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The lifetimes of 12 states in the opposite-parity band$°#u have been measured using a recoil-distance
technique following Coulomb excitation with a 220-Me¥Ni beam. Electric-quadrupoleQ,) and -dipole
(Do) moments, and intrinsig factors @x) have been extracted from the lifetimes. TQg and D, values
show very little dependence on spin and parity, and have the values of approximatelly &r&l 0.077 fm,
respectively. Thegy values are found to differ for the positive- and negative-parity states. Although the large
D values suggest a reflection-asymmetric octupole-deformed nuclear shape, the differahtes contradict
this interpretation. A discussion of the nuclear structuré®@u in terms of potential parity-doublet bands and
octupole deformation is givenS0556-28188)02511-4

PACS numbss): 21.10.Ky, 21.10.Tg, 23.20.Lv, 27.709q

. INTRODUCTION The stable isotope**Eu is the subject of the present
work. This nucleus has previously been studied by Coulomb
Near-degenerate states with equal spin and opposite pa@Xcitation: Lewis and Graetz¢d5] first observed states up
ity, known as parity doublets, are one of the experimentaf0 9/2", and the level scheme was extended to 15k
characteristics of octupole deformation in odd-mass nucle-{g‘un and Miller [16]. Dracoulis etal. [17] used the
[1-4]. Rotational bands with very similar properties may be "Sf_“(dﬁ?’”) reaction, and arranged the excited states into
built upon the parity-doublet states. Within such bands, théotatlonallg)andé. I_n the most recent study, Peaesa. [13]
intrinsic gyromagnetic ratiogx will therefore be the same Used the’*Nd("Li.4n) reaction. Part of the level scheme

for the states with* andl ~. Furthermore, as a conse uencededuced in that work is shown in Fig. 1. The levels may be
' ’ q arranged in sequences which have the characteristics of

of th_e_ octupole-deformed shape, en_hanced elecmc_'d'pOIﬁarity-doublet bands. Furthermore, electric-dipole moments
transmqns r+n/§y be observgd, connfa/cflng the states with sp(bo) and g factors g« —gg) Were inferred from the mea-
and parityl ™' to those with (—1)""". Several examples g, eqp(E1)/B(E2) andB(M1)/B(E2) ratios. States in the
qf panty_-doublet .bands have been observedl in nuclei in th%pposite—parity bands were found to have large, collective
I|ght-act|n!de_ region; one of the best cases is that"ég‘ll'h D, values, suggestive of octupole correlations, bgt (
[g" and S|m|Ia£2§tructures have also been S‘“jeﬁzﬁﬁh [6],  _gg) values were found to be different for the states of
ssRa[7], and 39AC [8]. In the rare-earth region where oc- gjfferent parity, implying that the bands are not based on an
tupole correlations are weakgd,10], ba?ds have been ob- intrinsic parity-mixed state. A more recent high-spin study
served in some odd-proton nuclei such'g®m[11,12 and by Basuet al. [18] has presented some evidence that the
15%u [13], which have all the characteristics of parity- (gx—9gr) values may become equal in the positive- and
doublet partners. However, these nuclei lie away from thenegative-parity bands at high spin, although large errors in
predicted center of octupole deformation in this regionthe data points make their work rather inconclusive. The
(1§§Bago) and some recent studi¢$4] have suggested that conclusions of Ref{13] were based on the assumption of a
the suspected parity-doublet bands can be explained withogbnstant quadrupole moment within the opposite-parity
invoking octupole deformation. bands, equal to the measured spectroscopic quadrupole mo-
ment of the ground statgl9]. A measurement of the life-
times together with experimental branching ratios allows
* Author to whom correspondence should be addressed. Presetectromagnetic moments and absolB{&2), B(M1), and
address: Schuster Laboratory, University of Manchester, Manched®8(E1) values to be determined from which nuclear-structure
ter, M13 9PL United Kingdom. Fax#4) 161 275 5509. Electronic  information can be deduced without such assumptions.
address: jfs@mags.ph.man.ac.uk The goal of the present work was to measure the lifetimes
'Present address: National Superconducting Cyclotron Laborain the opposite-parity bands of®3u. Prior to this work,
tory, Michigan State University, East Lansing, Michigan 48824. only the lifetimes of the 712, 9/2t, 5/27, and 7/2 states
*Present address: Chemistry Department, Washington Universithad been measurdd6]. In this work the lifetimes of the

St. Louis, Missouri 63130. 9/2* to 25/2" states in the positive-parity barfdine states
Spresent address: Department of Physics, University ofskia  and 17/2 to 21/2  states in the negative-parity bafttiree
Jyvaskyla FIN-40351, Finland. state$ have been measured.
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FIG. 1. The levels in*>3u observed in this work.

Il. EXPERIMENTAL DETAILS 153y were populated using Coulomb excitation, primarily

Since simple rotational-model estimates suggest that thgecause this allows the populations of the states to be calcu-

lifetimes of interest should be of the order -10"1%s, a lated exactly, and hence allows correction for feeding from

recoil-distance method was chosen for the measurement. THigher-lying states to be made when extracting the lifetimes.

particular recoil-distance technique that was used has beéhthin target of '°Eu was bombarded with a 220-Me¥Ni
described in earlier publicatiodg0,21]; a schematic depic- Pbeam from the Rochester 16 MV MP tandem Van de Graaff

tion of the apparatus is shown in Figure 2. Excited states iccelerator. The beam energy was-@0 % of the Coulomb
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Ge55° brought to rest. A measurement of the energy difference be-

Recoiling lons tween the stopped peaksith no Doppler shift and thefast

\ 0 peaks(with the full Doppler shif for the strongest transi-

Annular PPAC Shifter Foil tions enabled the velocity to be calculated. The gamma rays
\D were detected at 0° and a correction was made for the finite
58Ni beam n Ge solid-angle subtended by the germanium crystal. The recoil
220MeV i / LL‘H 0 velocity between the target and the shifter foil was found to

/ T Hh be v/c=0.043%7), and this was reduced tov/c

=0.0257(4) after the shifter foil.

Target Layer . .
Supporting Foll

o ll. ANALYSIS

]

|:| 90° The procedure for extraction of the lifetime from recoil-
distance data is given in many references suchi2d$ In

FIG. 2. Arrangement of the Rochester recoil-distance apparatugssence, the method involves construction of the rRtjo
The detector at 0° has an efficiency of 70%, relative to that of a 3vhere

in. X 3 in. Nal(Tl) detector, while the other two detectors have an
efficiency of 20%. The detectors at 0°, 55°, and 90° are positioned
at 120 mm, 150 mm, and 200 mm from the target, respectively. R= 1)

barrier, in order to ensure that the excitation was purelyand| and|; are the intensities of the “slow{small Dop-
electromagnetic. The target consisted of approximatelyler shiffy and “fast” (large Doppler shift peaks, respec-
390 uglcnt of 99%-enriched *Eu, evaporated onto a tively. As a first-order approximation it can be assumed that
500 ug/cnt *Ni backing. Three Compton-suppressed ger-the decay of the states is purely exponential, that is,
manium detectors were used, the details of which are given

in Fig. 2. Gamma rays were collected in coincidence with —d

backscattered®Ni ions, which were detected by an annular In R= T 2)
parallel-plate avalanche countéPPAQ filled with isobu-

tane at a pressure of 4 Tdr22]. The PPAC was placed 54 wherev is the recoil velocity,d is the recoil distancébe-
mm upstream of the target and covered an angular range diveen the target and the shifter fpiand 7 is the lifetime of
138°-168° with respect to the beam direction. This correthe state. The peak intensitiesandl; were measured using
sponded to the target nuclei recoiling into a forward-focusedhe spectrum-analysis code2 from the RADWARE [25] se-
cone covering approximately 4°-13°. ries of analysis codes.

The recoil-distance method used was a variation of the There are several effects which perturb the simple linear
standard method. Instead of stopping the recoils in a “stopfelationship of Eq(2) and will alter the experimentally mea-
per” foil, a 2.8-mg/cn? nickel “shifter” foil was placed sured intensities. In brief, these digrelativistic solid-angle
downstream of the target in order to reduce the speed of theffects, (i) geometric solid-angle effects(iii) energy-
recoiling target nuclei. The difference in Doppler-shifted dependent detector efficiencigsy) finite detector size(v)
gamma-ray energies from nuclei deexciting before the shiftethe nuclear-deorientation effectyi) feeding from higher-
foil (with full recoil velocity) and after the shifter foi{with lying states, andvii) gamma-ray emission during passage
reduced velocitywas found to be about 9 keV at a gamma- through the shifter foil. Corrections had to be made for these
ray energy of about 500 keV. The shifter foil was aligned toperturbing effects and these were carried out using a version
within 0.6° of the orientation of the target by reflecting the of the codeorRACLE [26]: the original code was modifid@7]
beam of a He-Ne laser from the surface of both the target antb compute time-ordered decay, in order to account for com-
the shifter foil [20]. An “Inchworm” transducer device, plicated branching of gamma decay, which is necessary for
manufactured by Burleigh Instruments, Inc., was used tdreating oddA nuclei. The perturbations caused by the
move the shifter foil in 6-nm steps, over a range of aboutnuclear deorientation effect were corrected using the two-
25.4 mm. For small distances the target-to-shifter foil dis-state mode[28] with parameters that have been found to fit
tanced was determined by measuring the capacitance bea wide range of nucl€i29].
tween the target and shifter foil, which varies in inverse- The Rochester Coulomb-excitation cod®siA [30] was
proportion tod [23]. For large distances an optical encoderused to calculate the populations of the states in order to
was used to determine the separation to an accuraey2of correct for feeding. To calculate the excitation probabilities,
pum. GOSIA requires the electromagnetic transition matrix ele-

In total, data were recorded for 14 recoil distances. Thements for all the significant couplings. In calculating the
distances used imm were 16, 24, 38, 62, 1082), 200, feeding correction, a several-step iterative process was used.
320, 450, 800, 1500, 3000, 5000, 8000, and 10 000. DatAs an initial estimate matrix elements were calculated using
were collected for almost 24 h for several of the shorterrotor-model equationggiven below. These matrix elements
distances, to ensure that enough events were collected were then used by the cod®sia to compute the Coulomb-
measure the shortest lifetimes of the highest levels. The rexcitation probabilities for each level, from which the feed-
coil velocity had to be determined in order to extract theing correction was calculated. The calculated intensities were
lifetimes. This was measured by replacing the shifter foilthen used to extract lifetimes and hence experimental matrix
with a thick 11-mg/crfi nickel foil in which the recoils were elements, using the procedure described above. The experi-
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FIG. 3. Summed spectra for recoil distances8000 um andd=10 000um, recorded by the large-volume germanium detector at 0°.
The intensity at such long recoil distances lies predominantly in the the fully Doppler-stfditsidpeaks. The peaks are marked with the

unshifted gamma-ray energies.

mental matrix elements were then input irg@siA which
calculated an improved feeding correction, which was in turn

®)

2 +1 3
M=V g 4= Vag

used to extract more accurate experimental matrix elements.
This iterative process was found to converge rapidly. The o _
initial set of rotor-model matrix elements was calculated usWheregy andgg are the intrinsic and rotational gyromag-

ing the rotor-model equations

(LI[EX[[Ts)=V(21;+ 1)@, Qo IiKiNO| 1K),

3
(LML) =V(21;+1)\/ E(gK_gR)Ki<|iKi10||fo>y

netic ratios andQ,, are the (2)th-order electric multipole
moments. The termd;K;\0|I;K;) are Clebsch-Gordan co-
efficients. The intrinsic electric-dipole moments used were
those obtained fromi13], otherwise a value of 0.078 fm

was used. The intrinsic electric quadrupole moment used was
that of 6.75e b, from the measurement of the spectroscopic

)

(4) guadrupole moment in Refl19]. The intrinsic electric-
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FIG. 4. Representative spectra for the recoil distarte46 um, d=100 um and d=450 um. The spectra were recorded by the
germanium detector at 0°. The change in the relative proportion of intensity in the fully Doppler-gféft¢cand the reduced Doppler-
shifted (slow) peaks is evident. The unshifted energies are given on the lowest spectrum.
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FIG. 6. Decay curves for the transitions from states in the
FIG. 5. Decay curves for the transitions from states in thepositive-parity band. All open points correspond to data corrected
positive-parity band. All points correspond to data corrected by thayy the codeorACLE, as described in the text. The solid points in the
codeORACLE, as described in the text. lowermost panel correspond to uncorrected data, and are shown to
illustrate the effect of correcting the intensities.
octupole moment was assumed to be 1.236 equal to
that of °0Nd measured by Clarksd81], and the hexadeca- time of 8.61.3 ns. If this state is isomeric, it would be
pole matrix elements used were an average of the values efkpecteda priori that Coulomb excitation would populate it
(4"||E4||0") measured for the isotonic neighbof$’Sm  only very weakly; as can been seen from Fig. 3 the 600.6-

and %Gd [32]. keV transition depopulating this level contains only several

0

IV. RESULTS 10

The levels in the opposite-parity bands bfEu which
were populated in this work are shown in Fig. 1. In total, 33
excited states were observed, which were depopulated b

about 85 gamma rays. Some gamma-ray spectra recorded k 10

the germanium detector at 0° are given in Figs. 3 and 4. The

spectra reveal the quality of the data, but also serve to illus-

trate the high density of gamma-ray transitions in the 100— 21/2_’—>17/_2' S 19/2°515/2"
500-keV range. With such a large number of transitions, it is© 0 20 40 60 80 100 ) )
not surprising that many of the transition energies are degen Recoil distance (um)

erate. For example there are seven transitions with energie
between 150 and 160 keV, and with the recoil-distance
method, many of these transitions have both a fast and slow
component, which further complicates the spectra. For this
reason, the gamma-ray energies used in the present work ai
adopted from the gamma-gamma coincidence study of Ref.
[13] where it was possible to produce clean, gated spectra
from which accurate peak positions could be determined.
The relative intensities of populations of the bands can be FIG. 7. Decay curves for the transitions from states in the
seen in Fig. 3. It should be pointed out that the 35&2ate  negative-parity band. All points correspond to data corrected by the
has recently been report¢@3] to be isomeric, with a life- codeoracLE, as described in the text.

17/2">13/2"
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TABLE I. The 12 lifetime values measured in this work. For the with lifetimes 7;+ §7¢, between the limitsri+ 87; and 7
19/2" and 17/2 states it was possible to extract a lifetime from — §7;, and investigating the subsequent effect on the life-
two decay branches. The weighted mean value is given for thosgme under evaluation. The corrections made dyACLE
states, and both the decay branch and the lifetime obtained for theave all been tested to determine their effects on the ex-
respective branch are given in the next column to the right. tracted lifetimeg[20]; the largest correction is found to be
that due to feeding from the higher-lying states, which pro-

I ™% (p9 ™ " (py duced effects up to 16% in the worst cases. Variation of the
254 1.80(14) 13+ 28.57) deorientation parameters by 50% results in less than a 1%
Fa 2'4&10) by 7&)(5) change in the lifetime. The correction due to radiation lost in
A ' 5. the shifter foil is found to be about 0.1 ps. The offset in the
g+ 3.3411) 0. 174 251_ 2508) recoil distance was found by fitting one of the strongest tran-
Z 4.405) 2z 4.36) z 2.7(6) sitions in the positive-parity band, and was fixed for all other
%2 —73 151213 3 6.6(6) measurements. As an illustration of the effects of the pertur-
S 8.6(3) Yro-i896) YT 7.25 bations listed in the previous section, both corrected and un-
S+ B3+ 844 correctedR values are plotted on the lowermost panel of Fig.
L+ 14.53) 6.

In order to elucidate the underlying physics, it is neces-
sary to extract the individugE2, E1, andM1 matrix ele-
counts, suggesting that this state was not populated with anyents from the lifetime data. In addition to the lifetimes, this
significant intensity. The effect of delayed feeding from therequires a knowledge of the branching ratios and mixing
isomer will therefore be negligible, and need not be considratios. In principle this information was available from the
ered in this analysis. Indeed, no evidence for a stogped experimental data. In practice, however, it was not possible
coil at res} or slow (small Doppler shift component of the to extract reliable mixing ratios for the mixed 1/E2 tran-
600.6-keV transition could be seen in the data. sitions although, within the large experimental errors, the

For some contaminated transitions it was possible to meadata were consistent with the gamma-ray yields predicted by
sure only the fastlarge Doppler shift or slow (small Dop-  the Coulomb-excitation codeosia assuming the final set of
pler shify component, in which case the lifetime was ex- matrix elements. Problems with contaminated transitions
tracted by normalizing the total intensity to that of an also meant that it was not possible to extract branching ratios
uncontaminated transition, because the ratio of total intensifor all the states. Where the branching ratio could not be
ties (Is+ 1) for any two transitions will be the same in all of measured, the values from the gamma-gamma coincidence
the recoil-distance spectra. In total, it was possible to extraaata of Ref[13] were adopted. The branching ratios used are
the lifetimes of 12 of the 33 excited states that were popugiven in Table Il. The intensities were measured using data
lated: nine in the positive-parity band and three in thefrom the detector at 55°. Th® 1l matrix elements were ex-
negative-parity band. The fits made to the data by the codw@acted by assuming that tHe||E2||1 —1) matrix elements
ORACLE are given in Figs. 5-7. The measured lifetimes arewere related to thel||E2||l —2) matrix elements by the
given in Table I. The errors in the lifetimes include contri- rotor relation
butions from the error in the linear fit made by the code
ORACLE, in thev/c measurement, in the measurement of the
recoil distance, and in the feeding correction. The latter error
was estimated by varying the lifetimes of the feeding levels

(IK;20[(1 - 1)K)?
(IK;20/(1-2)K )2

(HIE2[[1-1)*=(1]|E2[|1 - 2)*

TABLE Il. Measured branching ratios used in the extraction of transition probabilities and matrix ele-
ments.A7=y andA#7=n indicate where there is a change in parity.

y-ray energykeV) Branching ratios

Al=1 Al=2 Al=1 I(AI=1A7=Yy)/I(Al=2A7m=n) I(Al=1A7=n)/I(Al=2Am=n)
I Am=y Am=n Am=n Ref.[13] This work Ref.[13] This work
2% 415 1931 109.7 0.29)

17? 89.4 2418 1321 0.026) 0.16415)

¥+ 1503 2881 155.9 0.13) 0.14517)

L+ 1772 3300 174.0 0.098) 0.0829)

i+ 2624 3708 197.0 0.1480) 0.0786) 0.0786)
L+ 2363 4069 2102 0.189 0.13517) 0.0558) 0.03410)
2+ 3306 4426 2325 0.10851) 0.11(2) 0.0268) 0.0388)
2+ 2726 4737 2412 0.12) 0.093) 0.05(5)

2+ 3039 5049 263.2 0.12)

- 1703 3479 236.2 0.26) 0.998)

- 1037 3653 129.0 0.08) 0.162)

2= 201.0 4373 308.2 0.0692) 0.625)
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TABLE Ill. Transition probabilities, matrix elements, and mo- TABLE IV. The M1 matrix elements deduced from the life-
ments derived from the lifetime®), are electric quadrupole mo- times. Use of a mixing ratio derived from a rotational model means
ments;D, are electric dipole moments. Par{g) gives theE2 ma-  that these values are model dependent.
trix elements derived from thie— (I —2) transitions, andb) gives

the E1 matrix elements. I—(1-1)
B(M1) (Im1]])
@1=(1-2) I 107 (u) (0) (9« 9r)
B(E2 E2
W@ & T wm wwm om
%+ 0.603) 246(5) 7.7917) %+ 3.86) 0.736) 0.252)
2 1.188) 53317) 6.22) Lo- 47(8) 3.1039) 0.857)
2+ 1.2210) 560(20) 6.2(3) a- 23(5) 2.33) 0.597)
i- 0.938) 410017 5.93)
- 1.4013) 530(20) 7.003)
g 112 480(50) 6.06) tios, electromagnetic matrix elements and moments have
been extracted. The electric quadrupole and electric dipole
(b) I—=(1-1) moments are observed to be independent of spin and parity
B(E1) (IIE1]]) Do and are scattered about mean values of%.2 b and
I 10"*(efm) (efm) (efm) 0.0777) e fm, respectively.
114 The spectroscopic quadrupole moment of the ground state
By 2(1)((:; ggg;g gggig has been measured to have a value of 24i[19], which
£5+ 6.15(4) 0'09%) 0'07%) corresponds to an intrinsic quadrupole moment of @b
2. ' : : The values measured in this work above I'li@dicate that
2 4.8(4) 0.0934) 0.0683) the value of the quadrupole moment stays constant with spin.
vl 10.515) 0.14511) 0.1047) It is difficult to explain the large values of the quadrupole
2 4.509) 0.09910) 0.0647) moment Q, for the 9/2" and 11/2 states, which are
28+ 10(3) 0.1573) 0.09415  ~10-20 % larger than those of the rest of the band. Ehe
2+ 6.1(13) 0.12613) 0.0748) transition connecting the 9f2and 7/2 states, which would
i- 15(4) 0.172) 0.12116)  have an energy of 41.5 keV, was not reported in RES]. A
- 8(5) 0.124) 0.093)
- 11(3) 0.162) 0.10214) 8 rg— —
@ 7 1 i e 8 g ]
This model-dependent assumption allowed extraction of the ol [ | T ]
(M1 =1), {I||E2||I =2), and{I||E1||I — 1) matrix el- 6 | (a) g
ements for each state. The reduced matrix elements deduced 5
from the lifetimes are given in Table Ill. Also givenarethe  _ g5 = % ]
electric dipole moment®, and the electric quadrupole mo- E 7| (b) % |
ments Q,. Model-dependenM1 matrix elements and the 2 008 | f = f } 'R
(gk—9r) values are given in Table IV. ThB,, Qq, and o I u ] J
(gk—9gRr) values are plotted against spin in Fig. 8. 0.04 } §
V. DISCUSSION - 0.8 ® positive parity 4 : g (c)
Prior to this work, the lifetimes of thel™ c'Z 0.4 } [ negative parity
=7/2*, 9/2", 5/2° and 7/2 [16] states had been mea- R (g 8 " = " g {
sured. The only lifetime measured in this experiment that oo L—— o . .. . . .
had previously been measured was that of th¢ $fate at o2 112 132 gléin%ﬁbéi/)z 212 282 2572

193.1 keV. The previously measured value of @) ps
differs by two standard deviations from the value from this F|G. 8. Moments and g factors deduced from the lifetimes.
work. The discrepancy may arise from the fact that, in Refpanel(a) shows the electric quadrupole momefs derived from
[16], no mention is made of a feeding correction in extract-the | — (1 —2) transitions,(b) shows the electric dipole moments
ing the lifetime. From the lifetimes and decay branching ra-D,, and(c) shows the §x—gg) values.
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86 87 88 89 90 91 TABLE V. A comparison of magnetic moments, for the band-
4,Gd 0(20)8 heads. The values from this work have been deduced using a rota-
° 0.074| 0.081 tional model, assumin@, = 6.75e b. The model predictions are
g3EU ® |15 calculated using a Woods-Saxon potenti8).
Sm %8 0.18 0.313
62P = 2 Magnetic momentsy) |7=2% |17=3"
m .
61 @
Nd 0.217 0.24 0.26 This work 1415 2.11)
6°P @ & ©® 1% B,=0.258,=0) 128 281
59" " 1 8,=0.258,=0.05) 1.67  2.40
ssCe % | | Measured 36] 1.5331) 3.2223)
La Referencd 13] [expt. B(M1)/B(E2) ratiod 1.41(14) 2.2418)
57
0.13 0.14 0.06
5682 | @ 8 @| |z

N Weisskopf unitgW.u.)]. With the bands being based on the

FIG. 9. Experimental values of the electric dipole monigtin ~ S@me intrinsic parity-mixed state, the magnetic moments of
units of e fm. The data are taken from the compilation of R&f  the bandheads should be very nearly the same and equal to a
and references therein, apart from th8Eu value, which is ex-  “hybridized” value [4], which is intermediate between the
tracted from these lifetime data. magnetic moments of the reflection-symmetric orbitals in-

volved. The level structure deduced in REE3] and given
transition with such low energy would be difficult to observe on Fig. 1 clearly shows the distinctive pattern of a pair of
with the germanium detectors that were used in Re§] and  parity-doublet bands. However, despite this observation, in
in this work. Assuming the sanf®(E1)/B(E2) ratio for the  Ref.[13] B(M1)/B(E2) ratios were used to show that the
9/2" state, as that measured for the I542ate, the 41.5-keV bandheads have different magnetic moments, and it was con-
E1 transition would carry a approximately 0.02 of the inten-cluded that the positive- and negative-parity bands arose due
sity of the 193.1-keV 9/2-5/2" E2 transition. However, it to the accidental degeneracy of {f§82]5/2" and[413]5/2"
would take anEl transition with 0.5 times the intensity of Nilsson orbitals.
the E2 transition in order to reduce the measuf@g value The magnetic moments are crucial in the interpretation of
by ~20 %. Such an intensgl transition would require an parity-doublet bands. Thegg—gg) values extracted from
abnormally large electric dipole moment for the 9/tate, the present data are consistently larger in the negative-parity
and is very unlikely. Lack of knowledge aboll decays or band than in the positive-parity band. The magnetic moments
lack of knowledge about detection efficiency cannot explairof the bandheads, calculated with weighted megwn(gg)
the largeQ, values for the 9/2 and 11/2 states. values of 0.21@) for the 5/2" band and 0.68) for the

The intrinsic dipole moment®, show no dependence on 5/2~, band are presented in Table V, in comparison to those
the spin or parity. The values are comparable in magnitude tmeasured and predicted elsewhefEhe value ofgg was
the large collectivéd, values seen in the actinide region and assumed to b&/A=0.41) The model predictions 9
some other nuclei close t4°Ba, and are much larger than were calculated using a Woods-Saxon potential with the
known E1 rates outside the region of strong octupole corre+‘universal” parameter sef37]. It is worth pointing out that
lations. This would be expected if the 5/2nd 5/2° bands the experimental magnetic moment value for the negative-
constitute a parity doublet. In the recent work of Réf3],  parity band is smaller than that expected for [B82]5/2"

Dy values were deduced fro{E1)/I(E2) intensity ratios, orbital, which may suggest a shift towards a hybridized
assuming a constant quadrupole moment of @B5TheD, mean.

values were found to show little variation and were scattered Recent work has presented arguments for and against the
about 0.0% fm, in fair agreement with the values measuredexistence of parity doublets and octupole deformation in
in this work. The values for the negative-parity band, ex-'°3¥u. Noseket al.[38] have performed microscopic calcu-
tracted from the ~— (1 —1)* transitions, may be larger than lations and concluded that the 5/3tates cannot constitute a
those of the positive-parity barjdi™ — (I —1) "], although it  parity doublet. Afanasjev and Ragnars$88] have satisfac-

is difficult to draw a conclusion from only three data points. torily reproduced the experimental decoupling parameters
Figure 9 shows the dipole moments for a number of nucleand magnetic moments without introducing reflection asym-
with 56<Z=<64, 86=N<91 taken from the compilation of metry. While it seems that the low-spin spectroscopic fea-
Ref.[2]. The trend shows that the electric dipole moment istures can be explained without octupole deformation, Afa-
a maximum for Z=60, N=88. However, it should be nasjev and Mizutori[14] have recently examined the
pointed out that shell effects make electric dipole momentexperimental data and concluded that octupole deformation
an unreliable measure of octupole collectivi4,35. For is plausible at medium-spin values. They used rotational-
the N=90 isotones it appears that the odd-proton isotopefrequency ratios(R) and parity-splitting ¢E ) values, as
have smaller electric dipole moments than their even-evesuggested by Nazarewicz and Olandel@|, and performed
neighbors. an analysis similar to that presented f&°Th in Ref. [5].

The experimental characteristics of octupole deformatiorWhile R and SE . tend away from the values expected for
in an oddZ nucleus such a$>*Eu would be a pair of parity- stable octupole deformation at the highest spins, the discrep-
doublet bands consisting of near-degenerate states of oppancies can be explained by the rotational alignment of a pair
site parity, interconnected by enhandet transitiong 10°2  of neutrons. Indeed the quasiparticle alignment frequencies
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are better explained in the cranked-shell-model frameworla reflection-symmetric interpretation cannot explain the en-

when a nonzero value @#; is used. hancedE1 transitions between the opposite-parity bands.
Very little is known about octupole modes that are superim-
VI. SUMMARY AND CONCLUSIONS posed on nuclear ground states. It remains a challenge to the

) o ) theory to explain these experimental observations. An ex-
Using the recoil-distance method following Coulomb ex- perimental challenge would be to measure B{&3) values
citation of ***Eu, the lifetimes of 12 excited states have been, 153y ysing the Coulomb-excitation method which has

measured. The electric-quadrupole and electric-dipole MOracently been used to extraEB matrix elements for some
ments are observed to be independent of spin and parity angnthanide and actinide nuclg20,41—44. However, a full
are scattered about mean values of®.2b and 0.0777) ¢ Coulomb-excitation analysis” in an odd-mass nucleus such
fm, respectively. The present measurements therefore valys this will prove to be very difficult because of the large

date the assumption made in earlier woiig], in which it nymper of coupling matrix elements between the low-lying
was assumed that the quadrupole moments of the states @ cited states.

the opposite-parity bands are not appreciably different, in
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