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the two-component neutrino theory 10 should turn out to be incorrect (which at present seems to be rather 
improbable) and if the conservation law of neutrino charge would not apply, then in principle neutrino 
- antineutrino transitions could take place in vacuo. Even in this case, as well as in the case where one 
assumes that to every world there exists an antiworld, the number of neutrinos and antineutrinos in the 
universe would have to be the same. 

The author is grateful to Ia. B. Zel' dovich, L. B. Okun', and I. G. Ivanter for critical remarks and 
interesting discussions. 
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IN the presence of the strong interaction of 1r mesons with nucleons, the decay 1r - e + v might occur 
on account of the /3-decay interaction, with a lifetime of the same order as that of the decay 1r -p. + v. 
In reality, however, the f3 -decay interaction contains scalar ( S) and tensor ( T) terms. The decay 
1r - e + v obviously cannot occur on account of the T type term. It may appear that with nonconservation 
of parity1 such a decay could take place on account of the S type term, but in reality experiment indicates 
the presence of the terms not conserving parity in the lepton part of the interaction, whereas for the ab
sence of the 1r - e + v decay it is sufficient that the heavy particle interaction not contain pseudoscalar 
terms, since under this condition the nucleon loop reduces to zero. 

It seems difficult, however, to explain the absence of the decay 1r- e + v + y. 
Such a decay can occur on account of the tensor interaction if the virtual nucleon 
emits the y-quantum.4 We estimate the probability of such a process in the first 
order of perturbation theory in terms of G, where G is the constant of the 7r

meson-nucleon interaction G ( T q,7r) ( itiN" 'Y5 ti;N ). 
The simplest diagram for the 1r - e + v + y decay is shown in the figure. With 

e in rationalized units and h = c = 1, we get for the matrix element 

M = gre (2k·2m,)-'i•lf2 GI.~'- ('fe"lsl.l~'- <Ji) o (P,- Pv- Pe- k), 

where IEf:.L is a logarithmically divergent integral over the variables of the virtual nucleons, 
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- \' 4 ip-M A i(p-k)-M i(p-p")-M 
l,p.-Spjdp p2+M2e (p-kj•+M215I,~p. (p-p,)•+M• Is· 

Here M is the mass of the nucleon, e and k are the polarization and four-dimensional momentum of the 
y-quantum, and the other symbols are standard. Taking account of only the logarithmically divergent term, 
we have 

For the probability of the 1!'- e + v + y decay we get 

( e•\(GV2 A2)" 1 (m" )( mrt) dW = g} 4"), 4,.2 In M2 ( 2n-) 2 4m" 2 - q q + k- T dpdq. 

Here q and k are the momenta of the electron and the y-quantum; we neglect the mass of the electron. 
For the total probability we find 

Substituting 

and going over to ordinary units, we get W"' 0.5 x 104 sec-1• The ratio of the decay probabilities is 

(1t -H +'I+ j)j(::--;. fL + '1) = py ~ 0.5 · l04j0.4 · 108 - IQ-4 ('C (n- + fL + v) = 2.5 · IQ-S sec). 

The ratio p has been estimated by Treiman and Wyld.4 In doing so they assumed that the decay 1!' 

- JJ. + v goes ilirough a nucleon loop and a pseudovector interaction of the {3-decay type. The logarith
mically diverging integral for the nucleon loop then has the form Iv = PvMfp, where p is the momentum 
of the meson, M is the mass of the nucleon, and fp is a dimensionless factor. Similarly the corresponding 
part of the matrix element of the 1!'- e + v + y deeay was taken in the form IJJ.v = eJJ.kvfT, based on 
considerations of dimensional and gauge invariance. Then Py "' ( gTfT/gpfp )2, and it was assumed that 
fp "'fT and gT /gp > 50. This last estimate is based on the assumption that the values of gp for the 
meson and the electron are the same, and then {3-decay gives gp < gT/50. With this approach, Py 

"' 1/500. In Ref. 4 it is shown that the correct lifetime of the 1!' meson is obtained for gp "' 10-49 erg/ cm3, 

fp "'0.1. But gp ~ gT/50 gives gp ~ ( 1/25) 10-49 erg/cm3 and it is necessary to take fp,..., 2.5 in order 
to get the same lifetime. In our work the lifetime of the 1!'- JJ. + v decay is taken from experiment; the 
value of fT corresponds to ( G x 21/2 I 4~) ln ( A2 /M2 ) ,..., 0.4. 

At the Seventh Rochester Conference Cassels reported that experiment gives Py < 2 x 10-6. 
I express my gratitude to Prof. I. Ia. Pomeranchuk for suggesting the problem and for discussions, 

and to Iu. A. Simonov for valuable remarks. 
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