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Identification of g transitions in 147Ba, 149Ce, and 151,153Nd
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The g transitions in 147Ba, 149Ce, and151,153Nd have been identified fromg-g-g, g-g, x-g, and x-g-g
coincidence studies of spontaneous fission of252Cf. The yrast positive parity band in149Ce is assigned to an
i 13/2, neutron favored signature. The yrast negative parity band in149Ce is assigned ah9/2 proton favored
signature. The positive parity band in151Nd corresponds to the positive parity band in149Ce. The negative
parity band in 153Nd corresponds to the negative parity bands of149Ce and 161Er. The band observed in
147Ba is built on theh9/2 orbital. The plots forJ1 in these isotopes are remarkably similar, supporting our
assignments.@S0556-2813~96!03108-1#

PACS number~s!: 23.20.Lv, 21.20.Re, 27.60.1j, 27.70.1q
r

-

I. INTRODUCTION

In the nuclear landscape, the extensions of experimen
data over long isotopic chains provide valuable informatio
on the origin of quadrupole deformation and the variation o
single particle energies as a function of neutron number.
neutron-rich Nd nuclei, the yrast band energies drop contin
ously asN increases from 90 to 96. For1502156Nd the
E41 /E21 ratios are 2.9, 3.3, 3.2, and 3.3, respectively@1–3#.
The ratios for 1522156Nd are in good agreement with the
expected rotational model values, indicating that these nuc
are good rigid rotors. However, very little information is
available for odd-A nuclei in this region. InN591,93 nuclei
Nilsson levels related toi 13/2 andh9/2 (N56,5) orbitals are
located relatively close to each other to the Fermi surfac
Therefore the rotational bands based on the above two orb
als are expected to occur at lower energies. These bands h
some very specific features. AtI, j they look like normal
strongly coupled bands~if k>5/2, i.e., large! or disturbed
bands (k,5/2). But at I> j they become typical strongly
aligned bands withDI52 sequence. These aligned parts o
i 13/2 and h9/2 bands are easy to recognize. In fact thes
aligned bands (i 13/2, h9/2) are present as the most distinctive
parts of N591, 93 neutron-deficient nuclei. In order to
search for these bands typical ofN591, 93 isotopes, we
have investigated theg rays emitted by the nuclei following
the spontaneous fission of252Cf. We have identified theg
rays of 147Ba, 149Ce, and151,153Nd and established the band
structure. The configurations of these bands observed
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these nuclei are assigned by comparing them with the othe
N591, 93 isotones.

II. EXPERIMENTAL DETAILS

Identification ofg rays belonging to a particular isotope is
very difficult since the fission yields are very low and ap-
proximately 100 different isotopes are produced in the fis

FIG. 1. ~a! Sum double gate spectrum of151Nd with the partner
transitions shown in the inset.~b! Sum double gate spectrum of
153Nd with the partner transitions shown in the inset.
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sion of 252Cf and one often observesg rays of the same o
similar energy in different nuclei and has to perform seve
cross-checks to assign a set ofg rays uniquely to an isotope
In the first experiment a252Cf source of strength 63104

fissions/s was placed at the center of the 20 Comp
suppressed Ge array at Oak Ridge National Laboratory
about 23109 g-g events were collected. At Idaho Nation
Engineering Laboratory in a second experiment bothx-x and
x-g coincidences were measured with two x-ray detector
resolution 280 eV at 14 keV and three germanium detect
In a third experiment, at Lawrence Berkeley National Lab
ratory, a 252Cf source of similar strength was used andg-
g-g data were collected with 36 Ge detectors in the ea
implementation of Gammasphere. A total of 9.83109 triple-
or higher-fold coincidence events were recorded. Tw
dimensional matrices were built for the first two experime
and a three-dimensional cube for the third experiment. T
‘‘cube’’ data were analyzed usingRADWARE @4#.

Identification of transitions in a given nuclide in spont
neous fission is complicated further because there are alw
more than one pair of correlated partners. For example96Sr
is the partner of151Nd with five neutrons emitted by th
primary fragments. Similarly95,97,98Sr are also partners o
151Nd with six, four, and three neutrons emitted, resp
tively. By gating on the knowng rays in different partner
isotopes, one can identify the transitions of interest in a p
ticular isotope. Theg-g andx-g data were used to identify
low energy transitions in the nucleus of interest. When a f

FIG. 2. Plot of relative yields of even-even Nd nuclei.

FIG. 3. Level schemes of151Nd, 155Gd, 157Dy, and159Er nuclei.
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transitions are identified in an isotope of interest, the ‘‘cube’’
data were used for double gating on differentg transitions to
help eliminate the complexities arising from several other
fission partners produced.

A. 151Nd, 153Nd nuclei

Figures 1~a! and 1~b! show the transitions assigned to
151Nd and 153Nd, respectively. The insets show the transi-
tions in the partners96Sr and94,96Sr, respectively. The rela-
tive yields for the even-even Nd nuclei are extracted from a
gate on 21→01 transition in 94Sr. The yields are fitted to a
Gaussian@5,1# and are shown in Fig. 2. From the yield curve,
we expect a ratio of the relative yields of153Nd to 151Nd to
be; 2.6. The ratio of the yields extracted from the transi-
tions assigned to153Nd and 151Nd is ; 2.6. Based on these
yields, the transitions are assigned to153Nd and 151Nd. The
level scheme of151Nd extracted from the ‘‘cube’’ data is
shown in Fig. 3 along with thei 13/2 neutron bands in
N591 isotones155Gd @6#, 157Dy @6#, and 159Er @7#. The
ground state of151Nd is tentatively assigned as 3/21 from
b-decay studies@3#. However, below' 60 keV, there are
other levels with spins and parities 5/21 and 3/22. The tran-

FIG. 4. Level schemes of153Nd and 161Er nuclei.

FIG. 5. ~a! Sum double gate spectrum of thei 13/2 band in
149Ce. ~b! Sum double gate spectrum of theh9/2 band in 149Ce.
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FIG. 6. Level schemes of
147Ba and149Ce nuclei.
FIG. 7. J1 plots for i 13/2 andh9/2 bands in Ba, Ce, Nd, and Er
nuclei.
sitions observed in151Nd have energies very similar to the
ones observed ini 13/2 neutron bands in the otherN591 iso-
tones. From these systematics, the observed band in151Nd is
assigned as ani 13/21 band built either on a 3/21 @651# or
5/21 @642# configuration.

Theh9/2 band in
161Er @8# and the new band in153Nd are

shown in Fig. 4. Because of the very close similarity be-
tween the bands in these twoN593 nuclei, the new band in
153Nd is assigned as a band built on the 3/22 @521# configu-
ration. Our new levels inN591 147Ba can be fitted into a
similar band structure built on theh9/2 orbital.

B. 147Ba nucleus

The 109.6 keV transition in147Ba is known earlier from
the b decay@9#. Also the yields of correlated Mo/Ba pairs
with average neutron multiplicities have been reported by
Hamilton et al. @1#. Based on these and the partner transi-
tions, we have assigned the otherg transitions in147Ba.

C. 149Ce nucleus

Prior to our investigation,149Ce was separated chemically
as a fission fragment from252Cf. Two g rays of energies
135.6 and 142.2 keV are known from the chemically sepa-
rated source@10#. The data on the excited states in149Ce
remain unknown. The partners of149Ce are99,100Zr with four
and three neutrons emitted, respectively. By gating on the
transitions in these two Zr nuclei and using the previously
known energies ofg rays, we have identified several transi-
tions in 149Ce. After assigning a few transitions to149Ce the
‘‘cube’’ data were used to find otherg rays. Figure 4~a!
shows theg spectrum obtained by summing over all the
double gates of band in149Ce. The transitions used for
double gating are shown on the Fig. 5~a!. A similar spectrum
for band 2 in149Ce is shown in Fig. 5~b!. The level structure
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for 149Ce constructed from the present studies is shown
Fig. 6. The two bands labeled 1 and 2 in Fig. 5 are assign
as i 13/21 andh9/22 bands, respectively.

III. CONCLUSIONS

The moments of inertia (j 1) for the i 13/2 andh9/2 bands in
these nuclei are shown in Fig. 7. For thei 13/2 bands the
moments of inertia decrease, initially, followed by an in
crease. The plots are very similar in shape. However, for t
h9/2 bands theJ1’s increase monotonically for153Nd and
161Er where as in case of149Ce there is an initial decrease
and then an increase.

In summary, we have identified the levels in147Ba,
151,153Nd, and 149Ce and they are identified ash9/2 and i 13/2
bands. Further we demonstrated that these bands are also
most distinctive features ofN591, 93 neutron-rich nuclei:

56
147Ba91, 58

149Ce91, 60
151Nd91, and 60

153Nd93.
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