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The hitherto unobserved decays K+ - 1r+ + e+ + e- and K+ - 1r+ + J.l+ + J.l-, which may be due 
to combined electromagnetic and weak interactions, are examined. The absolute values of the 
probabilities of these decays are determined by the magnitude of the monopole moment of the 
transition K- 1r, which cannot be calculated at present. The ratio of the probabilities can be 
computed and has been found to be WJ.l/We = 0.2. The 1r meson, electron, and muon spectra 
have been calculated, and some convenient methods for the treatment of the experimental re
sults are indicated. 

IT is known that, unlike the decays 

K--->-n+e +v, K--->-n+fl+v, (1) 

the decays 

(2) 

(3) 

which have not as yet been observed experimentally, 
cannot be due to the weak interaction alone. This 
has to do with the fact that, according to the hypoth
esis of the universal weak interaction, the interac
tion contains only charged lepton pairs ( e+v, J.l+V, 
x e-v, J.l-v) and no neutral pairs ( e+e-, J.l+J.l-, 
X J.l+e-, VV). 

It is easily seen, however, that the decays (2) 
and (3) are not strictly forbidden even in the pres
ent theory and can come about through the com
bined effect of the weak non-leptonic and electro
magnetic interactions. The Feynman graph corre
sponding to this process is shown in Fig. 1. Here 
the dotted line represents a virtual photon; the cir
cle represents symbolically the totality of graphs 
corresponding to the decay of a K meson into a 1r 
meson and a y quantum. One of these graphs is 
shown in Fig. 2. The decays (2) and (3) are analo
gous to the well-known 0-0 conversion transitions 
in nuclei. 
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FIG. 1 FIG. 2 

In order to show how to write down the matrix 
element corresponding to the graph of Fig. 1, we 
recall that, in analogy to the 0-0 transition with 
emission of a real photon, the decay K+ - 1r+ + y 
with emission of a real photon is forbidden by gauge 
invariance. Indeed, the only tensor which can be 
constructed from the four-momenta of the K meson, 
p, and of the 1r meson, q, must be proportional to 
pJ.lqV, and thus gives zero when it is multiplied by 
the tensor of the electromagnetic field F J.lV = kv EJ.l 
- kJ.l Ev ( E is the photon polarization four-vector, 
and k is the photon four-momentum ): 

pflqvF v.v = (pk)(kB)- k2 (pe) = 0. 

The first term vanishes on account of the trans
versality of the photon, and the second, because 
k2 = 0. However, for a virtual photon k2 ~ 0, and 
the term k2 ( p E ) is different from zero. 

Keeping these remarks in mind, we write down 
the matrix element corresponding to the graph of 
Fig. 1 in the form* 

M=efGk2pf1 <p~~" V4neurflu=V4naGfupu<pKcp,. (4) 

Here a = e 2 = 1;'137 (n = c = 1 ); u is the spinor of 
the leptonic field ( e or J.l ); 'PK and 'P1r are the 
wave functions of the K meson and 1r meson field, 
respectively, and G is the weak interaction con
stant ( G = 10-5mp2, where mp is the proton mass). 
The vertex part represented in the graph of Fig. 1 
by a circle is given by the expression cpKcp7refGk2pJ.l 
in formula (4), where f is a dimensionless function 
of k2 or, what amounts to the same, of the energy 

*We note that the decay described by the matrix element (4) 
conserves parity in contrast to the case of the direct (without 
participation of a virtual photon) weak interaction of a lepton 
pair with strongly interacting particles. 
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of the 1r meson: k 2 = mk+ m;- 2EtrmK. It can be 
expected that this function changes little in the in
terval 0 < k2 < ( mK - mtr )2• Unless the contrary 
is specifically indicated, we shall therefore assume 
in the following that this fun<Jtion is constant. The 
quantity f does not contain the weak and electro
magnetic coupling constants G and e, which appear 
as separate factors in expression (4); in this sense 
the constant f is therefore of "order unity." Nu
merically, however, it can be considerably less 
than unity. Unfortunately, we cannot calculate the 
value of f owing to the absence of a theory of 
strong interactions. 

If, in analogy to the vertex K - 1r + y, we de
scribe the vertex K - 2tr phenomenologically by 
the amplitude feGmk'PK'Ptr{Ptr2 and determine fe 

by comparing the probability calculated with the 
help of this amplitude with the experimentally ob
served probability of the e~ decay, we obtain f~ 
~ 10-4• This estimate gives us an idea of the pos
sible value of f, although it is not excluded that f 
can differ from fe by several orders of magnitude. 
If we neglect the unknown dependence of f on k2, 

we can calculate the total probabilities of the de
cays (2) and (3) with the help of the amplitude (4). 
We find 

We= 0.56 Wo, (5) 

W p.= 0.11 W'0 • (6) 

Here Wo = ( Y4a) a 2G2mkf2 r::::: 5 x 106f2 sec-1 r::::: W7 f2, 

where W 7 is the probability of the T+ decay. If 
f were of order unity, the decays (2) and (3), which 
should look like anomalous T decays in the photo
emulsions, would therefore be about as frequent as 
the normal T decays. Up to now about 2000 nor
mal T decays have been investigated, but not a 
single occurrence of the decays (2) or (3) has been 
observed. This implies that f2 < 5 x 10-4• The im
possibility of a reliable calculation of the absolute 
probability of the decay (2) has been pointed out 
earlier by Dalitz, 1 who made an estimate of the 
order of magnitude of this probability. 

It is seen from formulas (5) and (6) that, in con
trast to the absolute probability, the relative prob
ability of the decays (2) and (3) does not depend on 
f2 and is uniquely determined as 

(7) 

We note that the numbers 0.56 and 0.11 in formulas 
(5) and (6) are obtained by integrating expressions 
(10) and (9). In the case of the electronic decay 
the integration is elementary and gives 

1- 8x2+ 8x6 - x8- 24 x4 1n X= 0.56, (8) 
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where x = J.t!M (J.t is the 1r meson mass, and M is 
the mass of the K meson). In the case of the me s
onic decay the integration is done numerically (see 
Fig. 3). 

Let us now consider the spectra of the particles 
created in the decays (2) and (3). For the decay (3) 
the spectrum of the 1r mesons has the form 

W (E )dE = 64 w o (£") [ 1 - 2m2 J 
1'- " " M4 --j M2+ ~t 2- 2E"M 

[ M2+ ~t 2- 4m2-2£"M]'h 2 2 ,, 

X M•+ ~t•- 2E"M (E,-- fl.) 1'dE.-:, (9) 

where the energy of the 1r mesons varies within the 
limits 

where m is the mass of the J.l meson. For the de
cay (2) the spectrum of the 1r mesons is obtained 
from (9) by going to the limit m = 0: 

We (E") dE,.= 64M-4W0 (E") (E;- f1 2)'i'dE". (10) 

In this case the energy of the 1r mesons varies 
within the limits 

1,1 < E,. < (M2 + 1,1 2) I 2M. 

The spectra (9) and (10) are shown in Fig. 3. Each 
of the spectra (9) and (10) contains the unknown 
function W0 (Etr), which can be determined only ex
perimentally.* However, the ratio of the spectra 
(9) and (10) does not depend on this unknown func
tion and is determined only by quantum electrody
namics. This can be used for the verification of 
the electromagnetic properties of the muons and 
electrons up to energies M - J.l r::::: 350 Mev in the 
center of mass system of the leptons. It is of spe
cial interest to study the ratio of the spectra (9) 
and (10) in the region of small kinetic energies T 
of the 1r meson. In this case the energy of the lep
tons is close to its largest possible value. Then 

*We note that the constant W0 which appears in the proba
bilities (5) and (6) is some average value of the function W0(E77). 
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W IJ. (T) = ( 2m• )(l 4m2 )'h ( T) ~ 0 g~ 
w.(T) I+ (M-!!)" - (M-!!)" --,0 .. /i ~ (i1) 

( m is the mass of the muon). Unfortunately, the 
number of 1r mesons with small energies is exceed
ingly small, as can be seen from Fig. 3. 

The spectra of the muons and electrons in the 
decays (3) and (2) can be obtained in an explicit 
form only if it is assumed that f = const, in which 
case the spectra contain the constant W 0• Then the 
spectrum of the muons has the form 

_ 96 W 0 {[ m•- !!2 J 2 2 W~'-(E~'-)dE~'--~ 1+-Q-2- (ME~'--2E~'-+m) 

-2m2} X [ Q"- 2m"- 2!!" t (m"- !!")"I Q" r· 
X (E~- m2)';, dElL, (12) 

where Q2 = M2 + m 2 - 2MEw and the energy of the 
muon varies within the limits m s EJJ. s [ M2 + m 2 

- ( m + J.l )2 ]/2M. The spectrum of the electrons 
in the decay (2) is obtained from (12) by going to 
the limit m = 0: 

96Wo E~(M2 -2ME.-!!")2 
W.(E,)dE,=~ M•(M-ZE,) dE.. (13) 

The shape of the electron and muon spectra is 
shown in Fig. 4. 

FIG. 4 

It is also of interest to consider the simultan
eous dependence of the probability on the two var
iables: the energy of the 1r mesons E7r and the 
absolute value of the energy difference between the 
leptons A= I E1 - E2 1. In this consideration we 
can use the experimental data for different 1r 

meson energies simultaneously. For the electronic 
decay (2) we then obtain the following spectrum 

FIG. 5 

96W0 (E") 9 

W.(~, E")d~dE" = M• [k;;- ~2 ] d~dE", (14) 

where k~= E~- JJ. 2, and the variables are restricted 
to the region 

O<.~<k", 

as shown in Fig. 5. 
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The spectrum (14) contains the unknown function 
W0 (E7r). However, the determination of this func
tion can be avoided by using the "sliding ray 
method," which has been proposed earlier2 for the 
analysis of the Ke3 decay. For this purpose we 
must draw the ray A = ak7r in Fig. 5, with a < 1. 
Then the ratio of the number of experimental points 
lying to the left of the ray over the total number of 
experimental points does not depend on the unknown 
function W 0 ( E7r), but only on the quantity a: 

ak" I k" 

~ W,(~, E")d~ ~ W.(~, E")d~=}[a- ~"]. (15) 
0 0 

For the muonic decay (3) we also obtain the 
spectrum 

W~(~, E")d~dE"=96M-4W0 (E,)[k;;,-~2 ]d~dE,. (16) 

The variables in the spectrum (16) are restricted 
to the region 

r 4m2 ]~ 
O<~<k,ll- M"-2ME_-'- 2 , L " , !.t 

as shown in Fig. 6. This region differs essentially 
from the region shown in Fig. 5: for k7r = k1rmax 
we have A= 0. The "sliding ray method," there
fore, cannot be directly applied to the spectrum 
(16). 

In conclusion the authors express their deep 
gratitude to L. D. Landau and I. Yu. Kobzarev for 
comments, to S. A. Nemirovskaya for carrying out 



the numerical calculations and to E. D. Zhizhin for 
pointing out an error in the initial calculations. 
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