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Synopsis.

Recent experimental data on superallowed f-transitions are used in a rede-
termination of the §-decay coupling constants. It is suggested that the f-decay
interaction may contain an admixture of vector coupling besides the usually
adopted scalar and tensor interactions.

Printed _in Der{mark.' )
Bianco Lunos Bogtrykkeri A/S.



1. Introduction.

The improved accuracy in the experimental data on super-
allowed p-transitions as well as the determination of several new
ft-values for superallowed 0 — O transitions permit a higher
accuracy in the determination of the coupling constants in §-decay.

We shall follow the same procedure as applied earlier!). In
the first section, we assume that no cross terms are present,
which, according to recent recoil investigations®), means that the
p-interaction is a mixture of scalar and fensor coupling only. In
the second part, we consider the evidence on the possible
admixture of axial vector and, especially, vector interaction.

2. Vanishing Cross Terms.

In Table I, we have collected the experimental data which we
shall use. Only recent references which have not yet appeared
in isotope tables are included. For the evaluation of the fi-values,
the recent tables of Fermi integrals®) were used whenever possible;
in other cases numerical integrations were performed.

Besides the mirror transitions between nuclei with closed
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TaBLe 1. Data for transitions used in B,x diagrams.
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shells 4 one nucleon, we have included the transitions of type
00, 47 = 0 (no). The Fermi matrix element, |{1[2 for all
the transitions can be determined from the assumption of charge
independence of nuclear forces only?!). Coulomb corrections are
expected to be small for the light nuclei in question and will be
neglected. While the Gamow-Teller matrix elements vanish for
the 0—0 transitions, the matrix elements for the other transitions
in Table I are expected to be given in a good approximation by
the single-particle value quoted in column 6. This is supported
by the fact that in most cases also the magnetic moment of these
nuclei deviates only slightly from the single-particle value. A
semi-empirical value for the Gamow-Tcller matrix element ob-
tained from the magnetic moment, x, is given by')
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where J is the nuclear spin, and g; and-gs are the gyromagnetic
ratios for orbital angular momentum and spin of the odd particle,
respectively. In the following, we adopt the matrix element
values of eq. (1) for the closed shell 4- one nucleon iransition,
However, in the weight which we attribute to the transition
(column 8), we include the deviation of eq. (1) from the
single-particle value as an additional uncertainty besides the ex-
perimental.
We find for each f-transition a B,x line defined by

B = fi{(1 —x)[{1]* +«|§F]*} @)
with
B _2753 K In?2 @)
(95 + gp) m*e*
and |
@ = 97/(g% + 97). [©))

2y E. WianNeEr and E. FEENBERG, Rep. Prog. Phys. 8, 274 (1941).
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where gg and gr are the scalar and tensor coupling constants,
respectively. We use the conventional units where f is measured
in units m = ¢ =1, and ¢ in seconds.
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Fig. 1. The B,z diagram under the assumption of vanishing cross terms. The mass
numbers of the transitions are indicated.

The B,z plot obtained from eq. (2) by means of the data
in TableI is shown in Fig. 1. In this diagram, we have also
included the recent correlation data from the neutron decay and
Ne¢'®. For the neutron [{1]* and |{7 [* are known and we may
therefore write for the angular correlation parameter
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TRl gl ieP @
_ U9+
- (1—x)+3x (6)

which together with the value « = 0.089 4 0.108, found by
Rosson?), gives

1142
x = —Iif — 0.60 = 0.13. (7)

&

This leads to the vertical line marked 1, in Fig. 1.

For Ne' we may combine the fi-value with the angular cor-
relation parameter & = — 0.21 4 0.08 found by Maxson el al.?®)
and with the |Sl|2 value found from charge independence®).
We may then solve eq. (5) with respect to B and x and find

B = ft|§1 4/ (1 —38x)) 1 —=x) .
= (4600 4 900) (1 — x),
which is a B,x line of exactly the same type as those for the
0 — 0 transition, but numerically slightly inconsistent with these.
This line is marked 19, in Fig, 1.

Using the method of least squares and applying the weights
given in Table I, we obtain the value

B = 2787 £ 70 :
- } )
Cax = 0.560 + .012

for the common intersection point. The errors quoted are twice
the standard error as obtained from internal consistency of the
data. It should be noted that the B,x plot is not internally con-
sistent inside the experimental errors quoted in Table I (cf. O
and Al%),

It is evident that systematic errors involved in the evaluation
of the matrix elements may add to the errors given in eq.s (9).
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The Coulomb corrections, although small, are errors of this
type®). However, the sign is such that the inconsistency between
0O and AJ*® is enlarged. Another source of systematic errors is
the possible existence of cross terms.

3. Non-vanishing Cross Terms.

The limits available on the eross terms are derived from three
sources: the shapes of f-spectra, the K-capture to positron ratios,
and the consistency of the B,x diagram, whereas the recoil corre-
lations are indeed very insensitive to such effects!: 2%),

The limits obtained from f-spectrum shapes have been sum-
marized by Maumoup and Konorinskr®t) and by Davinson and
PrasLeE®). Also recent Hef spectrum measurements should be
taken into account?®®) as wsll as measurements of the spectra of C11
and F17 27, The limits in the Gavow-TELLER interference ferm is
quite well established in this way with the result | gA/gT! < 0.05
based especially on the He® spectrum. Here, g4 is the axial
veetor coupling constant. Information about the Fermi interference
term was based solely on the N3 spectrum and the statements
made on the vector coupling constant g are therefore somewhat
more uncertain. Kovorinskr and ManMoup conclude that (gV/ggl
< 0.20. The spectra of G and F¥ do not permit to narrow this
limit (cf. Fig. 4).

The K capture to positron emission ratio for Na®® studied
by Suerr and MirLLER®*®) leads [o the estimate g4/gr = — 0.01 4
0.02.

These limits for the Fierz terms are, in Fig. 2, expressed as
limits on the interference term constant bp and bgr given by

_2yg9sgv

br ,
9% + 9%

(10)
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Fig. 2. The areas in the by, bgr planc which are consistent with experimental data.
B,x values in the points A to G are given in Table II.

m limits from K capture to positron ratio of NaZ22,

m limits from spectral shapes.

T ™) limits from consistency of (1953) B,z plot.

([D:[J:D limits from consistency of (1956) B,x plot.

and %y g g
2y ga gr
ber = — (11)
9% + 97
where
y =1 —(xZ). (12)

In this figure, we also show the older limits on possible bg, bgr
values as derived from internal consistency of the B,z diagram?).
In using the B,x diagram for such investigation we redefine

B= ft{(1—a) (14 bpr1/Wia)|{1]

U 13
+a (1 % bar (1Wrar)|§3 2 o
and

g+ 9%

r = s (14)
ge+ 9% +9% +9%
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where the + sign in (13) applies to f— decay and the — sign to
Bt decay.

With the new f{-values of Table I, one obtains a much narrower
region which is also given in Fig. 2. The limits correspond to
twice the standard deviation as observed from internal con-
sistency of the B, x diagram and coincide very closely with the
points where one or more of the experimental lines show a definite
inconsistency with the common B,x point in question inside the
experimental errors.-It is noted that inside the region the 0 — 0
transitions show counsistent ft-values contrary to the case of no
interference terms discussed above. Also no inconsistency with
the neutron recoil correlation occurs, and the Ne'® correlation
is in no worse agreement here than in the case of absence of
Iierz terms.

Tasre II. B,x values at the br, ber points indicated in Fig. 2
and at bp = bgp = 0.

bp, bgq point B z
A 2750 0.553
B .. 2640 0.552
C o e 2550 0.535
Do 2510 0.522
E .. ... .. ... N 2630 0.518
F o 2720 0.539
[ 2620 i 0.537
0,0 ... i i 2787 0.560

Of course, B and x are now functions of br, bgr and we have
given, in Table II, a sequence of values in the center and at the
border of the region of consistency. It is seen that the variations of
B and x are much larger than the uncertainties found for fixed
values of by and ber (cf. eq.s (9)). In Fig. 3, we give the B,x
plot corresponding to the most probable value of (bp, bgr) =
(0.29,0) and, in Fig. 4, we show the Fierz plots of the spectra
of C!!' and F'" derived under the assumption that by = 0.29
and using the matrix element obtained from charge independence
and the B, = point of Fig. 3.

If one includes the Coulomb correction as recently calcu-
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Fig. 3. The B,z diagram for the best fit obtained at bF = (.29 and bGT = Q.

lated®®) in the cross term investigation, this correction tends to
lower B and «x and to make bp larger.

It is seen that the available material is consistent with the
assumption of the presence of a small amount of vector coupling,
but it should be remembered that the conclusion from the B,x
plots is on the limits of the uncertainties in the experimental data
as well as on the theoretical evaluation of the matrix elements.

It is interesting to note that recent experiments®’) indi-
cate a small difference between the spectra of Al?® and Al2¢

) ELBEK, MADSEN, and NatnaN, Phil. Mag. 46, 663 (1955). ‘
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Fig. 4. Fierz plots of the G} and F'7 spectra observed by Wona®) using b = 0.29
and bgp = 0.

measured under identical conditions. This could be ascribed to
the above amount of cross terms even allowing for the branching
in the Al*® decay. However, the accuracy in the spectra hardly
permits definite conclusions. Thus it is to be hoped that
further comparisons of f-spectra of neighbouring 0 - 0 and
mirror transitions will be carried out. Such transitions show nearly
the same maximum energy, and difference specira might there-
fore be independent of scattering troubles which usually prevent
accurate information about cross terms.
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