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Two superdeformed bands of 10 transitions each have been fodftirextending the mass 190 region of
superdeformation down to neutron numid+108. The new bands can be interpreted as signature partners
and are proposed to be based on a protga () =5/2) configuration, in analogy with the yrast superdeformed
band structures in the heavier odd-mass Tl isotopes. The dynamic moments of inertia of all these bands show
no noticeable differences as function Mf consistent with an essentially constant quadrupole deformation
from the center of the island to its edggS0556-28188)50911-9

PACS numbses): 27.70+q, 21.10.Re, 23.20.Lv, 21.60.Cs

Rotational bands associated with a superdeforif&io) cur [4] in this nucleus. However, since it is located at the
shape have been found in 25 nuclei in the mass 190 regiomdge of the island, the secondary minimum is presumably
covering isotopic chains from Au to Hd]. Throughout the more shallow. The quadrupole deformation fb= 108 sys-
whole region, these bands are characterized by a dynamiems is also calculated to be somewhat reduced by 5-10%
moment of inertia {(?)) which rises smoothly with increas- [4], with respect to the heavier nuclei in the isotopic chain.
ing rotational frequencyfiw), in contrast to the SD bands in This could shift other proton orbitalsuch as th¢411]1/2 or
the mass 150 and 130 regions. This characteristic feature §614]9/2 statey closer to the Fermi surface and, perhaps,
the 7 moment has been explained as resulting from thehange the yrast configuration. A test of this deformation
gradual alignment ofi,3, protons andj,s, neutrons, in decrease is also important in itself. The SD shapes of the
cranked shell model calculations with pairiig] and in  isotopest®®~1*Hg have been shown to be stable with respect
Hartree-Fock-Bogoliubov calculation8]. From compari- to changes in masgnd orbital occupation[12]. Lifetime
sons between experiment and theory, a detailed picture aheasurements in the SD bands'®fTI [10] have indicated
proton and neutron excitations with respect to the doublythat the quadrupole moment is similar to those of the adja-
magic SD nucleug®Hg has evolved. Focusing on the SD cent Hg nucleiagreement within error barsconfirming the
bands in oddZ nuclei, the role of the protoiny;, (1=5/2)  stability of the SD shape. Here, first evidence for a change in
intruder orbital has become particularly clear. It is predicteddeformation is being investigated by looking for possible
to be occupied by the 81st proton in a SD configurationdifferences in the7(?) moments and in the signature splitting
provided that the deformation is stalikee, e.g., Ref4]). A between'®°T| and the heavier odd Tl isotopes.
prominent feature of this yrast proton configuration is a small In an earlier study of3°TI, one SD band was tentatively
but significant signature splitting at rotational frequenciesassigned13] to this nucleus, but the expected signature part-
fw>0.2 MeV [2]. Therefore, two signature partner SD ner could not be observed. In this paper, evidence is pre-
bands are expected. These have been seen firS€ihby  sented for two SD bands i#f°Tl. This is the nucleus with
Fernandezet al. [5] and, subsequently iR%TI by Azaiez  lowest neutron numbemMN=108) of the mass 190 region in
et al.[6] and in°*TI by Pilotte et al. [7]. In these three SD which superdeformation has now been observed.
nuclei, the bands were firmly established as signature part- The experiment was carried out at the 88-Inch Cyclotron
ners through the observation of weak interband transitions cdit the Lawrence Berkeley National Laboratory. High-spin
M1 character connecting bote2 sequence§8—10]. Fur-  states in'3°Tl were populated with thé**Gd(®’Cl, 4n) reac-
thermore, the magnetic properties of these SD structureion at a beam energy of 172 MeV. Two self-supporting
have been inferred from the measur&{M1)/B(E2) (0.6 mg/cm) targets enriched to 94% ifP°Gd were used.
branching ratios. These ratios provide direct evidence for th&he y rays emitted in the reaction were detected by the Gam-
assignment of the SD bands to the protqg, ((2=5/2) masphere array[14], which contained 102 Compton-
orbital. In 1971, Bouneauet al.[11] found in addition three suppressed Ge detectors at the time of the experiment. A
excited SD bands and interpreted two of them as signaturtal of 700 million events were collected during a one day
partners based on a proton configurafida1]1/2, a configu- experiment, with the condition that a minimum of four de-
ration associated with a large signature splitting. tectors fired in coincidence. Unpacked 3-fold and 4-fold co-

In this work, proton excitations in the second well areincidence events were then analyzed off-line.
investigated further by studying the next lighter odd-mass The quadruple coincidence events were most useful in
isotope’®TI. A stable SD minimum is still predicted to oc- establishing the new rotational sequences because of many
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FIG. 1. Spectra of the two SD bands }ﬁgn_ obtained from FIG. 2. Relative transition intensities for the two SD bands in
sums of triple coincidence gates placed on the inband transitions abor| e intensity distribution for the yrast SD band'#Hg (Ref.
ﬁnterest. All band members_, are labeled by their transition energigﬁzo]) is given for comparisosolid line). All three bands have been
in keV. Known yrast transitions between normal deformed states i rmajized separately. Notice that no result could be obtained for

*°°T| are labeled by the symbol y. The highest lying yrast transitiony, 385 kev transition in band 2, due to the presence of a close
observed is 25/2—21/2" (395.0, 398.6 keV doubldil6] in the lying yrast transition. See text for details.

bottom spectrutn Newly observed near-yrast transitions 7Tl

are indicated by an arrogbottom. with the accuracy reached for the peak positions of the other

band members. Moreover, this situation also results in a
overlapping and stronger contaminant peaks. Triple-gatefligher background to be subtracted from the coincidence
coincidence spectra of the two new rotational band¥’ffil  spectra and the intensity determination for the two contami-
are shown in Fig. 1. These spectra represent all combinationsated transitions is also less precise. All other significant
of triple coincidence windows placed on the eight strongespeaks in the spectrum of band 2 are identified as transitions
transitions in each band, with a generalized background sulin 8°T| including some non-yrast transitions which have
tracted according to the procedure of REES]. All band  been placed in a new level schefis].
members are labeled by their energies, and transitions as- The yield of the SD bands as a fraction of the total reac-
signed to one of the bands with less confidence are given ition cross section can be obtained from a comparison of the
parenthesesgthey were not used in the gating procedure intensities of yrast transitions in coincidence spectra gated by
Typical uncertainties for the-ray energies are 0.3—1 keV. yrast and SD transitions. It is estimated that taeay flux
The SD rotational character of both bands is inferred fromthrough each SD band is about equal and represents 0.1—
the nearly constant transition-energy spacingdE{  0.2% of the tota'®°Tl yield. This flux is lower by at least a
~40 keV). Directional correlations of the rays of interest  factor of two than the intensities measured in the SD bands
are consistent with the propose@ assignments. The place- of 19*T| [7] and by an order of magnitude when compared to
ment of the new transitions iHf°T is based on their coinci- the strongest bands in the mass 190 regeg., the yrast SD
dence relationships with low-lying transitions between nor-band in'%Hg [19]). Figure 2 presents the intensity distribu-
mal deformed states itf°TI [16] (labeled y in Fig. 1L SD tions along the two bands. For the purpose of comparison,
band 1 in'®Tl is “isospectral” to the SD band reported in both bands are normalized separately to a relative intensity
18%g [17], i.e., they-ray transition energies of both bands of 1. Also shown is the decay pattern of the yrast SD band in
agree within three keV over nearly the entire energy rangethe neighboring*®®Hg nucleus[20]. Clearly, the intensity
The intensity in thep3n channel leading td®Hg is mea-  distribution is very similar for all three bands and displays a
sured to be only one tenth of tH&°TI reaction yield. There- common feature of SD bands in the region: below 600 keV
fore, possible contributions fron¥®Hg to the spectrum of the intensity remains essentially constant until the sudden
band 1 can be neglected and a misassignment is ruled out. decay out of the band occurs via a few transitions. This anal-
complication for the study of superdeformation*fiiTl isthe  ogy with other SD bands in the mass 190 region further
overlap of two prominent transitions in band 2 with the yraststrengthens the conclusion that the newly observed bands
normal deformed transitions of 386.0 keV (11/29/27) correspond to a very deformed structure in the second poten-
and 427.3 keV (15/2—13/2°) [16], respectively. While tial well of 8°TI.
there is little doubt about the assignment of the transitions to There is no evidence in the data for cross-talk between the
SD band 2, it is impossible to determine theay energies two SD bands, a commonly observed feature in the heavier
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procedure described above, dte 5/2 was assumed accord-
40| - ing to Refs[8-10. In the figure, the excitation energies are
N8 8 ey g g chosen arbitrarily. A common rotational core is used, repre-
TEOENE (A-189) sented by the Harris parameterg=88%2/MeV and J;
387 I =80%%MeV? (cf. Ref.[7]). It can be seen from Fig. 3 that
the bands in'®°TI follow the same general slope as a func-
tion of Zw, suggesting again that they are indeed signature
e partners. Based on the energy splitting observed at higher
o (191) frequencies, band @pen symbolsis viewed as the favored
signature. All sets of bands exhibit increasing signature split-
N ting for Aw>0.2 MeV. The increase is of similar magnitude
A, - (10-20 keV at, e.g.hiw=0.25 Me\). Based on the CSM
calculations, the protom,s, ({2=5/2) orbital is the only
T active orbital with a behavior similar to that seen in the data.

or p V\'@v\v\ i While a Routhian with a similar dependence && should
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80 fi*/Me V3 Y (195) also be observed for the favored signature of [th&1]1/2
5/2 v j orbital, the large signature splitting of this orbital ¢’
>200 keV) rules out an assignment of the SD band$Hfl
005 010 015 020 02 03 035 od0 to this state. A'514]9/2 assignment is ruled out by the fact
ho (MeV) that this orbital does not exhibit signature splittiffgr 7 w
< 0.4 MeV). Furthermore, in this case the Routhian is calcu-
FIG. 3. Comparison between the experimental Routhé@&rfer  lated to be an upsloping function withw.

the SD bands in the four odél-Tl isotopes with mas=189, 191, The analogies between experimental and -calculated
193, 195. The assumptions made to obtain the Routhians are diRouthians strongly support ans, ({2=5/2) configuration
cussed in the text. assignment for the new sequencesfiTl. However, the

possible changes in quadrupole deformation discussed above

Tl isotopes(see discussion aboyeThis is attributed, at least deserve further attention, since the most pronounced drop in
in part, to the low intensity of the SD bands 1°TI. Like- B, deformation £10%) is predicted to occur within an iso-
wise, transitions linking the two bands with the yrast states iriopic chain betweeMN =112 and the lightest isotope. Even
1897 are not observed: ng ray with an intensity>5% of  with lifetime data for the bands itf°Tl, it would be difficult
the 448.6-keV transitiorfband 1 and an energy 1.5 MeV to demonstrate the presence of such a small deformation ef-
<E,<5MeV is observed in the present data. The decayect. However, a deformation difference can, perhaps, be
intensity is presumably spread over many different pathverified by a careful inspection of the signature splitting of
ways. Spin assignments to the new SD bands are proposéle protoniz, bands between the various Tl isotopes. This
on the basis of a fitting procedure for the measuwgd dependence of signature splitting on deformation has been
moment as a function ofw [21], using a Harris parametri- shown in a study of the signature splitting in neutrigg,
zation. The spins at the bottom of the bands are suggested k@nds at normal deformatidr23]. Figure 4 shows a com-
be 27/2(band 1 and 25/2(band 3. These values are consis- parison betweede’ values extracted from the experimental
tent with the observation that the SD bands feed the normalata for189-19] (cf. Fig. 3 and calculated signature split-
deformed states at and below spin 25/2, as can also be seting values. The experimental error bars are determined by
in Fig. 1. More importantly, the fitting procedure indicates athe uncertainties of the measureeray transition energies
difference of & between the spins of the levels in both (additional uncertainties introduced when varying slightly
bands. This supports the interpretation of the two SD bandthe Harris parameters can be neglegtddhe calculated val-
as signature partners. ues(open symbolshave been obtained from CSM calcula-

From cranked shell mod¢CSM) calculationse.g., those tions with a Woods-Saxon code with pairif@2]. In these
shown in Fig. 4 of Ref[2], and Fig. 10 of Ref[11]) and  calculations, the quadrupole deformation has been varied
from calculations using the cranked Hartree-Fock-within a range of<10% according to theoretical predictions
Bogoliubov method3], it is clear that the 81st proton is (8,=0.456 for'8Tl, 0.474 for'°TI, and 0.483 for!93.19]|
likely to occupy theis, (2=5/2) orbital in all SD Tl nu- [4]), while the parameterg, and y have been kept constant.
clei. To ease the present discussion, we refer to the relevait three representative frequencies the experimental split-
single-proton Routhians in Ref2]. Figure 3 presents the tings are larger fof8°Tl than for the heavier isotopes. This
experimental single-particle Routhiass vs e for the two  deviation is in agreement with the calculated trend:ithg
bands in*®°Tl as well as for the signature partner SD bandssignature splitting increases as deformation decreases. The
in the heavier odd-mass Tl isotopes. The Routhians for th&épure” Ae’(B,) dependencedpairing neglected [23] for
bands in'®Tl have been computed assuming that both setheseK=5/2 bands is also indicated in the figure by the
qguences are strongly coupled at low rotational frequencylotted line. From this comparison between experiment and
(i.e., the 27/2 level of band 1 has been adjusted midwayheory it can be concluded that the bands'3#Tl may well
between the 25/2 and 29/2 levels of band Phe splitting  correspond to a somewhat le&s-10% deformed shape.
between the bands in the other isotopes is knfBwil0]. For In Fig. 5, the 7(?) moments obtained fot®°TI are pre-
all sets of bands, the spins were obtained from the fittingsented together with those of thgs, SD bands in the



RAPID COMMUNICATIONS

PRC 58 SUPERDEFORMED BANDS IN'°TI R2647
189-195
Tl 130 F 19571 dashed )
/
- filled bols: data 4 193 g
20 tlled symbols Tl dotted S
. open symbols: calculations 19171 dashed-dotted S yys
—_ | /{//~7_/
----- o B! = 1970 g B S
|z 7
~ I 1 N\ e =
e | N e T — o
)
= = 10t
- L 2 . =
v 10 \d,/g(o.zs MeV) ki
€ 10}
° ’ L\L }‘ ] =
\D\.] (0.20 MeV),
7
ol » ® (.15 MeV) o0
108 110 2 112 0.00 0.05 0.10 0.15
2 2
Neutron Number (hw )* (MeV?)
FIG. 4. Experimentally deduced and calculated prdtgp sig- FIG. 5. Dynamic moments of inertid® as function of (w)*

nature splitting for the SD nucléf®1%7] at the three representa- for the yrast SD bands in od@-Tl nuclei. The average mass de-
tive frequencies »=0.15, 0.2, and 0.25 Me\tircles, squares, and Pendence of the7® moments ¢A%%) has been removed via a
diamonds, respectively The dotted line represents the expectedNormalization to'*Tl. See text for details.

general dependenckee’ = 8, 2"} =5/2).

ences between isotopes should be viewed as indications of a
heavier Tl isotopes. In the figure, a normalization accordingsystematic change of the depth of the SD potential with
to the A%® mass dependendevith respect toA=189 has mass. In fact, for this mass region, the well is predidigdo
been applied. TheZ® moments are plotted as a function of have the largest barrier height for the heaviest SD nucleus in
(hw)? (rather thanfiw) so that a Harris parametrization an isotopic chain, angi) to become more shallow towards
(TJP®=7,+37,0%) can be directly applied to these data. the lighter isotopef4]. Even though the decay out of the SD
The important parameter in this context & (obtained at bands is governed by more factors than the well déSt
fhw=0) which is assumed to be proportional to the deforma-bandhead energy and level density of the normal entry states,
tion B, [24]. To guide the eye, a fit to th#¥°TI data yielding  in particulay, the decay out features and the low intensity of
Jo=88%/MeV is included in the figure. Even at the small the bands int®°T| follow the expected isotopic trend.
scale of Fig. 5, the SD bands #°TI show the same behav-  |n conclusion, two SD bands #$°TI have been found and
ior as the bands in the heavier odd-mass isotopes, and essgRe isotopic limit for superdeformation in the mass 190 re-
tially agree within error bars. At low frequencig¢fi®)®  gion is shifted tN=108. The weak intensity of these bands
<0.1 MeV?], there is perh{:t%s a marginal difference betweerynq their decay patterns agree with predicted isotopic trends
the unfa\igred signature it**Tl (open symbols and the  4n reflect a shallow second potential well at the edge of the
bands in**°Tl (dotted functions However, this small de- igjand of superdeformation. The two bands are interpreted as
crease of the moment of inertia could be due either to a Smagignature partners associated with the pratap (Q=5/2)

drop in 5, deformation between the nuclei or to an increase, qon configuration. The bands 1°T! fit the systematics of
of the neutron pairing as one departs from the seconMary | .<t Sp band structures in tA&-1957] isotopes and a con-

=112 Shelllg gap or to both effects together. Interestingly, the;jstent picture for proton excitations in the SD well is ob-
values for'*Tl also seem to be somewhat reduced comparegineq from the center of the region to its edges. Circumstan-

. 9 . .
to the behavior of I, perhaps due to pairing effects. Thus, (ja| evidence for a slight decrease in quadrupole deformation
a decrease in deformation frof’Tl to ***Tl is not conclu-  petyeent®r| and 19°T| has been obtained from a compari-
H 2 . L. . .
sively demonstrated from thgZ®) moments. Rather, the son of the degree of signature splitting with theoretical cal-

agreement between the experimental values can be taken ag@ations as a function of thg, deformation parameter.
confirmation of the choice of a common rotating reference in

the analysis presented above. The authors express their gratitude to the LBNL Nuclear

Finally, it is also striking in Fig. 3 that there is a clear Science Division staff for the superb running conditions
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in 18°T| and evolves towards increasingly lowgray energy ~ This work was supported by the U.S. DOE under con-
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