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Observation of rotational bands in the neutron-rich °“Ru nucleus
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Levels in the neutron-rich, odd-mas¥Ru nucleus have been reinvestigated with Gammasphere by mea-
suring high-fold, prompt coincidence events following spontaneous fissidtt®f. The ground state band has
been extended up t@h. The structure associated with the;, excitation has been confirmed and extended
to higher spin. Thén,,, band head has been established to lie at 301.8 keV. These results clear up differences
between our earlier work and results from another experiment published recently. A new collective band based
on a 9/2 level has been identified for the first time. Some distinct features of the level scheme are discussed.
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The neutron-rich Ru isotopes lie betweAms 100 well-  of the low-lying known levels obtained i decay{ 2] as was
deformed nuclei witiz=38,40,N=58,60 and spherical Sn found in our previou$3] and present work. In order to clear
nuclei with aZ=50 closed shell. Their level structures are up this inconsistency, we have carefully reinvestigated the
expected to exhibit moderate collectivity and to be associlevel scheme of'/Ru, using more recent, high statistics
ated with a triaxial shape, especially in isotopes with neutrorfPontaneous fission data. The present results indicate that the
numbers close tdl=64. Study of the level structure of the hi1 Structure proposed in Reff4] (see Fig. 6 in the latter
odd-A Ru nuclei in this region can provide important infor- WOrK) is not correct. Rather, our previous resyl for the
mation on the nuclear shape, on the single-particle drivin%ransmons in this band are confirmed. Here, the ground state
effects, and on the location and properties of thgs, and and theh;;, sequence have been extended, and the

unique-parity intruder configuration. Generally speaking, ith1y2 band head is now established to be located at an exci-

is difficult to study the high spin states of these neutron-rich2ton energy of 301.8 keV. Another collective band built on

nuclei as they cannot be probed by the usual heavy-ion in2 251.2 keV state with crossing transitions to thg,, band

duced fusion-evanoration reactions. An effective method thas been observed for the first time. In addition, the two new
) ) P . ) %ands with intertwined transitions were found to feed the
circumvent this problem is to measure the promptays

f fissi P . lei h ground state previously and are confirmed and extended.
gg?;;nf (S)Eg?ggrr:]efll']'s Ission of transuranium nuclel such as 1he measurement was carried out at the Lawrence Berke-

. 107 ley National Laboratory using #°Cf source with a strength
~ Some of the low-lying states ii*Ru have been estab- of ahout 60,.Ci. This source was sandwiched between two
lished from theg decay of 1'Tc [2]. Using theseB-decay  Fe foils of 10 mg/crf thickness. It was placed at the center
results, newy transitions in*°’Ru were subsequently iden- of the Gammasphere array which, for this experiment, con-
tified and placed into collective band structures by measuringisted of 102 Compton suppressed Ge detectors. A total of
prompt y rays following fission with the early implementa- 5.7x 10 triple- and higher-order coincidence events were
tion configuration of the Gammasphere array. These resultsollected. Thus, these data have higher statistics than the
were published a few years a§8]. In that paper, two col- earlier measurement of Ref3] by a factor of ~15. The
lective bands built on thé®’Ru ground state and on the coincidence data were analyzed with the Radware software
11/2" level were reported for the first time. More recently, packagg5].
the level structures of odd~ 100 Ru, Pd, and Cd isotopes  The level scheme of’Ru obtained in this work is pre-
were investigated following fission of compound nucleisented in Fig. 1. The relatives transition intensities are
formed in heavy-ion-induced reactions. The results includedjiven in parentheses. In the figure four collective bands with
a neutronh,,, band in °Ru [4], which differed from the Al=2 stretchedE2 transitions are labeled &%), (2), (3),
corresponding band structure proposed in R8&f. In the  and(4). Bands(1) and(2) had been reported in our earlier
recent reporf4] the h,,,, band was not reported to feed any work [3]. They are confirmed and extended here, with two
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new levels at 2558.1 and 3315.4 keV added at the top 0t42.4, and 251.2 keV as well as the 39.3, 103.1, 108.8,
band (2) because of the observation of the new 687.7 andl42.4, and 148.1 ke\y rays below band$3) and (4) were
757.3 keV transitions. A new 309.7 keyY/ray has also been identified in the earlier3-decay experiment2]. This
placed as a link between bands and(2). For band(3), the  B-decay work was apparently not considered in R&f. The
sequence 71%553—371 keV published in Ref[3] was  other levels and transitions presented in Fig. 1 are confirmed
also confirmed. Two new transitions, with respective enerto feed these low-lying levels by coincidence relationships.
gies of 850.1 and 978.4 keV, were added at the top of thifigures 2 and 3 present examples of the coincidence spectra
band as well. At low spin, below the band head level offrom the new data. In the spontaneous fissior?8Cf, the
301.8 keV, a 159.4 keV transition has been placed. The lattgpartners of the Ru isotopes are Xe nuclei. In Figg)2a
was not reported in the earlier wofB]. Although the 50.6 spectrum obtained by double coincidence gates on the
keV, 11/2° —9/2" transition is too low in energy to be ob- known 108.8 and new 381.3 keV transitions in badd is
served as it is below the detector’s thresholds, its existence jgresented. In addition to the transitions belonging Ru,
inferred from the available coincidence relationships. Thethe corresponding partner transitions in the Xe isotopes can
newly established 301.8 keV state is assigned as the head bé clearly seefi287.1, and 403.5 keV in*?Xe (3n), 370.1
band (3) rather than a 250.6 keV level reported ear(igf.  keV in **Xe (4n), and 376.7 and 457.4 keV i{°Xe (5n)].
Band(4) is new to this work. It is built on a 251.2 keV level The Xe partner transitions have the appropriate relative in-
and is characterized by a 855.0/26.6-571.6 tensities of 1.6), 2.7(8), and 3.91.2) corresponding to the
—381.3 keV cascade along with linking transitions to band3n, 4n, and 5 fission yields, respectively. These yields for
(3) at 330.7, 531.4, and 704.9 keV. 107Ru within error are similar to those d°Ru, which has

It is worth pointing that the!’Ru levels at 199.9 and the yield ratios of 0.48), 0.3077), and 0.5811) [1,6] for the
428.8 keV together with the 199.9, 228.9, and 428.8 ke\3n, 4n, and & fission vyields, respectively. Figure(if}
transitions in bandg1l) and (2), and the states at 103.1, shows coincidence spectra obtained by double gating on the

014307-2



OBSERVATION OF ROTATIONAL BANDS IN THE . .. PHYSICAL REVIEW C 65 014307

1800
3 a)Double gate on 108.8 and 381.3 keV
2 07Ry
3 _& =
1000 g - CF I
- g 3 € &
© ¢ Le§ kg ) .
c = S w 5 . FIG. 2. (a) Upper panel: Coin-
e g "l B S cidence spectrum obtained by
© 200 oL 1t e P double gates on the 108.8 and
. " nedl ) v.? 1 A et .. . 07
& foog [ b)Double gate on 593.4 and 2810 keV 381.3 keV transitions it®Ru. (b)
9wl = & 107Ry, Lower panel: Coincidence spec-
5 S trum obtained by a double gate on
S gl & the 593.4 and 281.0 keV transi-
L5 & tions in °Ru.
& 2
40 § i &
9
ﬂm 3
0 LT
100 200 300 400 500 600 700

E, (keV)

593.4 and 281.0 keV transitions linking bands and (2). linked by Al=1, E2/M1 crossover transitions. These as-
Again, the coincidencey transitions in 1“Ru as well as signments result in the spins and parities proposed in Fig. 1
those of the Xe partners are clearly identified. In Fih)2 for the levels in bandél) and(2). These bands form a typi-
the Xe partner transitions have the yield ratios of 2.0 and 3.kal strongly coupled rotational structure built on the ground
for the 4n and 5 channels, respectively, which are similar state, and resemble closely the ground band structures ob-
to those of Fig. 2). In Fig. 2b), it is not easy to get the served in the neighboring odal-isotopes *Ru [7] and
correct intensity of 287.1 keV transitiot*eXe,3n) because 1°Ru [3,8]. Based on a systematic comparison with the
of the poor statistics. In Figs(& and 3b), two coincidence neighboring isotoped®Ru[3] and **'Ru[9], band(3), built
spectra with the double gates on 711.4 and 553.1 keV traren the 301.8 keV 11/2 state, was assigned a negative parity.
sitions, and 103.1 and 108.8 keV transitions ffRu are In this negative parity band, the 301.8 keV band head is
shown. In these gates, the 370.9 keV transition is a doublet idifferent from that reported earlidi3]. However, the new
197Ru (370.9 and #*Xe(370.2). By examining the coinci- data confirm the 713:553—371 keV cascade as reported
dence relations such as those displayed in Figs. 2 and 3, ad Ref. [3], and there is no evidence for the 906.7, 824.1,
by measuring the partner’s relative intensities, the new lever21.9, 583.1, 371.9 keV sequence proposed in [R¢fBand
scheme of'°’Ru was firmly established. (4) is new to this work. It is built on the 251.2 keV level, for
The spin and parity of thé®’Ru ground state have been which there is no previous spin and parity assignment. How-
tentatively assigned as 5/2following the work of Ref[2].  ever, bands with similar properties have been observed in the
Based on the regular energy spacings andititay intensi-  neighboring isotopes®Ru and *'Ru [7], where they are
ties, the transitions in band$) and(2) have been assigned a based on 9/2 states. Based on this structural similarity with
stretchedAl =2, E2 character. These two bands are thenthe neighboring nuclei, the quantum numbers of the 251.2
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keV level have been tentatively assigned as 94hd the ~0.29 MeV. This is the result of signature splitting. Fur-
other states of the sequence then range in spin from 148/2 thermore, from Fig. 5, which presents the energy differences
25/2°. The 142.4 and 103.1 keV levels observedsin de-  E(l1)-E(I—1) as a function of spir for bands(1) and(2),
cay work[2] below the 251.2 keV level might have spins and one can clearly see not only the signature splitting mentioned
parities of 7/2 and 5/2°, respectively. above, but also the signature inversion that occurd at
Bands (1) and (2) are signature partners of a strongly ~9.5:. The reason for this inversion is at present not clear,
coupled ground state band that exhibits signature splittingput it implies a structural variation aroume-9.5% worthy of
and inversion. A plot of the kinematic moments of inertia further theoretical investigation. The signature splitting in the
(J1) against the rotational frequendyw is shown in Fig. 4  ground state band is most likely linked to triaxial deforma-
for the two bands. Both values 0f display a similar behav- tion. In earlier reports[9,10], the level schemes of
ior with frequency: they increase withw. However, the — 10819911f were interpreted satisfactorily by introducing a
slope of theJ; curve for band(1) is a little different from  degree of triaxiality withy~20°—25°. It is then reasonable
that for band (2) and the two curves cross atw  to assume a similar shape fo?’Ru. In fact, in our earlier
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x10° — in Fig. 6. As the neutron number increases, the band head
6_' 2 x y energies decrease until neutron numbér 61 is reached,
I S— after which a small, gradual rise witki occurs. This pattern
3 %1 Z7., \+ can be related to the enhancement of collectivity as the neu-
‘é o oz v\o T, tron number approaches midshell. Hi/Ru, the excitation
=t ] 2 \ \+/+ H lfﬁR
o 19 \ .- energy of theh;;,, neutron state lies between those-ifiRu
"'é 31 & & \ .. (209 keV) and in 1°Ru (304 ke\). The level systematics
5 5. ﬁ_ \\ \.\' -y also support the assignment proposed for the othgg,,
5 4 2 '\.\A\A\A’_A . band members as all trends whhin Fig. 6 are very similar.
1 )l 2 - o oo The origin of l_Jano[4) is at present not entirely clear. The
0 n " " " moment of this band is lower than that of baf&l, but the
; behavior with frequency is essentially the same in the two

L A A bands. Hence, it is plausible that ba@d originates from the
Neutron Number N vhy4» single-particle orbital as well and belongs to the
unique-parity(intruden band also.

In summary, the levels of the neutron-ri¢ARu nucleus
have been thoroughly reexamined. Our previous results have
been confirmed and extended further. No evidence was found
to support thevh, 4, band reported recently in Ré#]. Some

work of Ref.[3], the triaxial rotor plus quasiparticle model characteristics of the ground state band and of #he,,
with a variable moment of inertia prescription for the coreband have been briefly discussed.
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