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Abstract 

It is shown that if the tenns 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 cauae lies in the 

y -invariance of the theory in the considered approximation which forbids the variants S, T and P . 6 
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noK838HO, 'ITO eCnH npeHe6peqb qneH8MH nOpRLlK8 a i , TO p8LlH8UHOHHbie nonpaBKH 

K f3 -pacna.oy HeATpOHa H3MeHRIOT nHWb 3H8'1eHHR llOCTORHHbiX pacna.oa, HO He MeHRIOT Kop

penRUHOHHblX HnH nonRpH38UHOHHbiX CBOACTB pacna.oa, npH'IHH8 3TOI'O ne»<HT B y -HHB8pH8HT
S 

HOCTH TeOpHH B p8CCM8TpHB8eMOM npH6nH»<eHHH, KOT0p8R 3anpewaeT B8pH8HTbl S , T H p 

npenpHHT H3Ll8eTCR TOnbKO H8 8Hr'nHACKOM R3b!Ke, 



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 qoes not exceed the fraction m I M of the main effect ( m and M are the electron and nucleon masses ) . 

In this connection it is important to check whether radiative corrections can contribute e~sentially in the order under consideration 
2-4 

The raditlve corrections to the neutron decay have been considered In a number of papers . However, In all these calcu-

lations the averaging over the particle spins was performed and only the formulas for the radiative corrections to the decay probabi

lity were given. 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. If the 

electron mass is neglected then the electron longitudinal polarization both in vecta 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

riants S , T p for which the polarization sign would be opposite. The electron non- zero mass leads to the polari

zation value being equal to - v/ c (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 variants S , T and P . If the quantities ~ v and ~A are 

believed to be experimental constants, then, obviously, the question we are Interested In Is the following: whether the interactions 

of the type S , T and P aprear In the terms of the order a or they will be of the order a m/ M. The results described in the 

following show that other types of interactions do not appear In the terms of the order a . 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-~ 

2. The effective Hamiltonian with the radiative corrections 

As it has been noted we consider only the radiative correction effects of the order a and neglect the effects of the order 

am ! AI Therefore in calculating the radiative corrections use ~an be made of the following beta-decay Hamiltonian without the 

radiative corrections 
1

) . 

H =~ < ely,(l+x) l v>< p I y 0+ ay) I n > . 
o v2 ~'- 5 fl 6 (1) 

The diagrams corresponding to the lowest -order radiation corrections are represented in fig. I. 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 c 2) 

1) 
The effect of the weak magnetism gives a contribution to radiative terms of the order a m/ M . 

2) 
We notice that all the terms in (2) are invariant with respect to the transformation ( u , u ) .... y (u , u,). 

• 1/ 5 e v 
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The first term In ( 2) is proportional to the Hamiltonian ( 1) and the second and the third ones are equal 

(z) 2- -
-21M u•yll(l+ yl)vv ·UPyll(l+oy,)ull 

- 21{zt;; Y ( J + Y I } v v • uP 
• ll 

,, .... , 
• p Py ( J + oy }u p. I II 

(2~ " -
+ 2 I u P p' y ( J + y ) v • u y ( J + a y ) u 

• ll I II P ll I n 

+21l2)m 2 ti y (l+y}v ·ii y (J+ay)u 
ep. IV P/l In 

-2(J + a)1 u y (l+y
1
)·• •U y (l+y

1
)u 

aa • p. v p p. " 

(3)- -
-2(1-a)l u y (1 +y

1
}v • u y (1- y

1
)u, ep. II P/l 

-2(l-a}t
4t.P'n + y

1
}v

11
iiPP,(l- y

1
)u

11 

- 2( J - 0) II'Ju • p ( J + y I) VII • Up p ( J - y I) U 11 

4 

(2) 

( 3) 

(4) 

(5) 



(6) " " 
- 2 ( 1 - a) I U 

8 
p ( 1 + y 

5
) V v JP P ( 1 - y 

5
) U n 

(6J " 
- 2 ( 1- a) 1 u 

8 
.P ( 1 + y5 ) v v uP p ( 1 - y5 ) u n 

(5) 

respectively. The first term in ( 4) is proportional to Hamiltonian ( 1), the three first terms in ( 5) give a contribution of the order 

a only to the variants V and A in the non -relativistic approximation. The other terms are of the order a m/ U . Thus, in 

the order a radiative corrections lead only to the renormalization of the constants g A , · g v 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 a 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 wftll the Y 5 invarfance 

1he physical meaning of the obtained results bE'"'mes clear if we consider what occurs with the effective Hamiltonian when 

we multiply the lepton spinors u e and u v by y 5 i.e. make the following substitution 

(6) 

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 , 1 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 j M. 

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