PHYSICAL REVIEW C 68, 034328 (2003
Collectivity at high spins in Dy
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Mean lifetimes of five levels in th& band and three levels in the ground-state bantPfy, populated via
the 124Sn(3S, 4n) reaction aE =145 MeV, were measured by the Doppler-shift attenuation technique using a
line-shape analysis. The differential decay-curve method was applied for a lifetime determination. In contrast
with earlier data, the preseB{E2) values in the yrast band do not indicate a reduction in the collectivity after
the crossing between tt&band and the ground-state band, and confirm the results of theoretical calculations
using mean-field approaches.
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[. INTRODUCTION terminating state. The purpose of the present work is to re-
measure the lifetimes of the levels in the spin reglén
Numerous experimental and theoretical investigations=22 —30" using the Doppler-shift attenuation method
have been dedicated {6°Dy over the past decades. Lying in (PSAM) [9] and to verify the earlier suggested drop in the
a transitional region between spherical and deformed nucleP(E2) values. One of the reasons for this is the fact that

this nucleus is a natural laboratory for the experimental revMany theoretical calculations using mean-field approaches,

elation of a large variety of phenomena and a challengin £.0., Refs[10-12, do not predict such a significant reduc-

: : : . ._tion of the collectivity in the spin region considered. Apart
testing ground for theoretical models. The high-spin studles];rom the interesting ghysical tgpic, ogur work has been gddi-

of Dy yielded a wealth of information about the interplay tjonally motivated by the advances of the experimental tech-
between collective and single-particle degrees of freedorrhiquesy which make possible nowadays the use of large mul-

The near yrast discrete ling-ray spectroscopy1] estab- tidetector arrays and provide the analysis with data of higher
lished numerous band structures in this nucleus. Ten yeakgatistics.

later, the discrete normal deformed states with highest spins
(I1=~60n) observed so far were investigated in Hef. where Il. EXPERIMENT

a smooth prolate to a noncollective oblate shape evolution The excited states of interest iH*Dy were populated
was suggested for the lowest bands with positive parity ( using the reactiort?Sn (%S, 4n) at an energy of 145 MeV
=+). The yrast states have been an object of investigatiofith a heam provided by the XTU tandem of the Laboratori
already since the early 1970s. The works of Andr@wsl.  Nazionali di Legnaro, Italy. The target consisted of a
[3] and Liederet al. [4] pointed out the interesting phenom- g g mg/cnd Sn foil enriched to 95.3% in'?‘Sn. It was
enon of the crossing between tifeband and theS band,  evaporated onto a 13.4 mg/&rfa foil serving as a backing
with the latter becoming yrast at tH€=16" level, where  to stop the recoils which were leaving the target with a mean
the levels of the continuation of the ground-state bandselocity of about 1.83% of the velocity of light, The y rays
(g.s.b) start to form the yrare sequence. A portion of thedeexciting the recoiling®®Dy nuclei, which are produced in
high-spin level scheme of*®Dy is presented in Fig. 1. The the dominating exit channel of the reaction, were registered
lifetimes of the yrast states up to high spins were determinedith the GASP array13] in configuration |. This array con-

in a series of experiments by Waet al. [6] and Emling  sists of 40 large volume Compton suppressed germanium
et al.[7,8]. The results of Refd.7,8], where individual life-  detectors which can be grouped in to seven rings for the data
times of levels of the&Sband abové ”=20" have been mea- analysis. The detectors of each ring are positioned at ap-
sured, implied rotationally induced shape changes affectingroximately the same angkwith respect to the beam axis,
the parameterg andy of the intrinsic quadrupole deforma- namely, ring 0 §=34.6°), ring 1 (59.4°), ring 2 (72°), ring
tion. These changes led to a reduction of the collectivity,3 (90°), ring 4 (108°), ring 5 (120.6°), and ring 6 (145.4°).
expressed through tH&(E2) values, already in the spin re- For the present DSAM experiment, the rings of main interest
gion |7=22"-30" in comparison with what is observed at are these where appreciable Doppler shifts can be observed,
lower spins. In this spin region, the structure of the yrast.e., rings 0, 1, 5, and 6. Each of these rings consists of six
band is dominated by two unpairégs, quasineutrons, and detectors. The trigger condition for data acquisition was set
only at higher spins additional quasiparticles successivelyo the registration of at least two germanium signals firing in
align and finally make the collectivity vanish at the band-prompt coincidence. About 0:710° unfolded doubles
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other axis being associated with a detection of the second

2000 . coincidenty ray in any ring of the GASP. Spectra for further
analysis were generated by setting gates at the latter axis on
FIG. 1. Partial level scheme of®Dy according to Ref[5].  fully stopped peaks of lower-lying transitions, i.e., “from

Lifetimes determined in the present work are displayed in solidbelow.” Examples of such spectra, showing transitions in the

framed boxes. Additional available lifetime informatiphl is also S pand of °Dy, are displayed in Fig. 2 to illustrate the

shown. quality of the data. In addition, a matrix was built which
accounts for the full statistics of the experiment by accumu-

events were collected in the measurement. After correctiongiting y-y coincidences between any pair of rings of the

for energy shifts and energy matching of the detectors, th&ASP. This matrix served to obtain information on the in-

data were initially sorted out into two groups of 4% 4 tensities of they rays of Dy observed in the experiment.

X 4k y-vy coincidence matrices, where each matrix accumuAs a part of the experiment, energy, full width at half maxi-

lates events corresponding to the registration of twmys  mum, and efficiency calibrations were made with*®Eu

by the detectors belonging to a particular pair of rings of thesource. With the same setup, we performed also a recoil dis-

GASP. The first group of matrices was built using a windowtance Doppler-shiffRDDS) lifetime measurement, the re-

set on the prompt time peak, while the time window for thesults of which will be presented and discussed in a forthcom-

second group was set away from this peak on a backgroungg paper{16].

region where the random coincidences dominate. To correct

for the latter, the matrices of the second group were sub- IIl. DATA ANALYSIS

tracted from the corresponding matrices of the first group. i . ) .
Then, gates were set in the resulting matrices in order to The slowing down of the recoiling nucleus in a material

check if the quality of the gated spectra allows for a DSAan_d th_e_decay of its excited states occur independently, but
analysis which eliminates the problem of the unknown orP€ing initiated by the same nuclear reaction, they are corre-
side feeding of the level of interest. Our recently publishedatEd in time. This fact is the basis of the well established

procedures solve this problem for a pair of two subseqyent DSAM for lifetime determinatiorict., e.g., Ref[9]). Experi-
rays, with a gate on the Doppler-shifted fraction of the feedmentally, the method is realized by measuring the spectrum

ing transition[14] or with a gate on any fraction of the de- of v rays at a given direction of observation, e.g., at an angle
populating transitiofi15]. Unfortunately, the statistics turned ¢ With respect to the beam axis. The Doppler-shift formula
out to insufficient for the application of these two ap- E;=E, (1+v,/c) describes the relation between the pre-
proaches. Therefore, we have built a set of four ngwy  cise registered energ:'y;, the energy of they ray emitted at
matrices, with one of their axes corresponding to the detecrestE,, , and the recoil velocity projections, on this direc-
tion of ay rayinring O, 1, 5, and 6, respectively, whereas thetion, and thus correlates the decay and slowing-down histo-
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TABLE I. Parameters of the electron stopping poeg. (2)]. See also text.

156Dy ions Upper energy limitMeV) fo a
Sn (enriched to 95.3% irt?sn) 26 0.844 0.643
Ta 11 0.543 0.631

ries. After taking into accou.nt the response func@)mf the andp to the distance Our new version obEsASTOP[19,20]
detector, the measured singles spectrum or line shape {fes this equation only at low ion energies, below some lim-

given by iting value, where its right-hand side is fitted to the numeri-
. c cal data. The numerical electron stopping powerfby in
Siyj(Ey):f dE,=—®(E/ E,) the target and stopper materials were determined from tabu-
— Evo lated data as follows. First, the electron stopping power for

. 84Dy jons in Sn(Ta) was interpolatedtaken from the semi-
xf dtpa(t-vQ(E;))bij)\ini(t)- (1) empirical tgbles of Northcliffe and Sghilling\lS) [23] apd
0 converted into stopping power faP®Dy ions by a correction
) ) ) for the mass difference. An additional correction was made
Here, quantiyn;(t) represents the population of leveds a ¢4 the details of the atomic structure of the medium using
function of timet, A; is the decay constant of that level and pqfg [24,25 which account for deviations from the rela-
by; is the branching of the deexciting transitior» ] under tively smooth dependence on Z predicted by the NS tables
investigation. The stopping matriR,(t,v,) represents the [23]. To adjust the electron stopping power of the Sn target
normalized distributions of the velocity projection at dif- we used the above mentioned accompanying RDDS mee’1-
fe_r_ent timest. D_ependmg on the exp_e_rlmental situation, ad'surement[lfs], namely, the positions and widths of the
ditional corrections for geometry, efficiency, angular Correla'DoppIer-shiftedy—ray peaks at large target-to-stopper dis-
:'Okn’ qncti kmemat;c.s Eﬁiﬂ&f' Ref. [9]) have also to be tances. Finally, the data were transformed in LSS units and
aken into account in Ed )'. . .. fitted with the function on the rhs of Eq2). The derived
. Qur approach for analyzing DS.A line shapes and d.e”V'ngparameters‘e and a are presented in Table I. The nuclear
lifetimes is thoroughly pre_sented in Refd7,1§. Referring Istopping power, which is due to the interaction with the at-
the _reader for_more_ details to these papers, here we ONM¥ms of the medium as a whole, was taken into account in our
remind the main points and concentrate on features spemﬂgode according to the LSS theof92] and the parametriza-
to'th? presfer:;wortk. In' this setc't)lgn,twe dl'[sc((?sthe.get?r:— tion of the universal scattering function for a Thomas-Fermi
mination of he stopping matri o(t,0g) 1o describe the potential given in Ref[21]. To correct for the effect of mi-
stopping pr_ocess{u) the line-shape analy_5|s, l.e., the solving crochanneling in the stopping medium, the nuclear stopping
of Eq. (1) with respect to the decay functidmy,ni(t) of the power was reduced by a factby=0.7 (cf. Refs.[26,24] for
transitioni — j; and(iii) extraction of the lifetimer,=1\; 50 details The successful use, in the pdds8], of the
Of. the Ieve_l of interest, whereby the '”f'“ef‘ce of the higher- rocedure described above make us confident of the reliabil-
lying feeding levels has also to be taken into account. As aj y of the stopping powers employed in the present work.
illustration, we use the case of the transition of 808 keVNevertheIess we have also investigatefd below the effect

) e ) )
which depopulates .thEWTZG. level in theSban_d(cf. Fig. of deviations of 10% in these quantities on the derived life-
1). The results obtained in this band as well as in the ground,[

state band are presented in the following sect®ec. IV} fimes. According to our calculation, the distribution of the
o . A stopping times of the'®Dy recoils is characterized by a
For the description of the stopping process, i.e., for th bping y y

. . ' ean value of 1.24 ps and a variance of about 0.25 ps. These
calculation of the matrixP4(t,vy) in Eq. (1), we used a b b

e . values set upper limits for the effective lifetiméeeding
\Tvpdlfleql_r\:gr5|on .Of thﬁ comfputer COMS_ASITOP[lg’Zq b3]f h time plus own lifetimg of the levels accessible for the DSA
Inter. This Version allows for a numerica tregtment 0 t eanalysis in the present study. Finally, it should be mentioned
electron stopping powers at relatively higher ion energies

where a simple expression such as the generalizé2ishof that our code follows closely the Monte Carlo calculation of
h i . H -
the formula following from the Lindhard, Scharff, and the stopping process proposed by Cut@d]. However, ad

. ditional randomizations, which take into account the effects
Schidit (LSS theory[22] of the reaction kinematics and the finite size of the detectors,
de are also performed.

(_) = f ok see? 2) In order to obtain the line shapes of the investigayety

dp/, transitions in theSband and g.s.b. oF®y, as already men-

tioned, gates were set in thgy coincidence matrices on

is not anymore valid. We recall that E(R) describes the fully stopped peaks of lower-lying-ray transitions. Then,
electron stopping power in terms of the dimensionless varithe gated spectra were inspected for their cleanness, with the
ables of the LSS theory, whekgssis a theoretical constant requirement for consistent line shapes at forward and back-
while f, and a are fitting parametersa(s<=0.5, féss ward angles. The best spectra, used in the subsequent analy-
=1.0, ande is proportional to the kinetic energy of the ion sis, were generated with gates set on the 527- and 636-keV
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FIG. 3. Line shape analysis of the 808-keV transition in $4gand and determination of the lifetime of the=26" level at 6878-keV
according to the DDCMcf. Eqg. 3. On the left-hand side are shown fits of the lineshapes measured at the angles of 35°, 59°, 121°, and
145° with respect to the beam axis. Dashed lines show the background as well as small contaminant peaks. The decay functions yielding the
fits displayed in the left part are presented in the middle with their statistical uncertainties. The decay function of the feeding transition of
861 keV is also shown as determined from independent fits at the four detector angles. Its area is normalized to that of the decay function
of the 808-keV transition. The curves and their statistical uncertainties calculated with the decay functions shown in the middle of the
figure are presented on the rhs. The lifetimggerived at the four detector angles and their statistical errors are also displayed. The final
adopted value of the lifetime i&r) =190+ 34 fs.

transitions, for the&sband and the g.s.b., respectivéty. Fig.  second-order polynomials over separate time intervals which
1). In this way, four line shape®s observed at the angles of are smoothly interconnected at the interval borders. Actually,
34.6°, 59.4°, 120.6°, and 145.4°) for each transition of in-the line shape analysis consists of varying the number and
terest were obtained and analyzed independently accordirgpsitions of the time bordefsn thet scalg until the besty?

to the procedure outlined in details in Reft7,18. Here, we fit of the line shapéon theE,, scale is obtained. The corre-
recall only the main points of that procedure. The aim is thdation matrix of the fit allows for the determination of the
determination of the decay functidm \;n;(t) in Eq.(1) asa statistical uncertainties in all subsequent calculations. In Fig.
whole, i.e., of its numerical values as a function of the time3, the procedure is illustrated for the 808-keV transition in
t. In this way, we consider Eq1) as an integral equation for theSband at the four different detector angles. The fits of the
the decay function and describe its solution by a set ofine shapes are displayed on the left-hand side. In the middle,
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the decay functions of the transition corresponding to thehe uncertainty of its value, we adopted the square root of the
best fits are presented with their statistical uncertainties. variance of the results obtained at the four different rings. We
The line shape analysis yields the decay functions of th@referred this derivation of the mean value and its uncer-
level of interest and of the feeding levels. When they are tainty because it takes better into account the systematic er-
determined, lifetimer can be calculated according to the rors of the analysis at the individual ringsee also discus-
formalism of the differential decay-curve meth@@dDCM) sion of a similar problem in Ref18]).
[27] presented for the DSAM case in R¢L7]: The investigation of the uncertainties due to side feeding
was done according to the approach outlined in R&8].
t t For a fixed value ofr, it is possible to solve Eq(3) with
—?\ifodt'ni(t')JrEh: bhi)\hfodt,nh(t’) respect to the decay functid»®(t) of the side feedingsf),

)

mi(t)= Ain;i(t) ’

D5f<t>=r%xinimﬂini(t)—; bNAR(E),  (4)
where the summation ovdr includes all direct feeders of

level i and automatically takes into account the feeding his-
tory. Because lifetime is a constant, functiom;(t), i.e., the ~ Where the index kf stands for known feeding. Different as-

T curve given by Eq.(3) should represent a straight line signed values of the lifetime- lead to different functions
when plotted versus time Actually, this is realized only D®'(t), which can be inspected for a physically reasonable
within some “region of sensitivity” where the values of the behavior. In both directions of increasing and decreasing of
numerator and the denominator in Eg) are not too small. 7, at some criticalr value, time regions appear where the
Also, due to the polynomial parametrization of the decaycalculated functiorDS'(t) is characterized by negative val-
functions, the values of the latter are not really reliable forues. Obviously values af beyond the critical ones should be
very short and large times Lifetime 7 is determined as a excluded. Thus, lowet,, and upperry,y limits for the
weighted average of the(t) values within the sensitivity lifetime can be determined which reflect the uncertainty due
region. It should be mentioned that deviations of theurve  to side feeding.

from a constant behavior within the sensitivity region imme- ~ Finally, we have investigated the effect of a possible in-
diately indicate the existence of systematic errors in thecomplete knowledge of the stopping powé®&P). For this
analysis. In each of the rings 0, 1, 5, and 6, the line shapgurpose, we increased and decreased by 10% our basic set of
analysis and the lifetime determination were performed indestopping powers and reanalyzed some part of the data. In this
pendently. Since Eq(3) implies a knowledge of all direct way, the corresponding Iowe’ﬁfv’V and upperq-ﬁg’limits for 7
feeders, we also had to investigate the intensity balance stere derived which provide an estimate of the related sys-
levels of interest. The intensities of therays involved in the tematic error when compared to the adopted values of the
analysis were derived using the full statistics matrix whichlifetimes.
registers coincidences between any pair of detectors of the

GASP and the'>Eu efficiency calibratior(cf. Sec. I). The

different positions of the detector rings with respect to the

beam axis nearly ensure a smoothing of the angular correla- In the present work, eight lifetimes have been derived,
tion of the coincidenty rays, which allows for the derivation five in the S band and three in the ground-state band. The
of the intensities within a good approximation. Due to theresults of the analysis are summarized in Table Il. Examples
use of gates set on lower-lying transitions, it turned out thabf fits of line shapes used in the analysis are shown in Figs.
some unknown feeding or side feeding is present at every and 5. According to the adopted hypothesis on side feeding
investigated level. Therefore, we adopted an often appliedcf. above, Sec. Il the difference between the effective life-
hypothesis on the time behavior of the side feeding, nameljtimes of two successive levels should yield the lifetime of
that it is the same as that of the known feeding. In additionthe lower one. This expectation is realized within the error
we investigated the influence of side feeding on the resultbars of the lifetimes derived from the line shape analysfis
obtained for the lifetimegcf. below). To apply our hypoth-  Table Il). The fraction of side feeding of the levels under
esis, the total intensity of the feeding decay functions wasnvestigation varies from 12% to 41%. The amount of side
renormalized to the intensity of the depopulating decay funcfeeding significantly influences the precision of the derived
tion and ther curves were calculated according to E8). lifetimes. When its fraction is smallLl2% at the 22 level of
Examples ofr curves obtained for the 808-keV transition in the g.s.b, the uncertainties due to side feeding fall into the
the S band at the four detector angles are shown in Fig. 3error bars of the derived lifetime. When this fraction is large,
rhs. In the middle of this figure are displayed the decay functhese uncertainties are well above the adopted error bars of
tions used for the calculation of thevalues. The weighted lifetime . It is interesting to mention that the limits obtained
average values, within the sensitivity region and their sta- with a variation of side-feeding in Table Il indicate that the
tistical uncertainties\ 7, were calculated using error propa- deviations towards shorter lifetimes may be quantitatively
gation and taking into account the correlations between th&arger than those towards longer ones. Also, these data help
different quantities participating in E@3). The final result to recognize the lifetimes whose precision depends on the
for 7 was obtained as an unweighted mean of the valuelypothesis involved in the analysis. Concerning the role of
determined independently at the different anghasgs). For  the incomplete knowledge of the stopping powers, in almost

IV. RESULTS
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TABLE II. Lifetimes determined in the present work. In columns 1 and 2, the energy and spin of the levels investigated are shown,
respectively. The depopulatingray transitions whose line shapes were analyzed are displayed in column 3. The deduced effective lifetimes
are presented in column 4. The next columns characterize only levels whose lifetimes were determined and not the highest feeding levels
used in the analysis. First, the fraction of the side-feeding inteh%‘iﬁjs displayed. In columns 6 and 7, the lower and upper limits for the
lifetime 7 are shown, respectively, as derived from the variation of the side fe€8fgFurther, the Iowen-ﬁ)'j\, and upperrfl')D values of the
lifetimes, which can be obtained with 10% increase and reduction of the stopping powers, respectively, are presented. The adopted lifetimes
from the present work and their uncertainties are given in the next two columns. Finally, lifetimes taken frofb R€#3.are shown for
comparison.

Elep E, Teff Isyf Variation of SF Adopted Referen¢g] Referencq 8]
Tmin Tmax Tﬁ)s\, Tﬁg T AT T AT T AT

(keV) 1™ (keV) (py (%) (fs) (fs) (fs (fs) (fs) (fs)  (fs) (fs) (fs) (fs)

g.s. band

4859 20 681 1.7 36 140 450 327 396 358 95 330 140

5572 22 714 13 12 260 340 268 319 291 52 490 1iS

6329 24 756 1.1 31 120 280 205 245 223 43 490 120

7130 26 802 0.9

S band

5320 22 685 1.6 20 340 460 352 446 395 84 490 60 460 80

6070 24 750 1.2 19 180 320 232 291 259 27 390 200 210 80

6878 26 808 1.0 34 65 235 177 207 190 34 230 130 160 50

7739 28 861 0.8 41 30 150 113 136 123 25 170 40 160 40

8651 30 912 0.7 32 25 130 78 96 86 22 120 20 120 20

9611 32 961 0.6

all cases the uncertainties related to it are within the adoptetbrmed in the framework of different nuclear models. The
error bars of the lifetimes. simplest of them is the axially symmetric rigid-rotor model
For comparison, lifetime data from R¢b] are also pre- [28] where the intraband(E2)’s are given by the well
sented in Table I{in the column Ref[5]). In Ref.[5], these  known formula
data were obtained as an average of the results of the earlier
RDDS [7] and DSAM[8] measurements. The lifetimes de-
rived in the present work are as a rule shorter, although in
some cases agreement is observed, mainly due to the large
uncertainties of the previous data. On the other hand, oufith an intrinsic quadrupole momefy, related[29] to de-
new values for th&Sband are quite close to the results givenformation 8 via
in Ref.[8], which are also shown in Table Il, and the agree-

5 2
B(E2) —1-2)=1-—Q§(IK20[I - 2K)? (5)

ment with them is much better. This fact, as well as the 3
smaller uncertainties of our results, shows that the present Qo= ZR2B(1+0.168). (6)
work significantly contributes to the improvement of the pre- Vo

cision of the lifetimes at high spin iA*®Dy.

The reduced transition probabilities obtained from theAccording to Ref.[30], due to the difference between the
lifetimes derived in the present work are presented in Tabl@uclear charge distribution and the mean fielg
Il ~1.1Bmean fiel¢ Quantity Qq, which should be a constant
for all band members, is usually determined from the data
using Eq.(5) and the transition strength at the bottom of the
rotational band. From the half lif€,,,=0.823(7) of the

In Fig. 6, we present theB(E2|—1—2) transition level of the ground-state band given in Rg5], one can
strengths determined in the present work within the spirderive the transition strength B(E2,2] —07)
rangel = 224-304 of the yrast band. The yrast band consists=0.744(19p? b? and Qu=6.12(8). With the latter value,
of the levels of the g.s.b. up to th€=16" level, where the the B(E2)’s for the higher-lying transitions were recalcu-
S band becomes energetically favored. Fig. 1). In addi- lated, again assumirg=0, and are presented in Fig. 6 with
tion, we show for completeness in Fig. 6 also BEE2)’'s  the solid line A. Apart from some fluctuations and the ex-
derived for the lower-lying yrast states using the data frompected failure at the band-crossing poinf£16"), the
the accompanying RDDS measuremént. Sec. I) and  agreement with the data is impressive and indicates similar
which will be thoroughly discussed in a forthcoming paperquadrupole deformations of the g.s.b. and &teand at low
[16]. Other available data from Ref5] are also displayed. and high spins, respectively. Thus, the conclusions for
The experimental values are compared to calculations peretation-induced shape chandés in the spin region below

V. DISCUSSION

034328-6



COLLECTIVITY AT HIGH SPINS IN ¢y PHYSICAL REVIEW C 68, 034328 (2003

3000 3500
00 685 keV 00| 685 keV
o 200 g B0
g 1500 g 200
3 g 100
1000 f=145° 1000 f=135°
500 . 5007 = .
0 -uﬁ ’ ] 0 Mowns™ ML
665 675 685 695 705 soop 85 675 685 695 705
16001 750 keV 1600
o o
= < 1200
3 g 80
400
0
735 745 755 765 735 745 755 765
1000 1200
wo| 808 keV wof 808keV I
& b
s =
= =
(o] Q
&) O
FIG. 4. Fitted line shapes of
700 790 80 810 80 830 transitions in theS band observed
0l 861 keV at 35° and 145°. The background
" and contaminants present are also
g E displayed with dashed lines.
o (o]
&) 0
840 850 860 870 880
400
350
w300 2]
S g
Q (@]
O 200 QO
150
100
80 900 910 920 930
400
o
g g
2 2
O O £y
100 ’
f=135°
940 950 960 970 980 0 940 950 960 970 980
vy-ray energy [keV] v-ray energy [keV]

| =304, based on earlier data, are not supported by the Of course, a rigid-rotor-like behavior of the transition
present work. However, we cannot exclude the possible restrengths does not necessarily mean that the average values
duction of the yrasB(E2)’s at higher spin I(=38h) ob-  of the shape variable8 andy remain stable. It might be that
served in Ref[8] and associated with band termination and athey change in a correlated way, leading to the observed
gradual transition towards noncollective oblate shijelt  features. However, the detailed investigation of such effects
is interesting to note that the rec¢Btl] data on the lifetimes is beyond the scope of the present work. Instead, we consid-
of the yrast states in the neighboring nuclét®Er indicate a  ered other available theoretical calculations based on more
behavior of the BE2) transition strengths which only sophisticated approaches than the axially symmetric rigid-
slightly differs from that observed if°®Dy in the present rotor model and compare some of them to the data in Fig. 6,
work. In %, the data support some small reduction of thereferring the reader for more details to the quoted works.
collectivity after the band-crossing. Many theoretical efforts have been devoted to the description
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of the electromagnetic transition strengths between the yragine structure of théB(E2) data, and especially the fluctua-
states in'®®Dy. Bhattet al. [32] have recently investigated tions around the band-crossing region. The projected shell-
the wave functions of the yrast states of even-even nucleimodel approach applied in R€f12] can only roughly de-
and, in particular, of*®y, in terms of quadrupole collective scribe the present data. The best agreement between
states of nucleons occupying normal and abnormal paritgxperiment and semimicroscopic calculations is provided by
orbitals. This work predicts yrad8(E2) values similar to the work of Sun and Egid¢11]. They used an angular
those of a symmetric rigid rotor, but with a trend for a re- momentum—projected Tamm-Dancoff approximation includ-
duction of the collectivity with increasing spin aftéf ing two- and four-quasiparticle states. The calculated values
=20". Cranked Hartree-Fock-Bogoliubov calculations with of the B(E2)'s in Ref.[11] are presented in Fig. 6 with line
variation after exact projection onto a good particle numbeB. Algebraic approaches within the framework of the IBM
[10] give an overall description of the level energies and alsdiave also been tried to describe the yrast states. Thus, Heyde
predict a behavior of th8(E2) values, which is very close et al.[33,34 included core-excitations yielding complemen-
to the expectations for a symmetric rigid rotor. However, adary bosons which shift to higher spins the so called cutoff of
the authors point out, the calculation cannot reproduce ththe yrastB(E2)’s. Also, Chuu and Hsiefi35] applied the
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TABLE Ill. Reduced electromagnetic transition probabilities 2.5
B_(E2) derived in this work. In colu_mn 1, th_e_ band inv_estigated is Transition strengths along the yrast band of 156Dy
displayed. The level and depopulating transition energies are shown
(in keV) in the next two columns followed by the spin/parity of the 20
initial (17) and final () levels. The last column presents the o
B(E2) data in Weisskopf units. Uncertainties are shown in brack- ‘o, s
ets. Q ’
T T 2 W2 T
Band Eew E, | I B(E2) (e“b®) B(E2) (W.u) =10
i3]
g.s. band 4859 681 20 18" 1.547(410 310(82) 1
5572 714 22 20" 1.502(268 301 (54) 05
6329 756 24 22" 1.477(28H 296 (57)
Sband 5320 685 22 20" 1.364(290 274 (58
6070 750 24 22" 1.321(139 265(28) %9072 4 6 & 10 12 14 16 15 20 22 24 26 28 30 »
6878 808 26 24" 1.243(222 249 (45) Spin I [h]
7739 861 28 26" 1.397(284 280(57)
8651 912 30 28" 1.499(383 300(77) FIG. 6. B(E2) transition strengths in the yrast band '6fDy.

The measured values are compared to the expected ones for a rigid

rotor (line A) and to calculations from Ref§11,34,39, presented

by the linesB,C, and D, respectively. For the spin regioh

IBM with two-quasiparticle states to describe the structure of= 22 —304, the experimental data are taken from the present work.

even-even Dy nuclei. The results of these two IBM calcula-At lower spins, data from Re{16] are shown with open circles,

tions are presented in Fig. 6 with lines C and D, respectivelywhile the data taken from Ref5] are shown with triangles.

They can only very roughly describe the experimental data in

the spin regiorl >20# measured in the present work. tidetector array GASP. The data were analyzed according to
Thus, we can conclude that our study confirms the calcuthe differential decay-curve method and eight lifetimes of

lations made earlier within semimicroscopic mean-field apaycited nuclear states were derived in ®dand and the

proache$10-12,33, which predict no change or only a mar- 4r4ynd-state band of that nucleus. These new lifetime values

ginal decrease of the CO||eCtI\{I5ty in_the spin region  gjgnificantly improve the precision of the knowledge of the

=20i—30h of the yrast band of*Dy. This is consistent properties of the high-spin states considered. Along the yrast

also with the calculations of Dudek and Nazarewj@f)| band, the behavior of the reduced transition probabilities

who applied the generalized Strutinsky-cranking method tci_%(EZ) is consistent with a rigid-rotor description and earlier

investigate the shape evolution of transitional nuclei at highSu estions for rotation-induced shape changes are not con-
spin. According to that work, at spin=30%, >y is char- 99 P 9

acterized by a nuclear shape which is close to prolate, with grmed. T_he prese_nt data supports calculatlons within semim-

deformation ofBmean fiei=0.23. This deformation is only a '¢'9SCOPIC mean-field approagr[és:)—lz,SZ which also pre- -

bit smaller than the value of 0.268, which can be extracted it N0 change or only a marginal decrease of the cgllectmty

from the B(E2,2; —0;) transition strength. in the spin regionl =205 —~30: of the yrast band of>Dy
Finally, we would like to mention the slightly higher col- and give results similar to those of the rigid-rotor model.

lectivity of the transitions belonging to the continuation of

the g.s.b compared to that of the transitions along3band

(cf. Table IIl). Although the effect is within the error bars of ACKNOWLEDGMENTS
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