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From an experiment with Gammasphere arfd%&f spontaneous fission source, a new negative-parity band
in 1Nd and new negative-parity levels #2Nd were identified and the yrast bands were extended toifl8
154Nd and 20 in 'Nd in a triple gamma coincidence study. These new negative-parity bands are consistent
with octupole vibrational mode. There is a constant difference as a function of spin betwehnvtiiaes for
the negative-parity band itP3Nd andJ; for the similar negative-parity band #4Nd, however, theid, values
are essentially identical. These bands indicate a new kind of identical [f0%56-28138)01004-§

PACS numbg(s): 23.20.Lv, 21.10.Re, 25.85.Ca, 27.7@

The neutron-rich neodymium Z&=60) nuclei with  from Ref.[5] and making sure that whenever a double gate
A= 142 are situated at the important intersection of two tranwas set on the new transitions, one not only observes the
sitional regions: the transition from spherical to prolate quadtransitions corresponding to the partnet$%9Sr) of *5Nd
rupole deformation and the transition from octupole vibra-with 4, 3, and 2 neutrons emitted, respectively, but also ob-
tional excitations to the static octupole deformatidn-6].  tains the same yield ratios for their partners as obtained from
So far little is known about octupole excitation states in thedouble gating on the well known yrast transitions‘ftiNd.
neutron-rich nuclei in contrast to the considerable data offigure 1 shows two partial coincidence spectra obtained by

guadrupole collectivity5,7]. Studies on octupole vibrational (
excitations in neodymium nuclei can provide tests of rel- 5!
evant nuclear models. I
Our previous studied5,8] in neutron-rich nuclei in 300}
the A~ 155 region revealed both identical moments of in-
ertia (kinetic and dynamicand identical gamma-ray ener-
gies in some cases. Therefore it is very interesting to iden-
tify possible sidebands in neodymium nuclei, looking
for phenomena connected to identical bands as well as S
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The new levels in>>1Nd were obtained from the analy- i D ] fio halthonssncal horklod
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4

sis of y-ray spectra produced in the spontaneous fission of

2%t A detailed description of the experimental procedures G, 1. (a) Coincidence spectrum obtained by double gating on

and analysis methods can be found in FE5T-ar}d Rgf:[lo]. the 162.8 and 895.0 keV transitionsitfiNd. (b) Coincidence spec-
The new transitions assigned t8*Nd were identified by  trum obtained by double gating on the 268.5 and 338.3 keV transi-

setting double gates on the known yrast transition$®fNd  tions in 15Nd.

0556-2813/98/5#)/20403)/$15.00 57 2040 © 1998 The American Physical Society



3400.0

18 e 3339.9
16~
| (&)
|
|
620'4| 5307 |(1.2)
|
27796 2809.2 _
16+ 14-)
4700 [(3.2)
5766 |(17)
2339.2 (127
2203.0
14+
40538 |(5.5)

2+

10+

8+

6+

4+

o+
ot

525.1

(56)

6779

(107)

466.5

3)

1214

&)

F——(6")

400.7

(26)

810.7

Cy)
@)

3282

(52)

4825

2486

(80}

233.9

162.8

(100)

711

0.0

154

soNdos

FIG. 2. Level scheme of°*/Nd.
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setting two double gates on the transitions of energies 162.8
and 895.0 keV and 268.5 and 338.3 keV, respectively. A
new level scheme of**Nd built by using our present data is
shown in Fig. 2.

Based on the branching of the two lowest members of the
new sideband at 1129.1 and 1326.6 keV, to only thea#d
6" levels of the ground state band, their spins and parities
are assigned 4 and 6, respectively(see Fig. 2 If one
assigns the new band a different set of spins, e.g., if the
1129.1 keV level were 5, one would expect a1 transi-
tion from this level to the & level in competition with the
energetically more favored one to thé 4evel. But such a
high energyE1 transition was not observed to thé 4evel.

If one tries to assign positive parity to the sideband, then one
would expect arE2 transition from the 1129.1 keV to the

2% in the ground band. However, it is likewise not seen.
Because of the lack of any crossover transitions as is typical
for aligned bands, the observed level sequence is assigned as
aAl=2 band withl™ (27,47,6 ,...). Further support for
these assignments comes from the very similar energies of
the transitions in this band compared to those of the estab-
lished 2~ and 4" levels in®Nd. This new nonyrast band in
154Nd was observed to (19.

In ¥52Nd, in addition to the yrast band, several negative
parity bands have already been identified from earlier studies
[11]. The seven levels at 1239.0, 1405.9, 1541.8, 1600.3,
1683.3, 1826.7, and 1898.1 keV were observed in the earlier
B-decay studies of-°%Pr [11] and confirmed in this work.
The spins and parities of these levels have already been as-
signed as shown in Fig. BL1]. By double gating on these
transitions as well as known yrast transitionsitiNd, we
have extended the band from the known @nd 4 to 12~
levels and added a Slevel at 1782.7 keV t0°Nd as well
as extending the yrast band to*20The level scheme built
by using the present coincidence relationship is shown in
Fig. 3.
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Likewise based on the branching of the new 1905 keV =
level including its cascade into the establishedldvel[11], 0] i
its spin and parity was assigned 6The 2202, 2572, and 404 |
3007 keV levels were assigned to be the, 807, and 12 A —
members of the band built on the 1541.8 keV Rvel, re- 000 005 040 045 020 025 030 035
spectively. The 1782.7 keV level is assigned Based on its fio[MeV]

decay to the 4 and 6" levels. It is very interesting that FIG. 5. Plot of the moments of inertid,; andJ,) as a function
these 2, 37, 4~, and 5 levels in 52Nd have such similar ©f rotational frequencyi for **>**Nd isotopes.
level energies to the known levels 20 5~ levels at 1515.2,
1584.6, 1661.9, and 1774.2 keV fA*%Sm, respectively12].  the npb cross thé, curves for gsb at intermediate spins and
The yrast bands if®2Nd and *>*Sm have transition energies may diverge from the gsb at higher spins. These bands indi-
and moments of inertia that are essentially identical fromcate a new type of identical band where there is a constant
2"—0"% to 10" —8" when shifted by a constant amount difference inE, andJ; for the gsb and the npb, and tdg
10-12 % in energies as shown in Fig. 4. The negative paritjor the npb and the gsb are identical.
bands have even more constant and smaller shifts for the In summary, we identified a new negative-parity band in
4~—2" and 5 —3 transition energies. The percentage > 'Nd, new negative parity levels in°Nd, and extended
differences E;s,— Eqs0)/Eqs, in these transitions are 3.6% their yrast bands to 1'8and 20°. These new octupole vibra-
and 3.8%, respectively. tional type excitation levels may provide new opportunities
The moments of inertidJ,; and J,) of the ground state to test the calculations about the octupole vibration mode.
bands(gsh and the negative parity bandspb) in *°>15Nd
are shown in Fig. 5. While thd; curves for the npb in The work was supported in part by the U.S. Department
152.15Nd are similar in shape to the gsb, thecurves for the  of Energy under Grants No. DE-FG05-88ER40407, No. DE-
gsb increase much more rapidly with increasing spin than d#G05-95ER40939 and Contracts No. DE-ACO07-
those of the npb. It is very interesting to note that although761D01570, No. DE-AC03-76SF00098, and No. W-7405-
there is a considerable difference betwderfor the npb in  ENG48. The Joint Institute for Heavy lon Research has as
152Nd andJ; for the npb in1Nd, theirJ, values are nearly member institutes Vanderbilt University, University of Ten-
identical and the data suggest they keep this trend even teessee, and Oak Ridge National Laboratory. It is supported
higher spins. Thd, curves for both the gsb and the npb areby its members and by U.S. DOE through Contract No. DE-
nearly identical except at the highest spin. Thecurves for FG05-87ER40361 with the University of Tennessee.
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