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Samarium oxide enriched in Sm!'# has been bombarded by 14-MeV neutrons to produce the isomeric state
of Sm!%3, The isomeric state was found to decay with a half-life of 65243 sec by the emission of a 0.75-0.01-
MeV gamma ray. Measured relative to a Cu®(n,21)Cu® cross section of 610 mb, a value of 16704400 mb
was found for the total (#,21) cross section of Sm!#, The ratio of the cross section for production of the
isomeric state to the total (1,2n) cross section was determined to be approximately 0.5.

HE isomeric state of Sm'®, which has been re-
ported by James and Bingham' and by Kotajima
and Morinaga,? has been produced by 14-MeV neutron
irradiation of samarium oxide enriched® in Sm'"4. This
isomeric state was found to decay with a half-life of
653 sec by the emission of a 0.75+£0.01-MeV gamma
ray in agreement with the results given in reference 2.
The experimental procedure was essentially the same
as that previously described.* A series of 10-min activa-
tions of the samarium samples was made by neutrons
produced in the T(d,n)He* reaction. Immediately fol-
lowing the irradiations, gamma-ray spectra were re-
corded on an RCL 256-channel analyzer fed by a scin-
tillation counter employing a NaI(Tl) crystal 3 in. in
diameter by 3 in. in height. These spectra showed
gamma-ray photopeaks at 0.75 MeV and 0.51 MeV
attributed to the decay of Sm!#™ and Sm!%7, respec-
tively. The half-life of the isomeric state was deter-
mined by following the output of a single-channel
analyzer set to pass counts in the 0.75-MeV photopeak.
The results are compared with previous measurements
in Table I. The decay of the ground state was found to
follow an 8.94-0.3-min half-life which was determined by
counting the positron annihilation radiation as a func-
tion of time.

To give added validity to the assignment of the 0.75-
MeV gamma activity to an isomeric transition in Sm!#,
an attempt was made to determine the production cross
section. The counts in the 0.75-MeV photopeak were
compared with those at 0.51 MeV from the positron
annihilation following the decay of Sm!® ground state.
The ratio of the cross section for production of the iso-
meric state to the total (»,2x) cross section of Sm!*
was found to be approximately 0.5. Using a Sm,O;
sample of natural samarium, copper monitor foils, and
a Cu®(n,2n)Cu® cross section® of 610 mb, a value of
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16704400 mb was found for the total Sm'*4(n,2%)Sm!#
cross section at a neutron energy of 14.740.7 MeV. This
result compares with 14844-119 mb and 12004300 mb
obtained by Rayburn® and by Wille and Fink,7 respec-
tively. A part of the disparity between these results and
those of the present work is due to a difference in the
value taken for the Cu®(#n,27)Cu® cross section. In
making the cross section calculations, account was taken
of the crystal efficiency,® gamma-ray photopeak to total
ratios,® saturation factors, decay factors, branching
ratios, and gamma-ray attenuation factors. In cal-
culating the yield of the isomeric state of Sm', the in-
ternal conversion coefficients® were taken as those for
an M4 transition'? of 0.75 MeV.

The yield of the 0.75 MeV-gamma ray is consistent
with the assumption that it results from a Sm(%,2n)
reaction. Considering gamma-ray energies and half-
lives, any activity due to the isomeric state'? of Nd'¥,
produced in the Sm'(n,a)Nd*'™ reaction, would not
have been distinguishable from the activity observed.
However, the yield of the activity attributed to the
Sm(%,2n)Sm*™ reaction was two or three orders of
magnitude larger than would be expected for reactions
involving alpha-particle or other charged-particle emis-
sion. A check was also made by bombarding the sama-
rium with neutrons of energy less than 6 MeV from the
Be®(d,n)B! reaction. The failure to produce the ac-
tivity gave evidence against its origin in an (n,y) or
(n,n") reaction. These results give added proof of the

TaBLE I. Gamma-ray energy and half-life for the decay of Sm!#m.

Reference 2

0.748 MeV
64 sec

Present work Reference 1

0.75 MeV
65 sec

0.68 MeV
137 sec

Energy
Half-life
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Publishing Company, Amsterdam, 1958).

703



704 WwW. L.

correctness of Kotajima’s? work and conclusions which
were based on the Sm*(y,2)Sm'¥ reaction and on shell
model considerations. No reason appears immediately
evident for the difference between these results and those
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of James! whose work was based on the reaction of 20.6-
MeV protons with samarium oxide enriched in Sm!.

We would like to thank Robert G. Polk for his assis-
tance in making the neutron bombardments.

PHYSICAL REVIEW VOLUME

129,

NUMBER 2 15 JANUARY 1963

Levels in Y?° Excited by the Y®*°(n,n’y) Reaction*

S. M. SuarroTH, P. N. TREHAN,} AND D. M. VAN PATTER
Bartol Research Foundation of the Franklin Institute, Swarthmore, Pennsylvania

(Received 14 May 1962 ; revised manuscript received 4 September 1962)

Gamma-ray spectra from the Y®(n,n'y) reaction have been
studied using a ring geometry for fifteen Li?(p,n) neutron energies
ranging from 0.78 to 3.36 MeV. Ground-state gamma-ray transi-
tions arising from levels in Y# at 0.908+0.003, 1.506+0.005,
1.7454-0.006, 2.844-0.02, and 3.05+0.03 MeV, as well as cascade
gamma rays of 0.7140.01, 1.31+0.01, and 1.62+0.01 MeV
arising from levels in Y# at 2.224-0.01 and 2.53+0.01 MeV, have
been observed. Spin and parity assignments of 3/2~ and 5/2~ have
been made for the 1.51- and 1.75-MeV levels, primarily as a
result of comparisons of ratios of experimental cross sections for
these two levels with theory. Tentative assignments are made for
higher levels. Theoretical level excitation cross-section calcula-

I. INTRODUCTION

S the theory of nuclear level structure becomes in-

creasingly refined, more precise and extensive
knowledge concerning individual nuclei becomes neces-
sary. Level structures of nuclei in the 50-neutron region
have been the subject of several recent theoretical in-
vestigations.'~? In one of these,! the positions of three
levels in Y® having various spins and parities were
calculated and the go2—p1/2 splitting was predicted
very accurately. Studies of beta-decay energy syste-
matics* have led to the suggestion of a new 9/2+ level
in Y®. Recently, de-Shalit® has suggested that in
certain cases levels of odd nuclei may be formed by
coupling the odd nucleon to excited states of the even
core. The Y*® nucleus with one py/; proton outside the
38-proton shell and a strongly closed 50-neutron shell
might be such a nucleus. Some examples of isomerism
involving very high spin levels such as the 21/2+
level®7 in Mo® find simple explanations on the basis of
the core excitation model.
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tions for various values of spin and parity are done with a com-
puter using the Hauser-Feshbach method and optical-model
transmission coefficients obtained from various theories. The
1.75-MeV gamma-ray angular distribution was calculated using
Satchler’s theory and the corresponding level excitation cross
section was corrected accordingly.

A new level scheme is presented for Y# which takes into account
all known data up to the present time. It is suggested that some
of the levels excited in the present work may be due in part at
least to coupling of a /2 proton to the 2%, 3=, and (2%) excited
levels of a Sr#8 core.

Most of the knowledge up to 1960 concerning the
level structure of Y® has been compiled by the Nuclear
Data Group.®® Only three levels in Y® are known to be
fed by radioactive decay.®® An investigation of the
Y®(p,p') reaction, which was done by Cohen and
Rubin' as part of a survey of about 35 nuclei, revealed
the presence of five proton groups which were thought
to correspond to five or more additional levels in Y®.
A similar study of the Y#(d,d’) reaction by Cohen and
Price! revealed deuteron groups corresponding to the
five proton groups and two more deuteron groups which
roughly corresponded to levels in Y# which had already
been established.®® However, the excitation energies in
Y#® corresponding to the proton and deuteron groups
differed from energies of levels in Y#® reported from
radioactivity studies and (#,n'y) studies by up to 100
keV.

With the exception of the early work of Swann and
Metzger'? concerning the excitation curve for produc-
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