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The nuclides Sm, Nd, and Pr were prepared by the (n, 2n) reaction using energetic
neutrons produced by deuteron bombardment of tritium and lithium targets. A comparison of
K x rays and annihilation radiation from each nuclide was made by means of a thin-window
NaI detector. Using theoretical ratios of K electron capture to total electron capture, per-
centages of positron emission for 4 Sm, Nd, and Pr were found to be 40.0+2.0, 2.72
+ 0.20, and 48.7+ 2.2, respectively.

INTRODUCTION

For a number of (n, 2n) reactions, neutron defi-
cient nuclides are produced for which positron
emission is a possible mode of decay. Since it is
quite common practice to determine cross sections
for such reactions by measuring the induced posi-
tron activities, a knowledge of the ratio of electron
capture to positron emission in the decay of the
product nucleus is essential. Our interest in cer-
tain rare earth isotopes has led us to measure the
percentages of positron emission in the decay of

"'Sm, "'Nd, and "'Pr. The purpose of this paper
is to describe briefly these measurements.

EXPERIMENTAL PROCEDURE

AND RESULTS

Deuterons from the Auburn University dynami-
tron accelerator were used to produce energetic
neutrons by the T(d, n)'He and 'Li(d, n)'Be reac-
tions. Samples subjected to neutron irradiation
consisted of 0.0971 g of 99.9%%uo pure powdered
Pr,O„, 0.233 g of Nd, O, enriched to greater than
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90/0 '"Nd, and 0.0488 g of Sm, O, enriched to great-
er than 90% "4Sm. The latter two samples were
purchased from the Isotopes Development Center
of Oak Ridge National Laboratory. Typical irradi-
ation times varied from 15 min to 2-,' h. Except
for "N and short-lived isomers, the dominant ac-
tivities produced were attributable to the ground-
state decay of "Pr, "'Nd, and "'Sm. Each of
these nuclides, which are products of (n, 2n) reac-
tions, decays by electron capture and positron
emission. A 1-in.-diam by 1-in. -thick thallium-
activated sodium-iodide detector with a 0.005-in.
beryllium window was chosen to detect both K
x rays due to electron capture and 0.511-MeV y

rays due to positron annihilation. Because of its
low noise characteristics, the photomultiplier
utilized was an RCA 8575. Each activated sample
was counted for annihilation radiation with both
front and back absorbers to ensure local annihila-
tion of all emitted positrons. Also, each sample
was counted for K x rays at the same geometrical
position but without absorbers. Spectra were re-
corded on a multichannel analyzer.

The photopeak efficiencies of the NaI detector
were calculated theoretically in the x-ray region
by the method of Grosjean' and were determined
experimentally at 0.511 MeV by using a standard
"Na source obtained from the National Bureau of
Standards, U.S. Department of Commerce. Since
the "Na standard was a point source and the acti-
vated samples were disk shaped, the experimental
efficiencies were multiplied by the theoretically
determined ratio of absolute disk source efficiency
to absolute point source efficiency. Grosjean's
method was again followed in obtaining the theo-
retical efficiencies at 0.511 MeV.

30000

A typical spectrum is shown in Fig. 1. The

counts under the respective photopeaks were de-
termined and corrected for background and for
decay between counting intervals. Mass absorption
coefficients necessary to correct for self-absorp-
tion effects were taken from the report by Storm
and Israel. ' The calculations of Axel' were used in

adjusting the x-ray counts for the iodine x-ray
escape from the NaI detector. Pertinent decay
scheme information was taken from Lederer, Hol-
lander, and Perlman, ' except that the results of
Borman, Behrend, Riehle, and Vogel' were used
for "'Sm. After making each of the indicated cor-
rections, the K x-ray intensity to the annihilation-
radiation photon-intensity ratios were found to be
0.579, 13.7, and 0.405 for "'Sm, "'Nd, and "Pr,
respectively. With K fluorescent yields of 0.912
for "'Pm, 0.903 for "'Pr, and 0.899 for ' 'Ce
from the report by Storm and Israel, ratios of K
capture to positron decay, K/P', were obtained.
The derived ratios are given in Table I.

Since a comparison of the total electron capture
to positron emission was desired, the theoretical
calculations of Brysk and Rose" were used for
the relative intensities of capture from the Kshell
and from higher shells. An allowed P decay, in
which a single dominant transition takes place,
was assumed for each of the three cases treated.
The ratio of the total electron capture to positron
decay, EC/P', was obtained in this manner. From
these ratios the percentages of positron branching
in the decay of "'Sm, "'Nd, and "'Pr were found
to be 40.0~2.0, 2.72~0.20, and 48.7~2.2, respec-
tively. These results, along with those of other
workers, ' "are presented in Table I. The errors

TABLE I. Values for the positron branching, expressed
as a percentage of the total number of decays, and the K
capture to positron ratio.
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FIG. 1. A typical spectrum showing the K x-ray and
0.511-MeV photopeaks due to the decay of 43Sm. Other
structure in the spectrum near channels 130 and 200
may be attributed to backward scattering and to the
Compton edge for the annihilation radiation photons.
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shown for the present results are our estimate of
the standard errors based on counting statistics
and uncertainties in the various quantities entering
the branching ratio calculation. The major con-
tributors to these errors are the uncertainties in
detector efficiencies and absorption corrections.
For improvement in the measurements, sources
of higher specific activity are needed to permit the
use of better counting geometry and to reduce the

uncertainties due to self-absorption corrections.
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Properties of levels in 4 Pu and 3Pu were determined by (d, P) and (d, t) reactions on tar-
gets of pu and pu. The reactions pu(n, y) 'pu and pu(d, d') pu were also studied.
On the basts of these data, single-particle assignments are made for levels in Pu and 2+Pu.
Single-particle spectra, extracted from the data by means of a pairing-force calculation, are
compared both with those of the isotonic nuclides and with the single-particle spectra calcu-
lated from a deformed Woods-Saxon potential.

I. INTRODUCTION

This paper is the third in a series of studies of
the single-particle states of actinide nuclei popu-
lated in single-neutron transfer reactions. In
Paper I of this series, ' we presented the results
of a detailed study of ' 'U and developed the theo-
retical framework for these studies. In Paper II,'

we dealt with the Cm isotopes. Some preliminary
results of our studies of ' 'Pu and '"Pu were re-
ported earlier, ' but the detailed analysis is pre-
sented here.

Section II is a brief discussion of the theoretical
basis for our analysis of the single-nucleon trans-
fer data. Our experimental results for '"Pu and
'~Pu are presented in Sec. III, and our assign-


