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I. INTRODUCTION

During the past dozen years or so, numerous groups have worked on the

properties of the ytterbium nuclei and we at Oak Ridge have been actively involved in the

study of many of these nuclei. We have concentrated on lifetime measurements of their

high-spin states because it is from the lifetime of a state that one can determine Qt, the

transition quadrupole moment. The importance of obtaining a Qt value is in that it

reflects the intrinsic part of the wave function and, hence, provides an indicator of the

collectivity.

It is well known that the family of Yb nuclei possesses some rather interesting and

unusual features. One striking pattern of behavior is found in an examination of a plot of

Qt vs. A for the 2+ -» 0+ and 17/2+ -» 13/2+ transitions in Yb nuclei from mass 158

through mass 170. Here one sees a steady and almost linear increase in collectivity in

this family up to J65Yb, at which point the Qt values begin to level off. This is an

interesting pattern of behavior when it is compared with that for other nuclei in this

region, e.g., for the Gd or the Er nuclei. For the latter two families there is a sharp

increase in tiie collectivity in going from neutron number 88 to N = 90, followed by a

rather gradual but non-linear increase in collectivity up to mass 160.

Not only do we find that the quadrupole deformation in these Yb nuclei shows no

dramatic increase at neutron number 90 (160Yb), but an examination of the potential

energy surface and the total routhian surface of 160Yb reveals that they are extremely
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.-hallow in both the P and y degrees of freedom, even more so dian are its other N = 90

isotonic neighbors. Thus, we expect this very soft nucleus to be quite susceptible to

polarization effects that may well change both its collectivity and its shape at high

rotational frequencies.

Although this paper presents the results from recent Doppier broadened line shape

(DBLS) measurements in 160Yb at very large rotational frequencies of ha = 0.36-0.50

MeV (I = 22+ - 36+), it is helpful to review briefly some of the recoil-distance (RD)

lifetime results from our early measurements1'2 on the Yb nuclei around N = 90.

Figure 1 shows a summary of the Qt values obtained for 159Yb, 160Yb, and 161Yb in the

RD measurements1-2 several years ago. What we found there was a distinct drop-off in

the collectivity above a rotational frequency of about 0.25 MeV. For these nuclei, where

the Fermi surface lies near the bottom of the ii3/2 shell, we were able to understand our

lifetime results - at least qualitatively - in terms of cranked shell model (CSM) and

cranked Hartree-Fock-Bogoliubov (CHFB) calculations (e.g., see Refs. 2,3). After the

backbend, these nuclei undergo a shape change (driven by the aligned ii3/2
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Fig. 1. Transition quadrupole moments for states in 159Yb, 160Yb, and 161Yb.



quasineutrons) to a triaxial shape that is oriented so as to reduce the collectivity of the
rotation, i.e., to positive y values, while at the same time undergoing some reduction in

H
Having gained some insight into the ways these nuclei near N = 90 adapt to the

forces exerted at moderately high rotational frequencies, we now address the question of

what happens to their collectivity under the stress of extremely rapid rotation. In

particular, there has remained much curiosity and speculation on what will happen to the

collectivity of the yrast sequence in the spin 22+-40+ range for 160Yb: will the Qt values

remain at about 3eb, the level we had found for the 20+-22+ states in our earlier RD

measurements; will the decreasing trend continue, arriving at a near total collapse of the

collective properties by spin 30+; or will there be a return to collective behavior similar to

that seen in the ground band? However, due to the very short lifetimes of such states (< 1

ps), the RD method could not be employed. Instead, we used the Doppler broadened line

shape (DBLS) method where one backs the target with a stopping medium and

determines the line-shape distribution of the decays as the recoiling nuclei come to rest.

II. EXPERIMENT AND RESULTS

For ihese DBLS experiments the 160Yb was produced in the reaction
12OSn(44Ca,4n)16OYb at a beam energy of 200 MeV. The beam was provided by the 25-

MV Tandem Accelerator at Oak Ridge. Measurements were made on two different
*? i on o

targets. In one case, 1.05 mg/cm Sn evaporated onto a 10 mg/cm Au backing was

employed and in the other, the same thickness of Sn was used, but the backing was 28

mg/cm2 Pb. We collected these y-ray data in the coincidence mode with the Oak Ridge

Compton Suppression Spectrometer System which consists of 20 Compton-suppressed

Ge detectors. Four of the detectors are located at 45° with respect to the beam direction

and four at 135°. The data stored are from coincidences in each of these detectors with

any other detector. With the Au-backed target we collected a total of 394 x 106 y-y

coincidence events, while for the Pb-backed target, 90 x 10 such events were

accumulated.

To analyze DBLS data we utilized the program LINESHAPE4 based on a

program originally obtained from Jules Gascon5 at the Niels Bohr Institute. We4 have

incorporated several new features into LINESHAPE to facilitate the analysis of DBLS

data. For example, we have added the least-squares minimization routine MINUET6

which was used in our program LIFETIME7 for the analysis of RD data; also added is the



stopping power routine STOPO8 which provides the option of three prescriptions to

generate a set of stopping powers for the recoiling nuclei.

The time-dependent decay yield for a level is determined by both its lifetime and

the lifetimes of levels that feed into it. The decay information from the known precursors

cascading into the level of interest is handled in a straightforward manner by the

analytical solutions of the Bateman equations. However, it is necessary to set up a model

for the side feeding from the y-ray continuum. We have tried both two-step cascade side

feeding and five-state rotational-band side feeding where a moment of inenia of 65

MeV'1 was used. The results from both types of modeling were used in the final lifetime

averaging process and the resulting I60Yb Qt values (averages of Pb-backed and Au-

backed Sn targets) are shown in Fig. 2, along with our1-2 earlier RD results for the lower-

spin states.
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Fig. 2. Transition quadrupole moments (Qt) for members of the yrast
sequence in 160Yb. The solid lines are from the earlier recoil-distance
measurements1'2 and the open circles are from the current Doppler
broadened line shape experiments.



III. DISCUSSION

The data in Fig. 2 show that there is a definite recovery in the collectivity between

spins of 24+ and 34+ in the 160Yb yrast sequence, with a possible falloff again at I = 36+.

This pattern of a falloff followed by a recovery of collectivity in the yrast band is very

difficult to account for within the framework of current theories, and obviously deserves

additional study.

In an attempt to better understand this behavior we felt that it may be helpful to

look at all of the available Qt values for the yrast sequences of even Yb nuclei. These

data are shown in Fig. 3. Note that also in lf>2Yb McGowan et a/.^have found what

appears to be a loss in collectivity for the states beyond the first band crossing by \i\2,n

quasipanicles, with the loss extending up to the highest state measured, I = 18+; but no

experimental data are available for the higher-spin states of 1^2yb to tell us if it too

experiences a recovery in collectivity in the I = 20+-36+ range. Our recent DBLS results

(Xie et a/.1^'12) for the high-spin region of 1^4Yb coupled with the lifetime results of

Bochev et a/.13 for the lower spins reveal a fairly constant range of Qt values up to I =

28+, with an apparent dropoff at I = 30+ - 32+. As reported by Bacelar et a/.14 a similar

dropoff in the Qt values of 166Yb is also present in the I = 28+ to 34+ states (ft© = 0.4-0.5

MeV). In the case of 16^Yb, lifetimes of the 26+ to 34+ members have been measured by

Lisle et al.15 and, as seen, the Qt values of these states show a steady decrease as a

function of rotational frequency.

The fundamental question is can we better understand what is happening at the

microscopic level to lead to these patterns of collectivity at high rotational frequencies.

For this, we use the deformation parameters from the Total Routhian Surface (TRS)

calculations of these Yb nuclei by Wyss et al. 16 With these deformation parameters the

theoretical Qt values for the Yb nuclei are determined by use of the expression

where Ze is the charge on the nucleus and ro = 1.2 fm. The computed values are shown

as solid lines in Fig. 3. It is seen that the theoretical Qt values do predict the trends of the

data at high spins, but do not provide quantitative agreement with experiment. Probably

the two main features of agreement are: (1) at low ft© values, theory provides the trend
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Fig. 3. Systematics of transition quadrupole moments for even-mass
ytterbium nuclei plotted as a function of the rotational frequency (fico).
The solid points for l60Yb are from the earlier RD measurements1-2 and
the triangles are from the current measurements. The l62Yb data are from
Ref. 9. The low-spin data for 164Yb are from Ref. 13, while the high-spin
data (triangles) for this case are from Refs. 10-12. Data for 166Yb are
from Ref. 14 and those for I68yb are from Ref. 15. The theoretical curves
are based on deformation parameters from the TRS calculations in Ref. 16.



of increasing Qt values with neutron number as we move up from the N = 90 case; and

(2) theory predicts a trend of decreasing Qt values in each nucleus in the range of #co ~

0.25-0.50 MeV. We must add that pan of the problem may be in the approximate nature

of our calculation of Qt from the deformation parameters. For a precise treatment of

lifetime data, one really needs the wave functions of the initial and final states for each

transition but, unfortunately, these are not available.

In conclusion, it is evident that we are making progress at a microscopic level in

our understanding of rapidly-rotating nuclei. At the same time, however, it is clear that a

fuller understanding of the evolution of collectivity and the accompanying changes in the

shapes of nuclei such as these demands both experimental data of higher quality and

more refined theoretical treatments. Vast improvements in both the quantity and the

quality of the experimental data are now on the horizon with the much larger Compton-

suppressed arrays currently being constructed.
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