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Abstract. High-spin states in "°Rb were populated in the reaction %*Cu('°F, p2n)"Rb at E (beam) =
60 MeV. The lifetimes of the excited states of the Tg3 positive-parity yrast band and of the ™3 negative-

parity band in “Rb were measured by the Doppler Shift Attenuation Method. The deduced transition
quadrupole moments @; are found to have a decreasing trend with rotational frequency for both the bands,
consistent with those found experimentally in neighbouring nuclei.

PACS. 21.10.Tg Lifetimes — 27.50.4¢ 59 < A < 89

The region of nuclei with A ~ 80 is very rich in nu-
clear phenomena. It contains nuclei having large defor-
mation with very interesting features. These nuclei have
low density of single-particle levels and large shell gaps of
~ 2 MeV at oblate (82 ~ —0.3, N or Z = 34,36) and
prolate (B2 ~ 40.4, N or Z = 38,40) shapes, exhibiting
the dependence of nuclear shapes on proton number, neu-
tron number and on their configuration as well as on spin
and lead to shape coexistence effects. This has, therefore,
generated a lot of interest towards the study of nuclear
shapes in nuclei in this mass region.

The opportunity to investigate highly deformed rota-
tional bands in nuclei to high spins using the high pho-
topeak detection efficiency gamma detector arrays, like
Gammasphere and Euroball, has made it possible to dis-
cover the phenomenon of band termination [1]. In A ~ 80
nuclei, terminating bands have been found in "Br [2],
"0Kr [3] and possibly in 3Y [4,5]. One of the characteris-
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tic features of the terminating bands is the observation of
a gradual loss of collectivity with spin due to a continuous
transition within the band from a collective rotation at low
spin to a non-collective single-particle state at maximum
spin which can be generated in the same configuration. A
loss of collectivity has also been observed in “®Kr [6] and
"TRb [7] for some positive- and negative-parity bands.

The purpose of the present work is to search for such
a loss of collectivity with spin in the positive- and the
negative-parity bands in ”Rb by measurement of life-
times of high-spin states using the Doppler Shift Atten-
uation Method (DSAM). Earlier measurements [8,9] in
this nucleus show large errors in the deduced transition
quadrupole moments which did not permit any conclusion
to be drawn about the possible loss of collectivity.

The levels of Rb were populated by the heavy-ion
fusion evaporation reaction %3Cu(**F,p2n)"Rb using a
60 MeV 9F beam from the 15 UD Pelletron accelera-
tor at the Inter University Accelerator Centre (IUAC),
New Delhi. The target used was the enriched %3Cu of
thickness 700 ug/cm? with a backing of Ta of thickness
8 mg/cm?. The y-rays were detected using the Indian Na-
tional Gamma Array (INGA), an array consisting of eight
Compton-suppressed clover detectors mounted on oppo-
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Fig. 1. Partial level scheme of "“Rb [9].

site sides of the target chamber making angles of 81° and
141° with respect to the beam direction and tilted at
18° with respect to the horizontal plane. The target-to-
detector distance was 24 cm. The total photopeak detec-
tion efficiency of the array is ~ 1.2% at 1.3 MeV ~-ray
energy. In the experiment about 850 million -y events
were collected. The data from the detectors at backward
angle of 141° were used for the lineshape analysis. For the
DSAM analysis a single 4K x 4K ~-y matrix was con-
structed with a dispersion of 0.5 keV/channel using the
program INGASORT [10]. The efficiency calibration was
carried out with '°2Eu and '3?Ba radioactive sources.
The lifetimes of the levels in "Rb (fig. 1) were es-
timated by using the LINESHAPE code [11]. This code
was used to generate the velocity profile of the recoiling
nuclei into the backing material using Monte Carlo tech-
nique with a time step of 0.001 ps for 5000 histories of
energy losses at different depths. The electron stopping
powers of Northcliffe and Schilling [12] corrected for shell
effects were used for calculating the energy loss. The life-
time analysis was performed starting with the topmost
transition which was assumed to have 100% side-feed via
a rotational cascade of five transitions with the same mo-
ment of inertia as the in-band transitions. The highest
transition in the cascade for which the lineshape was ob-
served was then fitted to the calculated lineshape. The
extracted effective lifetime of the topmost excited state
from which the above transition decayed, was used as an
input parameter to deduce the lifetimes of the lower mem-
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Fig. 2. Experimental and theoretical lineshapes observed for
both signature partners of the positive-parity band. (a) and
(b) show, respectively, the 1141.8 and 1686.3 keV transition
lineshape for the & = +1/2 signature band, gate at 501 keV
transition, while (¢) and (d) show, respectively, the 1055.8 and
1254.4 keV transition lineshape for the & = —1/2 signature
band, gate at 497 keV transition, for the backward detectors.
The contaminant peaks are shown by dotted lines.

bers of the cascade. The side-feeding intensities of the
lower states were obtained from the intensity balance at
each level of the cascade. The same side-feeding model
of rotational cascade of five transitions, as mentioned
above, was used throughout the lifetime analysis. The
side-feeding intensities for the positive- and the negative-
parity bands were obtained from ref. [9] are mentioned in
tables 1 and 2. A 20% variation in the side-feeding inten-
sities was considered in the analysis. In the fitting proce-
dure, a x? minimization of the fit for a) @Q;, the transition
quadrupole moment for the transition under consideration
and b) Q:(SF), the transition quadrupole moment of the
side-feeding transition to that level, was carried out. Af-
ter obtaining the @Q; and Q;(SF) corresponding to a state,
this method of analysis was also applied to the level(s) be-
low. The uncertainties in the lifetimes were derived from
the behaviour of the x? fit in the vicinity of the minimum.
A 15% systematic error due mainly from the uncertanity
in the nuclear stopping powers was incorporated in the
lifetime values. For every observed lineshape, in-band and
side-feeding lifetimes, background parameters, and the in-
tensities of the contaminant peaks were allowed to vary.
The uncertainty involved in the lifetimes and consequently
in the transition quadrupole moments were determined by
the statistical method using the subroutine MINOS [13].

The observed lineshapes were obtained by gating be-
low the transition of interest. Figure 2 shows the observed
lineshapes and their simulated lineshapes for the 1141.8,
1686.3, 1055.8 and 1254.4 keV transitions, in the positive-
parity bands and in fig. 3 for the 946.3, 1436.4, 1111.1
and 1423.6 keV transitions in the negative-parity bands.
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Table 1. Experimental values of lifetimes and transition quadrupole moments @Q; for the positive-parity m99 [431}%7L yrast

band in Rb. A 15% systematic error due mainly from the uncertanity in the nuclear stopping powers was incorporated in the
lifetime values.

E (level) 17 (h) E, 7 (ps) 7 (ps) 7 (ps) Qt Q:(SF) L (SF)®
(keV) (keV) ref. [8] ref. [9] (eb) (eb) (relative)
a = +1/2 band

597.5 B+ 500.8 11.9(6)

1353.2 e 755.7 1.2(2) 1.0(3) 1.11(43) 3.10(46) 4.00 30
2315.7 at 962.5 0.49(10) 0.26(3) 0.37(14) 2.85(43) 3.15 29
3457.5 5+ 1141.8 0.24(6) 0.14(3) 0.29(11) 2.07(31) 3.16 22
4774.3 2+ 1316.8 <03 0.06(2) 0.10(4) 2.40(36) 6.50 11
6274.5 3+ 1500.2 <0.10 0.16(7) 1.36(20) 5.34

7960.8 st 1686.3 0.03(1) 2.33(40) 6.15

9820.8 a4+ 1860.0 <0.04 > 1.47

a = —1/2 band

643.9 u+ 496.9 8.2(4)

1454.4 5+ 810.5 1.3(2) 1.39(56) 2.37(36) 5.75 25
2510.2 o+ 1055.8 0.23(6) 0.43(16) 2.13(32) 3.78 17
3699.8 3+ 1189.6 0.14(3) 0.26(10) 2.00(32) 2.82 10
4954.2 Zt 1254.4 <0.23 0.13(5) 2.40(37) 4.00 5

6342.3 a+t 1388.1 <0.22 > 1.45

) From measured relative ~-ray intensities [9], normalised to I(755v) = 100.

Table 2. Experimental values of lifetimes and transition quadrupole moments Q: for the negative-parity mp 3 [312}%_ band in

"Rb. A 15% systematic error due mainly from the uncertanity in the nuclear stopping powers was incorporated in the lifetime
values.

E (level) I™(n) E, 7 (ps) 7 (ps) 7 (ps) Q¢ Q:(SF) L, (SF)®
(keV) (keV) ref. [8] ref. [9] (eb) (eb) (relative)
a = +1/2 band

679.9 g 505.8 9.3(25)

1349.4 B8 669.5 1.9(4) 1.50(59) 3.79(57) 5.00 21
2165.1 - 815.7 0.75(20) 0.53(15) 0.52(28) 3.73(56) 3.12 21
3111.4 - 946.3 0.35(10) 0.23(4) 0.39(15) 2.89(43) 3.46 26
4202.0 = 1090.6 0.2(1) 0.12(4) 0.20(8) 2.77(41) 4.12

5463.9 2 1261.9 <0.21 0.10(4) 2.64(40) 6.09

6900.3 3 1436.5 <0.13 > 1.71

a = —1/2 band

1822.1 L 772.0 1.01(38) 3.15(47) 4.07 49
2767.8 v 945.7 0.28(7) 0.47(18) 2.68(40) 4.24 24
3878.9 = 1111.1 0.15(3) 0.32(12) 2.14(32) 4.65 12
5463.9 Z- 1263.5 <0.17 0.30(12) 1.57(23) 5.00 5

6566.0 31 1423.6 <0.18 > 1.47

@) From measured relative ~-ray intensities [9], normalised to I(755v) = 100.
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Fig. 3. Experimental and theoretical lineshapes observed for
both signature partners of the negative-parity band. (a) and
(b) show, respectively, the 946.3 and 1436.4 keV transition line-
shape for the & = +1/2 signature band, gate at 506 keV tran-
sition, while (¢) and (d) show, respectively, the 1111.1 and
1423.6 keV transition lineshape for the « = —1/2 signature
band, gate at 597 keV transition, for the backward detectors.
The contaminant peaks are shown by dotted lines.

To check the consistency of the data, we have determined
the lineshapes (not shown) of the 963 keV transition in
the positive-parity band by gating below and above the
transition of interest. The lifetime values so determined in
this transition are in good agreement with each other.

Tables 1 and 2 give the values of the lifetimes 7, and of
the transition quadrupole moments @); for both positive-
and negative-parity bands, respectively, as obtained in the
present work. In each cascade only an upper limit for
the lifetime could be estabilished for the highest state as
the correct feeding to that state could not be established.
Taking an average of @ for the first two transitions for
the favoured partners of the positive-parity and of the
negative-parity bands, respectively, and using the formula
given below

Q¢ = 3ZeR3B2(1 +0.163;)/V5m (1)
(axial symmetric, v = 0), we find the following defor-

mation parameters: Oz2(m = +,a = +1/2) = 0.34 and
B2(m = —,a =+41/2) = 0.41 for these bands.

Figures 4 and 5 are the plots of the transition
quadrupole moments, ¢, deduced from lifetime measure-
ments (present work) vs. rotational frequency, fiw, for the

positive-parity decoupled g 9 [431] %Jr yrast band and the
negative-parity decoupled mp 3 [312}%_ band, respectively,
in Rb. As is seen in the figures, Q; decreases with Aw in
both the bands for the favoured and the unfavoured part-

ners. However, the decrease appears more regular in the
negative-parity band than in the positive-parity band.
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Fig. 4. Plot of Q¢ vs. hw for the positive-parity band (present
work).
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Fig. 5. Plot of Q+ vs. hiw for the negative-parity band (present
work).

Extensive theoretical study of the positive-parity mg 9
favoured and the unfavoured bands in "Rb has been done
n [14]. The Total Routhian Surface (TRS) calculations
have been performed by them for the two lowest 7g 9 con-
figurations at frequencies below and above the alignment
of a neutron 93 pair at Aiw ~ 0.6 MeV. The results show
that at low rotational frequencies, both the signature part-
ners have similar prolate deformations (82 = 0.33). At
rotational frequencies above the neutron alignment, there
are two minima with similar 82 values (= 0.29), one hav-
ing v &~ —10°, the other v ~ —50° depending upon the
signature. The deepest minimum is found at v ~ —10°
in the favoured signature but at v ~ —50° in the un-
favoured signature. The observed loss of collectivity in the
mge unfavoured signature may possibly be attributed to
the shape change above band crossing, although there is
no explanation for the observed loss of collectivity in the
favoured-signature partner band.

The TRS calculations for the negative-parity mp 3

bands have been performed in [9]. At low rotational fre-
quencies, the shapes are predicted to be nearly prolate
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Fig. 6. Energies (from ref. [15]) of the negative-parity ™3

band in “Rb relative to an I(I + 1) rigid-rotor reference wvs.
spin.

(B2 =~ 0.35,7 ~ —10°) which changes to triaxial (82 =
0.21,7 ~ —30°) at a rotational frequency of 0.691 MeV.
The observed fall in @, with rotational frequency (fig. 5)
for the two signatures of the negative-parity bands may be
thought to occur due to the predicted shape changes after
the alignments of the mg 9 proton pair followed by the vg 2

neutron pair alignment [15]. An alternative explanation
for the loss of collectivity could be in terms of the band
termination phenomenon. In a rotational band built on a
specific configuration, the total angular momentum con-
tent is limited which gradually gets exhausted up to the
maximum spin, I,a.x. The band eventually terminates at
the maximum spin in a fully aligned state (terminating
state) of single-particle nature. The nuclear shape starts
as prolate collective and, with increase in spin, gradually
traces a path through a triaxial plane to a non-collective
state. Thus, there is a gradual loss of collectivity with in-
creasing spin.

In fig. 6, energies (from ref. [15]) of the excited states
in the negative-parity s bands in "Rb relative to an
I(I + 1) rigid-rotor reference are plotted ws. spin. The
negative-parity bands show the familiar trend observed
for terminating bands. The data points have not been
obtained [15] upto the minima and beyond, in spin, in the
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plots. This makes it difficult to utilize the configuration-
dependent Cranked Nilsson-Strutinsky (CNS) approach,
based on the cranked Nilsson potential, to determine the
exact configurations for the bands. Band configurations
can be specified with respect to a 35Nisg core plus 9 active
valence protons and 14 active valence neutrons. The dis-
tribution of particles and holes and their excitations can
be considered within the N = 3, ps, fg DL and the N =4,
99 orbitals. As the number of possible proton and neutron

configurations are many, it is difficult to use the I?, +
I3 .. criteria to arrive at the possible terminating-state
spins for the bands. It can, however, only be conjuctured
that the observed states in the negative-parity bands are
several transitions below the terminating states. Further
experimental investigations to higher-spin states than ob-
served hitherto [15] are needed to discover the band ter-
mination, if present, in this nucleus.
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