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In-bear spectroscopic study of 125Pr was mage using 31 Mev 1205n(1%F 4n)

]

reaction. A strong negative parity proton band based on the hij s~ 1/2[550]
i

configuretion with a=-1/2 was observed. Possibly a=+1/2 unfzoreg band is

¢

observed., Also iwo positive perity proton bangs gre observes most 13

J

K
based on the gy, 5/2[413] configurations with o=x1/2. In &ll cases (except
for the (m,a)=(-,+1/2) banc) the backbending is : f
hy1 o~ §/2[514] quasi-neutrons. For the strongly decoupled r{-) bend
observed signature splitting decreases with increzsing rotationzl freguency.
“he signzture splitting of the positive parity bands incresses with rota-
ticnzl freguency snd then inverts above the backbencing. This is interpreted
to be ceused by the quasi-neutrons, which drive the y-deformetion to the

negative values.

By, T d 5 S md~d e £ ~ - A - I3 e mr - P Lol S
Nuclel In the vicinity of Lz, Ce, Pr sre orecictes iz be soft in vy-

ceformation [CHERZ]. An investigation wes undertaken to siucy the signaiure
..... : Ls . rd - n
sclitiing between rotational bands in 12522, which Is relztec o y-detor-
1% . 17 1c ) . . .
mztion, 125pr was produced by the AADSn(‘/F,An) Tzaction at %1 MeV using the

“andem zccelerator at the Brookhaven Nztionzl Laboratory. Coincidence ceta
were recotded between 4 Compton-suppressec Ge deteciors af ~ 43¢
he Leem eng 2 unsuppressed Ge cetecters et ~ €57, In accition an array of

- { o~ - -~ -~ P &~ - -~ -~ - 2 S -
Jzl gdetftecturs around the target were vsel s a2 multizlicizy selactor.
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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 thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or uscfulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer. or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Gavernment or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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The 125pr decay scheme is shown in Fig. 1 and it was constructed from yy-
coincidence, intensity, and angular correlation information. Low-spin studies
of 135Pr from in-beam and radioactive decay work [KORES, WIS7S, CON7Z, EKS7Z]
were valuzble in assigning spins and parities of high-spin states. Most of
the intensity goes to the proton band which Is based on hyj o~ 1/2[55C] con-
figuration, with signzture o=-1/2. There is also scme evidence for the
a=+1/2 unfavered band. The path through the 843, 725, and 482 keV cascede
was chosen because the 482 keV transition was known before [KORES], over more
intense path through 796 and 726 keV cascade. The two Sands are strongly
decoupled because of the K=1/2 band head. However, by adding 4 neutrons the
13/2- level moves below 15/27 level in 13%pr [P1180] due to the increesse of
vy from 21° to 34° (slightly oblete, see Fig. Z). The a:jl/? positive parity

bancs sre most likely based on ﬂG7/Q+ 5/?[413] contiguration. There are

(O

several M1 connecting transitions observed. The M1 franching ‘ractions from.
favored band are: 0.05 for the 274 keV, 0.12 Tor the 260 kesv, and 0.21 for

J

204 keV transitions. On the other hand transitions from the unfavored to
favored band are so wesk, that they can be seen only from the favored band
below. This is in agreement with B(Ml)/8(E2) systematics for connected rota-
tionzl bands [HAGEZ]. Above the backbehding most of the intensity goes to
the (m,a)=(-,-1/2) band similarly as it is observed in 123pr [HIL8S].
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Changes of y-deformation in rotational nuclei are czused by the balance
between the driving forces resulting from the quasi-particle 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-narticles at the
backbend, the y-softness of the core, and the collective rotzstion [LEAB?.
FRAB3, CHEB3, BENB4]. These changes in y-deformation are thus observed as
changes or even inversions [BEN8B4] of signature splitting. Tne core is
expected to be driven by rotation towards y~ -30° (in the Lund convention
[AND76. LEABZ]). Quasi-particles occupying high-j shell czsuse the driving
force towards y>0° when the Fermi level is at the beginning of the shell,
toward ys0° with Fermi level in the middle of the shell, and towards y<O°
with Fermi level close to the top of the shell [LEA82]. ZIxperiments describeg
the literature involved 1397m [LAR84], 155:1574o [GAre2], 8lkr [FUNE3],

125ce [ARYB4]. In those cases the bands were based on mic-shell quasi-

[N
2

particles with zligned quasi-particles at the bottom of znother shell. The
net driving ferce was towards y>0° and decrease of signature splitting was

observed.

Fig. 3 shows the aligned angular momentum for three bands in 135pr. As
can be seen the backbending is caused by alignment of two hijy /™ 9/2[514]
quasi-neutrons. Experimental energies in the rotating frame, £, are plotted
on Fig. 4 and 5. The signature splitting is defined as the difference bet-
splitting decreases with increasing of w. The theory predicts disappeartance
of the signeture splitting at or after the backbend [CHE83]. This is dif-
ficult to test here because the unfavored band is uncertein, and because it
was not populated up to the bzckbend. The wg7/g+ bands show increase of the
signature splitting up to the backbend with E’(a=-1/2)-E’(a=+1/2)T -100 keV &t
the crossing freguency. This is in gualitative agreement with theory, which

ween £’ for opposite signetures. 1In case of mhy1 /2~ bands the signature

c

predicts a value of -280 kev [CHEB3]. After the backbending the signature
splitting inverts and then appears to approach another inversion. This is
illustrated cn 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 hjyj /2~ quasi-neutrons

from the top of the shell which is causing a shift towards y<0° and a2 drastic



30 R 7 T v { 1 i T
(77,a)
+ o =-172) |
A (+-1/2) -l -
O & +/72) X
20 ~ = —~
>
o)) '2 = . .
< | ] = &
NN
- -3 ’ \¢ .
10 - - e LT, ) -
o (-,-1/2) \
TR -S4 \ )
- 4 >
=2
0 ! ! ! ! J -5 ! 1 ] ]
0.1 0.2 0.3 0.4 0.5 C.°6 0.1 8.2 0.2 0.4 0.5 0.5
A (MeV) Fuo (MeV)
Fig. 3. Aligned angular momentum v.. Fig. 4. Eneragy in the rcteation frame
rotational frequency. vs. rotational freaquency.
1 T T 7 T 7DO i 'l i i
1 _ sBOOF 4 -
>
ov} \ A
ok
Z 300t . 45/ N
> ~ ol
2 N doof / -
— ] 'T" N A
T o300k . _
- rlu A D
L | N /ﬂ\ QI/ o
~ 200k C (7, ) -
— T O (+,-1/2)
-4 17 ook & (~,=1/2)
-5 i L | i 0 1 1 ) )
0.1 0.2 0.3 0.4 0.5 0.8 0 5 10 S 20 )
Aw  (MeV) I
Fig. 5. Energy in the rotation frame Fig. 6. tnercy between levels 1+1/2

vs. rotational freguency. end 1-1/2 ve. micdle spin.



change in signatfure 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 [BEN84] for the
case when the Fermi level lies in the upper part of the shell. Ffor higher w.
with the pre-
dictions of Ref. [BEN84]. In the positive perity bends of 133Pr [HILES]
signature splitting decreases after backbend, but it does nct invert as in
135pr. The reason is that by Temoving two neutrons the Fermi level is pushed
towards the middle of the h)) /™ shell and the negetive-y force decrezses.

The authors wish to acknowledge L.A. Adler, Y.S. Chen, and H.C. Griffin
for helpful discussion and/or making the computer codes avallable. This work
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