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Just at the time when the first experiments proved the non-conservation of the spatial parity in the
ﬂ-aecay, Landau/l/, Lee and Yang/z/suggested that in weak interactions the;e is no conserva'tion of the
vpafity (P ) and the charge conjugation (C) separately, but .exists only the invariance with respect fo |
‘combined operatfons (CP). dnly a few investigations have so far been made which would ?Je dgvoted toa
Qerification;l of this‘hypovthe;:is, and the experimental indications in its favour have been mainly obtained
for the decay interactions without strange particles being involved.
Therefore, a further research on the check of the CP- invarjance consequences is of great importance
for the theory of weak interactions. . ' .
If applied to the X° meson decays the CP- invariance leads to some consequences which can be most
‘ea'sily studied experimentally '
1 ) The decay of the long-lived K°-meson into two mesons is forbidden.
2) Forthe three-particle leptonic decays the ratio of the probabilities of negative and positive r-meson

emission ( in the following referred to as ““charge ratio**

R WIKSants e (u)+v]
w( KY = v+ e (]

is equal to unity.

3) The decay into 37° mesons may ‘occur only for Kg mesoﬂs, while the decay K$ - DA AR
is at least 100 times more probabI'e than an analogous decay of the short-lived K° -meson *

The first experimental data concerning the consequence (1) have been obtained by Bardon et al/%/
who have found no decay into 2 charged  -mesons among 150 detected decays of the K2 -particles.

At the Rochester Confereng:é (1957). Lederman presented the data on 54 identified K2° decays: 16 -

- with a 7~ emitted, and 38 — with a m+meson *. However, the author of the roport did not consider it pos-

sible to draw the conclusion whether or not these data are in agreement with the CP-invariance. -
In this work performed by using the cloud chamber in the magnetic field with the Joint Institute for

Vuclear Nesearch synchrophasotron, the consequences (1), (2), and (3) have been studied by analysing

Striotly apeaking, the consequenoas (1 and (2) are not Independent sinoe,

a8 it was shown by We!nbeu/'g/ » the
!orbldengss 9! the K;-ﬂr—+rr+ deocay rdstriots the magnituds of the possible ¢ ‘

‘oharge asymmetry*’,
- €

* The mentioned number of the {dentified eventa inoludes 8 K; ~-deoay i{dentified Bv the Berkeley group. :



- G'l()}nlccq\"enn‘f the lnn‘;.v,-li\'e«l“.(g “mesons. The ‘experimental arrangement is described in detail in our
. ) . ‘6’ : o B
prcvious paper . , . »
. y . ’ ’ . : . o,

1. The firqt stage of the search for t\vo-part)cle decays was the visual analysis of all recqrded K5
mesons. It was believed that the '\2 decay is not a two-bod) one, if both decay charged particles are emit-
ted at one side from the directicn of the K 2-meson motion or both tracks are directed upwards or down-
wards with respect to the horisontal plane{which is coinciding in our case with-the photographing plane).

: o X _ . ) -

390 events of the three-body decay have been selected visually. For other K¢ decays the measurements

‘have been made of the momenta (P) of the decay particles, of the emission angles (), of the azimuthal

anﬂes > and of the opéning angles y . ln the measurements those X° decays have been excluded from the
3

consideration in which one or both tracks had the length less than 40 mm or the azimuthal angle more than
60° [or these reasons 52 K; decays were excluded from the further consideration. Then, each of the
measured events was analysed by‘rneans of the following kinematic criteria of the two-body decay:

a) coplan‘arity of the decay  particle tracks with the direction of the  motion of the deééying

K° meson

. *
¢ = ¢ + 180° ;
+ -

b) the balance of the transverse momenta P, of the decay particles

Ti Sm0+ =P Sm 0__;
c) the consistence of the measured momenta of the decay pamcles w1th their opening anglesy

- mZomm? —m2_
E+E_+ P, p_Cosy = Kk

4

where E » Ei_ are the total energies, and m+‘, m_, mk are the particle masses.

As a measure e for the deviation of the analysed event from the Ko - —+ n'+decay there was taken the
- ratio cf the diffeience between the measured and calculated magnitudes of ¢ ,P, y tothe magnitude of
. the root-mean-square ferror‘ in the determination of this difference. The root-mean-Square.'errors in the
measurement had the following \ialues: for the momentum — not more than 15%, for the azimuthal angle —
3 - 4°, for the opening angle — 3-4°, The direction of the incident beam of the K mesons was set by the
; geometry of the experiment with an accuracy of & 1°, Practleally it was determmed by using flexxble wire

stretched from the internal target of the syuchrophasotron through the collimator and the middle of the

*

The signs + and — are raferred to the positive and negative decay particles,



.workina \'olnme of the c]oud chamber. r\dditionally this directidn was checked by méasuring the angular
distribution of the electron-positron pairs, produced by the quanta of the beam in the chamber gas.
The results of the analysis are listed in Table 1. In Column 1 of t]’llS Table the dlstnbutlon for all the

‘analysed events is presented while in Column 11 — only for those to which not less than two selection

criteria can be applied at a time.

Table 1.

Deviation ( in terrs The number of events

of root-mean-square

errors ) o 1 11
0-1 0 0
1-2 i 2 1
2-3 15 7
3 -4 37 . 23
4-5 51 ’38
>5 96 33
Total - ’ : 201 152

TQ check the reliability of the visual selection the measurements of the tracks for 60 Kg _decays'selected
earlier visually were made. It was found that the deviation for them from the two-body decay m’ode is more
" - than 5 root-mean-square errors. At the same time among 597 K3 decays we have analysed there was found
not a single event which would follow the decay mode K°» 7 + 7" within one root-me;m-square error.
There are two circumstances which make the determination of the real nunber of the long-lived X° -me-
son decays into two mesons rather difficult. First, this is K° -meson regeneratlon in the chamber wall
and the lead plate accompanied by K° 7™+ rt decay and second, the immitation of the two-body decays
hy the three-body ones. To estimate the number of the regenerated K° mesons in the unscattered beam of

/17

the K‘; we made use of the data obtained from Miller's et al experiment’ */ who studied the regenerntlon

of the K‘; -particles with the momentum of 670 MeV/c on the iron nucleus using a bubble chamber.



Accordingto these data, we could observe about one decay of the K° meson. Therefore, in our case the decays
of the regenerated K mesons could not contribute to the nohceable number of possible decaya via the
mode KO r ™4 7t %, ‘

The two-particle decéys can be immitated only by those three-body decays in which the neutrinos are

emitted in the forward direction and have a small energy. If one assumes that energy spectra of electrons

and neutrinos are the same, then from the data of the measurements of the decay particle momentum, it is
possible to esumate the expected number of the *‘pseudo two-partlcle“ decays.
‘ Among all the decay  electrons there is only one electron with an energy of less than 20 VeV, and

in the emission angle fnterval 0°-30° only one electron with an energy of 21 MeV has been found, the .

energy of other decaying electrons in this emission angle interval is more than 100 MeV.

According to these data we could detect within the measurement error aporoximately two three-particle

decays which are close to the two-particle decay K3 -+ 7 +n*by their kinematics what does not contradict
the results of the analvsis made above ( see Table 1).
Thus, within the statistical material obtained in this experiment both circumstances create no obste -
cles for determining the relative probability of the two-particle decay K§ + n~+ 7 *.

2. To determine the *‘charge ratio’* R = _!_Q.(O 2 ) the data cn the identification of the

~w(K°a4 ot ) .o
-decays we have obtained in studying the passage of the docay particles through the lead plate and in
jonization measuring of the decay products with the momentum of less than 120 MeV/c. Using another
method the decay particles with the minimum ionization were sele cted. Such a particle was identified as
an electron if its measured momentum did not exceed 100 MeV/c or, the decay particle was considered
not to be a 7 meson, if its momentum was lying between 100 MeV/c and 120 MeV /c.
‘As a result of this analysis the charge ratio has been determined. It turned out to be
. R Par e . % Lom+018
> ot 51

As is seen, the found ratio is not different from unity thhm the error*

It should be also taken into aocount that the meah free path of the regenerated K:’ meson {a ~ 2,5 om, while the

record ing effiolenoy of an event near the front wall of the chamber and the lead plate la lesa than in other regions of

the chamber due to the background cond{tions.

. ) .
This method has been described In more detail in our previous paper” %/,

T - ' .
This result published in a previous report {s being made now more aocurate,



Thus, Both results we have obtained: the absence of the Ko» 7 + T decays and the magnitude of the
““charge ratio** / R~1/, point out to the CP-invariance in the decay interaction of K®-mesons.
The earlier obtained/é/’/lo/ experimental’ data pertai'ni'ng to the decays of a long-lived K3 meson into
37 mesons are also in qualitative agreement with the CP-invariance hypothesis. Indeed, the r.ecorded.
decay K3 - #" 77 accompanied by the decay of a #° meson via thg Dalitz pair indicates that this decay
‘cons‘titutes an appreciable part of all K mesons. On the other hand, as the analysis, made in/6/, has.
shown 4 Dalitz pﬁirs found should be treated as a direct experimental indication to the existence of the
decay K, » 3#° .
At the same time , for the K] meson there has been so far recorded no reliable event of the decay
K; s mte® As far‘as the forbideness of the decay K‘; +37° is concerned, its experimental verifi- ‘
cation is much more difficult. owever, according to the isotopic invariance and the selection rule
(AT) =% one can state that this decay is at least forbidden as well as K; + i+ nt+ 7° These e);peri-
mental data indicated in favour of the CP-invariance.
Note, that ahong 597 analyzed K3 decays we found no event of the two-lepton decay via the modes
15 K3 -+ e +e
2) K‘z’ sp+pt
3) K; >t et *
. The experimental fact we have obtained points to the absence of the neutral lepton *‘current** in the decay
interaction .of the K3 mesox;s. This circumstance makes more difficult the introduction of the neutral fnter-
mediate bosons to the thec;ry of weak interactions/ll/-
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S.V.Fedukov, L.N.Jalovoy, Ye.N.Kulakova, L.Popinenkova who made the experiment possible.
 We are also grateful to. B.Pontecorvo for the constant interest in the investigation, to V.L.Veksler, and
V.P.Dzhelepov for the support in performing the experiment, to P.I. Zhabin, V.A.Smirnov, L.Filatova,

N.Kurilina for the participation in the measurements.

¥ .
It should be emphasizes that the decays (1) — (2) are permitted from the point of view of CP-lnvarlance ¢ in con-

trast to the analogous deoays of the X° -meson ).'
1
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