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THE recently published experimental data [1] in
dicate that the ~Q = ~ rule is violated in the 
leptonic decays of K0 mesons. Namely, in addi
tion to the decay mode K0 - 1r- + e + + v, which 
is allowed by the ~Q = ~S rule, one also has the 
mode K0 - 1r+ + e- + v, with the probabilities for 
the two types of decay approximately equal. It fol
lows from the existence of both types of decay for 
the K0 that also the :K0 can decay in two ways: 
:K0 - 1r+ + e- + ii and :K0 - 1r- + e+ + v, with the 
consequence that the transition K0 - :K0 can pro
ceed via the chain of interactions K0 - 1r- + e + 
+ v- K0 or K0 - 1r+ + e- + ii- :K0• 

Let us estimate the matrix element for the 
transition K0 - :K0 due to these interactions by 
considering the diagram pictured. In this esti
mate we assume [2] that the weak leptonic inter
action preserves its form up to momenta of the 
order of A, i.e., that the integration over the 
lepton momenta is to be cut off at A. (If it is 
assumed that the form of the weak leptonic inter
actions changes when energies are reached such 
that the weak interaction becomes effectively 
strong, then A~ G-112 "' 300 BeV, where G 

.It -----!~--o ii' 

v 

= 10-5/m2 is the weak-interaction coupling con
stant.) 

We further assume that, owing to the presence 
of a form factor arising from strong interactions, 
the integration over the pion momentum may be 
cut off at M (where M is of the order of the 
nucleon mass m ). In view of the presence in the 
diagram of a quadratic divergence in the integra
tion over the lepton momenta, it is obvious that 
the matrix element rol for the transition K0 - :K0 

will be of the order rol ..... G2A2M3, i.e., for A ..... o-1/ 2 

we have rol ~ GM3• On the other hand this matrix 
element is proportional to the difference ~K in 
the masses of the K~ and Kg mesons, which is 
knownC3J to be ~K"' 1/T(K~) [where T(K~) 
:::;, 10-10 sec is the lifetime of the K~ meson], i.e., 
of the order of G~5• Consequently the existence 
of the decay processes K0 - 1r- + e + + v and K0 

- 1r+ + e- + ii leads to the conclusion that the cut
off A, up to which the theory of weak interactions 
of leptons is applicable, is comparatively small. 

For a more concrete estimate we calculate the 
matrix element rol assuming the interaction Hamil
tonian for the decay K0 - 1r- + e + + v to be of the 
form* 

where qJ.L is the momentum of the K0 meson and 
{3 is a real constant, {32 :::;, 0.1. Assuming for sim
plicity a form factor which depends on the pion 
momentum only we obtain for the matrix element 
rol (including also the contributions due to K0 - 1r 

+ J.L + V .- i(O) 

"" 1 1 Q2 2A2 
,.,, = 2 (2:n:)a f3 mK (2) 

(where mK is the mass of the K meson). With 
the normalization chosen the matrix element rol 
equals the difference in the masses of the K~ and 
K~ mesons due to the diagram in question: ~K 
= rol. Introducing for ~K the experimental value 
we obtain the following estimate 

i.e., A turns out to be of the order of a nucleon 
mass. 

We are thus led to the following conclusions: 

(3) 

if the K0 meson decays both according to the mode 
K0 - 1r- + e+ + v and the mode K0 - 1r+ + e- + v, 
then it follows from the magnitude of the experi-
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mentally observed mass difference of the K~ and 
K~ mesons that 1) either the leptonic weak inter
actions are cut off at energies of the order of a 
nucleon mass (for example, the weak interaction 
is mediated by a vector meson, whose mass is of 
the order of the nucleon masst ), 2) or the integral 
(close loop ) over the leptons in the diagram is not 
quadratically divergent. In the latter case the lead
ing divergence (of the order of GnA2n+ 2 ) should be 
absent not only from the diagram here considered, 
but from any diagram of this type in which the 
lepton loop can be made arbitrarily more compli
cated as a consequence of leptonic interactions. 
The existence of such a requirement (whose pos
sibility has been indicated previously [2]) imposes 
definite limitations on the structure of the weak 
lepton-lepton interaction. A more detailed discus
sion of this question will be presented in a sepa
rate paper. 

The author is greateful to L. B. Okun' for use
ful discussions. 

*In the expression for the Hamiltonian we take into account 
only terms proportional to q,.., the momentum of the K meson, 
The inclusion of terms proportional to the momentum of the 
pion does not affect our conclusions. 

tin that case, in order to forbid the process J.L -> e + y, it 
is necessary to have the muon and electron neutrinos not 
identical. 
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IN an investigation of multiple pion production in 
1T-p collisions at 7.2 BeVin a liquid hydrogen 
chamber in a magnetic field, we selected 67 5 
double-pronged stars. An analysis of these 
events permitted us to isolate 196 elastic scat
tering events. [1] Among the 479 inelastic inter
action events which remain, 142 cases were se
lected in which the positively charged particle is 
a proton. Events were selected when the proton 
range exceeds 0.4 em, and if the proton did not 
remain inside the chamber, then events with pro
ton momentum smaller than 1.5 BeV/c were se
lected. The protons were identified by their range 
and ionization (for slow protons) or by momen
tum and ionization. 

The measurement of momenta and angles-of
flight of the protons allows us to plot the distri
bution (of events ) with respect to the square of 
the total energy of the 1T mesons in their center
of-mass system for the reaction under consid
eration 

(1) 

The resulting distribution with respect to w2 

(being in fact the distribution with respect to the 
effective masses of the system of outgoing 1r. me
sons) is shown in Fig. 1. 

The same graph shows (in addition to the ex
perimental histogram) the phase-volume curve 
normalized to the total number of events. Com
parison of the resulting histogram and the phase
volume curve shows that a large number of events, 
clustered in a narrow maximum, are observed in 
the region w2 ~ 30. The most probable explana
tion for the appearance of this maximum is the 
hypothesis that the reaction 

(2) 

takes place in a considerable number of events, 
where p- is the p meson with mass ~ 750 BeV, [2] 

which has been previously observed in many inves
tigations. 


