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Among the 140 decays of long-lived K®-meson in the cloud
chamber a four-pronged event has been observed,
which is most likely to be the decay K°—» JT¥+-JT % TC°

followed by the decay of a neutral pigh via the Dalitz pair. ,

During the exposure of a cloud chamber* to the beam of neutral particles from the JINR synchro-
phasotron, 140 V© - events have been recorded at a distance of 8 m from the internal target**. Among
them there was a four-prong star, the photdgraph of which is "gi.ven in the F‘igure. Tracks AB, and D

- have the upward direction with respect to the plane of the picture, whereas track C- the downward direc-
tion; For tracks A,B. and. D, the radi{ of the magnetic curvature have been measured; for‘short track C -

we succeeded in determining only thé sign of the magnetic curvature. The results of the measurements are
: g
" listed {n the Table.

Track  Momentum Siqn of . . Angle of - Dip angle ~  Angle between tracks -
(in MeV/c charge emission - (in degrees) . ( in degrees )
A 80+ 5 *- 43,6+1,6  18,5+0,5
, : : +
B 31,5+ 2 - 43,0£1,5 11,0605 821
o P - 38 +6 335 66 + 1

D 160+ 16 + 82,0+1,5 = 16,5£0,5

All the tracks, including those of positive particles A and D have the fonization close to the minimum
one.

1t follows from the data of measurements that positive particles cannot be protons, while tracks A
and B are most likely to be an electron-positron pair. Therefore, it is quite reasonable to treat the star

observed as a result of the decay of a neutral unstable particle.

7/

*  The cloud chamber used In the experiment 1s described in detail in

** The agle beiwesn the direction of the neutral particles beam and that of the protons incldent on the target is 97°,



Indeed, when considering possible reactions of the interactions of the neutrons ( available in the beam)
with the chamber gas nuclei, a similar event may appear only as a result of the simultaneous production of
two neutral plons or two charged pions and a neutral - one, prévided star protons are absent. In both abo-
ve-mentioned events we can observe 'a'fo_ur-prong star, if each jl':-omeson decays into a’ ¥~ quantum
and the Dalitz pair. Under our conditions however, this possibility seems extremely unlikeiy since the
neutrons have small energies. This is proved-by the following experimental facts. First, the mean enei‘gy
of protons knocked out by neutrons from the chamber wall is 75 MeV. Besides, among the 10000 investi-
gafed‘recoil protons not a single one has been found with an energy.of more than 400 MeV. Secondly ,
-among the 15000 stars recordeci in the gas of the chamber there were found only 15 in which a JC-me-
son is produced and not a single reliable event of pair JC meson production ( of course, there is no
questioh-of triple production)., The probahility of observing.a foﬂr-prong star due to the simultaneous
production of two or three YT-mesons was estimated to be ~ 10°7 for these possibilities. The estimd~
tion was made on the basis of the given experimental -~ data and the data of pcxpers/ 2,3,4/ in which tha
process of meson production in nucleon-nucleon interaction has been investigated). The probability of

accidental superposition of two VO- events which could simulate a four-pronged event is also small.

The decay of a neutral pion into two electron-positron pairs is the only type of decay with four
charged secondaries known up to now. In our case this extremely rare decay mode is practically exclude
ed if one’takes into account the magnitude of the probability of its observation and the kinematic rela-
tions. In particular, the angle between tracks C and D is large ( 66°); besides, there is no correla-
tion between this angle and the energy of 2/--q\mntcx Tt would be most reasonable to identify the above
event as one of the so far unobserved decays of the long-lived K®-mesons. There are two possible modes

of decay allowed from the standpoint of the CP-invgriance.
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According to a theoretical estimate made by Dalitz’ 5/ ; the probablility of the decay mode ( 1 )

is only 4% of the probability of the decay mode ( 2 ). - Therefore, the four-p;o;{g'event we observed-is
most likely to be treated as the decay of K© mesons into three JT mesons Mth a subsequent decay
ofa . JC ° meson via one Dalitz palr. - 2 ' .

For the decay scheme (1), itis poséible to determine the mass of the decaying particle, it was
found to be 400 % 40 MeV. For the event having a more probuble decay scheme ( 2.}, we have found the
magnitude of its kinetic energy which amounts to 80 MeV if the mass of KO - patticle is assumed to

be 496 MeV. 2



It should be ﬁoted that among the decays of long-lived K°-mesons recorded earlier there
are three events’88/ which are In agreement with the assumption that the unobserved neutral secondary
is @ JC meson. The observation of the four-prong decay of a K° meson is a direct proof of the validity
of this assumption and, hence, an evidence on the existence of the decay of the long-lived K®-meson by
the scheme ( 2). Some years ago an analogous four-prong event has been observed in cosmic gays/ 7,
The quthors treated it as a decay of a T meson with the lifetime 3.10710sec. Besides, they recorded
43 decays of the short-l_ived K©® mesons. The above facts, however, are difficult to be brdught into clxgll‘ee-'~
ment with the recent theoretical and expetimental data which point out that the decay of ‘the shortlived
K° mesbn into three JC mesons is strongly forbidden. At the same time the probubillty of observing a
similar decay of the long-lived K° meson under thé conditions of their eiéi”:eriment is small ( ~ 10"3).
In our case we are concerned wi@h the decay of tga long-lived K©° meson since the internal target which
* is the source of neutral particles is placed at a distance of 8 metres from the cloud chamber. Even if
an unlikely assumption is made that the production of the decaying particle took place in the wall of the
chamber, then its lifetime exceeds the mean lifetime of a K? meson by an order . As for the expected
probability of observing the decay of a KZO meson by mode ( 2), it is 0.1—0.2 under the' conditions of
our experiment, (according to the-available experimental data ). We have observed also 2 electron-
positron pairs whose direction of emission makes a large angle { —~— 90°) with the coﬂimutor axis, so
that they cannot be due to ¥~ quanta being in the incident beam. There are grounds to consider these
electron-positron pairs to be Dalitz pairs created as a result of the decay 1(20-'3 JT®, the probability of
which {s likely to be not very different from that of the decay K? - JCT+JC+TJC° **
To make final conclusions, however, a further increase of statistics and a more careful study of

background conditions is necessary.

In conclusion the authors express thelr gratitute to the operating staff of the Synchrophasotrén Di-
vision far providing the' performance of the experiment, to‘B.M. Pontecorvo for his constant interest and
attention  to this work to M.A. Markov and M.L Podgoretsky for the drlscussion‘and critical remarks. The
authors are also grateful to D Neagu for cxsvsi‘stcmce In the calculations and to‘M.H. Anikina qﬁd P.l. Zha-

bin for making the measurements.

" Recelved by Pu‘blis‘hing ‘Dépqrtment
on April 9, 1960.

*  For this four-prong event the signs of the charges of the two decaying particles have not teen determined.

+
*¥ If one assumes that the symmetric T =1 state {s dominant { as for K.”l‘ -decay} then in this case the
selection rule /A7-/-L- ’é - which is in good agreement with experlment’leads to the relation
. 9 @
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