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SoME years ago it was noted [i] that muonium 
[the atomic system M = (p.+e- )] can spontane_: 
ously transmute in vacuum into antimuonium M 
= ( p.- e + ) . The oscillations M ~ M would be 
analogous to the transmutation K0 ~ K0• [ 2] 

Recently several papers devoted to this prob­
lem have appeared in the literature.[ 3-G] The 
aim of the present paper is to emphasize that the 
analogy between the oscillations M ~ M and K0 

:;::!: i(O is even more complete than noted earlier 
in that the decay of the states which are even and 
odd in combined parity (i.e., under PC), viz., 
M1 = (M + M )//2 and M2 = (M- M )//2, pro­
ceeds via different channels, as in the case of K~ 
and K~. Here M1 and M2 are the muonium states 
which are stationary in vacuo. 

Let us investigate the case where only one kind 
of neutrino exists and there is no direct ( p.e ) ( p.e ) 
interaction.[!] One would expect this case to cor­
respond to reality if there would hold in nature 
the so called "Kiev symmetry," i.e., invariance 
of all weak interaction processes under the sub­
stitution I-'- A, e-n, v- p. If K0 :;::!: K0 oscil­
lations exist this symmetry points to a possibility 
of M ~ M oscillations. In any case the transmu­
tation would in this case be due to the same inter­
action which is responsible to the decay of the free 
muon p.+ - e+ + v + v. Naturally the question 
arises: in what respect do the even and odd mu­
onium states differ? The decay channels of the 
odd state M2 will be 

e+ . + 'V + 'V + e";iowi Jf&Ot' 

- + 
eifa•t: + 'V + 'V + eolow• 

v +v. 

(1) 

(2) 

(3) 

We are considering here muonium with spin 1, 
since a system with spin 0 can not decay into a 
neutrino pair in view of the neutrino helicity. The 
even system M1, also with spin 1, can decay via 
channels (1) and (2) but the decay via channel (3) 
is forbidden. The circumstance that the spin-1 
even system can not decay into the pair v + ii is 
similar to the case of spin-0 odd K~ meson which 
can not decay into two 1r mesons. By means of 
Lehman's theorem [B] one can show that the mass 
of M2 is greater than that of M1. As is well known, 
one cannot decide the question of which is heavier, 
the K~ or the K~ meson, on theoretical grounds, [ 3 J 
because of the difficulties associated with the 
strong interactions. 

In contrast to the K~ - K~ case, the difference 
in the decay characteristics of the systems M1 
and M2 is rather small. Physically this is asso­
ciated with the large size of the atomic system: 
even though strictly speaking the decaying objects 
are M1 and M2, in the overwhelming number of 
cases it is the "free" muon which decays in the 
atomic system. In principle, however a difference 
still exists between the decay channels of M1 and 
M2. It was thought worthwhile to point this out even 
if only for pedagogic reasons. 

The above arguments about the difference in the 
decay channels of M1 and M2 remain true also if 
there exists a direct ( p.e )( f..'e) interaction.UJ 
However, then the mass difference obviously will 
be determined by the ( 1-'8 )( p.e) interaction [iO] 

and we then will not be able to say anything about 
the sign of the mass difference of M1 and M2. 

We now assume that there exist in nature two 
neutrino types: ve and vw[U] If e and Ve on the 
one hand and p. and vi-' on the other hand have dif­
ferent additive quantum numbers (charges) then 
the transition M :;::!: M is strictly forbidden and it 
makes no physical sense to talk about M1 and M2. 

We now shall discuss the recently proposed[12•13] 
possibility that there might exist multiplicative 
quantum numbers. In that case the decay of the 
free meson is given by 

{
e++v.+vl" 

fl+ ~ - ' 
e++v,+v~" 

and the transmutation M ~ M is due to the direct 
( tJB) ( 1.1e) interaction. Then there does not exist 
a difference in the decay channels of the even and 
odd muonium states. Both M1 and M2 can decay 
through the channels 

- +' 
e;aot + "• +VI"+ e~ow> e;ast + Ve + "~" + eslow 
er;aot + ~+VI"+ e~!OW> e;ast + Ve + fll" + e:low 

v, +VI", Ve + "~"" 
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