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Yrast states in 1%Os: The prolate-oblate transition region
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Previously unidentified states in the neutron-rich nucléif®©s have been populated following a deep
inelastic reaction using a 780 Me¥?®Xe beam on a thick®®Pt target.y-y coincidence events were collected
using the &r detector array. The yrast bandi#Os has been observed uplfo=(10"), for the first time. This
represents the heaviest osmium nucleus where in-bgaay spectroscopy has been performed to date. The
excitation energies of the new levels are compared to the systematics of the lighter even-even osmium nuclei.
The evidence for a transition from prolate to oblate-deformed ground states in the heavy osmium nuclei is
discussed and total Routhian surface calculations are presented. An alignment analysis together with cranked
shell model calculations, suggest that the yrast states have a prolate shape, in contrast to earlier interpretations.
Predictions for the neighboring even-even tungsten isotopes are also described.

DOI: 10.1103/PhysRevC.63.011304 PACS nun®er21.10.Re, 23.20.Lv, 27.80w

Many nuclear structure phenomena are apparent in thg the target region range frof§30s up to?39Pb, although it
A~190 osmium-platinum shape transition region, for ex-is likely that some of the heavier products are populated via
ample, K isomerism[1] and triaxiality [2,3]. Additionally,  nucleon transfer and/or inelastic excitations on the lead back-
the possible existence of oblate-deformed ground states iing rather than by reactions with the platinum. Discrete states
the heavy osmium nucldfor A>192) is predicted4]. To  Up to 16i have been observed, for example,'ftiHg [13] as

date, very little spectroscopic information is known aboutShown in Fig. 1. The'®Os channel of interest contributed
1%0s due to its neutron-rich nature. A previous Studyonly~0.1% of the total reaction cross section, compared to

. . — 0 19 . B
using a reactor based two-neutron capture reaction, 27 for the *Pt excitations.

1920s(nn, ) 1%Os, reported transitions from the excite§1 > Four previously unreported transitions have been assigned

: .~ to ®0s from states lying at excitation energies of 601,
and 2 states lying at 218 keV and 657 keV, respectively 1131 179> and 2541 )I:e\gl{ respectively. The gnergy of the
[5]. A complementary t,p) experimen{6] found evidence o1 kev level is consistent with the energy of the dtate at
for an excited 4 state at 6015 keV. In the present work, go1+5 keV observed by Flynet al.[6] (no evidence for the
we report on the use of deep inelastic reactions to populatg._ray decay to the 2 level was found in the previous study
medium spin, near yrast states #{Os. Coincidence relations and relative intensities have been used
A 780 MeV '*%Xe beam, provided by the 88 Inch Cyclo- to order the decays into a cascade. Figure 1 shows the coin-
tron at Lawrence Berkeley National Laboratory, was used tidence spectrum gated by transitions'fiOs. The propen-
bombad a 7 mgcm? thick target of 1%t (enriched to  sity of deep inelastic reactions to populate near yrast states
95.7%, backed with 50 mg ci? of "Pb. This is the heavi- [14] and the earlier assignment of the nonyrastibrational
est stable isotope of platinum and was used to enhance thmndhead at 657 ke{5] (which is very weakly populated
production of neutron-rich products. The beam energy wadere, suggests that the new levels form the yrast band. This,
chosen to be 15% above the Coulomb barrier consistent wittogether with the rotational nature of the cascade, implies a
previous deep inelastic reaction experimefifs-12. The sequence of stretchdelR transitions, extending the ground-
beam had a natural pulsing period of 180 ns. The residuatate band té™=(10"). It should be noted that weak coin-
nuclei were stopped at the target position at the focus of theidences between the 218 keV transition and decayéBa
87 detector array, which consisted of 20 Compton sup{15], the binary partner of*Os, have been observed, pro-
pressed germanium detectors and a BGO inner ball. The trigriding further confirmation that the 218 keY ray has been
ger condition for a “good” event required hits in at least two correctly assigned td%Os. This also implies that “cold”
germanium detectors and two BGO elements within a 200 ngansfer of nucleons is taking place at low spins, without the
time window. Symmetrized-y energy matrices were con- subsequent evaporation of neutrons. This effect is demon-
structed with BGO conditions of2 and>5 elements fir-  strated in Fig. 2. The 218 keV decay at the bottom of the new
ing, respectively. This allowed the discrimination of low- band has a significantly lower sum enexgi) and multiplic-
multiplicity Coulomb excitation events. The nuclei identified ity (K) distribution when compared to the 530 keV transition.
The events with a lowd andK component result from Cou-
lomb excitation following cold transfer, populating low spin
*Present address: Department of Physics, Oliver Lodge Laborsstates.
tory, University of Liverpool, Liverpool L69 7ZE, U.K. Electronic The proposed decay scheme f3fOs is shown in Fig. 3
address: cw@ns.ph.liv.ac.uk along with the energy systematics for the lighter even-even
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° I & & o i energieg 16].) This was done to reduce contami-
22000 @ .a)B 1 nant lines. Only events for whick-5 BGO ele-
§ Yo ] ments fired are included. The peaks labeled with
100} 3 c 1 energies are it®Os and those marked by are
L 1 contaminants fromt®®t (the target Other con-
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osmium isotopes. The energies of the ground-state band cominimum in the potential had culminated in an oblate de-
tinue the trend of the lighter isotopes towards lower deforformed ground state fot**Os. These energy systematics are
mation as theN=126 closed shell is approached. However,shown in Fig. 4, with the tungsten isotopes included. Such a
it is the possibility of a deformed oblate ground state thatreversal in these quantities has so far only been observed in
makes this nucleus of particular interest. Hartree-Fock calcuthe A~ 190 region for theZ=76 isotopic chain. The plati-
lations with a Woods-Saxon single-particle potential, per-num nuclei across this region exhibjt softness and an in-
formed by Nazarewicet al. [4], predict a ground-state ob- creasingly vibrational character, but no strong oblate polar-
late deformation for'®Os with 8,= —0.14. ization [5]. It should be noted that there is insufficient
The possibility of %Os having an oblate-deformed spectroscopic information known about the tungsten nuclei
ground state was proposed earlier by Castal. [5]. The  aroundA~190 to rule out a similar change in th&e=74
relative position of they-vibrational bandhead (2 was isotopes(see Fig. 4 Some progress is now being made on
compared to the energies of the first excitetd and 4" the spectroscopy of neutron-rich tungsten isotopes by isomer
states. Zero or slightly negative values ﬁzg— E 41+) [17] spectroscopy studies foIIowir)g fragmgqtatipn reacti@r&}.
point towards almost equal prolate and oblate minima, A study of the corresponding quantities in tNe-=76 iso-
namely ay-soft shape. In the osmium isotopes this is fol- ©°NC chain yields a gradual decrease in the rego/E,: as
lowed by an inversion in both this energy differermedthe A decreases towards the=50 closed shell, whereas the
quantity E22+ /E21+. This reemergence of a well defined de- value of (Ez;—E41+) increases along the chain &5Snyg is

formation (i.e., reducedy softness compared t&%0s) was
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000 - FIG. 3. Partial level scheme fd®*Os observed in the present
500r work and the energy systematics of the ground-state bands for the

even-even osmium isotopés=186—192[2]. TheE2 y-ray ener-

gies for the ground-state bands are quoted between the levels and
FIG. 2. Sum energy and multiplicity spectra gated by the 218new transitions are represented by solid vertical lines. The dashed

keV 2" —0" transition and the 530 keV '6—4" transition in  levels correspond to the second excitel &ates. The osmium

1%40s. (Note that the 530 keV transition is contaminated by theisotopesA=188-194 have been identified in the present experi-

6" —4" and 4"—2" energy doublet in**%Ba [15], the binary = ment. The spin and parity assignment for the first three excited

partner nucleus ot%0s.) states in'%Os are taken from Ref5].

Sum Elnertlgy (;er. units)
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alignment, i,, for %°1%0s.  Harris parameters J{"
200 =20h? MeV~! andJ{¥=35%2 MeV 2 have been used.
ur
‘o o Vs is consistent with the lighter even-even isotopes, although
W N 18805 is the heaviest osmium to be studied through the back-
bend[3]. Comparisons with cranked shell mod€ISM) cal-
200 | 1 culations, of the type described in Reff22,23), suggest that
this is due to a prolate structure, because an oblate configu-
400 , , ‘ ‘ ration would enter the first band crossing at a much lower
182 186 190 194 198 202 frequency,fiw~0.2, compared tdh w~0.40 from Fig. 5.

A Deformation parameter§B,|=0.16, 8,=—0.072, y=0°
FIG. 4. A plot of mass number vs relative energy systemraltics(prmate and | B,|=0.15, B4= —0.023, y=—60° (oblatg
for the even-even tungsten, osmium, and platinum isotopes in th82V€ been used, and were obtained from the total Routhian
A~190 region(5,20]. Top: the raticE,: /E,; bottom: the quantity SUrface(TRS) calculations described below. The absence of
2 evidence for the onset of alignment #‘Os in Fig. 5 sug-
gests that no change in structure takes place up to spin 10.
This is (model dependeptevidence that the yrast states in
1990s occupy a prolate potential minimum. However, in or-
der to unambiguously distinguish between prolate and oblate
approached(The energiess,+, E,:, andE,+ are all in-  shapes in the osmium isotopes, additional data are needed
creasing. This indicates a reduction in deformation agd from the oddN osmium isotopes to establish the single-
softness with the steady onset of vibrational character. Tharticle orbits that reside close to the Fermi surface and the
absence of an energy inversion in the-130 systematics is €volution of the yrast structure with spin. To date only low-
not surprising given the different single-particle structure andspin stategup to 7/Z) have been identified it*30s [24].
the known influence of the strong neutron-proton interactiofiJnfortunately, no evidence for transitions i#0s and**®0s
between high- orbitals in generating deformatidi9]. For ~ was found in the present study.
Z=76, N~116-120, the last protons are filling the high-  States in theN=120 osmium isotope®®Os could not be
Q hyy Nilsson orbitals while the neutrons are in the high- established from the current data. Two level energveith
Q components of thig 3, State. The result is a high degree of uncertainties of- 20 keV) have been assigned {8°0s from
spatial overlap between neutrons and protons in orbital& two-proton transfer reaction stu@®s], but no cross coin-
which are both oblate driving and hence the development ofidences with the binary partner nucledéBa could be
a strong oblate minimum in the potential. In the~130 identified here. A probable explanation for this is the strong
region, the protons are in the lo®- g, orbitals while the ~ Q-value dependence for two-nucleon transférg] favoring
neutrons are filling the higk h,,,, states as well as thd,  the two-proton stripping reaction, leading to the strong popu-
states. However, it might be interesting to study Me 76  lation of 23Hg.
nuclei below theZz=50 proton shell where both protons and  Total Routhian surfacélRS) calculations, as described in
neutrons will again occupy highy, high- orbitals (gg, and  Refs. [26—-28, have been performed for the nuclei
hy1,, respectively with the possibility of an oblate mini- °°"1%0s, corresponding to neutron numberd
mum again developing in the potential. =114-120. These calculations show the adiabatic structure
From the alignment systematics shown in Fig. 5, the newas a function of deformation in th@— vy plane. Axially sym-
band seems to be just starting to up-bendi=a{10)4. This  metric prolate shapes correspondyte 0° and axially sym-

(Ez; —Ey4y). The points for18W are tentative. The second'2

state in %W state was assumed to be the third excited Ji2id
but no spin and parity assignment has previously been made.
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tions show the dominance of the prolate minimum*fi0s

up to 10, which agrees with the alignment analysis. In ad-
dition, a similar prolate-oblate shape transition is predicted to
occur in the tungsten isotopeg-soft potentials are predicted
for 188w and W, and °4V is calculated to have compet-
ing oblate and prolate minima. A well-defined energetically
favored oblate shape is predicted fofW, with | 3,|=0.14
and y=—62°. A hint of thisy softness can be seen in the
reducedE,+ /E,+ ratio (=2.7) for W [18] (compared to
3.33 for a good rotgr and is supported by recent potential-
energy-surface calculatiorid8]. Extending the systematics
of the neutron-rich osmium isotopic chain and the observa-
tion of the low-lying yrast and near-yrast states in the heavy

1920S
0.1
0.0
—_ 01
o
3.
< o2
£

Y =

tungsten nuclei provides an experimental challenge in order
to elucidate how these two elements behave across the tran-
sition region approaching thé=126 magic number.

The analysis of these new results f5fOs suggests that,
while there may be a low-lying oblate-deformed minimum,
up tol=(10), the prolate minimum is yrast. This is in con-

trast to the earlier interpretation of thebandhead energy
systematics, discussed here and in R&f. thought to show

a change to oblate deformation #i%0s. This suggests that
the reemergence of rotational structyiedicated by the in-
version of theE,+ characteristicsis associated with the pro-
late deformed minimum, and that the trend of a steady de-

0.1 0.2 0.3 0.1

X = B,cos(y+30)

FIG. 6. Total Routhian surface calculations for the ground states
of (a): °%0s with |8,|=0.17 andy=<2°; (b): %0s with |8,

0.2

0.3 crease in the energy of the oblate potential minimum,

observed forA<192, reversesat A= 194.

In summary, the yrast states #1‘Os have been observed
up to (10 for the first time, using deep inelastic reactions
on a thick %%t target, extending the systematics of the

—0.15 andy=2°; (c): 190s with| 8, = 0.16 andy=2°; (d): *Os heavy even-even osmium isotopesNe- 118. Comparisons

with | 8,|]=0.12 andy=—60°. The contour lines represent energy

increments of 200 keV.

metric oblate shapes hawe=—60° for collective rotation.
The resulting calculations for the ground-state configurations
are shown in Fig. 6. These predict a progression from
y-soft prolate minima at®® s to a well-defined oblate shape
for 1°%0s. For'%Os there are both oblate and prolateoft

minima, with the prolate minimum being slightly deeper

with CSM calculations imply that the prolate minimum
dominates in the yrast states, in contrast to the earlier inter-
pretation of the energy systematics which suggested a tran-
sition to an oblate shape it?“Os. In fact, the TRS calcula-
tions discussed here suggest that this transition may take
lace at'%®0s (N=120). Predictions have also been made

or the tungsten nuclei in this region which are becoming
accessible through the application of novel spectroscopic
techniques such as the fragmentation of relativistic heavy-ion
' beams.

whereas in the calculations by Nazarewatzal. [4], the ob-

late potential is more favored. This is consistent with com- Professor Phil Walker and Dr. Eddie Paul are thanked for
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