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Lifetimes of the 4+ to 12+ levels in the ground state rotational band of ' 'Dy have been measured by means

of the Doppler-shift recoil-distance technique. Our best values for the mean lives of the 4+-12+ states are
286+ 15, 39.0+ 1.9, 10.4+0.7, 3.7 +0.8, and 1.6 +0.8 ps, respectively. The corresponding 8(E2) values

exhibit a spin dependence consistent with rigid-rotor predictions. Within the respective experimental

uncertainties, previous results obtained by multiple Coelomb excitation and Doppler-broadened line shape
methods are in agreement with the present recoil-distaace values.

NUCLEAR REACTIONS 64Dy(4 Ar, Ar'), E =152.6 MeV; measured 7. , E; de-
duced B(E2).

I. INTRODUCTION

For more than two decades the properties of
low-spin rotational levels in deformed nuclei have
been investigated extensively. Since the recent
discovery' of backbending, the abrupt increase in
nuclear moment of inertia at about spin i2, in-
tense experimental activity has led to identification
of many new high-spin levels. ' Nuclear structure
alterations that affect leve1. energies may also
cause the intraband B(E2) values to deviate from
the rigid-rotor predictions. Certainly it is im-
portant to test the theoretical models for deformed
nuclei by measurement of B(E2) values for low-
and high- spin states. Traditional techniques—
principally Coulomb excitation, Doppler-broadened
line shape analysis (DBLS), and recoil distance
(RD)—have been utilized in B(E2) measurements,
primarily for low-spin levels. However, more
energetic beams of heavy ions are rapidly becom-
ing available to enhance population probabilities
for high spins and to increase recoil velocities,
thus permitting B(E2) measurements for these
short- lived states.

It is also important to assess the accuracy and
reliability of different techniques for B(E2) mea-
surements. For example, the DBLS method is
limited by the accuracy to which heavy-ion stopping
powers are known, typically 10% or worse. Be-
cause the HD method yields a rather direct mea-
sure of the lifetime of a state, it is generally felt
to suffer from fewer ambiguities than multiple
Coulomb excitation (MCEX), which often requires
more intricate analysis to disentangle the effects
of other states from the state of interest and
which lacks a complete quantal treatment for high-

spin states. However, it should be noted that the
precision of RD B(E2) values is often limited by
uncertainties in dealignment and feeding as well
as the usual statistical uncertainties.

Several of us participated in a previous MCEX
measurementl of B(E2) values of states in

'~""Dy in which the ground ba,nds were Coulomb
excited with ~'Ne and "Cl ions. These results
and the results of Oehlberg et al. ~ indicate rota-
tional B(E2; 2-4) values but B(E2; 4- 5) values
that are 15 + 5% below rotationaL Although the
analysis included estimates of quantal effects,
Coulomb-nuclear interference, and several other
perturbing effects, there is still a legitimate con-
cern regarding the accuracy of MCEX measure-
ments. Therefore we have used HD to measure
lifetimes of levels up to spin 12 in the ground-
state rotational band of "Dy. We expected that
the RD results couM provide an evaluation of
MCEX for high-spin B(E2) measurements as well
as possible insight into the nature of states of
high angular momentum.

H. EXPERIMENTAL PROCEDURE

A detailed description of the recoil-distance
apparatus, herein referred to as the plunger, used
in these measurements has been given by Johnson
et al .' The plunger consists of two precision-
machined coaxial cylinders: one affixed to the
beam line and terminated in a conical projection
over which the thin target is stretched, and a
second having a precision-lapped copper end plate
(the stopper) coated with about 40 pm of lead. The
second cylinder slides on the first to vary the
relative target-stopper separation which can be
measured with a Boeckler micrometer to a pre-
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cision of about 1 pm.
A 1,0 mg/cm foil enriched to 98.4%. in ' 'Dy

was bombarded with 152.6 MeV 'Ar ions from the
Oak Ridge isochronous cyclotron. (ORIC). An 18%
efficient Ge detector located at 0' relative to
the beam axis and 5 cm from the target was used
to detect the ensuing y rays in coincidence with

Ar ions scattered into an annular Si counter
that subtended the angular range 159-175' in the
laboratory. The corresponding recoil. angular
range was 1.7-8.1', and the average recoil veloc-
ity was v = 0.03226c in the case where the recoiling
nucleus was left in the 6' state.

Timing signal, s from the y-ray and particle coun-
ters were fed to a time-to-amplitude converter
(TAC). A valid TAC output permitted linear sig-
nals from the y-ray and particle counters and
the TAC to be digitized by a fast analog to digital
converter, buffered to disk, and subsequently
copied onto magnetic tape. In. the post-experi-
ment playback analysis, suitable windows were
set on the backscattered "Ar energy and the time
correlation to obtain random- corrected y-ray
spectra.

Data were collected for nine target-stopper
distances ever the range 25-670 pm appropriate
for the 6 4 and faster transitions and for three
longer distances up to 6352 gm suitable for the
4- 2 transition.

The relative efficiency of the y-ray counter was
determined by calibration with both a "'Ra source
and a mixed source of several radionuclides from
the National Bureau of Standards.
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HI. DATA ANALYQS AND RESULTS

In Fig. 1 we present y-ray spectra obtaind at
the five smallest target- stopper Separatioas. The
marked growth of the shifted fractions with in-
creasing separation D and the wide variation in
shifted fractions for different transitions are
evident, . In zeroth order the intensities of the
shifted (8) and unshifted (U) peaks for a given
transition depend exponentially on the mean life v of
the upper level so that the ratio 8= V/(U+ 8.) may
be written

where ~, the average recoB velocity component
on the axis, may be computed from the expression

&E/E, = u/c.

Here E, is the energy of y rays emitted by stopped
nuclei and &S is the observed Doppler shift.
Hence, in principle, measurexnent of R as a func-
tion of D yields a direct evaluation of the nuclear
lifetime.

Determination of the peak areas and the corres-
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FIG. 1. Spectra of y rays in coincidence with 4OAr ions
backscattered from a ~~4Dy target for five target-stopper
distances.

ponding uncertainties plays a crucial role in the
data reduction. Both a hand analysis and com-
puter fits were used to extract peak areas so as
to account for the small amount of low-energy
tailing and for the "unshifted" component l.ine shape
due to y rays emitted by nuclei slowing down in
the stopper material. Each 'bnshifted" component
was analyzed to give essentially identical. frac-
tional intensities in the high-energy tails for all
distances.

In practice the extraction of accurate (+5%)
lifetimes from recoil-distance data requires ex-
tension of the simple zero-order theory described
above to include several corrections and perturbing
influences. The remainder of this section will be
devoted to brief discussions of the magnitudes of
effects considered in this work. More complete



i028 SAYER, EICHLKR, SINGHAL, STURM, JOHNSON, AND GUIDRY

descriptions of many of these effects have been
given previously. ' '

n@l (1 P2)ll2
1+

Eo 1-g co@ ' (3)

A. Velocity and distance distribution effects

In general the zero-order treatment must be
modified to account for the distribution of recoil
velocities due to finite target thickness and spread
in recoil angle and for the distribution in distance
due to slight nonparallelism of target and stopper.
These effects were estimated to affect the ex-
tracted lifetimes by less than 1% by examination of
the observed y-ray line shape and the behavior of
the data acquired at close distances. Of more
importance is the effect of the finite size of the y-
ray detector on the velocity distribution.

The relativistic Doppler shift for a particular
y r3y, &E', is given by the formula

where p =v/c and g is the angle between the vec-
tors of the y ray and the recoiling nucleus. The
observed average shift in y-ray energy 4E may
be computed by an average of Eq. (3) over the de-
tector solid angle 0, each projection being
weighted by the probability P(8) that the full y-
ray energy is deposited. The angle 8 is the polar
angle of the y ray with respect to the beam axis.
Hence,

J d@„fdQ W(8)P(8)(1 —P cosg)-'

fdy. Idly W(8)P(8)

(4)

where W(8) is the y ray an-gular distribution and

g, is the recoil azimuthal angle. Integration over
azimuthal angles gives

1+ =(1—P')' '&E

Eo

f ' W(8)P(8) sin8d&(1 —2P cos8„cos8+P (cos'8- sin'8, )j '~

fp W(8)P(8) sin&d8
(5)

where 8 is the recoil angle and 8, is the maxi-
mum y counter half-angle. In the limit W(8) = 1,
P(8) = 1, expression (5) may be reduced to that
given by Quebert, et al. ' Their expression may
be further reduced, in the small P limit, to

tion in solid angle due to the emission of the shifted
y rays from a moving coordinate system. The
ratio of solid angles given by the relativistic trans-
formation is

= g P cos8„(1+ cos8~) . (6)

Equation (5) was evaluated numerically to de-
termine the average recoil velocity for each tran-
sition of interest. The W(8) were obtained from a
Winther-de Boer caicu1atjon, ' and the P(8) were
computed using the full-energy absorption coef-
ficients of Krane. " For the transitions of interest
the resultant average velocities from Eq. (5) were
2.6-3.5% smaller than those given by Eq. (6) and
1.2-2.0% smaller than those computed with the
formula of Quebert et al. '

B. Solid angle and efficiency effects

Geometrical differences in solid angle of shifted
2nd unshifted y rays are caused by emission of the
former from points in the region between target
and stopper. This effect required a correction
to the shifted areas of less than 2% except in the
case of the 4-2 transition, where it was 16.5%
at D=6352 p,m.

A correction of magnitude 6.1% was applied to the
area of the shifted peak to account for the altera-

A further correction was applied to take into
account the sma)l variation in counter efficiency
between shifted and unshifted y-ray energies.
Since a graded shield was used, this correction
was -3.2% for the 4-2 shifted area and ranged
from + 1.1 to + 2.2% for other transitions.

C. Feeding

In this work the lower spin levels were populated
significantly by feeding from higher levels in
the ground band. Indeed, it was necessary to con-
sider the cascade feeding through two or more
higher levels to the level of interest. Feeding was
incorporated into the analysis by solving the ap-
propriate Ba.temann equations in an iterative man-
ner discussed in the last subsection. The direct
population probabilities were obtained by sum-
ming the shifted and unshifted components for
each transition and applying the usual correc-
tions for counter efficiency, internal conversion,
and absorption. In the case of the 6-4 transi-
tion, inclusion of cascade feeding produced the
largest alteration (13%) in the extracted lifetime.



17 RECOIL-DISTANCE MEASUREMENT OF LIFETIMES OF. . . 1029

What about feeding of ground band levels from
other states~ The only non-ground band states
observed, the 2', 4', 6' members of the y-vibra-
tional band, were excited so weakly that the 6'
-4 transition was less than 3'fp as strong as the
6- 4 transition. Winther-de Boer calculations
indicated that the feeding from unobserved y-
band states, e.g. , 8'-6, was negligible in com-
parison with the corresponding "direct" feeding
through the ground band.

D. Attenuation of angular distributions
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It is well known that considerable loss of the

nuclear spin alignment produced by a nuclear
reaction can occur when. the residual atom recoils
into vacuum. Fluctuations in the large hyperfine
magnetic fields at the nucleus due to the atomic
transitions in the highly stripped atom are believed
to produce a time-dependent perturbation of the

nuclear alignment. This type of perturbation leads
to a greater loss of alignment for the unshifted

peak because the recoil nuclei are, on the

average, in flight longer than the recoils corres-
ponding to the shifted peak.

We emphasize here that a complete treatment
of the vacuum deorientation must include the time-
differential behavior of the angular distribution.
Although no time-differential measurements for
high- spin states have been reported, Ward, et
al. "- have measured time-integral. attenuation co-
efficients G, for the 2' and 4' states in '"Sm and

the 6' and 8' states in "Gd. On the ba, sis of
previous time-differential measurements for 2'
states" they assumed an Abragam-Pound 3 type
exponential decay

A„(t)=A, (0)e '~'a

for the perturbed angular distribution coefficients
A,(t). With this assumption Ward et al. extracted
the relaxation times, v', from their time-integral
data. Within experimental errors they find equal
v', values for the 6' and 8' states of '"Gd, which

does not backbend below spin 16.
Since '"Dy does not backbend below spin 14, we

have applied deorientation corrections of the form
given by Eq. (8) to our data with equal relaxation
times for all levels. The magnitudes of the cor-
rections are displayed in Fig. 2 for the levels of
interest as a function of 7, with 74=~ ~,. Al-
though the correction values are quite sensitive
to 7„the maximum value is less than V%. We
chose T, = 25 ps, a value consistent with the ex-
perimental results for '"Gd, and &~= —' &, as
predicted by the Abragam- Pound theory.

FIG. 2. Percent change in mean life as a function of
relaxation time T2 for the 4+, 6+, 8+, and 10+ states
in Dy. Equal relaxation times were assumed for all
states (4+ through 12+), and lifetimes were extracted in

the manner described in Sec. QI F of the text.

E. Line shape corrections

A potential problem in peak area analysis is the
fact that nuclei slowing down in the stopper ma-
terial emit y rays that contribute to a "tail" that
extends from the unshifted (U) peak to the shifted
(S) peak. This tail must be included in the U

area. Fortunately, this contribution was small
enough for the lifetimes of interest to permit the
following procedure. Following careful background
subtraction, the "total" (U+ S) areas were de-
termined to relatively high precision with con-
ventional techniques. An initial U area was ex-
tracted using a, region of the spectrum that in-

cluded the U peak but excluded the S peak and the
tail of the U peak. This region was fixed for all
separations D. A complete analysis a,s described
in the following section was performed to obtain
lifetimes that were used to predict the U line
shapes with the computer program DOPCO. The
predicted line shapes were used to compute the
fractional intensity in the original U region and
hence the correction factors for the initial U

areas. With corrected U areas a second complete
analysis yielded new lifetimes based on the ap-
propriate U line shapes.

With the above procedure the line shape cor-
rections have the effect of changing only the zero
intercept and thus the feeding and alignment cor-
rections. Introduction of line shape corrections
changed the extracted lifetimes by less than 1%

except in the case of the 10-8 transition where
a 3% change occurred.

F. Application of corrections and extraction of lifetimes

Our recoil-distance data for ' Dy were analyzed
w'ith the aid of a computer code FILIP2, whi, ch
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FIG. 3. Plot of the unshifted fraction U/(U+S) as a
function of target-stopper di.stance for the 4 2, 6 4,
8 6, and 10 8 transitions in Dy. Excitation was
produced by a 152.6 MeV 4 Ar beam, and the average
recoil velocity corresponded to e/c =0.032 26 for excita-
tion of the 6+ state. Three large distance points for
the 4 2 transition are not plotted. All corrections
discussed in the text have been applied to the data. The
lines represent least squares fits to the data.

incorporated the corrections discussed in Secs.
IIIA-IIID. The data were also analyzed with the
computer code ORACLE, ' which takes into account
multistep feeding from all levels above the level
of interest. In FILIP2 only two-step feeding is
considered; for example, the 8' and 6' feeding
to the 4' state. However, the two analyses were
in agreement for all lifetimes to better than 2%.

Starting lifetimes were obtained from linear
least-squares fits for each transition in which
velocity distribution, solid angle, and counter
efficiency effects were included. Feeding and
angular attenuation effects were built into an
iterative procedure that yielded final lifetime
values. Typically, only 3-5 iterations were re-
quired for conver gence. The R = 0 intercept
was a free parameter for each transition, and the
so-called "true zero" value was obtained by ad-
justing the nominal distance scale to give zero
weighted average intercept for the 4', 6', 8', and
10' states. Our best fits with all corrections in-
cluded are displayed in Fig. 3 as plots of the un-
shifted fractions versus target-stopper separation.
Three large distance points for the 4»2 tr3nsi-
tion. were omitted from Fig. 3. A single point
for the 12-10 transition, when extrapolated back-
ward to "true zero, " gave a mean life near the
rotational value. The large uncertainty'in 12' lifc-
time introduced less than 370 uncertainty in the
10' lifetime because the feeding contributed only
14% to the population of the 10' state.

Table I presents typical percentage changes in
lifetimes found by turning various corrections
on and off in the computer analysis. Only two
changes are larger than 5%, and these two effects

TABLE I. Typical corrections to lifetime values for
iB4Dy

4 2 6 4 8 6 10 8

Velocity smearing
Geometric solid angle
Relativistic solid angle
Ge efficiency
Feeding
W(8) attentuation

(7& ——25 ps, &&
——7.5 ps)

Sum
All effects included

in final analysis

-4.1% -3.6%
-4.8 -0.6

3.1 3.6
1.8 -0.6

-4.7 -11.8
1.4 6.3

-6.7
-4.0

-3.4%
-0.2

2.4
-0.8
-4.9

3.1

-3.8
0.6

-3.3%
-0.1

2.1
-0.7
-2.9

0.8

-2.8

partially cancel each other in the 6-4 transition.
Our best values for the mean lives and corres-

ponding B(E2) ratios are given in Table II. Quoted
uncertainties include contributions from uncertain-
ties in peak areas and in corrections discussed
previously. An uncertainty of +1.3%%d was assigned
to the B(E2;0- 2) value used to determine B(E2)
ratios. The transition energies and internal con-
version coefficients used to compute B(E2) values
are also listed in Table II.

A. Systematic influences on extracted 8(EZ) ratios

Effects that could influence all B(E2) ratios by
a common factor include the adopted B(E2;0-2)
value, average recoil velocity, relative distance
scale, peak area analysis, and spin-dependent re-
laxation times.

It seems unlikely that the adopted B(E2;0-2)
value is suspect since it is a weighted average
of four high precision (+2%) internally consistent
measurements. Furthermore, a conservative
+410 uncertainty in the total internal conversion
coefficient n~ corresponds to a +1~%%d uncertainty in

B(E2;2-4) and to much smaller values for higher-
spin transitions.

IV. DISCUSSION

Mean lives for the 4' through 12' members of the
ground band in '

Dy were measured by the re-
coil-distance technique, and B(E2) values were
determined to accuracies of about 6% for the
4- 2, 6 - 4, and 8- 6 transitions. Comparisons
of experimental and rigid-rotor B(E2) values are
presented in Table II. Although no large excur-
sions from rotational behavior were observed, the
B(E2) ratios in column six are systematically
less than unity by about 9/p. Thfs systematic
reduction, comparison of present and previous
results, and comparisons with rotational pre-
dictions will be discussed in separate subsections.
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TABLE II. Mean lives and B(E2) values for 4Dy.

Mean life
(ps)

(E„)
(keV)

B(E2;J I)
(e210 48 cm4)'

B(E2;J I)
B{E2)rot

2 0
4 2
6 4
8 6

10 8

12 10

286.0 +15
39.0 +1.9
10.4+0.7
3.7 +0.8
1.6 + 0.8

168.84
259.09
342.35
417.6

484.0

0.426
0 103
0.044
0.025

0.016

1.116+ 0.014
1.459 +0.075
1.625 + 0.080
1.594 + 0.107
172' "-0.3f

1.9~'.6

1.0
0.92 +0.05
0.93+0.05
0.87 +0.06
0.91' "A. i6

Relaxation times &2 = 25 ps and 7'4= & ~2 were used to compute alignment attenuations.
See Table I for the approximate magnitudes of the attenuation effect.

Quoted uncertainties include a +2% contribution from the alignment attenuation.
'Weighted average of four measurements. See Refs. 25-28.

The observed energy shift, nB„/E,= 0.03143
+0.00026, and the procedure described in Sec.
IIIA yielded an average recoil velocity 6/c
= 0.03220+0.00030 for the 8' state. Another cal-
culation with a simple formula" based on the beam
energy, target thickness, and stopping powers gave
v/c= 0.0316+ 0.0006. The consistency of these
values indicates the absence of sizable error in
velocity determination. Jones et al. ' discussed
the effect of the velocity distribution on the ex-
tracted lifetime. For a rectangular distribution
of full width 2&v «v, we find that the lifetimes
differ by a factor 1+ 34' from the values expected
for a sharp distribution. For our experimental
value, ~ = 0.13, the lifetimes would be altered by
approximately 0.6%. As mentioned previously,
possible nonparallelism of target and stopper was
estimated to affect the extracted lifetimes by less
than 1%. A distance error of several percent ap-
pears to be ra,ther improbable.

Two or more independent area determinations
were made for eachpeakof interest, and numerous
cross checks showed statistical uncertainties to be
dominant. Often the "nonstatistical" factors do not
affect the lifetimes to first order. An example is
the line shape correction, to the unshifted peak area
which changes the true zero and thus the feeding
coefficients to produce rather small corrections to
the extracted lifetimes. Indeed, large area
changes would be required to affect lifetimes by
several percent. Arbitrary decreases of 4% in all
unshifte5 areas with no changes in shifted areas
reduce the extracted lifetimes by 1-2%, and we
estimate systematic reading errors to be no larger
than 4% for the 8-6 and lower-spin transitions.

Unfortunately, a knowledge of the correct re-
laxation times for deorientation must await the out-
come of time- differential measurements. How-
ever, we note that the extracted B(E2) values
are largest when perfect alignment is assumed.
In that case the B(E2) ratios in Table II for the

4' through 10' states would increase by 1%,6%,
3%, and 1%, respectively. This would be highly
artif icial because time- integral measurements"
show that some dealignment occurs. Only the
extracted 6' lifetime could be increased by more
than 3~4, and this would require a relaxation time
T, &60 ps.

It is plausible that various combinations of the
effects discussed above could account for perhaps
3-5% of the reduction below unity of the B(B2)
ratios in Table II, leaving a reduction of about
1.5 standard deviations.
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FIG. 4. Plot of ratio of experimental to ro&tional
B{E2)values as a function of spin of upper level for
transitions in 4Dy. The data are taken from Refs.
3, 4, 17, and the present work.

8. Comparison of RD, MCEX, and DSLS results

Three techniques have been utilized to mea-
sure B(E2) values in '

Dy, and the recent MCEX"
and DBLS" results are compared with the present
RD results in Fig. 4. "Quantal" corrections used
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in the MCEX analysis' were improved by compu-
ting the theoretical Coulomb excitation prob-
abilities according to the classical- limit S-matrix
method (CLSMP which treats properly the dynam-
ical orbit distortions. The CLSM analysis changed
the extracted B(E2) values of Ref. 3 by -3%, + 2%,
+5%, and+5%forthe4'-10'states, respectively. ln
addition, use of a more accurate B(E2;0-2) value
than those used previously" altered the extracted
B(E2) values of Ref. 3 by -3% and the values of
Ref. 4 by -2'.

Within experimental uncertainties there is
reasonable agreement between the three types of
measurements when each B(E2) ratio is considered
separately. In no case do the error bars for BD
and MCEX fail to touch, and there is good overlap
in the 4-2 and 8-6 cases. However, all RD
and DBLS values taken together indicate rather less
variation in B(E2) with spin than might be in-
ferred from the MCEX values alone. The mag-
n. itudes of the uncertainties do not permit a
conclusive quantitative statement of the limita-
tion of MCEX measurements for '"Dy. For ex-
ample, the rms difference between RD and MCEX
B(E2) values for the 4- 2, 6- 4, and 8- 6 transi-
tions is 8+6%. Nonetheless, it seems to us that
carefully designed and analyzed MCEX experiments
will continue to yield useful quantitative informa-
tion on transition rates. Such information, how-

ever, may be displayed with a brush stroke, per-
haps 10-15%wide, broad enough to cover possible
ambiguities arising from the multiplicity of ma-
trix elements involved in the population of a single
state. In this connection, further theoretical work
toward full quantal MCEX computations" ~' and
experimental probes for Coulomb- nuclear inter-
ference for high-spin states could have the desir-
able effect of reducing the brush size.

C. Comparison of8 (E2) values with rotational predictions

The experimental B(E2) ratios displayed in Fig.
4 are not dramatically different from the rigid-
rotor predictions. Indeed, these data are con-
sistent with the interpretation that the transition
rates, relative to rotational, for states of spin
4-14 are independent of spin, particularly if the
subset of RD and DBLS values is considered.

A quantitative, albeit narrow, assessment of
rotational purity was attained with a proceduxe
analogous to the formalism of Symons and Doug-
las." We used the expansion

E(I)- I(I + 1){1 —aI (I + 1)j (10)

An upper limit for a of 4X 10 was obtained from
a weighted least squares fit of Eq. (9) to the 8(E2)
measurements shown in Fig. 4. A larger a value,
7 x 10, was obtained from the energy levels with
Eq. (10). Of course it is well known that small
changes in the pairing interactions and fourth-
order cranking model corrections may alter sig-
nificantly the moment of inertia but not the quad-
rupole deformation. In this regard, recent mea-
surements by Ward et aE."and Inamura et al."
indicate essentially rotational lifetimes up to
spin 14 in "+"Yb.

Below spin 16 the B(E2) values for the nucleus
'~Dy deviate by less than 10%from rigid-rotor
predictions. It appears that reductions in experi-
mental uncertainties by about a factor of 2 wil. l
be required to expose possible deviations in, transi-
tion rates below the backbend region. Time-
consuming time- differential measurements of
alignment attenuation for high-spin states may be
mandatory for achievement of the desired accuracy
from recoil-distance measurements,

Note added in Proof. Recently S. H. Sie and
D. W. Gebbie [Nucl. Phys. A289, 217 (1977)] re-
ported recoil-distance measurements for 4'-8'
states in the ground bands of 'O'Dy, "Er, and
"~Yb. Within experimental uncertainties their
mean lives in ps of 294+9, 37.7 +1.4, and 9.8
+0.7 for the 4', 6', and 8' levels of "'Dy are in
good agreement with our RD lifetimes.
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(I (( M(E2) (( d) 1+~pa{I(i+ 1)+J(J+ 1)), (9)

where (I ) M(E2) ([ J) is the reduced matrix element
for the transition I-J and the generalized param-
eter e includes all nonrotational effects with the
I(I+1) dependence. In the (incorrect) view that
all of the level depression is caused by centri-
fugal stretching, the level energy E(I) is
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