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Identification of 9y transitions in 4Ba, *%Ce, and **°Nd

B. R. S. Babu, S. J. Zhut?3 A. V. Ramayyat J. H. Hamilton! L. K. Peker** M. G. Wang? T. N. Ginter! J. Kormickil®
W. C. Ma® J. D. Cole! R. Aryaeinejad, K. Butler-Moore! Y. X. Dardenné€, M. W. Drigert,” G. M. Ter-Akopian®
Yu. Ts. OganessiahJ. O. RasmussehS. Asztalos I. Y. Lee® A. O. Macchiavelli® S. Y. Chu® K. E. Gregorich’
M. F. Mohar® S. Prussirt® M. A. Stoyer’® R. W. Lougheed® K. J. Moody!* and J. F. wild!

1Department of Physics, Vanderbilt University, Nashville, Tennessee 37235
2Physics Department, Tsinghua University, Beijing, People’s Republic of China
3Joint Institute For Heavy lon Research, Oak Ridge, Tennessee 37831
“Brookhaven National Laboratory, Upton, New York 11973
SORISE, Oak Ridge, Tennessee 37831
5Department of Physics, Mississippi State University, Mississippi 39762
Idaho National Engineering Laboratory, Idaho Falls, Idaho 83415
8Joint Institute for Nuclear Research, Dubna, 141980, Russia
Lawrence Berkeley National Laboratory, Berkeley, California 94720
10 _awrence Livermore National Laboratory, Livermore, California 94550
"Nuclear Engineering Department, University of California, Berkeley, California 94720
(Received 5 February 1996

The v transitions in'*Ba, *°Ce, and**%'>Nd have been identified frony-y-v, y-y, x-y, and x-y-y
coincidence studies of spontaneous fissiorf®6Ef. The yrast positive parity band itf°Ce is assigned to an
i132, Neutron favored signature. The yrast negative parity bant#%8e is assigned &g, proton favored
signature. The positive parity band #*Nd corresponds to the positive parity band'fiCe. The negative
parity band in'*Nd corresponds to the negative parity bands'&Ce and!®Er. The band observed in
14Ba is built on thehg, orbital. The plots forJ; in these isotopes are remarkably similar, supporting our
assignmentd.S0556-28186)03108-]

PACS numbgs): 23.20.Lv, 21.20.Re, 27.68j, 27.70+q

[. INTRODUCTION these nuclei are assigned by comparing them with the other
N=091, 93 isotones.
In the nuclear landscape, the extensions of experimental

data over I_ong isotopic chains provide valuable infqrmation Il EXPERIMENTAL DETAILS
on the origin of quadrupole deformation and the variation of
single particle energies as a function of neutron number. In Identification ofy rays belonging to a particular isotope is
neutron-rich Nd nuclei, the yrast band energies drop continuvery difficult since the fission yields are very low and ap-
ously asN increases from 90 to 96. Fol** 50Nd the proximately 100 different isotopes are produced in the fis-
E,+/E,+ ratios are 2.9, 3.3, 3.2, and 3.3, respectijahy3].
The ratios for 27 1Nd are in good agreement with the
expected rotational model values, indicating that these nuclei **| (5 NG Sum Gates [
are good rigid rotors. However, very little information is
available for oddA nuclei in this region. I'N=91,93 nuclei
Nilsson levels related to,5, andhg,, (N=6,5) orbitals are 800
located relatively close to each other to the Fermi surface.
Therefore the rotational bands based on the above two orbit-
als are expected to occur at lower energies. These bands hav
some very specific features. Alj they look like normal
strongly coupled bandg§f k=5/2, i.e., large or disturbed -
bands k<5/2). But atl=] they become typical strongly o
aligned bands withAl =2 sequence. These aligned parts of !
i132 and hg bands are easy to recognize. In fact these
aligned bandsigs,, hg/y) are present as the most distinctive
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parts of N=91, 93 neutron-deficient nuclei. In order to o .

search for these bands typical bf=91, 93 isotopes, we 100 200 oo ‘*(Ok‘;v) 500 600 700
have investigated the rays emitted by the nuclei following §

the spontaneous fission 8P?Cf. We have identified the/ FIG. 1. (@) Sum double gate spectrum 8¥Nd with the partner

rays of 14'Ba, 14%Ce, and®*>Nd and established the band transitions shown in the insetb) Sum double gate spectrum of
structure. The configurations of these bands observed itP3Nd with the partner transitions shown in the inset.
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FIG. 2. Plot of relative yields of even-even Nd nuclei. R— o:
sion of 25)Cf and one often observeg rays of the same or 50 Ndg, e,
similar energy in different nuclei and has to perform several
cross-checks to assign a setyofays uniquely to an isotope. FIG. 4. Level schemes df¥Nd and **'Er nuclei.

In the first experiment &°Cf source of strength 810*
fissions/s was placed at the center of the 20 Comptontransitions are identified in an isotope of interest, the “cube”
suppressed Ge array at Oak Ridge National Laboratory anglata were used for double gating on differertransitions to
about 2<10° y-y events were collected. At Idaho National help eliminate the complexities arising from several other
Engineering Laboratory in a second experiment bethand  fission partners produced.
X-y coincidences were measured with two x-ray detectors of
resolution 280 eV at 14 keV and three germanium detectors. 15 15 )
In a third experiment, at Lawrence Berkeley National Labo- A. 1¥INd, Nd nuclei
ratory, a 25?Cf source of similar strength was used apd Figures 1a) and Xb) show the transitions assigned to
y-v data were collected with 36 Ge detectors in the early>Nd and '*Nd, respectively. The insets show the transi-
implementation of Gammasphere. A total of 8.80° triple-  tions in the partner$®Sr and %4, respectively. The rela-
or higher-fold coincidence events were recorded. Twodive yields for the even-even Nd nuclei are extracted from a
dimensional matrices were built for the first two experimentsgate on 2 — 07 transition in %Sr. The yields are fitted to a
and a three-dimensional cube for the third experiment. Th&aussian5,1] and are shown in Fig. 2. From the yield curve,
“cube” data were analyzed USINRADWARE [4]. we expect a ratio of the relative yields 6¥Nd to >Nd to
Identification of transitions in a given nuclide in sponta- pbe ~ 2.6. The ratio of the yields extracted from the transi-
neous fission is complicated further because there are alwayions assigned td°Nd and **Nd is ~ 2.6. Based on these
more than one pair of correlated partners. For exanifie  yields, the transitions are assignedNd and 5!Nd. The
is the partner of™*!Nd with five neutrons emitted by the |evel scheme of'SINd extracted from the “cube” data is
primary fragments. Similarly?>°"9%r are also partners of shown in Fig. 3 along with the s, neutron bands in
15INd with six, four, and three neutrons emitted, respecN=91 isotones'®Gd [6], Dy [6], and 5%r [7]. The
tively. By gating on the knowny rays in different partner ground state of*!Nd is tentatively assigned as 372from
isotopes, one can identify the transitions of interest in a parg-decay studie$3]. However, below~ 60 keV, there are
ticular isotope. They-y andx-y data were used to identify other levels with spins and parities 5/Znd 3/2". The tran-
low energy transitions in the nucleus of interest. When a few
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FIG. 5. (8 Sum double gate spectrum of thes, band in
FIG. 3. Level schemes dfNd, 1°%Gd, * Dy, and'>%Er nuclei.  **Ce. (b) Sum double gate spectrum of thg, band in *Ce.
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FIG. 6. Level schemes of
147Ba and*°Ce nuclei.

sitions observed in°Nd have energies very similar to the
ones observed i3, Neutron bands in the oth&f=91 iso-
tones. From these systematics, the observed bahthid is
assigned as aiy5,+ band built either on a 3/2 [651] or
5/2* [642] configuration.

The hg, band in%'Er [8] and the new band iA*>*Nd are
shown in Fig. 4. Because of the very close similarity be-
tween the bands in these tvxb=93 nuclei, the new band in
153Nd is assigned as a band built on the 3/521] configu-
ration. Our new levels ilN=91 *'Ba can be fitted into a
similar band structure built on they, orbital.

B. *Ba nucleus

The 109.6 keV transition in*’Ba 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 othetransitions in'*’Ba.

C. %Ce nucleus

Prior to our investigation!**Ce was separated chemically
as a fission fragment fromd®’Cf. Two y rays of energies
135.6 and 142.2 keV are known from the chemically sepa-
rated sourcd10]. The data on the excited states if*Ce
remain unknown. The partners 81°Ce are®*1%%r with four
and three neutrons emitted, respectively. By gating on the
transitions in these two Zr nuclei and using the previously
known energies ofy rays, we have identified several transi-
tions in 14%Ce. After assigning a few transitions t6°Ce the
“cube” data were used to find othey rays. Figure £)
shows they spectrum obtained by summing over all the
double gates of band it*®Ce. The transitions used for
double gating are shown on the Figap A similar spectrum
for band 2 in'*°Ce is shown in Fig. ). The level structure
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The moments of inertiaj() for thei,z, andhg, bands in
these nuclei are shown in Fig. 7. For thg, bands the
moments of inertia decrease, initially, followed by an in-
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