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ABSTRACT

Levels in 136,138,1405y were populated by the beta decay
of Eu, following (HI,pxn) reactions and on-line mass
separation. Members of the y band were observed in all three
daughter nuclei. Spectroscopic calculations were made using
the triaxial rotor model, with all parameters derived
microsopically from a Woods-Saxon deformed shell model.
Comparison with the data supports the characterization of
these nuclei in terms of a triaxial intrinsic shape.
Improved decay schemes for 132¢134,136y9 are given.

INTRODUCTION

4 transition from spherical to deformed shape in increasingly
neutron-deficient Sm and Nd isotopes with N<82 has long been predict-
ed on the basis of elementary shell structure considerations and was
borne out by recent systematic measurements of yrast level energies
in these nuclei. The detailed nature of this shape transition is of
special interest for the study of nuclear structure in view of the
unusual nature of the analogous shape transition in the Sm isotopes
at N>82. Deformed shell model calculations agree with the observa-
tion that experimentally available nuclear species with 50¢<N¢82 are
softer with respect to triaxial gamma-deformation than their N»>B2
counterparts.

The tandem accelerator at the Holifield Heavy Ion Research Facil-
ity provided beams that were used to produce radiocactive ions
through the 92Mo(46+487i, ypxn) and 1125n(28si, ypxn) reactions at
energies from 170 to 250 MeV. The radioactive ions were introduced
into a high-temperature ion source and passed through the UNISOR mass
separator. Also, in order to enhance the yields, He-jet measurements
were carried out without mass separation. In both experimental

*Oon leave from TN Technological University, Cookeville, TN 38505.
fon leave from Technical University, P1-00-662, Warsaw, Poland. m

\\'xh

T BT T T
[ AR SO TN



I!SEU

39(:05}s 8°
€C

m_ {3*) 11723

o o J2%60(00
Sy
Fig. 1. Partial level diagram Fig. 2. Potential-energy surfaces
of 136gp, in the B,y quadrupole deformation

plane.

arrangements, radioactive ions were transported on a continuous
plastic tape from a collection point to a counting location which was
situated between two Ge detectors. The counting time intervals were
egual to the collection time intervals; these time intervals were

varied from 5 s to 75 s.

In this work, level schemes for the N = 74-78 isotopes of Sm were
established by observing y rays following the B decay of
136'138'14°Eu, and for the N = 72-76 isotopes of Nd, following the B
decay of 132,134,136py, Gamma bands were obcerved in each nucleus.
The level diagram of 136sm is shown in Fig. 1. K

The potential energy of the By, Y and B4 defSrmatjon was calcul-
ated using the triaxially deformed "Warsaw"™ Woods-Saxon potentiall.
The potential-energy surfaces shown in Fig. 2 were calculated with a
square lattice of 0.05 and at steps of 0.04 in B4. The contour line
separation is 250 keV. Spectroscopic properties were calculated at
the interpolated minima in B>, Y, and B4. Quadrupole transition
moments, B(E2: 2t-->0*%) reduced transition rates, rotational moments
of lnertia with respect to the three principal axes, and the energy
levels of 138.,140gy were calculated. Details of these calculations

will be available in a future publicationZ2.
RESULTS

The prediction of triaxiality in this region was made by several
workers?, Here, in Fig. 2, the transition from a well-deformed pro-
late shape in 134sm to near-spherical shape in 142sm is seen to

proceed via triaxial shapes in 138,140gq,
The triaxial rotor Hamiltonian, without adjustment of parameters,

reproduces the energies of levels of 138,1405y rather well {(Fig. 3).
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The experimental energies of the lowest 2% states are compared in
Fig. 4 with the "l-axial®" values which are for the shape which comes
from a semiclassical treatment of the rotation, and with the
"3-axial" values which were obtained from quantal triaxial rotation.
The triaxial theory fits the 138,1405y energies and- the axial symme-
try theory fits the 134sm energy; the 136sm energy falls -in between.
The energies of the 22+ and 31+ members of the y band are reagonable.
The states of spin 4 and higher are systematically lower in experi-
ment than in theory due to the variable moment of jinertia effect.
Finally, it is noted that the large change in the energy of the
2;* levels between 134sm (163 kev) and 140sm (531 kev) can be under-
stood since the triaxial rotation tends to increase the 21+ level

energy of 140gq,
132,134,136y,

Recently acquired data has enabled improved decay schemes of
132,134,136p93 (Fig. 5-7). Not shown, but available elsewhere?, are
the B2, Y and B4 calculated values for the Nd isotopes. They show
that at 132Nd there is a trend toward a stiffly prolate shape;
experimentally this is indicated by the increase in energy of the ZY+
level as it moves above that of the 4;+% level.
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Fig. 5. Partial decay scheme Fig. 6. Partial decay scheme
of 132Nd. <The ievel at B23.5 keV of 134na.
is assumed to be the 2% of the

Y band.

Fig. 7. Partial decay
scheme of 136nqd.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
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fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
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