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1. INTRODUCTION

The electron-capture to positron decay branching ratio (here-
after n\m+v for 22Na was measured originally ia order to test for
Fierz interference.! The allowed theory of £ decay had been well
established, and theoretic&dl m\m+ ratios could be readily calcu-
lated. Early experiments indicated that experiment and theory agreed
to within several vmnmmbn.m and this was used as evidence against the
existence of Fierz terms.

The 22Na ¢/B" ratio has since been remeasured by several groups,
leading to four especially precise results, 3”6 which are shown wﬂ.
Table I. The first three results agree quite closely, and, although
the fourth result differs from the others, it too is in significant
disagreement with theory. We outline the theoretical calculation
below. - The experimental differences are not explained at this n»smﬁ
however, they mum‘mOn significant to the nostcmwovm of this paper.

Experimental data also exist on the 22Na B spectral shape and
B-y directional correlation, which are also sensitive to Fierz and/
or second-forbidden effects. Wenninger, mnwmtm. and Leutz measured
the 22Na spectral shape using both a 22Na-doped NaI(T1) crystal and
a magnetic mvmonwosmnww.m They analyzed their data to show no Fierz
term; however, _these experiments did nOn,Hnnvcam radiative,?: 10 anni-
hilation in flight,3® and detector efficiency corrections nor did nrw»n
analysis nosnmwa second-forbidden. form mwnnwnm which, in view of the

very hindered nature of this .decay, could be rather significant.!!

Finally, Steffen!? has measured a 22Ka §-y directional correlation
coefficient A;p = 1.8(3)x1073 at £ = 850 keV. Strict allowed theory
predicts 4y; = 0.

By the time the 22Na ¢/8%-ratio anomaly had been firmly estab-
lished experimentally, Fierz interference was assumed to be non-
existent, so that alternative causes were suggested. One mnmcsmnnm
employed an extrapolation of Bahcall's papers on orbital electron
exchange and overlap effects.!3 Such arguments were rejected by
Williamsl" because an exact calculation of such effects should re-
veal a change only in the relative subshell capture rates, not im
the total rate. Thus, capture of a-K-orbital electron of the parent
nucleus, for example, can result in an L-shell vacancy in the final
system due to imperfect orbital overlap. The effect of the electron
configurations on the total nuclear capture rate is quite small ex-
cept for the case of extremely low-energy transitions. Later argu-
ments were put forth by Firestone et al.15:18 ;o the effect that the
anomaly is most likely the result of the exclusiom, in the simple
allowed calculation, of higher-order forbidden terms, which can make
significant contributions to hindered allowed decays. The implica-
tions of such higher-order forbidden terms are discussed in detail

in this paper.
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the usual Gamow-Teller matrix element, b is the so-called weak mag-
Tetism contribution, h is the induced pseudoscaladr, while d, often
called the induced tensor, is uniquely correlated with the existence
of a mmnoratnuaum axial current if a and f aré fsobaric analog
states. 19,20

Each form fac¢tor (b, ¢, d and h) is a function of the four=

momentum tramsfer g2. However, for present purposes it is sufficient

to include this feature only for the Gamow-Teller term,
2(q?) = eyte,git... . . : 6)

In terms of this notation, m\m+ has been calculated in a pre-
vious' commmication.2) ' If Am\mwuo ig the theoretical electron-

capture to positrom ratio for a strictly allowed dzcay, we define,
+ +
(e/87) 0/ (/8 . 132

where V is hereafter referred to as the skew ratio. Then, neglecting

the electron binding energy with respect to 5&‘ we havel?

V= Hdmg -3 A;v+ AmV+ A¢)

c
- UG n 2 (2 Amcv-l};lA ™

-Lapgr-3a2(2z'- 1)+ pthS EN]

—-6-

o ¢,~d~2b
~5iE llMﬁ(xxu W IIAS +Ava
2 arabi .
m, +2b+hs E
e 2M 1 B b _3,222'-1 3
T s % +A vv+ 3?% T TeE ) ®

where z' = 11 is the charge of the -parent 22%a nucleus,
no= S, ; 9

and

.* dEpE™ 1 (Eo-E)2F  (2,E)

- 0)

H m%m@o-mmm (Z,E)

is the n™ moment of the positron emergy for the m+ transition.

There does exist an important omission in Eq. 8 - the radiative cor-
rection, which LnnO:bnw for real photon emission and other non-
Coulombic electromagnetic effects. This has been calculated for

the 87 decay and reduces An\m+vo by ‘about 1.62.22 There exists in
addition a radiative correction to account for similar effects in

the € process. This should tend to reduce the 1.6Z number somewhat.
However, calculation of the e radiative correction has not yet been
made, so that in the following discussion we discard the m+ radiative
correction.

We find, then, for 22Na, using Ep = 2.070 im..ﬁ that *

e78%)¢ = 0.115240.0003 g an’
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In Fig. 3 the variation of 43, with respect to b,

shown.

¢z, € and h is

~10-
I11. DISCUSSION OF EXPERIMINTAL DATA

According to the error bars associated with the measured n\m+
ratios (cf. Table I), all of these results are quite precise. The
deviation of the most recent experiment is therefore disturbing; how-
ever, even this result differs by 6.0% from the strictly allowed
theoretical value. The errors in the allowed theory are quite small
because the decay energy is precisely known. Radiative corrections
can account for at most =1.6% of this deviation, so at least a 4.4%
effect remains unaccounted for.

From Fig. 1 we see that the induced tensor form factor 4 cannot
produce even a 1% change in the skew ratio for any value. Somewhat
large values of weak magnetism, v;w\bnw = -35; the Gamow-Teller gq
dependence, vanu\nuwm > +3.5; and the induced pseudoscalar,
h-h/A%c¢y = 3.5x10% can result in a 6% deviation. We discuss the
4dmplications of such values of these vmnmsmnmnm in detail below with
regard to the remaining body of 22Na data.

The value of ¢; can be determined from the experimental B
logft = 7.42:

Fermi

ley] = [2reFe™ ) re228a)1% 2 < 0.016, 18)

where Hﬁmmusu = 3085 sec is the ft value for pure Fermi transi-
tions.2% This value for e; is strictly correct only in the purely
allowed sense; however, the introduction of second-forbidden cor-

rections changes ¢); by no more than a few percent.

TN
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Comparison of the calculated value of ¢; with its experimental value
(from Eq. 18) indicates that the shell-model prediction is nearly am
order of smmn»ﬁcmm too small. However, the wavefunction calculatiomn
of EQH involves considerable cancellation among several terms of
comparable magnitude and thus could well be unreliable even as to
the overall sign! Such cancellations are not such important features
in the remaining reduced matrix elements, so that perhaps estimates
of b, ¢;, d and h may be more reliable. To the extent the impulse
approximation is good, the values calculated in Eq. 19 should perhaps
be considered upper bounds for the actual numbers.

Thus, using the shell-model calculation and the experimental

¢y = 0.016, we find

b .
Acy z -19 ;
d .
ﬂ z 3.2°;
c
22 0,37 ;
3%
and
h
~ 1200 . : {21)
Lnnu .

Together, these results predict a =2.87 effect on the skew ratio, pri-
marily due to the large calculated weak-magnetism contribution. The

experimental limit on b is already below this calculated value, leaving

~14-

much less calculable effect. Both & and ¢; would need to be an order
of magnitude larger to explain ndm.mrmc ratio; however, there are
good reasons to suspect that the impulse approximation is unreliable
for hindered transitions in calculating nw.wo Similar considerations
may also apply to & and A.31 In the best possible case, assuming

b = -13, we would need values like c¢p/c;R? = 1.2 and h/AZc; = 1.2x10"
simultaneously to explain the n$w+ anomaly.

Now finally, we apply these considerations to the interpretation
of the remaining pieces of 22Na-decay data. The best available
shape~-factor measurements were performed by Wenninger, Stiewe, and
Leutz.8 They made two independent measurements of the spectral shape
factor - with a 22Na doped NaI(Tl) crystal and with a magnetic spec-
trometer. We have reanalyzed their published data in the range
HooxmmAboo keV, including corrections of the NaI(Tl) data for photon
emission,9’!? amnihilation in flight,36 and escape of the positromn
from the detector. These data are displayed in Fig. 5. The magnetic
spectrometer data were corrected only for photon emission, although
annihilation in flight at the detector and slit scattering will tend
to eliminate higher energy positrons, preferentially while back-
scatter at the detector eliminates mainly those at lower energy.

The best linear slope to these data is presented ip Table I1I for
both the corrected and uncorrected data.3? The NaIl(T1) data yield
a positive slope despite the large correction, and it is possible
that appropriate corrections to the spectrometer data will also

make its measured slope positive.
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at £ = 760 keV. This is displayed graphically in Fig. 6. Large values
of b or d, as discussed previously, will yield larger deviations from
unity in opposite directions, h yields only a small deviation; and ¢,
can yield none. Thus, both a new spectral shape remeasurement and

a measurement of Mb would be most welcome in order to nmwou<m the 22Na

question entirely.
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reamibdulmibrdhiocee:

~25-
. Table I1I.” 22Na Shapé-Factor Experimental Slope
Slope (%Z/MeV)
Experiment Uncorrected Corrected
228a1(T1) : . -11.426.4 +5.9+3.0%
Magnetic Spectrometer - ﬁ.mwm.m -6.124.9°

®Corrected for photon emission, annihilation in flight, and
positron escape.

vnownmnnmn for photon emission only.
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Fipgure Captions:

Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5

Fig. 6

Dependence of the 22Na /8" skew ratio V on the
"elementary-particle" amplitudes b (weak magnetism), ¢,
(Gamow-Teller four-momentum dependent term), d (induced

tensor), and h (induced pseudoscalar).

Variation of the 22Na m+tmmnmw shape factor S on the

"elementary-particle” amplitudes b, ey, d, and h.

Variation of the 22Na B~y directional correlation coeffi-

cient Ay, with the "elementary-particle" amplitudes b, e,,

d, and h.

Level schemes for A4=22 showing the decays of the T=1

analog states in 22Na and 22Ne.

22§, m+..mmnmu~ shape-factor data obtained by Wenninger,
Stiewe, and Leutz.® Curve a) was obtained with a NaI(Tl)

crystal, and curve b) was obtained with a magnetic spec-

trometer. - See text for an explanation of the analysis

and corrections.

Predicted-variation of the 22Na m+ longitudinal polariza-
tion Nuh (actually W..mhv with the "elementary-particle"

amplitudes b, e,, d, and h.
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