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Abstract Recoi l -d is tance measurements of l i f e t i n e s of
high-spin s t a t e s of 160 t161^ a r e d e s t r i b e d . While the
r e s u l t s for the ground band of 160Tb are not i n c o n s i s -
t en t with cen t r i fuga l s t r e t c h i n g , the addi t ion of one
or sore quasineutrons seems to cause a reduction in
c o l l e c t i v i t y which depends on frequency but not , for
the cases examined, on the type of quasineutron.

INTRODUCTION

The use of the r eco i l -d i s t ance method with fusion-evaporat ion

reac t ions permits the measurement of l i fe t imes of high-spin

s t a t e s . From these data , one may examine the va r i a t i on of

nuclear deformation with angular moaentum. The nucleus 16&Yb

i s known to have a strong backbend at about spin 12 and a

number of well aligned s idebands , 5 giving the p o s s i b i l i t y of

studying the deformation for d i f fe ren t configurations of the

quas ineut rons .

EXPERIMENTAL METHOD

Ytterbium i so topes were made by the r eac t i on 115Cd( ' '^Ti.xn)

and i t s inverse ** eTi( 1 1 6Cd,xn) . In the forraer case , a

205-MeV **sTi beam from the 25-MV e l e c t r o s t a t i c acce l e r a to r

a t Oak Ridge was used, l ead ing to a r e c o i l v e l o c i t y of

6.87 yn /ps . The 116Cd beam was obtained by using the

e l e c t r o s t a t i c a c c e l e r a t o r as an i n j e c t o r for OHIC. The beam
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energy, 495 MeV, was chosen to give the same center-of-mass

energy as in the titanium-induced reaction. This gave a

recoi l velocity of 19.3 ym/ps.

Our method differed in two respects from the standard

recoi l -dis tance technique. In order to provide some selec-
6

tion of reaction channel, we have constructed a recoil-

distance device which fits into the annular opening of a

25—cm x 25-cm Nal detector, as illustrated in Fig. 1. It is

designed so that t*he target foil is located near the center

of the Nal crystal which is operated as a total-energy sum

spectrometer. The "stopper" to catch the recoiling nuclei

consisted of a high quality nickel foil onto which about

40 jag/cm of lead was evaporated.

FIGURE 1. Schematic drawing of the Oak Ridge Recoil

Distance Device. All of the principal components are

labeled. The germanium detector for the system is not

shown, but it fits in the annular opening of the Nal

detector opposite the plunger mechanism.
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The second modification to the usual recoil-distance

technique was adopted for the Inverse reaction. In order to

avoid the severe Doppler broadening of the "unshifted" peaks

due to the high recoil velocity, we replaced the stopper

foil with a gold foil of thickness 4.5 mg/cm . This slowed

the recoils to 13.5 um/ps. The recoils and the beam were

finally stopped by a 30 mg/cm lead foil positioned behind

the gold foil such that only the first 2 state and ground

state had appreciable population after the recoils had come

to rest. Thus, at large target-retarder separations, the

2+-(-0+ transition appeared as three peaks — an unshifted, a

less shifted, and a fully shifted. These were used to

determine the recoil velocity.

Spectra were taken at eleven target-stopper separations
4 8

with the Ti beam and six target-retarder separations with

the Cd beam. Our primary interest in the inverse reaction

was to obtain data at small target-retarder separations in

order to gain some information about the states near the

second backbend at spin 28+. Unfortunately, target problems

prevented this, but useful additional points on the decay

curves of the yrast states below the 20 were obtained.

Figure 2 shows limited energy regions in the gated Ge(Li)

spectra for some of the target-retarder distances. Because

of the complexity of the spectra, it was not possible to

obtain the areas of both the shifted and unshifted peaks of

all transitions. To normalize the spectra obtained at dif-

ferent target-stopper separations, we chose to use the

intensity of the continuum above the discrete peaks.
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FIGURE 2. Sections
of the T-ray spectra
in the "4n" gate
recorded with flight
tines between the
target and retarding
foil of (a) 137 ps,
(b) 29 ps, (c) 9.0 ps
for the Cd-induced
reaction. Only taem-
bers of the yrast
sequence are labeled. 5800
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RESULTS

The major problem in extracting lifetimes from the decay

curves is that of feeding. In a (El.xn) reaction the

observed levels are populated through transitions from other

unobserved levels whose lifetimes are, in general, comparable

to those being measured. We have attacked the problem with

an extensively modified version of a computer program

originally due to H. Emling of G.S.I., Darmstadt. This

program applies all of the usual corrections to the data,

but handles the problem of feeding by direct solution of the

Bateman equations. That is, given an ansatz for the decay

scheme, the program adjusts the lifetimes and initial popu-

lations of the levels to obtain the best fit to the decay

curves. This ansatz is shown in Fig. 3. At each point

where sidefeeding is shown in Fig. 3, a cascade of two

levels was used to model the tine distribution of the side-

feeding intensity.
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FIGURE 3. Sidefeeding intensities as a percentage of

the 2+-K)+ transition intensity. Decay curves have been

obtained for most of the transitions shown.

Before turning to the results of this analysis, let us

consider some preliminary results of cranked HFB calculations

carried out recently by Aberg, Bengtsson, Zhang and Chen.
160

They find that the ground band of Yb starts out at

e = 0.18 and Y = 1° and reaches values of e s 0.22 and
+

T = -5" at spin 8 . The s-band, however, starts out at

the 10+ state with e =0.19, y - A" and by 18+ has

continued to maintain a fairly constant quadrupole defor-

mation c , while T has steadily increased to about 10°

("Y » +60° corresponds to oblate shape, non-collective

rotation).

In the following figures, we express our results as

transition quadrupole moments Qt, defined by

I f0)
2 Qt

2

and compare these to the intrinsic quadrupole moments

n
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computed from the value e 2 and y corresponding to the

initial or decaying level according to

2 e

where

cos (30c +

')

<r2> - 3/5 (1.25 A 1 / 3 )2 fm2

(2)

(3)

Figure 4 shows the Qt values of those g-band members of
ISO

Yb for which we currently have values. The value for

the 6 state is preliminary. The difficulty in obtaining

lifetimes for the higher g-band members arises from the

complex feeding patterns from the sidebands into the 8 + and

6 + states (see Fig. 3). Although calculations8 show some

evidence for "stretching" in the ground band, it is diffi-

cult to assess whether or not the limited experimental data

substantiate or refute this.

7 —

FIGURE 4. A comparison of
measured and theoret ical
quadrupole moments of

160g—band members of Yb.
The open c i rc les are from
the experimental data.
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Figure 5 shows (L values for various quasiparticle
160 161

bands in ' Yb. While the results in Fig. 4 are not

inconsistent with centrifugal stretching, the results for

Yb in Fig. 5 show that the addition of one quasiparticle

produces the opposite behavior. The two-quasiparticle bands

of Yb show a similar effect, but apparently with an

increased rate of loss of collectivity with increasing rota-

tional frequency. This latter difference, which we failed
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to recognize in our abstract due to a miscalculation of the

Qt value for the 17/2 s t a t e of Ybt is probably due to

the N«88 core of Yb being softer and more easily deformed
161. 160,.

than the N=90 core of Yb. The results for Yb also

suggest that two ii3/2 quasineutrons have approximately the

same effect on the core as an ii3/2^9/2

• 4
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FIGURE 5. Quadrupole moments of some quasiparticle-

band members of > Yb versus rotational frequency.

Finallyi Fig. 6 presents a comparison of the results

for the s-band of Yb and the theoretical calculations.

Our result for the 16+ yrast state is difficult to under-

stand. It is unlikely that it is due to a mistake in

allowing for feeding, firstly because the inferred lifetime

is shorter than expected, and secondly because only 14% of

the feeding of the 16+ level is due to unobserved side-

feeding, the remainder coming from the 18 +16 transition

(see Fig. 3). If the dropoff in Qt in Fig. 6 does indeed

75-
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arise from increasing positive •Y-deformation, it appears

that the theory fails quantitatively in predicting the large

degree of triaxiality at the higher rotational frequencies.

FIGURE 6. A comparison of
measured and theoretical
quadrupole moments of s-band
members of 6Cyb. The closed
circles are the theoretical
values.
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