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Excitation Energies and Spins of a Superdeformed Band i®**Hg
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Discretey rays directly connecting states of a superdeformed (SD) bartitiy to the yrast states
have been discovered. Thus, the excitation energies and spins of all members of the lowest SD band
are established for the first time, together with their likely parity. The SD band decays from its
10" and 12" states, which lie 4204.8 and 4407.4 keV above the normal-deformed yrast states of the
same spins.

PACS numbers: 21.10.Re, 23.20.Lv, 21.10.Hw, 27.80.+w

Superdeformation has been a central focus in thevell-defined minimum (false vacuum) at the point where
study of nuclear structure. Long cascades of rotationahey decay out to the ND states in the true vacuum. The
transitions between superdeformed (SD) states have beedecay is believed to occur when a SD level, embedded in
observed in nuclei with mass 130, 150, 190 [1,2], and a sea of hot ND states, acquires a small component of a
80 [3]. While the rotational transitions have been easy tdiot compound state, and decays through this component
detect with modern Ge arrays, it has been much hardd6]. This description is supported by the measured
to localize the SD bands (in excitation energy and spinfdecay spectrum, which has a statistical quasicontinuous
and to link them to the normal-deformed (ND) yrastcharacter [7], and by its agreement with a calculation of
states. For example, in the mass 150 and 190 regionthe statistical spectrum [8]. From the measured decay
the intraband transitions of more than 100 SD bands havepectrum, Hennet al. [7] deduced that the SD state of
been found; yet, despite many attempts, there is no band*Hg lies4.3 + 0.9 MeV above the ND yrast line at the
for which the exact excitation energies, spins, and parityoint of decay. A similar value is expected'ifHg since
have been conclusively determined. The location of ats quasicontinuous spectrum [9] is almost identical to that
SD band in!'*Eu was proposed [4], based on a two-in '*?Hg.
photon sum-peak technique. However, the low statistics Decay from SD bands and from resonant thermal-
of the peaks suggest that confirmation is needed, andeutron capture both represent statistical deexcitation of
their placements in the level scheme require substantiatiomarrow highly excited states. The decay spectra con-
by coincidence relationships. In contrast, in the massain sharp high-energy primary rays (from decays to
130 region, some strongly deformed bands lie onlylow-lying states) and low-energy secondaryrays (from
~0.8 MeV above the ND yrast states and it has then beesubsequent transitions between the low-lying states), in
possible to identify many of the decay pathways betweemddition to the quasicontinuous component (from transi-
the SD and less deformed ND states [5]. Thereforetions where initial and/or final states lie in a region of high
one of the most pressing challenges in the study ofevel density). Based on these features, we suggest that a
superdeformation in tha = 150 and 190 regions is the straightforward method to accurately locate a SD band is
accurate determination of the excitation energies, spindo find the highest energy primary rays, i.e., the direct
and parities of the parent levels of the known SD bandne-step transitions to the ND yrast states. The exact con-
transitions. nections with the yrast transitions can then be defined by

The SD bands in these regions are especially interestingpincidence relationships. The average number of steps
because they lie at high energy, yet they are isolated in flom a SD state to the yrast line32 + 0.6 in '*?Hg [7],
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but there is a distribution in this number. In calculations &
of the statistical decay from a SD state, which give fair 4«
agreement with the measurgddecay spectrum, Dgssing =
et al. [8] estimate that direct one-step decay has a brancha o
ing ratio of up to~5% and may be detectable. In the §30
mass 190 region, these one-stgpays should have en- %
ergies of 3.5—-5 MeV [7]. Such high-energy lines present3 12
an advantage, since they can arise only in a heavy nu- ok
cleus when a well-defined decay energy exists, such as x
from the decay of a sharp highly excited state. The pre- 1w
dominanty rays in this energy domain are statistical L L L { L ‘ .
rays (from feeding and decay of SD bands), which form %00 3700 ey 430 4500
a smooth distribution because they originate from and/or !

terminate in a multitude of states. The primaryays fol-  FIG. 1. Spectra from (a) pairwise coincidences of transitions
lowing neutron capture are dominated By transitions I SD band 1 and (b),(c) pairwise coincidences with a band 1

. - P ray and a transition deexciting a ND negative parity level. SD
[10], and this is likely to apply also in the deexcitation of band 1 coincidence gates have energies of 255 to 492 keV.

SD states. Therefore, we might expect that most primangransitions directly connecting SD and ND yrast levels are

decays from a SD band of a given parity will deexcite tolabeled in (a); other weaker lines probably feed excited ND

ND states of opposite parity. levels. The absence of the 4485-keV line in (c) demonstrates
Motivated by these expectations, we embarked on at it feeds the_ND)’ IeveI_. The 3489-keV line is weak in

search for very high-energy rays coincident with known ) due to statistical fluctuations.

SD transitions in°*Hg [11]. We have discovered several

y rays between 3.4 and 4.5 MeV, which unambiguouslyinciuding one at 3710 ke\3¢ level). (The other weaker
define the excitation energies, §p;ns, and probable pa”tpfeaks probably represent decays to excited ND states
of one 51[5)0 barlsd. SD bands if*Hg were populated \yhich have not yet been placed in the decay scheme.)
using the '\ld( Ca 4n) reaction. The beam, delivered rigyres 1(b) and 1(c), which show spectra from pairwise
from the 88 _Cyclotron at LBNL, had an energy of gates on a SD band-1 line and onjaray from the
195 MeV (at midtarget). The rays were detected using pegative-parity ND states, indicate that the one-step de-
GAMMASPHERE [12], which at the time consisted of c4ys feed negative-parity levels and, specifically, that the
55 Ge detectors, surrounded by BGO Compton shieldy4g5-keV transition feeds the NB~ level [14]. Pair-
Detectors were located at 13 different angles with respegtise gates on either the 4195- or 4485-keV lines with a

to the beam. The-1 mg/cn?* Nd target was in intimate and-1 line give spectra which reveal SD bang-tays
contact with al12 mg/cn? Au backing, in which the

evaporation residues stopped. The event trigger required

at least three Compton-suppressedrays and, after
imposing a prompt time gate] X 10° events were oo
sorted, resulting i x 10° triple coincidences (including 80004
events unpacked from higher-fold coincidences). Relative oo
efficiency and energy calibration of the Ge detectors were g %L

T
3 {(a)Band 1+ Band 1

@
[rs]
=]

performed up to 3.6 MeV using standard sources. % 2
There is no question that the highest-energy one-gtep § p
rays must exist. The question is whether the statistics are 3 e

5
good enough to find them. From our accumulated data, © ™ Fryes

triple coincidences produced the maximum number of 2

counts in the spectra, which were nevertheless extremely H

clean after background subtraction with the method of H

Ref. [13]. Pairwise gates on lines from the three known

SD bands (labeled 1-3) produced one-dimensional spec-

tra, which extended up to 5.5 MeV, and the statistical ereiG. 2. (a) Low-energy portion of the spectrum in Fig. 1(a).

rors were also computed. Energies are given for SD band 1 and ND lines. (b),(c) Spectra
Figure 1(a) shows the high-energy portion of the specin pairwise coincidence with the indicated one-step decay lines

trum in pairwise coincidence with the seven lowest tran-and oney ray in SD band 1. The ND1~ — 9~ line is absent

sitions of SD band 1. Three peaks are clearly observed ‘Jf{ei:e((?s) tbhuetlﬁ’[eﬁ‘gc;_'” %?é 'Sfe'ggmg g‘r?é t{;‘gsgr}?g"é?‘{ggyzﬁ_

3489, 4195, and 4485 keV at(@—8)o level. We pro- oy transition in (b) and (c) help to establish that the 4485-

pose that these lines are the one-stem@ys we seek. In and 4195-keVy rays deexcite the SO0* and 12* levels,
addition, a number of weaker candidates are also visiblagspectively [see Fig. 3(a)].

I
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(see Fig. 2) with the expected intensities. Furthermore, ot
the spectra also indicate the specific end points of the 4549.(79)
one-step decays into the ND negative-parity levels, as well
as the decay points from SD band 1. No decay to posi-
tive parity yrast states has so far been detected. Like the
lowest-energy intrabang rays [see Fig. 2(a)], the high- 2966 (100 1177
energy lines [in Figs. 1(a) and 1(b)] are sharp (with no % i EABT)_ oo
Doppler shifts at the various detector angles) as they are \(41 -

emitted at the end of the cascade, after the evaporation UNRESOLVED
residues have stopped in the Au backing. This observa- osialise
tion, the many exact agreements betweenay energy DECAY
differences and level spacings, and, particulaithg rig-
orous coincidence relationshigonclusively establish the
decay scheme for SD band 1—Fig. 3(a). The relative in-
tensities of they rays associated with band 1 are also
given in Fig. 3(a). A plot of spin versus energy for mem-
bers of band 1, as well as for the ND yrast states, is given,+
in Fig. 3(b). N 287 5446 ;":{B 07y o517
The angular anisotropies of the 3489-, 4195-, and 44858 R < _A%?fﬁi 21379
keV band-1y rays (typicald2 = —0.53 = 0.33) indicate 119° < 21432
dipole character and rule out stretched quadrupole tran- L AR T Yees
sitions. These data, together with the decay branches to iy 10645~
final states of several spins, permit firm spin assignments I
for the SD states. We cannot yet distinguish betwEén
or M1 emission; however, as previously discusséd,
multipolarity is strongly favored. Since all of the decays
are to negative parity levels, it is very probable that all
have E1 character. Hence, the parity of band 1 is most
likely positive. .
The intraband intensities show that 43% and 54% of the 8 -
decay out of band 1 occurs from tihgr = 12* and 10" 16l O
SD levels, respectively. As expected, the one-stepys
to the yrast states also originate from these levels, but
they carry only a small fraction of the decay out of the SD
states: 3.3% and 1.5% from tHé* and 10" SD levels,
respectively. This is consistent with our estimate-Gi%
[8], which was discussed above. However, this agreement
may be fortuitous. We have not yet been able to locate s e 4
high-energy lines from SD band 2 or from the yrast fod®
SD band in'®?Hg, which has statistics (from a separate U
experiment) comparable to that of band 1 i{Hg,
while band 3 has only a pair of candidate transitions. 0 s ¥
In addition, whereas we have seen three decay branchd¥ 0 10 20 30 40 50
from the 12* SD level, only a single branch from the SPIN
10" level has been detected. SugHransition strength g|G. 3. (a) Decay scheme of SD band 1 it*Hg. The
fluctuations may arise due to the complex compound statexcitation energies and spin assignments are firm, while the
through which the SD level decays. For a sufficientlyparity _is very probable. The relative int_ensiti_es _of transition_s
complex state, the fluctuations will have a Porter-Thoma&'€_ 9iven in parentheses. Dashed lines indicate tentative
distribution [15], but it has not been determined if this oooignments. The ND level scheme was taken from Ref. [14].
: ; ) ! b) Energy vs spin diagram for SD and ND states’fiHg.
is applicable here. On account of these fluctuations,
sufficiently high statistics are required to be assured of
finding the one-step transitions. By the same tokendecay rates for the total statistical decay and for the
they can help to make the transitions observabl#idg one-step branches can be determined. The transition
probably represents one such fortunate case. strengths for the latter corresponds 467 X 107° or
If the reasonable assumption is made that thes X 107> Weisskopf units (W.u.), forE1 or M1 mul-
quadrupole moment [16] of band 1 is constant, the partialipolarity, respectively. In either case, these represent
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very highly retarded transitions, which suggests a venknowledge of the spin and parity quantum numbers. As
weak mixing between SD and ND states. The ratioone example, we shall soon be able to determine the spin
[17] of the observed SD decay rate to a calculated NDOdifference of states emitting rays of the same energy.
statistical decay rate (using a standardtrength function This has been a major issue in understanding the identical
based on the giant dipole resonance) yields~&h6%  band puzzle, the phenomenon where rotational bands
admixture (squared amplitude) of a ND compound statén different nuclei have surprisingly similar energies
in the SD state, which is responsible for the decay. Thi¢§2,25,26]. With the imminent completion of the large Ge
implies that the one-step decays from the ND compoun@rrays, we are poised for new insights into SD bands.
state have strengths 0~° or 1072 W.u. for E1 or M1 One of the authors (T.L.K.) acknowledges beneficial
transitions, respectively. ThE1 rate is at the low end discussions with L. M. Bollinger, C.J. Lister, and J.E.
of the range [18] for primaryE1l y rays from neutron Lynn. This research is supported in part by the U.S. Dept.
capture. of Energy, under Contracts No. W-31-109-ENG-38,
The excitation energy of a SD band above the yrast lind&No. DE-AC03-76SF00098, and No. W-7405-ENG-48.
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