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The ratio of '?B and >N B-ray branches to the 4.44-MeV excited state of 1>C was measured by detecting
B rays in a 4w plastic scintillator and 7y rays in two Ge(Li) detectors. Activities were made in the
"B(d,p)"”B and '°B(*He,n)"?N reactions using a chopped Van de Graaff beam. Data were stored in two
successive computer time bins of two half-lives each in order to establish by subtraction the shape of the
short-lived B-ray spectrum and its net number of counts.- The ratio of these branches was found to be
2N/"B = 1.56 +0.05. A measurement of the ’B absolute B-ray branch ‘to the 4.44-MeV state via 8-y
coincidences using an Nal(TI) detector for the y rays gave a value of 1.276 4+ 0.050%. Half-lives, obtained
by multiscaling B-ray counts, were found to be 20.20 4-0.02 msec for ’B and 11.000+0.016 msec for '*N.
The mirror asymmetries derived from these results are § = +0.044 4+ 0.034 for the decay to the 4.44-MeV
state of 1>C and 8 = +0.129 4-0.008 for the branch to the ground state.
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branches, mirror asymmetries.

I. INTRODUCTION

The B-ray branches of >B and **N to the 4.44-
MeV first-excited state of *2C have been involved
in several crucial tests of B-decay theory. One
test has to do with the conserved vector current
(CVC) theory which predicts certain deviations of
the ground-state g-ray branches of **B and *N
from the so-called allowed shape. In an experi-
mental determination® of the ground-state g-ray
shape factors it is important to correct for the
presence of inner p-ray branches and thus an ac-
curate knowledge of the branching intensities to the
4.44-MeV state is important. These branches are
also significant? in the study of mirror symmetry
and the search for possible second-class currents
in the B-ray interaction. While a large asymmetry

has been known for a long time in the A =12 ground-

state B-ray branches, and indeed was largely re-
sponsible for starting a long series of experiments
on other mirror decays, the corresponding infor-
mation on the A =12 branch to the 4.44-MeV state
has been very elusive because of the small values
for these branches and the general difficulties of
the measurements. Although fairly accurate and
concordant results have been obtained for the ab-
solute B-ray branching of 2B to the 4.44-MeV
state, leading to an adopted mean® of 1.29+0.05%,
the various measurements of the ratio of *N/?B
branches to this state have been in poor agree-
ment. Two early results for this ratio were 1.84
+0.1 obtained by Peterson and Glass®* and 1.72+0.15
found by Wilkinson et al.® In the two most recent
measurements the ratio **N/**B =1.52+0.06 at this
laboratory® gave an asymmetry 6 =+0.06+0.04 while
the results of McDonald et al.® for *N/**B was

1.74+0.08. By itself the latter would have given a
large negative value for § but because of uncertain-
ties in both experiments McDonald et al. combined
their result with that of Ref. 6 and used the mean
ratio 2N/**B =1.63+0.11 to derive an asymmetry
of 5§ =-0.013+0.0686.

There were several major sources of error in
these two recent measurements of the *N/*?B -
ray branching ratio. Common to both experiments
was a 4r plastic well-type detector for g rays and
a large Nal(Tl) detector for the y rays. In prin-
ciple the measurement was simply a matter of
activating a target with a chopped beam and then
finding the number of 4.44-MeV y rays per short-
lived B ray in the delayed emissions, doing this
for each activity without changing the geometry of
the detecting system. A characteristic of the y-
ray spectra, whether in singles or in coincidence,
is the presence of a continuum lying under the
4.44-MeV peaks and decreasing roughly exponen-
tially with energy. This is due to bremsstrahlung
in the case of 2B and a mixture of bremsstrahlung
and annihilation-in-flight radiation in the'®N case.
The background is especially severe in the >N
spectrum making it difficult with NaI(Tl) detectors
to extract the net area under the 4.44-MeV full-
energy-loss peak to bettei‘ than about 4% accuracy
even when the statistical précision of the spectrum
points is very high.

Another difficulty was in establishing the total
number of short-lived 8 rays. In both experiments
this problem was compounded by the fact that the
B-ray detector was of insufficient size to absorb
all of the B-ray energy thereby resulting in gross
distortions of the spectrum shape. At low energies
long-lived components were present in both 8 spec-
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tra but again 2N presented a much more severe
background problem because of 8 rays due to O
and *C. In order to correct for these long-lived
backgrounds the approach used by McDonald et al.®
was to multiscale the detector outputs so that the
net number of short-lived 8 rays could be found
down to very low energies. This was done at a
considerable cost in the statistical accuracy of the
y-ray spectrum. The method® at this laboratory,
on the other hand, used a short irradiate-count
cycle with inherently high statistical accuracy but
depended on an uncertain spectrum extrapolation
to derive the net number of short-lived 8 rays. It
has been evident that improved methods were
needed to measure these branches.

The half-lives of !B and !N are, of course,
fundamental in studying the mirror symmetry of

the A =12 ft values. For '°B the'presently accepted

value of the half-live is 20.41+0.06 msec ’ rep-
resenting the weighted mean of 10 measurements.
In the case of ?N there have been five measure-
ments leading to a weighted mean of 10.97+0.04
msec ” for the half-life. The most recent half-life
determinations were those of Fisher® who obtained
20.3+0.1 msec for *B and 10.95+0.05 msec for
12N, Curiously enough, in spite of the prime im-
portance of the A =12 system in mirror symmetry
studies there have been no measurements of these
half-lives to better than 0.5% accuracy and none
reported more recently than 1963." In Fisher’s
work single runs of 1-h duration each were made
on 2B and N and the decay curves were not multi-
scaled long enough to reach the long-lived back-
ground. Furthermore the 2N data had to be cor-
rected for the presence of a small *B contaminant.
With the more modern techniques now available it
was felt that both of these half-lives should be re-
measured. The means also exist at our laboratory
for making 2N completely free of B contamin-
ation.

II. EXPERIMENTAL PROCEDURES |
FOR BRANCHING RATIO MEASUREMENTS

The present experiment was designed to over-
come some of the difficulties of the two most re-
cent measurements3® of the 3-ray branches. It
was felt that a well-type 8-ray detector should be
used:that is large enough to absorb the energies of
all B rays emitted from the target so as to yield an
undistorted spectrum. In order to properly account
for the long-lived background in the B-ray spectrum
without a severe loss of statistical accuracy the
scheme adopted was to store all of the data in two
_ successive time bins of approximately two half-
lives each. If N, is the number of short-lived
radioactive nuclei present in the target at the be-

ginning of counting then the number of short-lived
counts in the first time bin is proportional to 3N,
(if the bin is exactly two half-lives in duration) and
to %No in the second bin. Thus, if the accumulated
spectrum in the second bin is subtracted from that -
of the first bin, after correcting each bin for dead
time, all of the long-lived background should sub-
tract out, as well as some of the short-lived spec-
trum, leaving a number proportional to N, in the
net spectrum. It should then be possible with this
presumably undistorted net spectrum to extrapolate
below the low-energy bias to zero energy thus cor-
recting for counts below the bias. The total short-
lived B-ray spectrum thus obtained may then be
multiplied by % to compare with y rays recorded
during the first time bin. This method should re-
move the long-lived background without the exces-
sive time consumption of multiscaling, as in the
Lockheed experiments,® although the data accumu-
lation is slower than in the earlier Brookhaven
measurements.®

The other major difficulty of extracting the in-
tensity of 4.44-MeV y rays against the background
continuum as experienced with Nal(Tl) detectors
can be solved by the use of Ge(Li) detectors. The
high resolution of a Ge(Li) detector greatly en-
hances the peak amplitudes against background
effects, thus reducing the errors in background
subtraction but, of course, the efficiency of even
the largest such detectors is substantially smaller
than that of an NalI(Tl) cyrstal. To some extent this
can be made up for by using two Ge(Li) detectors
and longer counting periods. Finally, it was real-
ized that since every 4.44-MeV y ray is necessarily
accompanied by a 8 ray, which is detected in the
4 scintillator, a coincidence setup is not neces-
sary and accordingly we only counted y-ray and
B-ray singles events.

The setup for the experiments included a cylin-
drical NE102 plastic g-ray detector 15.2 cm diam
by 15.2 cm deep with an axial hole 0.71 cm diam
drilled halfway through. The reasons for using 47
geometry have been discussed previously.®*® This
size crystal is sufficient to stop all of the 8 rays
from either *B or '*N when the source is produced
in the center (except for <0.1% escaping from the
entrance hole). A 13.3-cm diam phototube (type
RCA-4522) was attached to the other end of the
crystal with a Lucite adaptor and optical grease.

A thin-walled Be target tube was inserted in the
well and the beam was collimated to a diameter

of 2 mm such that it struck the target attached to

a Be foil at the end of the tube. The mounting was
made so that the B-ray detector could be slid back
away from the target tube for convenience in chang-
ing the target. Apiezon putty was used around the
well to exclude light. On either side of the NE102
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crystal were located two Ge(Li) y-ray detectors
of 15% and 199 efficiency, respectively. They
were placed as close as possible to the NE102
crystal so as to remain fixed in position and not
interfere with the changing of targets.

Activation of the target was accomplished by
chopping the beam with a slotted wheel driven by
a motor of adjustable speed. There are four slots
1 ¢cm wide in the radial direction at 90° intervals
and of tangential length 2.5 cm at 10.5 cm from the
center of the wheel. A light source and diode on
the other side of the wheel provide a timing pulse.
For the branching ratio measurements all four
slots were used and in this case the beam is on
15.2% of the time.

Outputs of the three detectors were amplified
and sent to a £ -7 computer where their spectra
could be routed into two successive time bins as
determined by a timer-programmer.® Resetting of
the timer-programmer cycle was done with the
chopper synchronizationpulse. Six scalerswere
used to record the number of counts inthe two time
bins for each of the three detectors, and thusbycom-
parison with the total number of counts stored in
the corresponding spectrum, the individual com-
puter dead times could be determined.

The procedures for the ?B and 2N experiments
were very similar. In the case of **B the target
was a thin powder deposit of boron enriched to 97%
in B and this was bombarded with a beam of 1.5-
MeV deuterons to form 2B in the 'B(d,p)'*B reac-
tion. The chopper was set for a cycle time of about
140 msec allowing two successive counting inter-
vals of 40 msec each following a bombardment of
21-msec duration and a wait of 10 msec before the
start of counting. For !°N the reaction was
1°B(°*He, #)**N using a 97% enriched '°B target and
a 3.3-MeV ®He beam. In order to avoid the pro-
duction of any contaminant **B from the interaction
of an HD* beam component on the 3% of B in the
target, the accelerated 3He* beam was passed
through a gas stripper and the resulting He**
beam was analyzed. The timing sequence for the
12N measurements consisted of a total cycle time
of 65 msec including 10 msec of bombardment, a
wait of 5 msec, and two counting intervals of 20
msec each.

III. RESULTS OF BRANCHING
RATIO MEASUREMENTS

A. Ratio of branching ratios

Four runs were made on 2B using average
chopped beam currents of 2, 0.5, 0.26, and 0.15
nA and total counting times of 1, 2, 4, and 8 h,
respectively. After correction for dead time the
net B-ray spectrum (first time bin minus the sec-
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FIG. 1. (a) Net B-ray spectrum of 12B observed in a
47 well-type NE102 scintillator 15.2 cm diam by 15.2 cm
high. (b) Corresponding -ray spectrum of >N. Data
points have been omitted. Both spectra were obtained by
computer subtraction of successive time bins of equal
length (approximately two half-lives each) after dead-
time corrections.

ond) in one of the runs is shown in Fig. 1(a). The
dashed line gives the extrapolation to zero energy
according to which the fraction of counts below the
bias is 1.0% of the total spectrum. The corrected
total was then multiplied by the proper factor to
normalize it to the first time bin duration. The
multiplying factors for both 2B and **N were de-
rived by using the new half-life values reported
below.

The 4.44-MeV y-ray spectrum from each of the
Ge(Li) detectors was analyzed by extracting the
net areas under the full-energy, one-escape, and
two-escape peaks and correcting for dead time.
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For detectors of the sizes used the 4.44-MeV y-
ray one-escape and two-escape peaks are more
than half as intense as the full-energy peak and
thus the statistical accuracy can be improved by
summing all three peaks. Thus, in the !B 8-h run
at 0.15-nA beam current the sum of the net areas
of the sizfy-ray peaks from both detectors in the
first time bin was 3621+66 counts (£1.8%). Figure
2(a) shows the peak regions from one of the de-
tectors in the first time bin of this run.

Because of the relatively high counting rates in
the '°B experiments a further correction had to be
made for the dead time of the g-ray scalers. This
was done by plotting the ratio of the sum of y-ray
peaks to net 8 rays versus the beam current as
shown in Fig. 3. Extrapolation to zero beam cur-
rent gives a value that may be compared with the
corresponding result from *°N.

In the *®N measurements the average He** beam
intensity was 22 nA for four comparable runs of
approximately 8 h duration each. When the sub-
traction of the B-ray spectrum in the second time
bin from the first was made, after correcting for
dead time, it was noted that not quite all of the
long-lived low-energy B rays were removed. Dead
times obtained by comparison of the stored 3 spec-
trum with the scalers were about 18% for the first
bin and about 109 for the second bin. It was then
realized that in a given time bin, because of the
large amount of decay of the short-lived compo-
nent, the effective dead times of the long-lived and
short-lived components are somewhat different.

In particular, the application of the average dead-
time factor to the data of the first bin, for example,
results in too little of the short-lived component
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FIG. 2. Regions of the full-energy (0), one-escape (1),
and two-escape (2) peaks of the 4.44-MeV y-ray spec-
trum. (a) First time bin of one of the 128 runs for one
of the detectors. (b) First time bin of one of the 12N
runs for the same detector as in (a). The 2N peaks were
presumably broadened by a gain drift. These data repre-
sent about 15% of the total used for the analysis of the
branching ratios.

and too much of the long-lived component in the
corrected spectrum. A proper correction for this
effect was carried out by a numerical integration
method which showed that an additional correction
of 1% must be made in order to subtract out all of
the long-lived component. The resulting net g-ray
spectrum from one of the 2N runs is given in Fig.
1(b). Extrapolation of this spectrum to zero ener-,
gy, as given by the dashed line, shows that 1.88%
of the total spectrum was below the bias. The
above dead-time effect in 2N was not important for
12B because of the almost negligible amount of
long-lived background in the latter case. On the
other hand the scaler dead-time effect described
in the '®B analysis was negligible for !®N because
of the much lower B-ray counting rate of the ®N.

One may note from Fig. 1 that the shapes of the
12B and 12N g-ray spectra are quite similar and
that the end points are approximately proportional
to the known maximum energies of 13.37 MeV for
128 gnd 16.32 MeV for 2N. B~y summing in the
crystal of one or both 0.51-MeV annihilation y rays
modified the 2N spectrum to some extent. The
small wiggles at the tops of the two S-ray spectra
may be due to variations in light-collection effi-
ciency from different regions of the crystal, but
their origin is not understood.

The y-ray peaks from N were well defined but
the background was higher than in '?B as seen in
Fig. 2(b) which shows the peak regions for one of
the detectors in the first time bin of one of the
runs. In this run the sum of the six peak areas
(for both detectors) in the first time bin was 1835
+62 counts (3.4%). An estimate of the summing
in the Ge(Li) detector of the 0.51-MeV annihilation
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FIG. 3. i{a’cio of /B versus beam current from the
four runs on !?B showing the effect of scaler dead time.
The extrapolation to zero beam current was used for
comparison with 12N, ’
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radiation from the '2N positrons with the 4.44-MeV
peaks was made for the geometry of the experi-
ment using the known efficiencies of the Ge(Li)
detectors. This effect was shown to be completely
negligible.

After correction of the v/B ratios of the '°B runs
for scaler dead time as discussed above the final
result is as follows:

(Y/B)lzN
0 /B) 1z,

Contributions to the overall error include +3.0%
for the uncorrected ratio of (y/B) ratios, £1% for
uncertainties in the extrapolation of the g-ray spec-
tra below their biases, and £2.09% for the uncer-
tainty in'the scaler dead-time correction of the °
2B g-ray spectrum.

=1.56+0.05.

B. Absolute 2B §-ray branch to the 4.44-MeV state

As a check on the absolute 8-ray branching of
12B to the '*C 4.44-MeV state, a 12.7-cmx12,7-cm
Nal(Tl) detector was placed next to the NE102 3- "
ray detector and the 8- and y-ray spectra were
recorded using coincidence techniques essentially
identical to those described previously.® From the
source-to-crystal distance and the known efficiency
function'® for this size detector, the absolute photo-
peak efficiency for 4.44-MeV y rays was obtained.
A calculated correction of 209 was made for the
absorption of the 4.44-MeV y rays in passing
through the NE102 scintillator. After correcting
for dead times and for the fraction of 8 rays below
the low-energy bias, the !B ratio y/8 was found to
be (1.276+0.050)x1072, This is in good agreement
with the mean value 1.29x1072 previously adopted.®

IV. HALF-LIVES: METHODS AND RESULTS

For the half-life measurements on B and N
one pair of opposing slots on the chopper wheel was
covered such that the beam was on 7.6% of the
time. Targets were placed in a 2.5-cm diam thin-
walled glass target tube, and 8 rays were detected
in a 7.5-cm diam by 5-cm deep NE102 scintillator
on an RCA 6342A photomultiplier placed next to the
target tube. A special circuit was constructed that
could turn off the phototube during the irradiation
of the target. This was done by raising the voltage
on the cathode to a value slightly more positive
than that of the first dynode with a switching cir-
cuit controlled by the timer-programmer. Tests
with a constant intensity source showed that the
gain of the phototube was reestablished to its prop-
er value within £0.29 in less than 1 msec after
turning the tube back on. Subsequent analysis of
runs taken on both 2B and 2N with and without the
switching circuit indicated no essential differences

—
~

1

and all data were incorporated into the final re-
sults. The anode output of the phototube was fed
directly to a fast amplifier and fast discriminator
(~50-nsec pulse widths), to a gate-and-delay gen-
erator (0.4-psec pulse width), and thence to a
multiscaler.

The 2B activity was produced in the “'B(d, p)'*B
reaction at £, =1.5 MeV. Average beam currents
were from 0.06—0.2 nA in the various runs and
counts were multiscaled at 2.0 msec per channel
for 256 channels corresponding to a counting in-
terval of 25 half-lives. The chopper speed was set
for an overall period of about 575 msec to accomo-
date this sequence. B-ray biases were from 1.5 to
6.0 MeV in the various runs and spectra were ac-
cumulated until there were at least 20 000 counts
in the first channel. As in the branching ratio mea-
surements *N was made in the *°B(*He,n)**N reac-
tion using the *He* accelerated beam stripped to
SHe** to avoid any !?B contamination. In this case
the counts were multiscaled at 0.8 msec per chan-
nel for 256 channels, corresponding to 19 half-
lives, and to accommodate this sequence the chop-
per was set for a cycle time of about 240 msec.
Average beam currents were from 15 to 40 nA and
biases ranged from 2.5 to 7.5 MeV. Data were ac-
cumulated in each run until there were at least '
20000 counts in the first channel.

The decay curves were analyzed using a non-
linear least-squares minimization program to fit
the data points to an exponential plus constant.
This long-lived background was typically 0.03-
0.05% for B and 0.2-0.3% for '*N of the counts
in the first channel. In Fig. 4 we plot the half-
lives deduced from this analysis. The final result
was 20.20+0.02 msec for the half-life of !B (based
on the weighted average of 20 runs) and 11.000
+£0.016 msec for the half-life of 2N (based on the
weighted average of 14 runs). The final uncertainty
is about 3 times the statistical error and repre-
sents the scatter of the individual runs as a function
of both the detector bias and the region of the de-
cay curve over which the fit was performed.

V. ANALYSIS

Our result for the 2B absolute g-ray branch of
1.276+£0.05% to the 4.44-MeV state may be com-
bined with the previously adopted value® of 1.29
+0.05% to obtain a mean of 1.283+0.040%. We
make no attempt to combine our new result for the
ratio of y/B ratios with previous measurements
but use our own value of 1.56+0.05 in this analysis
and obtain a 2N branch of 2.00+0.10% to the 4.44-
MeV state. These new values together with previ-
ously measured g-ray branches of both '?B and 2N
to other excited states” lead to the following ground-
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FIG. 4. Values of T, deduced from the decay curves
for (a) 1B and (b) 12N, plotted as a function of detector
bias. The errors are purely statistical. The insets

show the weighted averages of fits performed by exclud- '

ing the first N half-lives from the fit (¥ =0,1,2,4).

The grand average of all results, 20.20+0.02 msec for
128 and 11.000 0.016 msec for 12N, is indicated by the
horizontal line. The final uncertainty, indicated in the
inset by the vertical line, represents both the statistical
uncertainty and the scatter of the individual points as a
function of both the detector bias and N.

state branches—?B, 97.14+0.30%; °N, 94.55
+0.60%.

By using the f values calculated by McDonald
et al.® and our own results for the half-lives and
the ratio of B-ray branches we summarize the cal-
culations of ft values for the branches of **B and
12N to both the ground and 4.44-MeV states in Table

I. From the last column of Table I we derive our
final results for the mirror asymmetries of the

A =12 nuclei for decay to the 4.44-MeV and ground
states of 12C as follows:

4.44-MeV state 6=+0.044+0.034,
ground state 6 =+0.129+0,008.

Note that the experimental error in the ratio of
branches to the 4.44-MeV state leads to a smaller
error for § than would obtain from the errors of
the individual absolute ft values given in the last
column of Table I.

VI. DISCUSSION

In this section we consider our results in light
of both the second-class-current problem and the
shape factor for the A =12 g-ray spectra.

Before one can examine the ff-value mirror
asymmetries in terms of second-class weak cur-
rents, one must first remove the “trivial” asym-
metry due to electromagnetic effects. These ef-
fects are trivial in the sense that they are physi-
cally uninteresting in the present context but quite
nontrivial in that they are not easily calculable.
Since these effects are generally as large as the
entire effect that is observed (~ 10%), the study of
mirror ft-value asymmetries has not been a fruit-
ful way to look for effects of second-class currents
in nuclei. Nevertheless, for the sake of further
discussion, we use the calculated values, which
were quoted in Ref. 3 based upon four different sets
of nuclear wave functions, namely, 0.135+0.037 and
0.091+0.043 for the Coulomb part of 5 for the
ground-state and first-excited state decay, re-
spectively. We are thus left with second-class
contributions

65¢C =-0.006(38) ,
55¢C =—-0,0417(37),

which are both essentially consistent with zero.

TABLE I. ft values for B and >N 8-ray branches to the C 4.44-MeV and ground states using present half-life
values of 20.20# 0.02 msec for 2B and 11.000 + 0.016 msec for N,

Final state Branch Ty/9 (msec)
of 12¢ Body f2 (%) (Partial) ft (sec)
4.44 2 (8.1739+0.0056) X 10* 1.283+0.040 P 1574 %50 (1.287 £0.040) X10°
4.44 2N (2.4452+0.0050) X 104 2.00 +£0.10° 550 +£28 (1.344 £0.070) X10°
Ground 12 (5.61130.,0026) X 10° 97.14 £0.30 20.79 %= 0.07 (1.1669+0.0037) x10*
Ground N (1.1327+0.0017) x 10° 94.55 +0.60 11.634+ 0.070 (1.3178+0.0084) X 104

2 Taken from Ref. 3.

b Weighted mean of present and previous measurements.

¢ Present measurement only. The weighted mean of this and the values in Refs. 3 and 6 results in a branch of

2.02+0.09%.
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Thus although the numbers have changed slightly
from the results of McDonald ef al.,® the basic
conclusion remains the same; i.e., there is no
compelling evidence for second-class-current
effects in the mirror decay rates of the mass 12
system. If we analyze our results in terms of the
two-parameter theory of Kubodera, Delorme, and
Rho, ™2 yging the two-body matrix elements quoted
in Ref. 12, we find

£ =(-0.4+1.6)x10"3/MeV,
A =(2.5$2.1)x1073,

where ¢ is related to the second-class induced ten-
sor coupling constant for the neutron 8 decay and

A is a more complicated object involving second-
class-current meson-exchange effects. Our pres-
ent values for ¢ and A are reasonably consistent
with the values (—=3.3£0.9)x10"3/MeV and (5.4
+2.0)x10-3, respectively, determined by Kubodera
et al.*® from analysis of the A =8 ff-value symme-
try and angular correlation experiments in the A
=12 and A =19 systems. -
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As mentioned in the Introduction, a precise in-
terpretation of the experimental shape factors of
Lee et al.! for the ground-state 8 decay of 2B and
12N requires making the appropriate corrections
for decay branches to excited states of *?C. For
2N the situation is particularly uncertain because
of the discrepancies in the published values of the
B-decay branch to the 4.44-MeV level. Thus, for
example, Wu, Lee, and Mo*? calculate that chang-
ing this branching ratio from the value accepted in
1963, 2.4%, to the weighted average prior to the
present work,3° 2.1%, results in a change in the
slope of the N shape factor of —0.07%/MeV. We
note that this latter value is consistent with the
number from the present work, 2.0+0.1%. How-
ever, because of the continuing controversy con-
cerning the analysis of these shape factors,'®~®
we offer no further conclusions at this point vis-a-

'vis weak magnetism and CVC except to suggest

that future experimental measurements of the

A =12 shape factors utilize the updated weighted
average for the >N and 2B branching ratios to the
4.44-MeV level of 2.02+0.09% and 1.283+0.0409,
respectively.

- tWork supported by the U. S. Energy Research and
Development Administration.

*Present address: Physics Department, University of
I1linois, Urbana, Illinois 61801.
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