ABSTRACT

PROPERTIES OF GAMMA-RAY TRANSITIONS IN 56co

FROM S6Ni DECAY AND 56Fe(p,ny)56Co

By

Lawrence Edward Samuelson

The 56Ni beta decay and the 56Fe(p,ny)56Co reaction with beam
energies between 5.5 and 8.4 MeV have been used with Ge(Li) spectrom-
eters to study properties of y rays from states of 56Co below 2.85
MeV of excitation. The S56Ni decay y-ray spectrum and y-y coincidences
were studied. vy-y coincidences, y-ray excitation functions, y-ray
angular distributions, and absolute cross sections were measured for
the 56Fe(p,ny)SGCo reaction. A beta-decay scheme for °6Ni, which
includes six y rays, and an energy-level diagram for 56Co, which
includes 35 y rays (14 of which are reported for the first time)
from 20 excited states, are presented. Comparisons of the data
from 56Fe(p,ny)55Co with predictions of the statistical compound
nuclear model have resulted in spin assignments (in parentheses)
for the following states (energies in keV) of 3%Co: 158.4 (3), 576.6
(5), 829.7 (4), 970.3 (2), 1009.2 (5), 1114.6 (3), 1450.8 (0), and
1720.3 (1). Branching ratios are presented for 14 Yy rays from these
eight states and multipole mixing ratios are given for 12 of these

vy rays (10 are predominantly M1). The data are consistent with a
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spin 4 assignment to the ground state. Contrary to previous sug-
gestions, evidence from all experiments indicates that only one state
exists in °6Co in the neighborhood of 1451 keV of excitation. The

level energies, y-ray multipole mixing ratios and y-ray branching

ratios agree, in general, with shell-model predictions of McGrory.
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I. INTRODUCTION

The earliest investigations!™® of the low-lying excited states
of 56Co began with the beta decay of 56Ni. These studies, which in-
cluded measurements of the 56Ni half life,! the y-ray spectrum,!s3>%
Y-y angular-correlations,l»3 the internal-conversion electron spec-
trum,? and lifetimes of some 56Co states,! produced valuable informa-
tion. However, only selected states below 1.8 MeV could be populated
and unambiguous spin assignments for these states could not be made.

More recently, experiments involving the two-particle trans-
fer reactions 5“Fe(3He,p)56Co,7710 S5hfe(q,d)56Co, 1! 58Ni (p,3He)56Co0,12
and 58Ni(d,a)56C0859513-15 and the charge~exchange reactions 56Fe(p,n)-
56C016517 and 56Fe(3He,t)56C018721 have increased the knowledge of
the properties of these and additional states. However, the interpre-
tations of these experiments depend strongly upon assumed 56Co wave
functions and reaction mechanisms. Neither is well-known.

In particular, the J" of a state in 56Co at 1451 keV has been
somewhat controversial. In the early S56Ni decay work, 1~ or 2lL seemed
most consistent with the data, with 17(27) being favored by Ohnuma
et al.,3 and 2+ by Jenkins et ql.2 and Wells.22 Later, Belote
et al.,8 observing £ = 0 transfers in (3He,p) and (d,a) and a weak
(d,a) cross section, chose 0+. Belote ¢t ql.8 then conjectured that

+
this state was an anti-analog of the 36Fe ground state (J" = 0 ).

Subsequent particle transfer work has confirmed J" = 0+ (e.g. see
Ref. 12 and 15). However, Roos and Goodman!? reported an £ = 1 trans-

fer in the (3He,t) reaction, implying J" = 17; they then suggested

that possibly a 0+ and a 1~ state occur within a few keV of each




other at this energy.

The 56Fe(p,ny)SGCo reaction?3’2% pear threshold was chosen
for the present study because the reaction should be well described
by the statistical compound nuclear (CN) theories of Wolfenstein,?2®
Hauser and Feshbach,26 Biedenharn and Rose,2’ Satchler,28 and Sheldon
and Van Patter.?% Since all states for which there are sufficient
energy and angular momentum are excited in this type of reaction,
both members of the doublet (if they exist) at 1451 keV should be
populated quite strongly because of their expected low spins. Com-
parisons of the results of the present work with the predictions of
the statistical CN theory and with previously measured °6 Co Y-ray
characteristics have lead to unambiguous spin assignments for all
56Co states below 1.8 MeV. In addition, y-ray multipole mixing ratios,
precise level energies and y-ray branching ratios are obtained.
This experimental information is compared with shell-model level
energies and B(M1) and B(E2) values for °06Co calculated recently
by McGrory.30

As a supplement to the (p,ny) work, the Y-ray spectrum accom-
panying the °®Ni beta decay was reinvestigated. These experiments
corroborated the previous °®Ni decay work and the energies of some

56¢co Y-rays. In particular, the 1451 keV state was examined very

carefully in the decay study for any evidence of it being a doublet.




II. THE BETA DECAY OF 56Ni

Ge(Li) detectors were used to measure the Y-ray spectrum and
Y-y coincidences accompanying the 56Ni beta decay. These experi-
ments yielded y-ray energies and intensities and confirmed the place-

ment of y-rays in the 56Ni decay scheme.

A. Source Preparation

The 6.1-day 5®Ni activities were produced via the 5%Fe(3He,3n)56Ni
reaction (Q = -16.3 MeV) by bombarding 0.02 gm/cm? iron foils with
45-MeV 3He particles from the Michigan State University sector-focused
cyclotron. After allowing about 10 days for the undesired 1.5-day
S7Ni activity to decay, chemical separations were performed.

The iron foils were first dissolved in hot 15N HC1l, evaporated
to dryness, and redissolved in 10N HCl. The samples were then passed
through a column of Dowex 1-X8 anion exchange resin previously brought
into equilibrium with 10N HC1l. This procedure3! removed all detect-
able contaminant cobalt activities such as °®Co and 58Co. The desired
S6Ni activities were then separated from the remaining contaminant
radioisotopes such as 51Cr, 52Mn, and %%Mn by the standard procedure
of precipitation of nickel dimethylglyoxime (Ni-DMG).32 The Ni-DMG

was finally dissolved in 15N HC1l and placed in thin-walled plastic

vials for counting.




B. The y-Ray Spectrum

Three different Ge(Li) detectors were used to take y-ray singles
spectra: (1) a 2.5%-efficient (compared to a 7.6 cm x 7.6 cm NaI(Tl)
detector at 25 cm and at a y-ray energy of 1332 keV) Ge(Li) detector
with a 15:1 peak-to-Compton ratio and a FWHM resolution of 2.34 keV
at a y-ray energy of 1332 keV; (2) a 4.5%-efficient Ge(Li) detector
with a 22:1 peak-to-Compton ratio and a FWHM resolution of 2.10 keV;
and (3) a 10.4%-efficient Ge(Li) detector with a 30:1 peak-to~Compton
ratio and a FWHM resolution of 2.28 keV. A typical 56Ni decay y-ray
singles spectrum is shown in Fig. 1. Optimum resolution and the most
symmetric peaks were obtained using an ORTEC model #450 Research
Amplifier direct-coupled into a Northern Scientific 50-MHz analog~
to-digital converter. The data were accumulated in either the MSU
Cyclotron Laboratory's Xerox Data System I~7 time-sharing computer
using a pulse-height analysis routine,33 or in a Digital Equipment
Corporation PDP-9 computer loaded with another pulse~-height analysis
routine. Peak centroids and areas were determined off-line by the
peak-fitting code SAMPO, 3% which was especially useful in stripping
unresolved multiplets.

Since it offered the best over-all resolution, the 4.5%-efficient
Ge(Li) detector was used to take the spectra for the y-ray energy
measurements. For these measurements, spectra from a °5Ni source
were taken in the presence of various combinations of such well-known
y-ray energy standards as °7Co, 139ce, 203Hg, Slcr, 207Bi, 137¢g, SiMp,

56Co, 88y, 65Zn, 60co, 22Na, %0K, and 192Ir. The calibration energies

assumed can be found elsewhere.®s35536 C(Care was taken so that standard
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peaks and the °6Ni decay peaks grew into the spectra at roughly equal
rates. A quadratic fit was then made to the calibration energies
versus measured centroids in two energy regions (100-800 keV and 700-
2000 keV). The °6co Y-ray energies were then calculated by computer
using this calibration and are listed in Table I.

The 2.5%- and 10.4%-efficient Ge(Li) detectors were both used
for y-ray intensity determinations. Separate singles spectra were
taken using each detector with the 5®Ni source placed both at S cm
and at 25 cm from the face of the detector. The use of two detectors
with highly different efficiencies and of two source—-to-detector
distances allowed for sum-peak identification. Background spectra
(with the source removed) were also taken with each detector. The
relative efficiency curves were determined using the y-ray intensity
standards 160Tb, 203Hg, 18Ome, 110”’Ag, 177mLu, 56Co, 88Y, 60Co, and
24%Na, The relative intensities of the Y-rays from these standards

can be found elsewhere.5:37-39 7rhe intensities presented in Table

I were obtained by averaging the four sets of data.




Table I. Energies and relative intensities of the y rays
in 56Co from the beta decay of S6Ni.

E, (keV) L

Present Piluso Present Piluso

work et al.? work et al.
158.4%0.1 158.3+0.2 - £100. =100.
269.5%0.1 269.6x0.1 36.0+1.4 40.0+0.7
480.540.1 480.7+0.1 36.01.5 41.421.4
749.910.1 750.610.1 50.5%2.5 54.3%3.5
811.8+0.1 812.2+0.2 88.5%4.4 -91.343.5
1562.0+0.2 1562.5%0.2 14.3£1.4 12.8+1.4

aSee Ref. 4.
b

The relative y-ray intensities presented by Piluso et al. (Ref. &)
have been renormalized here to 100 for the intensity of the 158.4-
keV transition.




C. Y-y Coincidences

Prompt y-ray coincidences in the 9°®Ni beta decay were determined
with a Ge(Li)-Ge(Li) spectrometer using the 4.5%- and 10.4%-efficient
detectors arranged in 150° geometry with a graded (Pb-Sn-Cu) absorber
placed between them to minimize Compton scattering from one detector
into the other. A typical two-parameter, fast-slow coincidence arrange-
ment (resolving time 2t = 100 nsec) was used. Addresses corresponding
to the energies of coincident y-rays were listed in pairs on magnetic
tape.*0 This listing yielded a 4096x4096~channel array of prompt
coincidence events which were later sorted off-line in gated slices.*!
The gated slices included careful subtraction of background coincidences
which were determined from the adjacent continuum.

The integral coincidence spectrum from each detector is shown
at the top of Fig. 2. Each spectrum represents 330,000 coincidences.

Beneath each integral spectrum in Fig. 2 are shown spectra in coinci-

dence with the various °fCo peaks. The results are summarized in

Table II.
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Table II. Summary of two-parameter y-y coincidence

€
results for the 56Ni » 56¢o decay.

EY /EY

(keV) 158 270 481 511(y%) 750 812 1562
158 — yes yes no yes yes yes
270 yes — yes no no yes no
481 yes yes - no no yes no
511(v¥) no no no -— no no no
750 yes no no no —— yes no
812 yes yes yes no yes -_— no

1562 yes no no no no no —-—




