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I. Introduction

In film obtained in an exposure of the JINR Z23-inches xenon bubble
chamber to a 2.34 BeV/c at beain, we have searched for production
and decays of neutral bosons decaying into 7" -mesons and y ~quanta,

There are many physical topics concorning such cdecays of bo-
sons, These are connected, for oxample,

[2,2]

tence of new neutral mesons . with e eoxanination of the consequ—

the problems of the exis—

ences of Sty theory/ /, and with the wverification of the possible €. T
noninvariance in the electromaonetic interactions of stronsly interactiing
/a-6/

particles . It is important also to obtain the conplete sé&t of informa-

. R 0 0
fions concerning thoe neutral rdecays of y , ant x°

We present in this paper the preliminary: experimoental results which
can be attributed to some of the above moentioned problems., Qur results
are based on a very small part of photographs available dizignod for

this investigation. The experimental data were analysed and discussed.

11, Experimental Procedure

The scanning for interactions of bear particles occuring in a chosen
central region of the bubble chamber has been made twice in succes-—
sion. The interactions with 1 and 2 prongss and .vith some number
k= 0,1,2, ... of ¥ -ravs ascribed to the=¢ interactions are searched.

The lower limit of enersy for vy ~ravs detectable in the chamber

wvith nearly constant efficicncy was about 15 MeV, The recording oroba-—






+

7" +n s X 4+ p, (2)

L.k)/
n being quasi-free neutron in the periphery of the xenon nucleus™,
The energy of the secondary charged particle, assumed as the proton,
can be estimated by means of the range-energy relation, It is possible

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

of secondary products, ¥ quanta and p , is equal (in the frame of ac-

curacy of determination of ¥y and ¥ ) to the energy of the incoming
1

w

I, Experimental Data

Out of 150000 photographs about 2500 events with one prong and
about 4000 events with two prongs were selected, 573 events of type (2)
with stopped secondary track were singled out. Later on only these events
will be analysed in etail. Table 1. presents the distribution of events
according to the number of Y ~rays.

Table 1

The Distribution of Events—of Type (2) According to the
Number of y -Rays

Number of y Number of events Recording efficiency
for ky events (%)

1 25 -

2 265 93,0
3 85 85.4
4 165 81.9
5 22 73.4
6 11 60.5

The events containing observable V particles are not placed in the
/12,13/

X/This follows from previous investigations



Table 1. 40 events with one VY and 12 events with two V were fourd,

In each event the geometry of inieraction was twice measured by
means of UIM-21 microscope and also no less than twice the E}’ of
each vy was ostimated, Thus, for anv event the momenta ofi v ravys,
the energy of secondary charged particle, assumed as proton, were es-
timated, and also the invariant mass 4 were evaluated for all pos—
=ible combinations of 2,3,4,.., Vv rays,

A, Two 7Y Ewvents

We have plotted in g, 1 the disiribution of {ine offective mass MV‘/'
Y

Here you see the important peak at the 7% alue, as it must. A se-

cond group of events is precent in the region of the . The solid line
represents the backgrourri, ard was obtained by the Monte-Carlo method
for the two Yy ~events ant normalized to the ttal ruunber of events
with the values “W <90 NeV, It is also wortn pointing cut that the shapes
of the M,, distribulions obtzxined by the Monte-Cario method for three and
four vy events are also similar,

The distribution of the opening angle ¢

vy in the laboratory system

is shown in Fig., 2. In ihis histogram twe groups of events are prescnted.

. . . . min . o
A first is present in the region of Oyy value for o , and the se-

in
cond by 9;\, value for 7 . The distributions of the events in these

two groups are in goo! agreement with tho theoretical distribution for 7°

‘curve 1) and for 7 (curve 2),

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

resonances decaying into two y are presented or not.

B, Three Yy Events
Big, 3 shows the spectrum of the effective mass May of the 85

three ¥ events and does not exhibit any peak in the region of the o°

mass. The solid curve is the M, background obtained by the Monte-
Carlo method and normalized in the region of Myy values no hisher
than 0.5 GoV,

The histogram in Fig. 4 represents the spectrum of the effective
mass Myy of two ¥ in the three vy events, and shows a signifi-
cant peak at the 7 value. The solil curve is evaluated bv the Monte--

Carlo method and normalized to the total number of events with M., <20MeV,

&



C. Four Yy Events

For 165 events that fit the reaction (2) we have computed the ef-
fective mass of four y system, M4y - Figure 5 shows the mass spectra
obtained after taking into account the recording probability for four ¥
events, The solid curve gives the distribution expected from phase space
for the reaction #%+n 7% +a20 4 p .

The spectrum of the effective mass of two ¥ 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 MyngOMeV.
In this histogram you can see an important peak atthe 7° value.

The sample of four y events contains 68 such events in which
two (of six possible) independent y -y combinations give the values of
mass Myy within the mass interval 90-180 MeV, Those remaining in-
dependent pairs of y -y combinations contain Myy values which lie
either outside the interval 90-180 MeV or 400-700 MeV. The first inter-
0

val corresponds to the possible M,y value for =

the possible Myy value for 7 within the mass estimation accuracy of

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

and the second to

two y events. The designation M 0,0 will be used in the course of

this paper for effective mass M in this group of #°#°

oy events,

The second group of four y events, containing 86 events, is such
a sample in which orly one of the possible y - ¥ combinations lies

into Myy interval 90-180 MeV and the other indepenident M values

Yy
lie outside the allowed, within 30% accuracy, values for mass of =°

or 7 - The designation MHOW for Mgy will be used here.
It is possible to select also the groups containing na , M
and n7yy events, Our statistics are not big enough to give any sig-

nificant results concerning possible samples. We confine oneself to study

the 7°%=°

and 7 Yy events,

Big. 7 shows the distribution of M o.0.The soli1 curve 1 superim-
posed on the histogram represents the phase-space for reaction
7% 4+ 0+ 2% +7% +pnormalized to the total number of events, The curve 2
represents the background computed by the Monte-Carlo method, and

normalized to the total number of events with values of M o0,0< 0.5GeV,



The effective mass M_o o - distribution deviate from the expectation
from phase space and from the background. This disiribt >n shows the
presence of two groups of particles. The first can be aflributed to the
mass value Moo= 709+ 18 MeV and the second to the value M, ,
1250+ 30 MeV.

In Fig, 8 the mass M”oyy distribution is shown. Solid curve rep-
resenting the background is normalized to the total number of everis
with mass Mn"ny 0.45 GeV. The distribution shows evidence of two
groups of particles. One group contains the events withh the weighted

mean mass M = 560+ 16 MeV and the second with the mass

Tyy
.\lro = 945+ 24 MeV.,
vy -

The ail possible effective mass distributions M, . in all four y
events and in te samples of 700 and n%yy events are shown in
o)

Figs, 9, 10, 11, respectively.

Figs, 12 and 13 show the :\ly}, distributions in 7°7° and T’O}')’
ovents.
™, TRive y ~-Events

For 28 events with five y rays that fit the reaction (2) we have
computed thie effective mass Mf,y s .\1”, s »\‘13), s M._)), . Results are
vresented in Figs., 1 4,15,16 and 17,

. 3Six v Events

Phe effective mass distoindions of M, Mo M M )
My n =is ¥ ovenis are shown in Pios 10, 160 20, 23, arnd 24,
e tiyel.

W, Rosulls and Discs

The analvsis of M Adiztribulions in any saonple of kY ovents
of tvpe (20 shows the existence of an bnportant pealk at the w mass
vilue, The number of 7% obscorved in anv My, distribution is equal

20

alvays to the member of oxpocted, wvhich can be ascribed to the
correspondine reaction (2). This resuit shows strong evidence for cor-
roctness of our mothod ardd indicaies the possibility of dircct study of

. . - - C - . — .. - -~ 1y
p’-trhr'l@s AdAccavine iato 7 NeSoOns, ) "AAVES N mesons and so o,



The 14 events with values of mass Myy within the interval 400-
700 MeV in the Myy

attributed to the generation of 7 2y . The 124 evenis with mass in the
0

distribution of the two ¥ events (Fig. 1) can be
interval 90-180 MeV can be also ascribed to n . Approximately the
same number of events are obtained, within the statistical fluctuations,
from the distribution of the opening angle 6,  (Fig. 2).
In average, the ratio R I of number of 7 2y to the number of
m

n° generated in the reaction atinax 3 is equal to
2y
Ry = 12.1 & 4.0% . (3)
)

The distribution of Msy in three y events (Fig. 3) does not ex-

hibit any peak in the region of the o°

[

mass, Taking into account the
possible intensity of @ +rl4y production in reaction under considera-
tion, we expect to observe 6 w’ 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 7%°2° and =2%yy
events (Fig. 6,7) there are some irdications for the existence of the fol-

lowing particlesx H

7 > 7% +y+y s Mnoyy =560 + 16 MeV, 12 events;
x 7% +y+y Mooy, =945 + 24 MeV, 21 events;
5%+ 70 4 n° , M_0.0=709 + 18 MeV, 20 events;
5 204 a0 ) Mo o= 1250+30 MeV, 7 events.

We evaluate now the decay branching ratio for 7 -+ neutrals.

704y +
R, = Tz Y Y 0864047, @
n*Y+Y
Assuming the six Y events with MGV within the interval value 400~

700 MeV to be 7 -+ 7% 4m 0 4n0 ,we estimate the upper limit for the

x/’I‘he numbers of events were estimated in assumotion‘ that the
values of mass of particles lie within the i—_20% intervals around average
values of Mpo,0 or M”O)’)’ in the correspording peaks.




R2= — < 0.42 . (5)

It should be noted that ouyur results are very similar to those obtained
with electronic technique 14. The authors give I, =0.90+0.14 ang
Ra = 0.50+0.00, '
Ascribing the 21 events with the mass Mnoyy= 945+24 MeV to the

0 . /15-17/ .. . .
pagticle , to be sSurprising seems the very big intensity of

X

Production of x? ., 70 1y 4 ¥y in Comparison with pPrevious results
. 15-17

concerning other decay modes of x° / 1 /,

peak at MnOyy=9451'—24 MeV, For al these events the correlation 70,y
of the #°© with the Y was performed, There are two pPossible indepen—
dent Combinations of 50 with rays from noy)' four y event, The
distribution of these M_g mass is shown in Fig, 23, From thig distri-

bution there appears an Indication that the possible cascade decay of X

X = w0 4y

is not excluded,

Other significant hint about thig mode can follow the MB}, distribu-
tion in all four events and in 7%y o Y events (Fig, 9,7 1) in
Ccimparison with the May distribution jn 7% po events with foyr v

(Fis, 10),

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 ang discussijons, They would also thank

the all Scanners of the Xxenon bubble 8roup of the High—Energy Labora-~

tory of the JINR,
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Fig. 5. Distribution of the effective mass My in the four y events.
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Fig. 8. Distribution of the mass Mn°yy in the four y events. The solid
curve represents the backgrourd.
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