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Lifetimes of high-spin states in theN=52-54 Ru nuclei have been investigated via the
55cu(®s,pyn)%°"*Ru (y=4,3,2) reactions using the recoil-distance Doppler-shift technique. The data were
collected in coincidence mode. Lifetimes have been extracted for both the positive- and the negative-parity
states in®®Ru and®®Ru and for the positive-parity states {fRu. The levels studied have lifetimes in the range
2-31 ps. The observed reduced transition probabilBigs2) andB(M1) are compared with the predictions
of the shell model. Theoretical implications of these results are discussed.

PACS numbefs): 27.60:+], 23.20.Lv, 21.60.Cs, 21.10.Tg

[. INTRODUCTION these nuclei have been extended to rather high spins and
excitation energiesfor example,| =38k, E,~23 MeV in
The level structures of nuclei witN=50 andZ=40 ex-  %Ru) [5]. The excitation energies, spins, and parities of
hibit an interesting interplay between single-particle and colimost of the observed levels have been understood within the
lective degrees of freedom. Nuclei with<51 are charac- framework of the spherical shell model. In general, the ob-
terized by single-particle behaviorl], and collectivity —served structures of these nuclei were found to exhibit
dominates the excitation spectrum of heavier nuclei Wth single-particle character even at the highest spins and exci-
=55[2]. In order to understand the mechanisms responsibltation energies. The observation of rays with E,
for the generation of high-spin states, to search for the pos=2 MeV, and the associated fragmentation of theay
sible onset of collectivity, and to delineate the transitionflux into many competing pathways, provided a clear experi-
from single-particle to collective behavior, we have recentlymental signature for the breaking of tiN=50 core. This
performed extensive investigations of thesBd<54 nuclei  core-breaking picture is also supported qualitatively by the
949Mo [3], % %Tc [4], % %8Ru [5], and °"°Rh [6]. In  shell-model calculations and by the weak-coupling scheme
particular, extensive level schemes have been establishéd].
for 9979Ru from data obtained with the early implementa-  On the other hand, theoretical calculations have predicted
tion phase of the Gammasphere array. The level structures of softness and shape coexistence persisting to high spins in
these nuclei. Specifically, total Routhian surfa@&®S) cal-
culations of Wysset al. [7] suggest the existence of de-
*On leave from Physics Department, University Chouaib Douk-formed neutron configurations with negative parity based on

kali, BP 20, El Jadida, Morocco. the vh,,,, neutron orbital in% %Ru. These can lead to a
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0556-2813/99/6(2)/0243017)/$15.00 61024301-1 ©1999 The American Physical Society



B. KHARRAJA et al.

PHYSICAL REVIEW C61 024301

97 Ru 9% Ru
8 _ 176
18 39/2v
I 98 Ru 197
726
.
L) 1391 50
(16*)
1070 35/2* § I @
6+ " 761
S = €D, (a2 =
2] 33/2ty
E 1032 995 953
=, . ) 644 1262 o
g‘}) 12 _ 9y 1 29 /Ll | i
Rt 4 (12
g 821 800 27/2+ 849
4 10t 9~ 801 of-)
- —+— 594
f i 25208 10%
S 848 g0
1 867 7¢)
"a g+ 933 .
8
~
. 5 21 /ZL, - 704 o
é 904 17/2° Q5 - 5
2 6t 700 6+
l l 1071
- +
825 15/2 632 l
4 648 41=— —————————
1n/2+ -
746 -
o 778
- /2 832
4.
0L B 52 = B

FIG. 1. Partial level schemes &fRu,*"Ru, and®®Ru, showing only the transitions for which lifetimes could be measured. Some
transitions(enclosed in ellipsgsare included for the purpose of showing the complete decay sequence even though the corresponding
lifetimes could not be measured. The energies are labeled in keV.

the first possible indications of the onset of collectivity for 1 mg/cnf thick, 5°Cu target foil was used ang rays were
neutron numbers as low &=52. However, it was found detected with the Argonne-Notre Dame BG@ray facility,
that the shell model can account for thelsg sequences consisting of 12 Compton-suppressed Ge detectafds
reasonably well[5]. Thus, the true naturécollective or  npominal efficiency, four at each of the following angles:
single-particlg of theseE2 transitions has remained a sub- 34 50 90°, and 145.5° with respect to the beam direction,
ject of discussion. - and a 50-element BGO inner arrgysed as a multiplicity

The transition probabilities and the transition quadrupolemter)_ The Notre Dame plunger device was employed for the
moments extracted from experimental lifetime measurements,easurements wherein the stretched target foil could be
are very valuable fingerprints of intrinsic single-particle con-mqved by three computer-controlled dc actuators, allowing
figurations and can shed light on the true microscopic strucgg, g good accuracy in the positioning with respect to the
ture of the observed levels. Lifetime measurements, therestopper foil (a stretched, self-supporting, Au foil of
fore, are _critical to clarifying the ambigu_itgeingle-particle 10 mg/cm thickness, which was kept at a fixed position.
or collectivg presented by these “bandlikeE2 cascades. Tne distance between the target and stopper foils was deter-
This W?‘Sgéhg main motivation behind the lifetime measureined from the measured positions of the actuators and con-
ments in°°~*Ru reported here. firmed by measuring the capacitance between the two foils.
The capacitance measurements were carried out before, dur-
ing, and after the beam was on the target.

Because of the fragmentation of the total reaction strength

The experiment was carried out with a 142 Me¥S among a number of competing reaction channels
beam obtained from the Argonne Tandem Superconducting*~¢Tc, °+%Mo, °6~9%Ru, and °"°Rh) and the concomi-
Linear Accelerator SysteifATLAS). This beam energy was tant complexity of the observed spectra, data were collected
found to optimize the yield of th@yn (y=2,3,4) reaction in coincidence mode at 12 distances from 10 to 1QiM,
channels and resulted in an average velocityBef3.26%  resulting in an effective lifetime range of1-400 ps. A
for the recoiling nuclei. A stretched, self-supporting, data set of approximately 165 million events was recorded,

II. EXPERIMENTAL PROCEDURE
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FIG. 2. Representative double-gatgday co-
incidence spectra at the forward angle 34.5° for
%Ru at the indicated distances. The 703-keV
transition, indicated by an asterisk in the upper-
most panel, is a contaminafgee texk
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requiring a prompt coincidence between two Compton-the data for the highest transition were fitted first and the data

suppressed Ge’s and at least two BGO-array elements.  for transitions lower down in the cascade were added in each
successive step. The roughness of the target and/or stopper

IIl. DATA ANALYSIS surface also affects the value R for a given distance and
therefore, the extracted lifetimes. This effect, although small
The areas of the shifteh flight) and unshiftedstopped  in our measurements, can be taken into account in the fitting

components of the-ray transitions were extracted from the procedure, to a very good approximation, by treating the

gated coincidence spectra. The relative intensities for the olsmallest distancel, as a free parameter and adjusting the

served states were determined from the data collected at 90dther distances accordingly.

Lifetimes were deduced in the usual manner from the dis-

tance dependence of the ratiBg, of the intensity of the IV. EXPERIMENTAL RESULTS
unshifted component to the sum of the shifted and unshifted _
intensities, using the computer codeeTIME [9]. Each set Figure 1 presents partial level schemes’®f**Ru show-

of Ry ratios defined a curve for a given transition and theing all the transitions for which reliable lifetime information
lifetimes of levels, as well as those of the correspondingvas extracted in the present investigation. Sample spectra for
feeding transitions, were extracted from fits to thd®e Several target-stopper distances, taken with the detectors
curves. In extracting lifetime information,iFETIME takes placed at 34.5°, are shown in Fig. 2, with the corresponding
into account corrections due to side feeding, changes in thi@rget-stopper distance given in the upper right corner of
solid angle due to the changing position of the recoilingéach spectrum. These spectra were obtained by setting gates
nucleus along the flight path, velocity transformation of theon the 601 keV,12—10" transition in*®Ru. Although this
solid angle due to the relativistic motion of the ion, changedransition is actually a triplet, it was still possible to obtain

in the angular distribution due to the attenuation of alignmengood-quality gated spectra, as Fig. 2 shows. The transitions
during recoil, changes in intensities due to the slowing of theof interest are labeled and the positions of the Doppler-
recoil nucleus in the stopper, detector efficiency, and interna$hifted and unshifted peaks are marked. The presence of a
conversion. In general, the most significant correction resultg03 keV y ray in the spectra fod=10 um needs to be
from the effects of the feeding of the levels under investiga-addressed. This transition has the same energy as the
tion: one component of the feeding originates from the nexforward-shifted component of the 685 keMay and appears
higher transition in the cascade under study, while the othein the spectrum because it is in coincidence with another
represents all other unobserved feeding transiticside  601-keV line(connecting the 21 and 19 levels. However,
feeding. In our measurements, for most of the transitionsbecause the 666-keV, backward-shifted component of the
under investigation, it was possible to place coincidencé85 keV y ray, is not present at 135.5°, it may be safely
gates on the “higher” in-band transitions feeding the levelassumed that all of the intensity of the 703 keVray at
under consideration, thus avoiding any contribution from thelO0 um is due to contamination.

side feeding. In some cases, where limited statistics did not The nucleus®Ru has three transitiongéwo of E2 and
permit clean gates on higher transitions, the lifetime of theone of E1 character with rather close energies
side feeding transitions was treated as a free parameter in tije- 1000 keV)[5]. These transitions belong to the negative-
fitting process. Also, to minimize the errors on each lifetime,parity sequence and are in coincidence with each other. Fur-
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FIG. 3. Examples of fits to the ratid&; (as defined in the text FIG. 4. Examples of fits to the ratid®; (as defined in the text

of y-ray transitions in both the positive- and negative-parity cas-of y-ray transitions in the positive-parity cascade %fRu, as a
cades in®®Ru, as a function of the separation between target andunction of the separation between target and stopper,
stopperd.

thermore, the shifted component of this “composite transi- In contrast with °®Ru and **Ru, the negative-parity se-
tion” at forward angles is contaminated by otherlines ~ duence observed iRu is very weakly populatefs]; there-
from %®Ru. Due to these constraints, no reliable lifetime in-fore, no lifetimes could be obtained for this sequence. How-
formation could be extracted for these transitions. Howevergver, lifetimes have been extracted for the transitions in the
it was possible to obtain an upper limit for the lifetime of the positive-parity band, decaying from the 33/2evel to the
177 level. In all, lifetimes were extracted fot°Ru up to  ground state; the lifetime for the 357/2evel could not be
14" in the positive-parity sequence, and up td 23n the  extracted because of the weak intensity of the 876 keV
negative-parity sequence, using a number of different gatetB5/2" —33/2") y ray. The present data indicate decreasing
spectra. Typical fits of the data for both positive- andvalues ofr, from 25.8 ps for the 7/2 level to 7.0 ps for the
negative-parity sequences are illustrated in Fig. 3, and th&5/2" level, then increasing up to 17.1 ps for the 1391 keV
corresponding lifetimes are summarized in Table I. The onlyy-ray transition. Representative fits for tRg curves of the
previously reported lifetimegas compiled inENSDER rel- 422, 644, 933, and 1391 keV transitions are shown in Fig. 4;
evant to the present work are for thé 2nd 4" states (4.1 the extracted lifetimes are listed in Table 1l. Comparison
+0.2 psand 10.£1.3 ps, respective)yand our results are with the compiled lifetime datén ENSDER indicates a rather

in agreement with those. poor agreement for the 422-keV (7/2:5/2") transition;

TABLE |. Energies, spins, relative intensities, lifetimes, and comparison between the experimental and
theoreticalB(E2) values for levels up td=(16") and 177 in *Ru.

E, Ji—Js Iy T B(E2)expt B(E2)sm  B(E2)eyr  B(E2)sm
(keV) f % (ps 10°%?p® 10 %e?P? (W.u)? (W.u)?
832 2t 0t 100.0 5.%*05 40.1-3.9 41.46 15.38¢ 1.5 15.8
685 4t 2+ 94.1 9.8:1.0 55.3+5.6 52.72 21621 20.1
632 6" 4% 82.8 18.331.4  44.2-45 39.38 16.91.7 15.0
801 8t —6* 64.1 13.7#1.2  18.0:2.0 20.72 6.870.8 7.91
867 10" —8* 55.1 5105  32.64:3.2 39.5 12.51.2 15.1
601 (12")—10* 125 30.9-4.8 33.66:5.2 34.44 12.82.0 13.2
1262  (14)—(12") 227 3.5:0.3 6.871.0 31.53 2.63 0.4 12.0
761 (16")—(14")  10.3 <10.7 =38.8 13.1 =148 5.0
704 77 —50) 55.1 10.21.3  46.2:59 49.41 17.62.3 18.9
660 g7 61.1 12.6:1.2 54.3:54 62.12 20.721 23.7
849 11790 51.3 3.740.7 50.0+9.5 53.1 19.+3.6 20.3
953 137110 38.2 3.10.6 33.5:6.4 45.15 12.62.4 17.2
1004 1%7) - 137) 24.2 35.05 13.38
1197 1) 1507) 24.1 <6.0 =8.0 24.58 =3.0 9.36

4 Weisskopf unitW.u.) = 2.62x 10" %e? b2,

024301-4



RECOIL-DISTANCE LIFETIME MEASUREMENTS IN . .. PHYSICAL REVIEW (51 024301

TABLE Il. Energies, spins, relative intensities, lifetimes, and comparison between the experimental and
theoreticalB(E2) values for levels up td=39/2" in *Ru.

E, Ji—Js I T B(ML)expt B(M1)sy  B(MI1)ep B(M1)sm
(keV) # % (ps 10 3ud 10 3u 103 (W.u)® 1073 (W.u)?
4222 7/2F—5/2" 100 25.8-2.7 29.4r3.1 43.1 16.41.7 24.1
700%  17/2"—15/2° 71.0 16.4-1.8 10.1-1.1 9.0 5.20.6 5.0
5942  27/2"—25/2" 153 7.10.9  38.3:4.9 15.2 21.327 8.5
468%  29/2"—27/2" 147 10.21.3  30.8-3.9 37.0 17.22.2 20.7

E, Ji—Js I T B(E2)expt  B(E2)sm  B(E2)exp B(E2)swm
(keV) #i % (P9 10 %2> 10 3%e?1? (W.u)P (W.u)P
778>  11/2"—7/2" 861 15123 16.072.4 7.1 6.03-0.9 2.67
648°  15/2"—11/2"¢ 87.2 16723  42.859 31.0 16.122.2 11.67
193"  21/2"—17/2" 377 10.61.2  0.25-0.03 0.210 0.140.01 0.117
933>  25/2"—21/2" 201 7.0:0.8 16.4-1.9 14.4 6.180.7 5.42
644°  33/2"—29/2" 207 <18.0 =>38.8 21.7 =>14.6 8.17
1391  39/2'—35/2° 142 <20.1 =>0.92 4.21 =0.40 1.58

3For theseM 1 transitions, 1 Weisskopf unit1.791ug .
®For theseE?2 transitions, 1 Weisskopf uniiV.u) = 2.65x< 10~ 3e? b?.

the reasons for this lack of agreement in this one case are ntite spectra obtained by setting coincidence gates above the
readily apparent. 14" level was rather poor, the spectra used to extract life-
It was possible to extract lifetimes for the levels belowtimes of the 1032, 1070, and 726 keV transitions were ob-
spin 18 in the positive-parity sequendstates between  tained by using gates below the "1evel. In these cases, as
and 18) in ®Ru. In this case, the forward-shifted compo- described earlier, the side-feeding effects were accounted for
nent of the 825 keV transition (6—47) could not be re- by assuming a single lifetime associated with all unobserved
solved from the 848 keV transition feeding thé 8evel. feeding and treating it as a variable parameter in the fits. The
Therefore, the shifted component in the backward detectorside feeding time corresponding to these transitions is also
was used to extract the lifetime of the @evel. Although, shown in Table IIl.
the backward component has an energy of 801 keV, close to Due to lack of sufficient statistics, lifetimes in the
the energy of the transition feeding thé 8tate, it was easy negative-parity sequence have been extracted only for states
to resolve this problem by obtaining spectra gated by transibelow the 13 level. Decay curves of the 653, 811, 995, and
tions above the 6 level. On the other hand, to minimize the 1070 keV transitions are presented in Fig. 5 and Table IlI
contribution from the contaminant transitions, only the un-summarizes the transition energies, spins, and measured life-
shifted component was used to obtain a lifetime for the 82times for y rays belonging to®Ru. A comparison with the
keV transition feeding the I0state. Because the statistics in previously-reported lifetimes indicates very good agreement

TABLE lll. Energies, spins, relative intensities, lifetimes, side feeding times, and comparison between the
experimental and theoreticBI(E2) values for levels up td=18" and 13 in *Ru.

Ey Ji—Js ly T Tst B(Ez)expt B(E2)sm B(Ez)expt B(E2)sm
(keV) fi % (P9 (P 10 3e? ? 10 3%e? b? (W.u)? (W.u.)?
653 2t 0" 100 8.0+1.2 85.8-12.9 41.35 31.94.8 15.37
746 4t ot 784 11.6:2.3 32.16.7 35.22 11.¢25 13.1
825 6" —4" 59.1 6.2:0.7 34.76:3.9 28.39 12915 10.6
904 8 —6" 24.3 20.13.0 6.72:1.0 12.79 2504 4.75
848 100 —8* 28.4 6.6-0.5 28.18-2.1 41.45 10.50.8 15.4
821 12-—10" 24.3 9.3:0.7 23.5-1.8 5.86 8.7 0.7 2.18
1032 14 —12" 31.5 2.1 0.2 0.5 34.06:3.2 26.82 12.61.2 9.97
1070 16 —14" 32.2 45-1.1 1.0 13.6:3.2 87.14 4821.2 32.4
726 18— 16" 24.5 <8.7 =59.0 =22.0
811 9 -7 3.2 20.6:3.0 11.3-1.6 9.1 4.2-0.6 3.38
800 1T —9~ 6.3 4.1+0.4 60.716.2 54,53 22523 20.3
995 13 —11" 12.2 <23 =43.6 44.97 =16.2 16.7

4 Weisskopf unitW.u.) = 2.69x 10 %e? b2,
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100 =

. tions. The calculations were performed within the model
Ru space named GL in the codxBAsH [10]. This model space
01070 keV, t = 4.5 (L.1) ps encompasses the(p1/2,992) andv(ds;,Sq,) orbits outside
ngi’»]l:e‘\;,r=§606(g()»ps the 88Sr inert core. The two-body matrix elements were
ey, 1=20. ps taken from the work of Gloecknéd. 1] and include no con-
4995 keV, 1=21(02) ps tribution from core excitation. Within the restricted model
space used, the maximum angular momentum possible for
9%Ru, with six valence protons and two valence neutrons
outside %Sy, is J=16#. Details of these calculations are
provided in Refs[5,12] and the results are summarized in
Table I. As can be seen, there is a rather good agreement
between the experimental transition probabilities and the
shell-model estimates fof®Ru up to spin 12. This, in it-
self, is quite remarkable considering the very limited con-
figuration space used in these calculatiphk and, affirms
the validity of the two-body interactions employed. On the
Distance ( pm) other hand, the calculated and experimeBigt2)’s are sig-

. . . _ nificantly different for the states above the “14evel [for
FIG. 5. Examples of fits to the ratid&; (as defined in the text example, for the 1262 keV transitionB(E2)ey~5

of y-ray transitions in both the positive- and negative-parity cas- L .
cades in%Ru, as a function of the separation between target ancf< B(EZ)BXP]' However, this discrepancy occurs near the spin

stopperd where the breaking of thid=50 core is observelb] and the

' shell-model calculations become overly elaborate and com-
" ... plex. The shell model calculations also reproduce fairly well
for the 2 state(ENSDEF value 8.8:0.3 ps), but a signif the experimental transition probabilities for the negative par-
cant difference for the % state (ENSDEF value 3.3 ity sequence up to spin 13
+0.8 ps); again, the reasons for this disagreement are not ¢ youid appear, then, that although the aforementioned
readily apparent. , , negative-parity cascade comprises a serieEdfransitions

In order to evaluate the effect of the sidefeeding on thg it energies increasing monotonically with the sikin to

extracted "fe“mef’ we have qorgg)ared the lifetimes for thgpgse in 4 collective rotational bandt, in fact, corresponds
632-keV, (6" —~4") transition in *Ru, obtained with and 5 3 structure of single-particle nature. The states of the

without side feeding. In the first case, a coincidence gate WaSositive-parity cascade are, as expected, associated with
set below this transition and led to a value of single-particle excitations.

=_20.1(2:3) ps. This compares \_Niﬂ‘i=18..3'(l.4) Ps, ob- A similar comparison between the experimeni{E2)
ta+|ned with gating on the high-lying transitions feeding the nq g(M1) values and their shell-model counterparts for
6" state. Similar analyses have been performed for the 801s7r, is presented in Table II. In general, there is again good

keV (8" —6") transition in *Ru, as well as for the 653-  4greement between the experimental and the calculated val-
and 746-keV transitions if®Ru. In all cases, the difference |;qg especially for the 1512 17/2°, 21/2°, and 27/2 lev-
betweenr; and 7, is about 10% and falls within the error g|s  However, the agreement between the calculated and
bars of the quoted numbers, thus establishing the veracity Qheasured transition probabilities is of a poor quality for the
the treatment of side feeding in our analyses. 5/2%, 7/2°, 11/2", and 25/2 levels. These also are levels
V. DISCUSSION whose energie_s were repr(_)du_ceq rather poo_rly _by _the shell-
model calculation$5], thus indicating that the intrinsic con-
The negative-parity sequence 6fRu includes quadru- figurations of these levels are quite different from those as-
pole transitions with energies increasing with spin. iy  sumed in the calculations.
transitions in this cascade, observed between spinaid In Ref.[5] we have reported AJ=2 sequence built on
237, have respective energies of 660, 849, 953, 1004, 1197he 11 level in °’Ru. Its energy spacing is similar to others
1440, and 1600 keV and may be constructed as forming abserved in the®'%Ru nuclei [2]. However, in these
rotational band. However, as mentioned earlier, good agredieavier isotopesN=55 and 57, the negative-parity cas-
ment was obtained between the spherical shell model calcicades are much stronger and are of collective nature, involv-
lations and the experimental excitation energies, suggestingg the h;, orbital. Unfortunately, no lifetimes could be
that invoking collectivity may not be necessary. A clear in-extracted for this cascade in the present work. Therefore, in
dication of the collective nature of these transitions would bdight of our results, it is not possible to confirm or rule out
provided by strongly enhanceBi(E2) transition probabili- about the onset of collectivity in the Ru nucleiMt=53.
ties in comparison with the Weisskopf estimat@d'.U). The level scheme of®Ru consists of two separate se-
However, the experimental transition probabilities for thequences of positive and negative parity with no interband
transitions in this sequence are all rather smalltransitions above spin™6[5]. The positive-parity sequence
(=20 W.U.), thus establishing their non-collective origin. shows transitions without any regular pattern, while the
We have compared the experimenB{[E2) values with  negative-parity sequence consists of states with a rather regu-
theoretical predictions from spherical shell model calculadar spacing and linked b¥2 transitions of energies 800,

80

60

40 |

Ratio (%)

20 +

0 200 400 600 800 1000
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995, 1230, 1287, and 1404 keV, respectively, between thg 9:97.9Ry in order to investigate in detail whether the ob-

levels 9" and 19. At first glance, this sequence also re- servedE2 “bandlike” cascades in these nuclei are of col-
sembles a rotational band. However, in our previous worKective nature. The results were compared with predictions of

[5], we have presented a description of these levels in termgpherical shell model. The experimental transition probabili-
of spherical shell model calculations. Just asiRu, reason-  ties were found to be in agreement with the shell-model cal-
able agreement was obtained between the theoretical and €X;1ations for %Ru up to spins where the onset of the

pmeorgei?]ti V?IGEJVE;(S)L]:pa:?eg:eth;?huenséjrz'tgsngi?]semgdh;ﬂrrteh%L 50 core breaking had been previously observed. Although
980, P ; P 9 . éxtended calculations, taking into account all the configura-
Ru, IBA calculations were performed for the low-lying .. . : S
. ; . tions involved, are beyond the scope of this work, it is clear
levels (up to spin 10), leading to the conclusion th&Ru : . o :
that single-particle excitations dominate the yrast and near-

can be described well by the IBA-1 modah its vibrational rast structures in this nucleus. The positive parity states of
limit) up to spin 8, beyond which the experimental excita- %7 UCIUTes in this nucieus. - positive parity sta .
Ru are also associated with single-particle nature, in this

tion energies deviate significantly from the calculated ones :
[13]. A different explanation for the structure $fRu has  C€@Se too, any better agreement between the theoretical and

been suggested by Samudenal, using the surface-delta the experimental transition pro_babili_ties, vyould reqqire more
residual interaction in a two-quasiparticle-plus rotor model€laborate shell model calculations, involving specifically the
[14] Further’ E2 transitions of almost equa| energyg7/2 Ol’bital. The experimental data are not SuffiCient to draW
(~2 MeV) are observed in this nucleus at high spin, be-2ny conclusions regarding the possible presence of collectiv-
yond the value where “core breaking” occurs. ity in the negative-parity cascade of this nucleus. A qualita-
Table Il shows a comparison of the experimerB4E2)  tive agreement between the experimental transition prob-
value for ®®Ru with those obtained using the shell modelabilities and shell-model calculations has been obtained for
calculations. It is clear that the agreement between the theor$’Ru as well. The measured transition probabilities’{Ru
and the experiment is less satisfactory for the positive-parityuggest that this nucleus is most likely characterized by both
cascade than it is in the case $Ru. In particular, the cal- single-particle excitations and by a vibrationlike behavior.
culatedB(E2) of the 2" —0" transition (653 ke\) is only
about half as much as that extracted from the measured life-
time of this level(which, as pointed out earlier, confirms the
previously-measured lifetime of this transitipb5]). On the _ _ )
other hand, there is good agreement between experiment and 1Nis work has been supported in part by the National
theory for theB(E2) values in the negative-parity sequence. Sc¢iénce FoundatiofGrant No. PHY94-02761 the U.S. De-
partment of EnergyContract Nos. W-31-109-ENG-38 and

DE-FG05-87ER40361 and the Polish-American Maria
In summary, lifetimes have been measured with the recoiSklodowska-Curie Joint Fund {Project No. PPA/DOE-93-
distance method for the low- and moderate-spin transitiond53).
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