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It is shown that, if terms of order am/M are neglected, the radiative corrections to the f3 
decay of the neutron only affect the value of the decay constants, but do not change the cor
relation or polarization properties of the decay. The reason for this lies in the y 5 invari
ance of the theory in the approximation under consideration, which forbids the S, T, and P 
variants. 

1. INTRODUCTION 

THE decay of the neutron is the simplest process 
which permits, in principle, a verification of the 
universal theory of weak interactions and the con
served vector current hypothesis of Feynman and 
Gell-Mann. The effect of weak magnetism on the 
decay of the neutron has been studied by Bilen 'kil 
et al. [1] These authors noted that the weak mag
netism (together with the kinematic corrections 
for the recoil) is the only source of corrections, 
if one restricts oneself to effects whose contribu
tion does not exceed the fraction m/M of the main 
effect ( m and M are the masses of the electron 
and the nucleon). In this connection it is impor
tant to investigate whether the radiative correc
tions also contribute significantly in this order. 

The radiative corrections to the f3 decay of 
the neutron have been discussed in several papers. 
[ 2- 4] However, in all these calculations an average 
over the spins of the particles was taken and only 
formulas for the radiative corrections to the decay 
rate were given. For our purpose we would need 
formulas in which the spin appears explicitly. Such 
formulas would allow us to obtain the corrections 
to the effective interaction Hamiltonian itself. 

It is known from the old papers [2- 4] (see also 
[S]) that the radiative corrections, first of all, 
make the decay constants infinite. Therefore, we 
can consider the magnitude of these constants only 
with an accuracy up to order a. However, the di
vergent integrals do not necessarily enter in all 
observable effects. 

Let us consider, for example, the polarization 
of the electron. If we neglect the electron mass, 
the longitudinal polarization in the vector as well 
as pseudovector variants is exactly equal to - 1. 
A change in the polarization can in this case only 

come from admixtures of the remaining three 
variants S, T, and P, for which the sign of the 
polarization is reversed. Owing to the finite mass 
of the electron, the magnitude of the polarization 
is actually -vIc (velocity) instead of - 1, but is 
still the same in both variants V and A. There
fore, the polarization of the electron can only be 
altered through an admixture of the variants S, T, 
and P. 

If we regard the quantities gv and gA as ex
perimental constants, we are, of course, only in
terested in the question whether the effects of the 
S, T, and P interactions appear in the terms of 
order a or only in the terms of order am/M. The 
results described below show that these other types 
of interaction have no effects of order a so that 
the renormalization of the decay constants is the 
only effect of the radiative corrections in this 
order. In view of this circumstance, the conserved 
vector current hypothesis can be tested, in princi
ple, with an accuracy of order am/M ~ 5 x 10-6• 

2. EFFECTIVE HAMILTONIAN WITH RADIATIVE 
CORRECTIONS 

As mentioned above, we shall only consider ra
diative corrections of order a and neglect effects 
of order am/M. We can therefore calculate the 
radiative corrections with the help of the following 
uncorrected f3 decay Hamiltonian: 1> 

H o = 02-'1• < e I r 1• ( 1 + r 5) I v > < P I r ~'- (I + ay s) I n ) . (1) 

The graphs describing the radiative corrections 
in lowest order are shown in the figure. The matrix 

1lThe effect of the weak magnetism gives a contribution of 
order am/M. 
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elements for the graphs a and b, corresponding to 
the renormalization of the external lines, are pro
portional to the Hamiltonian (1). Therefore, only 
the matrix element for the graph c has to be con
sidered:2> 

+ 2Ia [u.Prar (I + r.) VvU r (I + ar.) Un- u.r 
I" p I" I" 

x(l + r5) VvUpPYa.YI" (1 t ar5) Unl- Ia.(>UeYaYa.YI" 

X (I + r5) VvUpYorf3r!" (I + aro) Un}. (2) 

where p and P are the four-momenta of the elec
tron and the proton, and 

IO _ 1 ~ d4k 1 
- n2i j [k2 + 2kp] [k2 - 2kP] [k2 + }.2] • 

I - _i_ \ d4k ka. - JlP + J2 a.- n 2i j [k2 + 2kp] [k2 - 2kP] [k2 + /.?]- a. Pa.• 

I 1 I d4k ka.kr> 
a(>= n 2i .\ [k2 + 2kp] [k2 - 2kP] [k2 + !..'] 

= f3oa.f3 + I4Pa.Pf3 + I 5papf3 + I 6 (paPf3 + pflPa)· (3) 

The first term in (2) is proportional to the Ham
iltonian (1), and the second and third are equal to 

-2flM2UeYI" (1 + y 5) Vv · UPYI" (1 + ay5) Un 

- 2Jlu.rl" (I +:Ys>:Vv uppPrl" (1 + ar5) Un + 2J2u.Pprl" 

X (1 + Y5) v. · UPYI" (1 + ay5) Un + 2J2m2UeYI" (1 + Y5) 

(4) 

and 

-2 (1 +a) IaaUeYI" (I+ r5) Vv. uPrl" (1 + r5) Un 

- 2 (I -a) I3 UeY (1 + Y5) Vv · U Y (I - 1'5) Un I" p I" 

- 2 (I -a) I4u,P (I + Yo) Vv. UpP (I - rs) Un 

- 2 (1 -a) I 5u.p (I + r5) Vv · upp (I - y5) un 

- 2 (I -a) I 6u.p (I + r5) vv · upP (I - y5) un 

- 2 (I -a) I 6u.P (I + y 5) Vv · upp (I - y 5) Un (5) 

respectively. 
The first term in (4) is proportional to the Ham

iltonian (1), the first three terms in (5) give contri
butions of order a only to the V and A variants 

2lWe note that all terms in (2) are invariant under the trans
formation (ue, uv)--> y5(ue, uv)· 

(in the nonrelativistic approximation), and the re
maining terms are of order am/M. Thus, in the 
order a, the radiative corrections lead only to a 
renormalization of the constants gy and gA but 
not to the appearance of other variants, i.e., in 
this approximation the effective Hamiltonian with 
radiative correction also has the form (1). There
fore, the radiative corrections do not change the 
correlation or polarization properties of the decay 
in this order, so that the latter are completely de
termined by the weak magnetism. 

The physical meaning of our result becomes 
clear if we consider the change in the effective 
Hamiltonian under multiplication of the lepton 
spinors ue and uv by y 5, i.e., under the substi
tution 

(6) 

If the electron mass is set equal to zero, the 
weak interaction Lagrangian is known to be in
variant under the transformation (6) (in the gen
eral case the sign of the mass has to be reversed, 
m - - m). The electromagnetic interaction is 
also invariant under (6). The variants S, T, and P, 
on the other hand, change sign under this transfor
mation. From this it follows immediately that for 
m - 0 only those terms remain in the effective 
Hamiltonian which correspond to the vector and 
pseudovector variants. The other terms must be 
proportional to the mass of the electron and ap
pear only in the order am/M. 

4. APPLICATION OF THE RESULTS TO THE 
DECAY 1T- e + " 

In the universal V-A theory of weak interac
tions the matrix element for the decay 

(7) 

is proportional to the mass of the electron me, so 
that the ratio of the decay rates 

R = w (:n:-+ e + v) / w (:n: -+ t-t + v) 

is very small (~ 10-4 ). A measurement of this 
ratio is one of the experimental tests of the V-A 
theory. Here the question arises: can the radiative 
corrections give a contribution of order a? If so, 
the radiative corrections change the ratio R. 

We have made an explicit calculation and ob
tained the following result: the radiative correc
tions give a contribution of order mea /mrr; for 
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me = 0 the matrix element for the decay (7) van
ishes even if radiative corrections are included. 
Thus the radiative corrections change the ratio 
R only by a few percent. Evidently, this fact is 
also a consequence of the y5 invariance of the 
electromagnetic and weak interactions. 
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