PHYSICAL REVIEW

VOLUME 186, NUMBER 4

20 OCTOBER 1969

Beta Decay of Bt

K. W. Jones, W. R. Harris, M. T. McELLISTREM,* AND D. E. ALBURGER
Brookhaven National Laboratory, Upton, New York 11973
(Received 27 May 1969)

The 8 decay of B® has been studied by means of plastic and NaI(TI) scintillation detectors. The activity
was formed in the B!1(¢, ) B33 reaction using a mechanically chopped beam of 3.0-MeV tritons from a Van de
Graaff accelerator. 8-y coincidence measurements have confirmed a previously reported 8 branch to the
3.68-MeV second excited state of C'3. By means of a B-neutron time-of-flight method, 8 branches to neutron-
emitting levels of C3at 7.5 and 8.86 MeV have been observed. The C%levels in MeV, B 8 branches to these
levels in percent, and the corresponding logf# values are ground, 92.14-0.8, 4.02-£0.02; 3.68, 7.6+0.8, 4.47--
0.05; 7.5, 0.094-0.020, 5.374-0.09; and 8.86, 0.16-:0.03, 4.63-£0.08. The present results are consistent
with recent assignments of J*=4"and 3~ to the 7.55- and 8.86-MeV C® levels, respectively. It is suggested
that the 7.55-MeV member of the 7.50-7.55-7.68 C3 triplet is the one populated in B2 8 decay. The experi-
mental logfs values agree well with theoretical calculations by Cohen and Kurath.

I. INTRODUCTION

N early success of the nuclear shell model was the
treatment of the 4=13 system by Lane.! Within
the framework of the intermediate-coupling model,
Kurath? calculated the expected excitation energies of
the odd-parity states in the 4= 13 nuclei. With a value
of 5.5 assigned to the intermediate-coupling parameter
a/k, Kurath predicted a J7=3$" level at 3.7 MeV above
the ground state, a J*=4"level at 5.3 MeV, and a J™=
1~ level at 10.7 MeV. The known levels at 3.68 MeV in
CB and 3.51 MeV in N* have both been experimentally
assigned a spin parity J*=%~ and they are identified
as the £~ level predicted by the model. Several early
experimental attempts® were made to find the J7=4§~
levels in CB and N3, but without success. It now seems
to be well established that there are no excited states in
CBbetween the known levels at 3.85 and 6.87 MeV or in
N between the known levels at 3.56 and 6.38 MeV.
More refined calculations of the levels expected in the
A=13 nuclei have now been made by Boyarkina,*
Barker,? Halbert et al., and Cohen and Kurath.” The
calculations of the last three of these authors are
reasonably consistent in their predictions of the excita-
tion energies of the first three odd-parity excited states.
Cohen and Kurath, for example, find the J7=$~ level
at 3.7 MeV, the J*=35— level at 7.4 MeV, and the
Jr=%~level at 9.0 MeV.
Experimental identification of the J7=4~ and %~
levels now appears to have been made by Fleming et
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al.,® who have recently studied the (p, ¢) and (p, He?)
reactions on C¥ and N® targets. Their data, in conjunc-
tion with previous work, enabled them to make firm
spin-parity assignments of J7=§~ and 3~ to the C®
levels at 7.55 and 8.86 MeV, respectively. These are
presumably the two states predicted by the shell model.
Fleming et al. also have assigned J7=3%~ to the 7.42-
MeV level in N*® which is taken to be the mirror of the
C® 7.55-MeV level. A tentative assignment of J7=3—
was given to the C® level at 9.52 MeV.

The levels of C® from 8.8 to 11.0 MeV have also
been studied recently by Galati ef al.,° through analysis
of the resonances in C4-» scattering. Definite assign-
ments of J7=%~ and #~ have been made to the 8.86-
and 9.90-MeV levels, respectively, and a tentative
assignment of J7=4~ or £~ has been given to the narrow
level at 9.52 MeV, all consistent with the results of
Fleming et al.?

Cohen and Kurath’s theoretical work” on the 4 =13
system also included calculations of the logf# values for
the various 8-decay branches of B. According to the
model, B should have a spin parity J*=32~. Values for
the logft values of the 8 branches to the states discussed
above were derived, based on two different choices of
parameters.

It was suggested to us® that a detailed study of the 8
decay of B* would be of interest as a further test of the
model. The decay scheme of B® has been investigated
previously by Marques et al.!' They measured the B
half-life as 18.64-0.5 msec and they showed that 8 decay
takes place mainly to the J*=%~ ground state of C13
(Epmex=13.44 MeV, 939%), but that there is also a
branch of 79, to the 3.68-MeV J7= 4~ y-emitting level.
It was concluded that B® has a spin parity J*=%-, as
was expected from the shell model.

Since all states in C®® above 4.9 MeV are unstable

8D. G. Fleming, J. Cerny, C. C. Maples, and N. K. Glen-
denning, Phys. Rev. 166, 1012 (1968).

¢ W. Galati, J. D. Brandenberger, A. Obst, and J. L. Weil, Bull.
Am. Phys. Soc. 13, 1388 (1968); J. L. Weil (private communi-
cation).

10 E. K. Warburton (private communication).

1t A. Marques, A, J. P. L. Policarpo, and W. R. Phillips, Nucl.
Phys. 36, 45 (1962).

978



186

against neutron emission, Marques et al. searched for
neutrons that would be associated with g-decay
branches of B to higher excited states of C%. By means
of a long counter they showed that less than 1.5%, of
the B® decays proceed to neutron-emitting levels.
However, Chiba et al.'? were able to detect delayed
neutrons from B decay with a BF; counter. They re-
ported a yield of (5.24-2.6) X 10~ neutrons per 8 decay,
but they did not measure the energies of these neutrons.

We have used the B-neutron time-of-flight method to
detect such events, to determine the excitation energies
of the C® states being fed, and to find the branching
ratios of the B decay. Two distinct 8 branches of B® to
neutron-emitting states in C®® were observed.

To our knowledge, there have been only a few previ-
ous applications of the 8-neutron time-of-flight method.
Gilat ef al.® measured the B-ray branching of NV to
neutron-emitting states of OY. More recently, two
groups' have studied the 8 branching of Li® to neutron-
emitting states of Be® by means of this technique.

II. EXPERIMENTAL METHODS

The experimental arrangement for the study of B
decay is illustrated in Fig. 1. A beam of tritons from the
Van de Graaff passes through a mechanical chopper
located ~12 ft from the target. The chopper, together
with its associated timing and electronic gating system,
has been described previously.’® Since this device
operates on a 17-msec irradiate-count cycle, including
3 msec of irradiation and 12 msec of counting, it is
quite suitable for the study of B,

Metallic boron powder enriched to 979 in B! was
deposited in a thick layer on a steel backing to form
the target. This was placed in a thin-walled glass target
chamber. The B rays from the target were detected
with a 3-in.-diam X2-in.-thick Pilot-B plastic scintilla-
tor coupled to an RCA 8575 photomultiplier tube
through a short light pipe. This was placed approxi-
mately 1.5 cm from the target at 90° to the beam.

A 5X35-in. NaI(TIl) detector was used for detecting
v rays. As in earlier work,”® a special cathode follower
unit was used in order to stabilize the gain under the
beam-pulsing conditions, Carbon and copper absorbers
were placed in front of the v detector in order to ex-
clude 8 rays with a minimum of bremsstrahlung pro-
duction.

The neutron detector consisted of an 8-in.-diam
X1-in.-thick NE102 plastic scintillator coupled with a
conical Lucite light pipe to an RCA 8575 photomulti-
plier tube. The neutron detector was placed opposite
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Fi1c. 1. Experimental arrangement for measurements on B3
decay. B rays are detected in the 3X2-in. Pilot-B scintillator,
coincident v rays in the 5X35-in. NaI(Tl) detector, and time-of-
flight neutrons in the 8 X1-in. NE-102 scintillator. The neutron
flight path d was set at 35 to 100 cm in the various experiments.

the B8 detector at 90° to the beam and at distances d of
35 to 100 cm from the target, depending on the par-
ticular measurement. Pb and Al absorbers were placed
in front of the neutron detector in order to exclude 8
rays.

Electronic units, all of which were of commercial
design, included a coincidence circuit for measuring
B~y coincidences, a time-to—pulse-height converter for
measuring the B-neutron time spectrum, and multi-
channel pulse-height analyzers for recording the vy-ray
spectrum in coincidence with 8 rays, the spectrum of
B-ray singles, and the time spectrum of events follow-
ing B-ray emission.

III. EXPERIMENTAL RESULTS

A. B-Neutron Time-of-Flight Measurements

The B® activity was produced with a 3.0-MeV
chopped beam of tritons at an average current of
0.0014 pA. In the initial runs to determine the 8-neu-
tron time-of-flight spectrum it became evident that
there were two neutron groups emitted in B¥ decay.
Two types of experiments were performed, the first of
which consisted of determining the energies of the two
groups. Most of these runs were made at a distance ¢
(see Fig. 1) of 50 cm. Biases on the outputs of both the
neutron and B detectors were set so that there would
be good timing resolution. For any given set of condi-
tions the effective timing resolution was determined
from the width of the B-prompt + peak. This yield re-
sulted mostly from the 8 branch to the C®# 3.68-MeV
level followed by y-ray emission, although B-bremsstrah-
lung coincidences also contributed to the prompt 7y
peak. The effective time resolution attained during the
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F16. 2. B-neutron time-of-flight spectrum in the decay of B®
for a flight path d=35 cm (see Fig. 1), Time increases from right
to left and the dispersion is 0.126 nsec per channel. The separation
between the B-prompt y peak and the peaks corresponding to
the neutron decay of the C® 8.86- and 7.5-MeV levels are ap-
proximately 13 and 16 nsec, respectively.

experiment varied from 1.5 to 2.5 nsec. Because of its
relatively high yield, the prompt v peak could be mea-
sured well enough in a few minutes to establish its
width. Calibration of the time spectrum was made in
terms of standard length delay lines. The spectrum of
calibration points was tested for linearity by a x? fit.
The standard deviation of this fit was 0.05 nsec.

Spectra similar to Fig. 2, but with somewhat sharper
and more symmetric peaks and with a somewhat
greater dispersion corresponding to d=50 cm, were
obtained in the energy measurements. The separation
between the B-prompt ¥ peak and each neutron peak
was found by computer-fitting procedures. Allowing for
the fact that the v peak itself is delayed slightly (~1.7
nsec when d=>50 cm) the delay time corresponding to
each neutron peak was calculated by using the calibra-
tion data. From these time delays and the averaged
distance from the source to the detector, the neutron
velocities were determined. The averaged distance in-
cluded effects of finite detector angle and neutron ab-
sorption in the detector. Based on measurements under
several conditions, the final values for the neutron
energies are 2.434-0.06 and 3.55+0.10 MeV, corres-
ponding to C¥ excitation energies of 7.584-0.06 and
8.7940.10 MeV, respectively, and to B® B-ray end-
point energies of 5.9 and 4.6 MeV, respectively.

The second series of measurements on the 8-neutron
time-of-flight spectrum was for the purpose of deter-
mining the 8 branching ratios. For these runs the biases
on the neutron and B detector outputs were set low
enough to get good yields and adequate time resolution.
Figure 2 illustrates one of the spectra obtained. For
purposes of analysis, it was necessary to know the
fraction of the total 8 singles spectrum detected, the
relative efficiencies for detecting 8 rays of various end-
point energies, and the absolute efficiencies for detecting
neutrons of 2.4 and 3.6 MeV.
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Previous work!s with the same 3-detecting scintillator
was helpful in obtaining the fraction of B rays detected
and the relative efficiencies for 8’s of various end-point
energies since the spectrum shape for high-energy g’s
had been determined. In this second series of runs, the
side-channel bias on the 8-detector output was set at
about 0.9 MeV, and hence, the differences in the
efficiencies for the various high-energy B components
were not expected to be large. One slight complication
was the presence of a low-energy long-lived 8 emitter
whose pulse-height spectrum extended up to ~3 MeV,
and hence was partly above the bias setting. This had
an intensity of about 29, of the total yield and required
a correction of this amount to the number of B-ray
scalar counts. The f singles spectrum, with the afore-
mentioned low-energy component subtracted, served as
a calibration for a 8 of 13.44-MeV end-point energy.
The B-ray spectrum in coincidence with the y-ray detec-
tor, when a channel was placed on the full-energy-loss
peak of the 3.68-MeV CB v rays, gave a calibration
curve for 9.76-MeV B rays. Based on the observed end
points of these two spectra and the calculated end-
point energies of 5.9 and 4.6 MeV corresponding to the
@ rays feeding the 7.5- and 8.86-MeV levels, the appro-
priate end-points were found and B spectra with the
expected shapes were constructed. From these curves,
it was calculated that 9043, 8743, 795, and 74459,
of the B rays feeding the ground, 3.68-, 7.5-, and 8.86-
MeV levels, respectively, were detected above the bias
level.

The absolute efficiency of the 8X1-in. NE-102
scintillator for detecting the 2.43- and 3.55-MeV neu-
tron groups was calculated by following the procedures
described in Refs. 17 and 18. The effective low-energy
bias point for the neutron detector was established by
calibrating the detector with Na*® and Cs'¥" y-ray sour-
ces. By correcting for the difference in light output be-
tween proton recoils and electron recoils the low-energy
bias for recoil protons was then obtained. A computer
program!® which included the effects of scattering from
the carbon and double scattering from hydrogen in the
scintillator was then used to obtain the efficiency of
the scintillator as a function of neutron energy for a
given bias setting. Absolute efficiencies of 0.214-0.02
and 0.1840.02 were found for the 2.4- and 3.6-MeV
neutron groups, respectively. Runs were made at
values of the recoil-proton bias ranging from 0.3 to 0.7
MeV. After calculating the solid angle of the detector
and correcting (by ~109%, total) for the absorption of
the neutrons in the Pb and Al, the absolute efficiency
times solid angle was found for each neutron group.

Below 9.38 MeV in C¥, the only particle decay

possible is neutron emission to the ground state of C®2.
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Therefore, the B-branching ratios can be found from
the ratio of delayed neutron yields (net areas under
the neutron peaks) to the number of 3 counts, corrected
for the efficiency times solid angle of the neutron detec-
tor and for the relative g3 efficiencies. Final values for
the B-ray branches are (0.09440.0209,) to the 7.5-MeV
level and (0.16+40.03) 9%, to the 8.86-MeV level.

B. B-y Coincidence Spectrum

The B branching to the 3.68-MeV C® level can be
found from the number of 3.68-MeV v rays in coinci-
dence with the total B spectrum. Corrections to the
recorded B’s for the presence of a low-energy 8 emitter
of long half-life and for the fraction of B 8’s above the
bias were made as discussed above. The area under the
3.68-MeV full-energy-loss peak was corrected for
analyzer dead time, for full-energy peak efficiency
times solid angle at the distance used, and for the ab-
sorption of the y rays in the carbon and copper ab-
sorbers. The number of 3.68-MeV v rays per 8 ray was
found by simple calculation.

The weighted average of three different runs leads
to a value of (7.6+0.8) 9, for the B®® 8 branch to the
3.68-MeV C* Jevel.

C. Test for a Possible B2 Contribution

Implicit in the above analyses is the assumption
that, aside from the low-energy (-ray component al-
ready corrected for, all of the high-energy 8 rays in fact
originate from B, It is possible that other short-lived
activities could be present.

One test for contaminant activities consisted of set-
ting the energy bias on the B8 detector at 4 MeV and
observing the 8 count where the beam was removed
from the target. The drop in the B-counting rate from
~20000/sec to a level of only a few counts/sec ap-
peared to be instantaneous. In any case, activities with
T12>0.5 sec and Egnax>4 MeV were of negligible
intensity.

The most likely activity with 77y,<0.5 sec and
Egmax>4 MeV is B2 which can be produced by the
B(#, p) B! reaction in the B! (~3%) in the target.
Since the end-point energies and half-lives of B and
B2 are nearly the same it would not be possible to
distinguish between these two activities in the 8 spec-
trum. A significant B 8 contribution would evidently
lead to erroneous values for the B 8-branching ratios,
unless proper corrections were made.

The y-ray spectrum in coincidence with 8 rays can
serve as a test for the presence of B%, since B2 decays
with a branch?® of 1.39, to the first excited state of C12
at 4.44 MeV. Even though this branch is a factor of 6
smaller than the 7.6%, B branch to the CB 3.68-MeV
level, the higher energy of the 4.44-MeV v ray places
its full-energy-loss peak just above the 3.68-MeV
pulse-height spectrum in a region of low background.

1B F. Ajzenberg-Selove and T. Lauritsen, Nucl. Phys. 11, 1
(1959).
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Fic. 3. Proposed decay scheme of B® showing the present
results on the B-ray branching. The energies, spins, and parities
of the CBlevels are taken from previous work. As explained in the
text, the B1 B-ray branch to the “7.5-MeV” level probably takes
place to the J==%~ 7.55-MeV member of the 7.50-, 7.55-, 7.68-
MeV triplet.

A run of several hours on the 8~y coincidence spec-
trum failed to reveal any sign of the 4.44-MeV v ray
from B! decay. Based on an upper limit of 0.59% on the
intensity of the 4.44-MeV full-energy-loss peak relative
to that of the 3.68-MeV peak the upper limit on the
total B B activity is <49 relative to the B* under
investigation. Hence, no corrections were made for
high-energy contaminant 8 activities.

IV. DISCUSSION

The results of the present work on B decay are
summarized in Fig. 3 and in the fourth and fifth columns
of Table I. Our 8-branching intensities to the ground
and 3.68-MeV levels of C® are in excellent agreement
with Marques ef al.,'* who obtained values of 93 and
(7£1.5)9%, for these two B transitions, respectively.
The sum of our 3-branching intensities to the 7.55- and
8.86-MeV levels agrees with the neutron intensity re-
sults of Chiba ef al.,”? just within the errors.

The experimental values for the excitation energies
corresponding to the two neutron groups from B are
to be compared with the known levels!® of C¥. There
seems to be no ambiguity in assigning the more ener-
getic neutron group to the 8.86-MeV C*® level since the
experimental value of 8.794-0.10 MeV for the excita-
tion energy clearly excludes the nearest-neighboring
levels at 8.25 and 9.52 MeV. On the other hand, the
experimentally determined excitation energy of 7.58-4
0.06 MeV, corresponding to the other neutron group,
is not sufficiently accurate to allow it to be assigned
with certainty to any given member of the 7.50-7.55-
7.68-MeV triplet in C®. From energy considerations
alone, there is only the weak suggestion that the 7.55-
MeV level is favored since the experimental value,
while agreeing with the 7.55-MeV level within the
errors, differs from the 7.50-MeV level by 1.3 probable
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TABLE I. B-ray branches in the decay of B,

Level in CB B branch (%)

8 branch (%)

logft (expt) logf¢ (theoret)®

(MeV) J* previous work present work present work  (8-16)POT  (8-16) 2BME
0 i 93> 92.1+0.8 4.0240.02 3.93 3.89
3.68 3= 741.5b 7.6+0.8 4.4740.05 4.68 4.59
7.55 2= 0.524+0.26to )°  0.094+0.020 5.37+0.09 5.18 5.98
all neutron-
8.86 'n emitting levels 0.16£0.03 4.6340.08 4.88 4.41

8 Reference 7.
b Reference 11.

errors and differs from the 7.68-MeV level by 1.7
probable errors. In Fig. 2, peaks corresponding to levels
at 7.68 and 7.50 MeV would occur at positions differing
by only 4.5 channels.

As is evident from the experimental logft values
given in the fifth column of Table I, all four of the B*
B transitions are allowed. Since B® has J7=$—-, then
the final states to which these decays occur have odd
parity and J=1%, 3, or §. The logf values of the 8 decays
to the ground and 3.68-MeV levels are con51stent with
the known spin parities of J7=%~ and -, respectively,
as had been shown by Marques et al

The present result on the logft value of the 8 to the
8.86-MeV level is consistent with the assignment?® of
J7=7" to that level. For the 8 decay to the C® triplet
in the vicinity of 7.5-MeV excitation energy we make
use of the assignment® J*=5- to the 7.55-MeV level,
with which our experimental log f¢ value is consistent.
In all probability, it is this member of the triplet that is
fed in the 8 decay of B®. The 7.68-MeV level has
J™=%+ and would require a first-forbidden transition
from B®. Although we still cannot definitely exclude an
allowed 3 decay to the 7.50-MeV level in C3, whose
spin and parity are not known at present, consideration
of the corresponding region in N3, the mirror nucleus of
CB, rules strongly against it. The 6.91-7.18-7,42-MeV
triplet in N*® evidently corresponds to the 7.50-7.55-
7.68-MeV triplet in CB., The J7=2* 6.91-MeV and
£~ 7.42-MeV levels in N have been identified® as
analogs of the 7.68-MeV and 7.55-MeV levels of CB,
Charge symmetry implies that the 7.50-MeV level in
C is the analog of the 7.18-MeV level in N®. Since
the 7.18-MeV level in N has been assigned a spin
parity of 7+, charge symmetry predicts a spin parity
of Z* for the 7.50-MeV level in C® which would rule
out an allowed 8 decay to this level.

Other levels in C to which allowed 3 decays rmght
occur are those at 9.52 and 9.90 MeV. The former has
been tentatively assigned® J7=3%-, whereas a firm
assignment® of J7=35~ has been made to the latter.
The various experimental time-of-flight spectra were
examined for possible neutron groups corresponding to
these levels. In Fig. 2, a neutron peak corresponding to

20 F. C. Barker, G. D. Symons, N. W. Tanner, and P. B. Treacy,
Nucl. Phys. 45, 449 (1963).

© Reference 12.

the 9.52-MeV level would occur at channel 651. An
upper limit of 209, relative to the 8.86 peak may be
placed on the intensity of such a peak. The upper limit
on the corresponding B*¥ 8 branch is <0.03%, and hence
the lower limit on the logjt value is >5.0. Similarly,
a neutron peak corresponding to the 9.90-MeV level
would occur at channel 655. The upper limit on its
intensity corresponds to a 8 branch of <0.029%, and to a
limit of logft >5.0. For both of these levels neutron
emission is mainly to the C? ground state,® and the
weak decay mode to the C? 4.44-MeV level does not
modify the limits quoted above. If the 8.86-MeV peak
in Fig. 2 were to contain a 209, admixture of neutrons
from either the 9.52- or 9.90-MeV levels, the corres-
pondingly smaller branch calculated for the 8 decay
to the 8.86-MeV level itself would still lie within our
quoted uncertainty for that branch. The limits on the
logft values for B* 8 decay to the 9.52- or 9.90-MeV
levels do not appear to contribute any useful informa-
tion on the spin parities of these C'® states.

We now compare our results with the shell-model
calculations by Cohen and Kurath.” They have used
two approximations for the effective two-body inter-
action. For each of these the parameters were adjusted
for a best fit to 35 sets of data in 4=8-16 nuclei.
These fits were designated (8-16)POT and (8-16)-
2BME. The logft values for the B! 8 transitions calcu-
lated by Cohen and Kurath are given in the last two
columns of Table I. The agreement between experiment
and theory is quite good in all four cases. For the two
new BB g transitions that have been measured in the
present work the logft values are both about midway
between the two calculations.

In summary, the decay scheme of B* given in Fig. 3
is consistent with the known information on the levels
of CB below 9 MeV, and the 8 transition rates are in
excellent agreement with theory. However, the data
cannot make a clear choice between the two versions
of the theory.

It is of interest to compare the present results on the
B~ decay of BB with the 8+ decay of O%, since O* and
B are mirror nuclei. Assuming charge symmetry, the
logft values for 8 decay of B® to the various C* levels
measured in this experiment should be equal to the
logft values for the positron decay of O to the corres-
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ponding N® mirror levels. By using the value of the
mass excess of O measured by Butler,2! 23.114-0.07
MeV, we can equate the B! and O logft values in
order to predict the half-life of O® as well as the in-
tensities of the positron branches of O to the N
mirror levels. In doing so, we assume that the lower-
energy neutron group observed in the present experi-
ment is from the §~ 7.55-MeV level in C. Our predicted
value of the OB half-life is 7.74£0.8 msec and the
various predicted 8+ branching ratios are given in the
third column of Table II.

McPherson et al.2 have observed delayed protons
following the production of O® by the N*(p, 2x)0®B
reaction. They measured the O® half-life to be 8.7+&
0.4 msec. Within the uncertainties our predicted value
of 7.74£0.8 msec agrees with the measured half-life.
McPherson ef al. also measured the relative intensities
of protons, leaving C® in its ground state, from the
8.93- and 9.48-MeV levels of N and established an
upper limit for the relative intensity of such protons
from the 7.42-MeV level of N, These relative proton
intensities do not necessarily reflect the relative positron
branches of O to the 7.42-, 8.93-, and 9.48-MeV levels
of N® since the proton branch to the C® first excited
state is energetically possible, and it can compete with
the proton decay to the ground state in all three cases.
We have estimated the relative O positron branches to
these three N levels, based on the measurements of
McPherson et al., by dividing their relative proton inten-
sities by the ratio of the partial elastic proton width to
the total width for each level. The widths used were
based on the results of inelastic® and elastic® proton
scattering by C2. The resulting estimates of the relative
O positron branches are given in the fourth column of
Table II, where these values have been normalized to
our predicted 9, branches by equating the two values
of the branch to the 8.93-MeV level. The upper limit
of <0.849, for the branch to the 7.42-MeV level esti-
mated from Refs. 20, 22, and 23 is consistent with our
predicted branch of 0.24%,. Evidently McPherson et al.
did not observe protons corresponding to the O posi-
tron branch to the 7.42-MeV level of N since it de-
cays® predominantly to the 4.44-MeV first excited state
of C'2. The protons resulting from such partial branches

21 G. W. Butler, University of California Report No. UCRL-
17783, 1967 (unpublished).

22 R. McPherson, R. A. Esterlund, A. M. Poskanzer, and P. L.
Reeder, Phys. Rev. 140, 1513 (1965).

2 G. G. Shute, D. Robson, V. R. McKenna, and A. T. Berztiss,
Nucl. Phys. 37, 533 (1962).
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TasiLE II. Comparison of positron branches in the decay of O
predicted by the present work in conjunction with Ref. a to those
estimated from Ref. b.

Relative g+
% B* branch branch in %,
Level in N3 predicted by estimated
(MeV) JT present work from Ref. b e
0 i 89411
3.51 B 1042
7.42 5 0.244-0.06 <0.84
8.93 i 0.5740.12 0.57
9.48 3 <0.2 0.33

8 Reference 21.

b References 20, 22, and 23.

© These relative branches have been normalized to our predicted values
by equating the two values of the branch to the 8.93-MeV level.

must, of course, be present but their energies would be
much lower than the region of proton energies studied
by McPherson ef al. Our upper limit on the positron
branch to the 9.48-MeV level is somewhat lower than
the branch estimated from Refs. 20, 22, and 23. Be-
cause of the 209, relative uncertainty in our predicted
branch to the 8.93-MeV level and the uncertainties in
the branch estimated from the Refs. 20, 22, and 23, we
cannot place any significance in this quantitative differ-
ence. It would be of interest to observe the complete
spectrum of delayed protons from O* including branches
to the C? 4.44-MeV state. Information could then be
obtained on both the 8*-branching ratios of O* and on
the partial proton widths of the N levels to which
the gt decay takes place.

It appears that the 9.90-MeV level® in C®%, rather
than the 9.52-MeV level ® is the analog of the 9.48-MeV
level in N®. Since the present experiment leads to a
lower limit of logft >5.0 for B® 8 decay to either the
9.52- or 9.90-MeV levels in C%, either identification of
analog pairs leads to the same prediction for the relative
positron branch of O to the 9.48-MeV level in N%.
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