efficiency 

25 

265 

85 

165 

22 

11 

for ky events (o/o) 

93.0 

85. 4 

81.9 

73.4 

60.5 

The events containing observable V particles a re not pla ced in the 

X/ This follm'IIS from previous investigations/
12

• 
13

/. 
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Table :1. 40 events with one V and :12 events with two V were found. 

In each event the geometry of interaction was twice measured by 

means of UII\II-2:1 microscope and also no less than twice the Ey of 

each Y was e stimated. Thus, for any event the momenta of y rays, 

the ener gy of secondary charged particle, assumed as proton, were es-

timated, and also the invariant mass Mky vvere evaluated for all pos-

sible combinations of 2 ,3,4,. •• y rays. 

A. Two Y Events 

We have plotted in Fig. :1 the distribution of tne effective mass MYY. 

Here you see the important peak a t the ITo -value, as it must. A se-

cond group of events is present in the region of the 7J • The solid line 

represents the background, and vvas obtained by the Monte-Ca rlo method 

for the two Y - events and normalized to the total number of events 

with the values Myy S 90 MeV. It is also worth pointing out that the shapes 

of th·e Myy distributions obtained by the JV[onte-Carlo method for three and 

four y events are a lso similar. 

The distribution of the opening angle &YY in the laboratory system 

is shown in Fig. 2. In this histogram two groups of events are presented. 

A first is present in the region of emln 
yy value for IT

0 
, and the se-

cond by 
emln 
yy value for 7J • The distributions of the events in these 

two groups are in good agreement "'llit."l the theoretical distribution for IT
0 

(curve :1) and for 7J (curve 2). 

With our statistics to date it is not possible to say whether other 

resonances decaying into tvvo y a re pres ented or not. 

B. Three Y Events 

Fig. 3 shows the s pectrum of the effective mass May of the 85 

three Y events and does not exhibit any peak in the region of the w0 

mass. The s olid curve is the M3y background obtai ned by the Monte-

Carlo method and normalized in the region of M 3 Y 

than 0 . 5 GeV. 

values no higher 

The histogram in Fig. 4 represents the spectrum of the effective 

mass MYY of two Y in the three y events, and shows a signifi-

cant peak at the IT
0 value. The solid curve is evaluated by the !\ifonte-

Carlo method and nor malized to the total number of event s w ith ~1yy ~ 90 MeV. 
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C. Four Y Events 

For 165 events that fit the reaction (2) we have computed the ef­

fective mass of four y system, M 4 Y . Figure 5 shows the mass spectra 

obtained after taking into account the recording probability for four y 

events. The solid curve g ives the d istribution expected from phase space 

for the reaction rr + + n .. 11 ° + " o + p 

The spectrum of the effective mass of two y in the four y events 

is shown in Fig. 6. The smooth curve was calculated by the Monte­

Carlo method and normalized to the total number of events with ~),~90MeV. 

In this his tog r a m y ou can see an important peak a t the 11° value. 

The sa'Tiple of four y events contains 68 such events in which 

two (of six pos sible) · inde p e ndent y- y combinations give the values of 

mass MYY within the mass interval 90-180 MeV. Those remaining in-

d epende nt pairs of y - y combinations contain MYY values which lie 

e ither outs ide the interval 90-180 MeV or 400-700 MeV. The first inter­

val corresponds to the possible MYY value for rr 0 and the second to 

the possible MYY value for 1) within the mass estimation accur acy of 

a bout 30%. The events satisfied the above criteria were attributed to the 

two y events. The design a tion M 77o 11 o will be used in the course of 

this paper for e ffec tive mass M 
4)' 

in this group of events. 

The second g roup of four y events, containing 86 events, is such 

a sample in which only one of the possible y - y combinations lies 

into MYY interval 90-180 MeV a nd the othe r indepen'ie nt M YY values 

lie outside the a llowed , within 30% accuracy, values fo r mas s of rr 0 

o r '7 . The desi g nation M170 YY for M 4 y will be used here. 

It i s poss ible to s e l ect a lso the g roups containing '7" 0 1)'1) 

a nd '7YY events. Our sta ti s tics a re not big enough t o g ive any sig -

nificant r esults concerning poss i b l e s a mple s. We confine oneself to study 

the 11°11° a nd 11 0 
YY events. 

Fig . 7 shows the distribution of M71 o11 o .The solid curve 1 superim-

posed on the h is tog r a m represents the phase-space for reaction 

11 + + n .. rr0 + rr0 + pnorma liz ect to the total number of events. The curve 2 

represents the background computed by the Monte-Carlo method, and 

n orma liz ed t o the total number o f events with values of M 170 710 
~ 0 . 5 GeV. 
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The e ffe ctive mass M "o "o distribution deviate from the expectation 

fro m phase space and from the backg round. This dis tribution shows the 

pr·ese n ce of t w o g roups of partic les. The first can be atlributed to the 

mass value Mrro rro = 709:t.18 MeV and the s e cond to the value M,o"o = 

125 0 + 3 0 MeV . 

In Fig . 8 the mass M"o YY d istribu tion i s shown. Solid c urve rep­

rese nting the background is normalized to the total numbe r of e vents 

w ith mass M ,,yy ::S 0 . 45 GeV. The d i s tri b ution shows e vide nce of two 

g roups of particle s . One g roup c o ntains the events with the weighted 

mean mass ~l"o YY = 5 6 0 + 16 MeV and the second with the mass 

M,,yy = 9 45 :!::_ 2 4 M e V. 

The all possible e ffective mass distributions 'vi a y , in a ll four y 

events a nd in the samples of rr 
0 

rr 0 

Fig s. 9, 10, 11, r e spe ctiyely. 

and rr 0 YY events a r e shown in 

Fi~s. 12 a nd 13 show the 

events. 

My y distributions in rr 0 rrO and ,"
0

YY 

D . Five y - E v e nts 

For 2 8 e vents with fiv e y rays tha t fit the r e a c tion ( 2) we h a v e 

computed t he e ffectiv e ma s s M 6 y , ~1 4 y 

p r esente d i n Figs. 1 4,15, 1 6 a nd 1 7. 

E. Six Y Eve n ts 

M a y 

The effective mass d i stributions of M6 Y 

M 2 Y • R esults a r e 

M 5y M 4y May 

\12 y in six )' events are shown in Figc;. 18, 19, 20, 2:1_, and 22, 

respe ctively. 

f\1. Results and D i scussi on 

T he anal ys is o f \ ! YY distcibutions in a n y sampl e o f ky events 

o f ty p e (2) s h ows the existen ce o f a n important p eak a t the "0 mass 

Vd l uc. The n u mber o f rr 0 o b served i n a n v WYY dis trib ution i s e qua l 

ahvays t o the membe r o f rr 0 expected , wh ich can be a s c ribed to the 

correspond i ng rea cti o n (2). T his r esult s hows s trong evid e n ce fo r cor-

r·ec tness o f o ur met h od a nrl i n dicates the p ossibility o f direct s tu dy o f 

p 3. rti c l es dcc avi na. int o "0 mesons, Y rays , 1) meson s a nd so on. 
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The 14 events with values of mass M yy within the interval 400-

700 MeV in the MYY distribution of the two y events (Fig. 1) can be 

attributed to the generation of 11 ~ 2 y • The 124 events with mass in the 

interval 90-180 MeV can be also ascribed to 11° . Approximately the 

same number of events are obtained, within the statistical fluctuations, 

from the distribution of the opening angle 8 yy (Fig. 2). 

In average, the ratio R ~ of number of 'I ~ 2 Y to the number of 

" 11° g enerated in the reaction "+ + n ~ X + p is equal to 

R.!J....• 12.1± 4 .0% 
,o 

~2y 

(3) 

The distribution of M3y in three Y events (Fig. 3) does not ex-

hibit any peak in the region of the CLio mass. Taking into account the 

possible intensity of CLI
0 

.. rr
0 +y production in reaction under considera­

tion, we expect to observe 6 w 
0 

events. These events can be unobser­

vable in the sample of three y events in which the background reached 

about 85% of the total number of the three y combinations. 

In the sample of four y events, containing rr 0 11° 
events (Fig. 6, 7) there are some ir.dications for the existence of the fol­

lowing particlesx/: 

We 

., ~ "0 + y +y M rroyy ~560 .±.. 16 MeV, 12 events; 

X .. "0 + y + y M~yy ~945 .±.. 24 MeV, 21 events; 

so .. "0 + "0 M 17 o170=709 .±.. 18 MeV, 20 events; 

fo .. "0 + "0 M 170 rrO za 1250.:t..30 MeV, 7 events. 

evaluate now the decay branching 

R t = 
'I .. "0 +y + y 

'I .. y + y 

ratio for 'I ~ neutrals. 

= 0 .86 ±. 0 .4 7 . 
(4) 

Assuming the six y events with M 6 Y within the interval value 400-

700 MeV to be 11 -+ rr 0 +rr 0 +rr 0 ,we estimate the upper limit for the 

X/ The numbers of events were estimated in assumotion that the 
values of mass of particles lie within the .±..20% intervals arourici" average 
values of M

17
o 

17
o or M

17
oyy in the corresponding peaks. 
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-+770+770+770 Jl~ ~ ., 
'I -+ z y -- < o "'? 

(5) 

It should be noted that our results are very similar to those obtained 

with electronic technique/
14

/. The authors give R 
1 

~0.90.:!:_0.14 anct 
112 = 0.50.:!:_0.09. 

xo Ascribing the 21 events with the mass M 
0 

=945+24 MeV to the 
"YY -

pa.J;t_icle/

15

-

17

/, to be surprising seems the very big intensity of 

production of X 
0 

... TT
0 

+ y + y in compa.rison with previous results 
. /15-17/ concerning other decay modes of X0 • 

We have performed a more detailed analysis of the events from the 
peak at 

of the " 0 M 
0 

= 945+ 24 MeV. For all these events the correlation "
0 

y 77 YY -

with the y was performed. There are two possible indepen-
dent combinations of TT 0 with y rays from TT

0 
yy 

four y event. The 
distribution of these M77 oy mass is shown in Fig. 23. From this distri­

bution there a ppears an indication that the possible cascade decay of X 

X -+ w 0 + Y 

L"0
+y 

is not excluded. 

Other significant hint about this mode can follow the 
tion in all four y M3y· distribu­

(Fig. 9, 11) in 
events and in 77° yy 

cimparison with the M
8

y distribution in 
(Fig. 10). 

four y events 

17 ° 17 0 events with four y 

At present we must consider this result as an useful indication 

only. In order to get definite informations concerning this problem the 

statistics of experimental material sould be enlarged. 

The statistics of the five and six y events are not big enough 
presently to give any significant results. 

The authors wish to express their gratitude to professor M.Danysz 

for his interest for this work and discussions. They would also thank 

the a ll scanners of the xenon bubble group of the High-Energy Labora­
tory of the JINR. 
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Distribution of the effective mass M yy in the two y events. 
The solid curve represents the background. 
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Fig . 2. Dist r ibuti on o f the ope ning a n g l e Ayy in th e two y events 
(la b . syst.). The c urves 1 a nd 2 represents the thceoretica l dis t­

ribution s . 
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Fig . 3. Distribution of M8y in the three y e vents. The s olid c u rve su­
perimposed on the histog r a m r e presents the bac k g round. 
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Fig . 5 . Distribution of the e ffective mass M4 y in the four y events. 
'I'he c urve 1 represents phase- space for reaction rr++n ... rr 0 +rro+p . 
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Fig . 6 . 
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Fig. 7. Distribution of the mass M
110110 

in the four y events. The curve 1 
repres ents the phase-space for reaction "+ + u .. ,o + ,o + p, 

the curve 2 represents the background. 
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Fig . 8 . Distribution of the mass M
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curve represents the backg rourd. 
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Fig. 9. Distribution of M8 Y in the all four y events. 
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Fig. 12. Distribution of Myy in the four y events in which the two 
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F'ig. 13. Distribution of Myy in four y events with only one "
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Fig . 20. D istr ibution of ~ 4 y i n the s ix y events. 
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