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Second-Order Corrections to Beta Syectra
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The origin of small correction terms to beta spectra is discussed. The second-order corrections to allowed
spectra are presented for both pure interactjons and linear combinations,

ECKNT measurements'' of the beta spectra of
C' and Ni" which, according to the nuclear

shell model, '4 should show an allowed shape, have
indicated deviations at low energies. An attempt to
explain these deviations' is not consistent with the
parity and spin changes predicted by the shell model.

In the present paper, second-order correction terms
to allowed beta spectra will be presented. An attempt
to explain the experimental results on the basis of these
correction terms will be the subject of a future com-
munication.

In the Fermi theory of beta radioactivity, ' the rela-
tive probability 1V(W)dW for the emission of a beta
particle into the energy range dS' at 8' is written

&(W)dW=PWK'Fe(W, Z)C„&W, (1)

where C„ is the spectral correction factor for the eth
forbidden decay, the subscript x specifying the form of
interaction (i.e., S, V, T, A, or P).

The quantities C„as computed by Greuling' are
incomplete, a fact which was pointed out for the case
of allowed spectra by Konopinski and Uhlenbeck. '
Actually, C, should be written as the square of an
in6nite sum

C„.= I~.+~.+s+" I',

where parity selection rules forbid the presence of terms
involving subscripts rs+1, n+3, etc.

For an allowed scalar decay, for example, [ao['
[ fP[', while [as[' [ fPr'['. Presumably, [ fPr'[' is

a fourth-order small quantity compared to [ fp[', and
is indeed negligible. However, the cross term involving
[(fP)(fPr')*+c.c.7 is of second order, and may be
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observable, particularly if some poorly understood
effect, such as / forbiddenness, decreases the size of J'P
without acting on fPr' s.

The quantities [as*as+c.c.j are given below for the
allowed spectra.

Scalar:
L(f—Pr')*(fP)+c c j(s.K.'Io+ sK&s)

Polar vector:

s[(f1)(f~')*—c.c.3rsKI-o —&o)

+I (fl) (fr')*+c.c.7(--'K I-o+-'K~,)
Tensor:

l[(fp~) (fP~Xr)*+ c.c.j(—-,'Kl-, +&V,)
+L(fP ) (fP ")*+c.c.j(--:KI.,)
+[(fprr) (f(p~ r)r)*+c.c.j[—(1/15)K&ysj.

Axial vector:

s[(f ).(f~ r)*—c c j(lKL —&o)

+L(f ) (f ')*+ 1(—lK'~o)

+[(fo) (f(o r)r)*+c.c.][(i/15)K)Vs].

Although ordinarily selection rules and the transfor-
mation properties of the nuclear matrix elements
preclude any linear combinations of interactions in the
allowed spectra, there are second-order contributions
for combinations of 5 with T' and V with T. These are

5T: —s[(fP) (fPe r)*—c.c.j(cVs+-s,KLs),

UT: s[(f1)—(fpe r)* c)rc(R—s+ s'KPs), -

where Eo and Po are the radial function combinations
de6ned by Pursey. '
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The experiments of references 1 and 2 involve decays pre-
dicted by the shell model to be l forbidden.
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