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Abstract
 D E 8 7 005977

In-beam spectroscopic study of -^Pr was maoe using 91 MeV ^•20sn[lS
lp

reaction. A strong negative parity proton band based on the ^n/2~ l/2[550j

configuration with a=-l/2 wss observed. 3ossibly a=+i/2 un'a -orec band is

observed. Also two positive parity proton bands are observed most likely

based on the g7/2+ 5/2[413] configurations with a=rl/2. In all cases (except

for the (ir ,a) = (-,+l/2] band) the backbending is caused by alignment of two
hll/2~ 5/2[514] quasi-neutrons. For the strongly decoupled r[-) bands the

observed signature splitting decreases with increasing rotational frequency.

The signature splitting of the positive parity bands increases with rota-

tional frequency and then inverts above the backbending. This is interpreted

to be caused by the quasi-neutrons, which drive the y-deformation to the

necstive values.

Nuclei in the vicinity of La, Ce, Pr are predicted tc be so*t in y-

ceformation [CHE33]. An investigation was undertaken to stucy the sionature

splittinc between rotational bands in --^Pr, which is relatec to y-defor-

mation. 125pr wss produced by tne ^2^Sn(^F,4n) reaction at 91 MeV using ths

tandem accelerator at the Brookhsven National Laboratory. Coincidence cata

were recorded between 4 Compton-suppressed C-e detectors at - 40° relative to

the beam and 2 unsuppressed Ge detectors at ~ £5°. In acdition an array of

II \'al detectors around the taroet were used as a multiplicitv selector.
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The 135pr (jecay scheme is shown in Fig. 1 and it was constructed from yy-

coincidencei intensity, and angular correlation information. Low-spin studies

of 155Pr from in-beam and radioactive decay work [K0R85, WIS75, C0N73, EKS72~|

were valuable in assigning spins and parities of high-spin states. Most of

the intensity goes to the proton band which is based on hn/2~ 1/2 [550] con-

figuration, with signature a=-l/2. There is also some evidence for the

a=+l/2 unfavored band. The path through the 643, 725, and £52 keV cascade

was chosen because the 482 keV transition was known before [K0R85], over more

intense path through 796 and 726 keV cascade. The two bands are strongly

decoupled because of the K=l/2 band head. However, ny adding 4 neutrons the

13/2"" level moves below 15/2~ level in -^PT [FII80] due to the increase of

Y from 21° to 34° (slightly oblate, see Fig. 2). The a=11/2 positive parity

bands are most likely based on irg7/2+ 5/2 [413] configuration. There are

several Ml connecting transitions observed. The Ml branching fractions from

favored band are: 0.05 for the 274 keV, 0.12 for the 260 keV, and 0.91 for

204 keV transitions. On the other hand transitions from the unfavored to

favored band are so weak, that they can be seen only from the favored band

below. This is in agreement with B(M1)/3(E2) systematics for connected rota-

tional bands [HAG82J. Above the backbehding most of the intensity goes to

the (TT,CO=(-,-1/2) band similarly as it is observed in 135Pr [HIL85] .
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Changes of "y-defbrmation in rotational nuclei are caused by the balance

between the driving forces resulting from the quasi-particie properties

before backbending (i.e. its position relative to the Fermi level and trajec-

tory in the e'-y plane), the behavior of aligning quasi-particles at the

backbendi the y-softness of the corei and the collective rotation [l_EA82(
FRA83, CHE83i BEN64] . These changes in y-deformation are thus observed as

changes or even inversions [BEN84] of signature splitting. The core is

expected to be driven by rotation towards y~ -30° (in the Lund convention

[AND76, LEA82]). Quasi-particles occupying high-j shell cause the driving

force towards y>0° when the Fermi level is at the beginning of the shell(
toward y<0° with Fermi level in the middle of the shell, and towards y<0°

with Fermi level close to the top of the shell [LEA82]. Experiments described

in the literature involved 159Tm [LAR84], 1 5 5< 1 5 7Ho [GARE2], 81Kr [FUN83],

-2^Ce [ARY84]. In those cases the bands were based on mic-shell quasi-

particles with aligned quasi-particles at the bottom of another shell. The

net driving force was towards y>0° and decrease of signature splitting was

observed.

Fig. 3 shows the aligned angular momentum for three bands in

can be seen the backbending is caused by alignment of two ^n/2~

quasi-neutrons. Experimental energies in the rotating frame, E't are plotted

on Fig. 4 and 5. The signature splitting is defined as the difference bet-

ween E' for opposite signatures. In case of ^n/2~ bands the signature

splitting decreases with increasing of w. The theory predicts disappearance

of the signature splitting at or after the backbend [CHE83]. This is dif-

ficult to test here because the unfavored band is uncertain, and because it

was not populated up to the backbend. The frg7/2+ bands show increase of the

signature splitting up to the backbend with E'(a=-l/2)-E?(a=+i/2j= -100 keV at

the crossing frequency. This is in qualitative agreement with theory, which

predicts a value of -280 keV [CHE83]. After the backbending the signature

splitting inverts and then appears to approach another inversion. This is

illustrated en Fig. 6, in which the energy difference between AI=1 levels is

plotted vs. middle spin for both signatures [RIE83] .

This effect can be explained by alignment of two ^n/2~ quasi-neutrons

from the top of the shell which is causing a shift towards y<0° and a drastic
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change in signature*splitting. This negative-y effect was predicted by Chen

and co-workers [CHE83]. One should point out that the inversion of signature

splitting agrees with prediction of Bengtsson and co-workers [3EN84] for the

case when the Fermi level lies in the upper part of the shell. For higher w,

the system is approaching another inversion again in agreement with the pre-

dictions of Ref. [BEN84] . In the positive parity bands of --^Pr [HIL85]

signature splitting decreases after backbend, but it does net invert as in

-3^Pr. The reason is that by removing two neutrons the Fermi level is pushed

towards the middle of the ^n/2~ shell and the negative-y force decreases.

The authors wish to acknowledge L.A. Adler, Y.S. Chen, end H.C. Griffin

for helpful discussion and/or making the computer cooes available. This work

is supported by the U. S. Department of Energy, Division of Nuclear Physics.
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