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Abstract
It is shown that if the terms of the order a m/M are neglected then the radiative corrections to the neutron decay change only

the values of the decay constants, but do not change the correlation or polarization decay properties. The cause lies in the

Y, ~Invariance of the theory in the considered approximation which forbids the variants S T and P .

AHHoOTanus=a

ITokasano, 4to ecnm npeneGpeun uneHamH HopsaaKa a ﬁ. , TO paZHalUNOHHLIE NONDABKH
k B -pacnamy HefiTpoHA M3MEHSIOT /ML 3HAYEHHs NOCTOAHHBIX paclana, HO HE MEHSIOT KOp=—
PEeNIAUMOHHBIX HJIM NOJApH3ALHOHHLIX CBOACTB pacnana, [lpuuywHa sToro nexur B Y, ~HHBapHanT=

, T u P .

HOCTH TEOPHH B paccMaTpuBaeMoM NpPHGIHXXEHHH, KOTOpas a3anpeluaeT BapHAHTHl §

[lpenpuHT M3naeTcd TONBKO Ha AHIIHHCKOM s3bIKE,



I. Introduction

The neutron decay represents the simplest process which, in principle, allows one to check the correctness of the universal
weak interaction theory and the Gell-Mann and Feynman hypothesis on the conservation of the vector current. In the paper 1 the
influence of the weak magnetism on the neutron decay has been investigated. It has been noted there that the weak magnetism
(together with the kinematical corrections for the recoil ) is the only source of corrections, if we restrict ourselves to the effects
whose contribution does not exceed the fraction m /M of the main effect ( m and M are the electron end nucleon masses ).
In this connection it is important to check whether radiative cortections can contribute essentially in the order under consideration

The raditive corrections to the neutron decay have been considered in a number of papers 2-4 . However, in all these calcu-
lations the averaging over the particle spins was performed and only the formulas for the radiative cotrections to the decay probabi-
lity were glven. For our purpose it would be necessary to have formulas in which the spin would be written explicitly. With the aid
of such formulas we could obtain corrections directly to the effective interaction Hamiltonian.

From the former papers 2-3 (see also 5 ) it is known that first of all the radiative corrections to the decay constants are
divergent. Therefore, we can speak about the magnitude of the constants with the accuracy up to a . However, it is not obligatory
that all the observable effects depend on the divergent integrals. Let us consider, for example, the electron polarization. 1f the
electron mass is neglected then the electron longitudinal polarization both in vector and pseudovector variant would exactly be
equal to — 1. The change in the polarization can occur in this case only due to the appearance of the admixture of other three va-
fants S, T , P for which the polarization sign would be opposite. The electron non — zeto mass leads to the polari-
zation value being equal to - V/¢ (velocity ) instead of 1 but it remains equal in both variants V and A . The electron pola-
rization will therefore change only owing to the admixture of the vatiants S , T and P .If the quantities g v and g e
believed to be experimental constants, then, obviously, the question we are interested in is the following: whether the interactions
ofthetype S, T and P aprear in the terms of the order a or they will be of the order a m/M. The results deseribed in the

following show that other types of interactions do not appear in the terms of the order o . The renormalization of the decay con-
stants remains the only effect of the radiative corrections with  the accuracy considered. Owing to this fact the check of the

vector current conservation can be performed, in principle, with the error of the order a m/M = 5. 10'6.

2. The effective Hamiltonian with the radiative corrections

As it has been noted we consider only the radiative cotrection effects of the order @ and neglect the effects of the order

a m /M Therefore in calculating the radiative corrections use can be made of the following beta ~ decay Hamiltonian without the

1)

radiative corrections
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The diagrams corresponding to the lowest --order radiation corrections are tepresented in fig. 1. The matrix elements of the diag-

rams a and b corresponding to the renormalization of the external lines are proportional to Hamiltonian (1). We have therefore

to consider only the matrix element of the diagram ¢ 2

1)

The effect of the weak magnetism gives a contribution to radiative terms of the order o m/if .

2)
We notice that all the terms in (2) are invarient with respect to the transformation ( u o uv) > ys( u,, u, ).
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The first term In (2) is proportional to the Hamiltonlan (1) and the second and the third ones are equal
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respectively. The first term in (4) is proportional to Hamiltonlan (1), the three first terms in (5) give a contribution of the order
o only to the varlants ¥V and A in the non —relativistic approximation. The other terms ate of the order a /A | Thus, in
the orde; a radiative corrections lead only to the renormalization of the constants ¢ A0 8, but not to the appearance of’
the other variants, i.e. in the considered approximation the effective Hamiltonian is also of the form (1) taking into account the

radiative corrections. Therefore in the order « the radiative corrections do not change the correlations or polarization decay

properties and the latter are completely defined by the weak magnetism.

3. The connection with the Y, invariance

The physical meaning of the obtained tresults be~omes clear if we consider what occurs with the effective Hamiltonian when

we multiply the lepton spinors v, and w, by y, i.e. meke the following substitution
U, > Yg U, 4, > ys U ’ (6)
.l!’ 2 = Uy Vs, uy - —uVyJ.

It is known that if the electron mass is assumed to be equal to zero then the weak interaction Lagrangian is invariant under
the transformation (1) (in the general case we have to change the sign of the mass m » — m ). The electromagnetic interac-
tion is invariant under the transformation (1) as well. On the other hand in such a substitution the variants S , T and P
change their signs. Hence, it follows that for m -+ o only the terms corresponding to the vector and pseudoscalar variants can

remain in the effective Hamiltonian. The other terms must be proportional to the electron mass, i.e. they occur only in the order
a m/ M.

The authors are grateful to M. A.Markov for his interest in the work.
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