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SuperdeformedSD) states of*®Hg have been studied with the Eurogam Phaseray spectrometer using
the 1%%Gd(®*S,4n) reaction. Two new excited SD bands have been found and identified as belonging to this
nucleus, bringing the total number of SD bands'iHg to 4. One of the new bands has a dynamic moment
of inertia that is very similar to that of the yrast SD band®MHg and most other SD bands in the-190
region. In contrast, the other band has a dynamic moment of inertia which is mainly constant as a function of
rotational frequency and exhibits a dramatic increase at the lowest frequencies. The observed dynamic mo-
ments of inertia are compared with the results of random phase approximation calculations based on the
cranked shell model. Finally, the known excited SD band has been extended towards lower frequencies and
new transitions have been found linking this band to the yrast SD band. The ext4&#&j values of the new
linking transitions give further support for the possible octupole vibrational character of this band.
[S0556-28186)00908-9

PACS numbsgs): 21.10.Re, 21.60.Ev, 23.20.Lv, 27.8Qv

I. INTRODUCTION case in which the evidence for this collective behavior is
direct.
. . . The presence of octupole correlations within the superde-
It is well known that excited bands of deformed nuclei 5 e well has been predicted by various theoretical calcu-
can be built on collective vibrational states as well s ONationg[7]. In fact, it has been suggested that for nuclei in the
single-particle or quasiparticle excitations. Since the first obx 150 anda~190 regions octupole vibrational modes will
servation of discrete superdeformé®D) bands[1,2], about  play a more important role in the second minimum than in
70 excited SD bands have been found in nuclei in varioushe first. Random phase approximatiGRPA) calculations
regions of the nuclear chart. However, only in two cases hapy Nakatsukasat al. [4,8] suggest that the lowest excited
it been suggested that an excited SD band is built on a coktates in 1°®Hg will be based upon octupole vibrational
lective vibrational state. One of these is the first excited SOmodes. These states are expected to be at excitation energies
band in***Hg [3,4], while the other is an excited SD band in such as are now becoming accessible experimentally, due to
152Dy [5,6]; both cases are thought to correspond to octupoléhe advent of the new generation of largeray detector
vibrational bands. It is the direct decay of these SD bands tarrays with much improved detection efficiency such as Eu-
the yrast SD bands which distinguishes them from other exrogam Phase 2 and Gammaspt&ieOne of the experimen-
cited SD bands. The transitions linking the bands have onlyal signatures predicted for such modes is the existence of
been identified in®Hg [4] and therefore this is the only strong electric dipole transitions connecting the excited oc-
tupole vibrational states to yrast SD stafé$
An excited superdeformed band was found#fHg in an
“Present address: Institute of Nuclear Research of the Hungaria@xperiment performed at the Lawrence Berkeley National

Academy of Sciences, H-4001 Debrecen, Hungary. Laboratory with the early implementation phase of the Gam-
TPresent address: National Accelerator Centre, P.O. Box 72nasphere arraj3]. In this experiment, this excited SD band
Faure, ZA-7131 South Africa. in ®Hg was observed to decay into the yrast SD band,
*Present address: Fullerton Community College, Fullerton, Cali-although the transitions linking the bands were not identified.
fornia. A subsequent experiment with the Eurogam Phase 2 array
Spresent address: Department of Physics and Astronomy, McMagesulted in the direct observatigd] of a series of three to
ter University, Hamilton, Ontario, Canada L85 4M1. four dipole transitions connecting this excited band to the
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yrast band. The observed dynamic moment of inertia andl. DATA ANALYSIS AND EXPERIMENTAL RESULTS
Routhian of this band are in good agreement with RPA cal-
culations for the lowest octupole vibrational mode. In this
paper, we report on the observation of two new excited The events were sorted into an ungated three-dimensional
bands in!®*Hg, which provide a further test of the role of array(a “cube”) containing~2.5x 10° triple y-ray coinci-
collective vibrations in the excited SD states in this nucleusdence events. SD structures were searched for using an au-
We also report on the extension of the previously kng@h tomated band-searching program capable of searching for
excited SD band to lower frequencies and the identificatioPands with varying dynamic moments of inertia. Two new
of two new candidate transitions linking this band to theexcited SD bandslabeled bands 3 and 4 hereaftérave
yrast SD band. been found, both of which are weaker than the previously
known [3,4] excited SD bandband 2. These bands have
almost identical transition energies above540 keV.
Il. EXPERIMENTAL PROCEDURE Double and tripley-gated coincidence matrices were then
sorted, with gates corresponding to the energies of the new
bands, using the method prescribed by Beausdrad. [12].

via|_|t|r?: ﬁggggsrzﬁ;n?:;zﬁostiez T::ﬁ] Véifr poré;Jllastgd Spectra of the two new bands obtained from these matrices
' gy re shown in Figs. 1 and 2. Both bands can be definitely

MeV. Gamma rays were detected with the Eurogam Phase gssigned to'®*Hg on the basis of transitions established in
spectrometef9]. This spectrometer consisted of an array oft e normal decay scheniié3] which are seen in coincidence
54 escape-suppressed germanium detectors, 30 of Which them.

were large volume coaxial detgctcﬂ‘]sO] positioned at for- It can be seen from Fig. 1 and Table | that the energy
ward and backward angles with respect to the beam. Thgpacings between successive transitions in band 3 vary
remaining 24 detectors, arranged in two rings close to 90° t@moothly just as in most SD bands in the-190 region. In

the beam direction, were four-element clover detedtdiy.  contrast, strong variations are present in the lowest part of
The %S beam, provided by the Vivitron accelera{@RN  the sequence in band 4: The spacing varies from 20 to 30
Strasboury was incident upon two stacked, self-supportingkeV within the 446-467-487-515 keV part of the sequence
targets of isotopically enrichetf%Gd, each of a thickness of before becoming constant higher in the band whith, ~ 35

~ 0.5 mg/cnt. Events were written to tape when more thankeV. It should be noted that the 467 keV and 487 keV lines
three escape-suppressed detectors in the array detgectedare both contaminated by transitions placed in the yrast and
rays within the coincidence time windowfor this condi- the near-yrast decay scheme. The information reported in
tion, the clover detectors were treated as a single detgctorTable | was carefully checked under different gating condi-
Approximately 5<108 such events were recorded, of which tions. Because of the low intensity of the two new bands
about 80% were from themreaction channel. When two (and the contamination of some of the band members by
elements in a single clover detector registeserhys in the transitions associated with the normal decay of the nugleus
same (escape-suppressedvent, the energies recorded by it has not been possible to establish the multipole character
each element were added in the off-line analysis to obtain af the transitions experimentally. However, the two bands
single y-ray energy. have the general characteristics common to many SD bands

A. Two new excited bands
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TABLE |. Energies and relative intensities of the four superdeformed bands.

Band 1 Band 2 Band 3 Band 4
E, (keV) I, E, (keV) l, E, (keV) I, E, (keV) I,
316.9(4) 5.9(1.) 481.1(6) 3.1(1.0 (279 (=1 446.3(4) 9 (2
360(1) 64 (3) 511.4(4) 8(2 318.0(3) 2.2(1.2 466.5(4) 14 (4)

402.34(4)  100(17)  543.2(3) 17 (3) 358.3(4) 3.0(1.3  486.7(4) 14 (4)
442.98(6) 100(8)  575.6(2) 20 (4) 397.4(4) 3.9(1.00 515.0(4) 14 (3)
482.71(6) 100(9)  608.1(3) 22 (4) 435.9(4) 4.1(1.00 547.7(4) 14 (3)
521.30(6) 100(9)  641.6(3) 19 (4) 4740(5) 4.1(1.1) 582.7(4) 14 (4)

558.6(1) 81 (8) 674.5(5) 10 (3) 510.6(4) 4.0(1.00  617.7(4) 14 (4)
594.9(1) 70(12  707.1(6) 4(1) 547.7(8)  3.2(1.1)  653.6(4) 11 (3)
630.1(1) 50 (14) 582.9(7) 2.1(1.2  689.6(6) 6 (2)
664.1(1) 40 (5) 617.9(7) 1.1(0.9 723.3(6) 3.9(1.2
696.9(1) 25 (4) 651.5(7) <05 760.4(6)  1.1(1.0
728.5(4) 14 (4) (791) (<1)
757.4(4) 6 (2)

783.5(6) 2.1(1.2
(801.8(8)) (<1)

in this mass regiorte.g., y-ray spacing, frequency range in it must be stressed that the evidence for this decay path re-
which they are observe@nd in fact have transition energies mains only tentative.
nearly identical to those of other SD bands, most notably SD To estimate spins for the levels in the new bands by look-
band 1 in1®Hg. On the basis of these similarities the two ing at the spins of the levels in the normal deformed region
new structures observed here are assumed to be SD banidt which they appear to decay is difficult because of the
composed of stretchel2 transitions. contaminating 467, 487, 616, and 692 ke¥ransitions from

No connecting transitions from either of the two new the normally deformed states. However, the existence of a
bands to other SD bands or to the normally deformed stateglatively highly populated, 12, yrast state in the normally
have been found, although there are some indications th@feformed portion of the decay scheme gives some guidance
band 4 may have a weak decay branch to band 1. The peaksg to the difference in spins between bands 1 and 4: The
suggesting this feature are marked in Fig. 2 with solid tri-presence of at least three pedls 420, 664, and 789 keV
angles. An analysis comparing these peaks to the backgrour@rresponding to transitions known to be above this isomer
fluctuations in this region of the SpeCtrUm is inconCIUSive:in the Spectra gated on band 4 Suggests that the average Spin
They are on the margin of statistical significance. Thereforeyt which this band decays to the normal deformed states is at
least 4 higher than for band 1. Using the spin-fitting proce-
dure prescribed by Becket al.[14] one obtains a spin of 14
h for the lowest level in band 3 and, for a given rotational
frequency, band 3 appears to have a spin higher than band 1
by 24. It is not possible to use this fitting procedure to esti-
mate the spins of band 4 as the moment of inertia is not a
smooth function of rotational frequency in this case.
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B. New transitions linking band 2 to band 1

Counts

The data were also sorted into a second cube suitable for
analysis using th&@ADWARE code[15]. This analysis pack-
age was used to extract the relative intensities of the four SD
bands and of the transitions linking the first excited band SD
(band 2 to the yrast SD ban¢band 1. The relative intensi-
ties of the four bands are listed in Table | along with the
measured transition energies. The intensities of the linking

E, (keV) transitions are listed in Table (hormalized to the total in-
tensity of band 1 A close inspection of this cube also sug-

FIG. 2. Spectrum obtained by quadruple gating on band 4. Bang@ested the presence of an additional transition in band 2 as
members are labeled with their energies, transitions established ¥ell as new linking transitions between bands 2 and 1. Fig-
the normal decay are labeled ND, and transitions thought to ariser¢ 3 gives the relevant portion of the level scheme for bands
from coincidence with band 1 are labeled with solid triangles. As1 and 2. Transitions marked with dotted lines are of intensi-
indicated in the text, the presence of the latter transitions is consicties which put them at the limits of the sensitivity of the
ered to be only a possibility in view of the available statistics. array, but for which all possible consistency checks from the
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TABLE Il. Energies, intensities, anl1 strengths of the linking  gies in list2 are the gates set using band 2 transitions. The

transitions.

E, (keV) I, B(E1) (mW.u)
702 (1) 3(2) 1.5(10)
757 (1) 6 (2 1.9(7)
812(1) 72 1.5(6)
864 (1) 8(2) 2.3(7)
910.9(3) 6(2) 2.9(13
950.8(3) 3(1) =0.9

dotted lines superimposed on the data represent the expected
spectra as calculated from the proposed SD level scheme
with the RADWARE code. It can be seen that the agreement
between the calculated spectra and the observed spectra is
satisfactory. In these spectra, no attempt has been made to
model the depopulation of the SD bands to the normal de-
formed states, and thus there is no fit for the normal de-
formed peak occurring at 840 keV, which appears in all the
spectra in the inset. The presence of a weak 481 keV transi-
tion in band 2(below the 511 keV transitionwas also in-
ferred from the data. Although it has not been possible to
resolve the 481 keV and 483 keV transitions in the spectra, a

coincidence spectra suggest that the proposed placementdgitt in the centroid of the peak by approximately 0.5 keV
correct. Figure 4 shows the existence of a 951 keV ling,55 peen observed in the appropriate gates, corresponding to
which is in coincidence with band 1 transitions up to andy contribution to the spectrum from a lower energy transi-
including the 483 keV transition and also with the lowesttjo The peak areas calculated from the proposed level
band 2 transitions. Figure 4 shows sections of double-gateg-neme agree well with the measured intensities.

spectra where the energies have been detected in comudenceSim”a”y, the observed coincidence relations confirm the
with at least one member of band 2 and at least one membekistence of the 757 keX81~)— (30*) transition proposed

of band 1. The coincidence gates required for each Spectrufy (4] and suggest an additional transition of energy 702 keV
are listed in the form(listl)vs(list2), where the energies in linking the (33 ") level of band 2 to thé32™") level of band

listl are the gates set using band 1 transitions and the enef: The existence of this last transition could not be definitely

FIG. 3. Proposed level scheme for SD bands 1 and P%g.
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established from the data, as it lies at the limits of the sensi-
tivity of the array; however, the calculated spectrum as a
whole fits the observed spectrum better if this weak branch is
allowed.

IV. DISCUSSION
A. Cranked shell model calculations

Although the possibility of octupole correlations in the
superdeformed well has been the subject of many theoretical
investigationg 7], the experimental evidence for the occur-
rence of this phenomenon has until recently been indirect.
Calculations based on the random phase approximation
(RPA) [4,8] have suggested that of the mercury isotopes,
superdeformed™®Hg should display the characteristics of
octupole collectivity at the lowest excitation energy. The ei-
genvalues of the total Routhians for seven of the lowest
negative parity states predicted by these calculations are
shown as functions of rotational frequency in Fig. 5. These
calculations use the cranked Nilsson potential and include
both quasiparticle excitations and octupole collectivity. The
pairing gaps were assumed to be constants and were taken as
A,=0.8 MeV andA,=0.6 MeV atiw=0, and the defor-
mation paramete¢ was set to be 0.44. This deformation was
chosen to reproduce the frequency of the experimentally ob-
served crossing of thg;s, heutrons, which is partially re-
sponsible for the rise in the dynamic moment of inertia seen
throughout theA~ 190 region[16]. The degree of collectiv-
ity for each state is indicated in Fig. 5 by the size of the
symbol, so that those states calculated to have a IBRe
transition amplitudégreater than 208 fm %) are represented
by the smallest symbols, those with an intermedia®etran-
sition amplitude(i.e., between 10@ fm 3 and 200e fm 3)
have intermediate-sized symbols, and the noncollective
states(with E3 amplitudes of less than 1G9m?) are indi-

The absolute spins for these bands have not been firmly establisheggted by the largest symbols.

but the difference of L between states in bands one and 2 is quite

firm.

At rotational frequencyi w =0, the first excited states are
predicted by these calculations to be purely vibrational in
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FIG. 4. Spectra identifying the higher energy linking transitions. The main figure is obtained by setting gates on members of band 1 and
band 2. The gates are given in the fofiist 1)vs(list 2), indicating that they rays in the spectra have come in coincidence with at least one
member of list 1 and at least one member of list 2. The inset shows a series of similar spectra with slightly varied gating conditions, with
the gates given in the same format so that, for example, thésR)vs(511+543+576) indicates that ally rays indicated in the spectrum
are in coincidence with the 521 keV transition and at least one of the 511, 543, or 576 keV transitions. The solid lines represent observed
intensities, the dotted lines those calculated from the proposed SD level scheme. The decay of the SD bands into the normal states of the
nucleus has not been taken into account in the fit and thus the peak corresponding to the 840 keV transition in the normal decay is not fitted

in any spectrum.

character. As the frequency increases, the various octupofgarity as the vibrational states which it is brought down
states will be mixed by the increasing effect of the Coriolisamong; therefore as this state comes down in energy, it in-
force. Furthermore, the quasiparticle excitations which are aeracts with all states of the same signature. For pure quasi-
first located at higher excitation will be brought lower in particle calculations, similar behavior is not seen. Thus one
excitation energy until eventually they become favored. Aswould expect to be able to tell whether octupole vibrations
the SD bands in this mass region extend to relatively lowplay a part in defining the band structure of $#Hg from
rotational frequencies, octupole correlations should be exthe behavior of the low-lying excited states.

pected to have a strong influence on the behavior of any

excited SD band observed in this nucleus. It can be clearly g gyigence for the octupole vibrational nature of band 2

seen from Fig. 5 that there is an=0 (« is the signature
guantum numbgrnoncollective band(indicated by large ) ! , :
black triangles which becomes rapidly favored as the rota- lished the existence of links between the first excited SD
tional frequency increases, crossing several of the collectivBand(band 2 and the yrast SD band iPHg. These links
bands. The presence of this “intruding” noncollective band€stablished the relative excitation of band 2 with respect to
among the initially lower collective states should have aPand 1 to be close to 1 MeV. An analysis of the angular
marked effect on the properties of bands which it crosses angPrrelations suggested that the linking transitions were of
should give an added indication of how important OC»[upo|ed|pole character and therefore established the difference in

correlations are in the behavior of superdeforni&g. spin between states in the two bands as, most likély, The
Calculations which do not include a contribution from "esults reported here show the possible existence of new

collective modes predict that the first excited state in SDINking transitions at both lower and higher spins. On the
190g will be built upon the positive-parity two-quasiparticle as_sgmptllon. that thelgsagnment of the multipolarity of the
configuration involving the twéN=7 neutron levels close to ©riginal linking transitions is correcB(E1) values for all
the Fermi surface. The structure of the two-quasiparticldn€ ¥ rays can be derived from the following expressions:
states produced by these calculations is very different from 5

that shown in Fig. 5. Perhaps the most important difference B(EL) — 1 E(E2) 1,(E1)
between the two descriptions lies in the fact that when no B(E2) 1.3x10° EJ(E1) I,(E2)
vibrational states are considered, there are no level crossings

at low excitation energies or rotational frequencies. The

aligned two-quasiparticle band described above has the sanaad

The initial results of the present experimddf] estab-

m? (1)
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FIG. 5. Eigenvalues of the RPA calculations for the lowest FIG. 6. Experimental dynamic moments of inerti®%) as a
seven excited states i?™Hg, calculated relative to the yrast SD function of rotational frequency for the four SD bands'fiHg.
band. The solid triangles indicate states wiikr O; the open tri-
angles indicate states with=1. The size of the symbols is in- sjties would have to be of the order of 0.1 WM1 transi-
tended to give an approximate guide to the collectivity of particulartjons of such strengtkand indeed strongeare observed in
states: Small triangles represent states which are strongly collectv€py nyclei between strongly coupled signature-partner bands
(i.e., with an E3 transition amplitude greater than 2@fm?3), [18]; however, this is not the situation iﬁgng. In this
medium-sized triangles represent weakly collective states with nucI,eUS the ),/rast band is presumably a paired, positive-
an E3 amplitude between 108 fm® and 200efm?), and large parity b:';md built on the vacuum state, in which ,case any
triangles ”O”CS”GC“Y?‘ statgge., those_ with aie3 amplitude less excited bandgunless they are built on c;)IIective vibrations
than 100efm. Pairing gaps are fixed a4,=08 MeV and will involve a different quasiparticle configuratiom 1 tran-

A,=0.6 MeV). .\ . .
P V) sitions of this strength are extremely unlikely to be
5 configuration-changing transitions. Thus it seems most prob-
B(E2)= 211K 20|(1 — 2)K)|2, 2 able, given the consistency of the extractedl strengths,
(E2) 167 Qol¢ I Kl @ that these transitions are indeed of electric dipole character.

This lends additional support to the argumptitthat band 2
using the measureﬁl?] quadrup0|e moment for band 1 iS best eXplained in terms of the |0West OCtUpOIe Vibrational
[QO: 18(3) e b] and assuming that band 2 has the Samé'nOde, WhiCh-Can be identified as tHé%Z, Ct’zl) mode at
quadrupole moment. low frequencies.

The E1 strengths obtained in this way are given in Table
Il along with the intensities of the linking transitions. Raising
or lowering the spin assignments for the levels by a few units
does not significantly affect th8(E1) values within the A feature of band 2 that initially suggested that this band
experimental errors. The strengths of the known linking tranmight have some unusual properties is the behavior of its
sitions obtained here are consistent with those obtained in thdynamic moment of inertiaX?)) [3]. Figure 6 shows the
previous analysif4]. E1 transitions can only favorably com- J3(?) values associated with each of the four SD bands in
pete with very strong in-ban&2 transitions if the nucleus °°Hg as a function of rotational frequency. Band 1 has a
has a transition dipole moment arising from octupole vibra-3*) moment which is typical of SD bands in even-even nu-
tions. clei in the A~ 190 region16]. It displays a smooth increase

If the linking transitions are assumed to be magnetic di-with rotational frequency, which is understood to be due to
pole transitions, theM 1 strengths can be extracted in athe combination of three effecf&7]: the gradual alignment
similar manner. Whereas the strengths calculated for electriof a pair of j 5, neutrons, the alignment of a pair ofs;»
dipole transitions are of the order of<110 3 Weisskopf protons at a somewhat higher frequency, and decreasing
units (W.u.,), M1 transitions of the same energies and inten-pairing correlations with increasing rotational frequency. As

C. Dynamic moments of inertia
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was mentioned earlier, cranked shell mof@@EM) calcula- 2 and band 3. This is not the case here, as the intensity of
tions without an octupole vibrational component suggest thaband 4 is closer to that of band 2 than the intensity of band 3.
the first quasiparticle excitation available fi%Hg would  Thus it is mainly on the grounds of these intensity consider-
involve the occupation of both thd=7 orbitals which lie  ations that one is not inclined to assign the-2, «=0 con-
close to the Fermi surface. This would result in a SD bandiguration to band 3. Th&® behavior is also fairly well
with a 32 moment of intertia with a reduced slope com- reproduced by the calculations for thée=0, =1 mode.
pared with that of band 1 and a slightly higher overall mag-However, this mode is predicted to have a strong decay
nitude at lower frequencies. Clearly th€&) moment of band branch to the yrast band. There is no evidence for such a
2 is completely different: Its average value is large, and in-decay path in the data. This might imply that band 3 is built
stead of rising with frequency, it displays a gradual, smallon a two-quasiparticle excitation and does not involve octu-
reduction. Figure (&) presents a comparison between thepole correlations at all. It must not be forgotten that the en-
theoretical 3 values for the lowest octupole vibrational ergy levels shown in Fig. 5 are only for the negative-parity
mode obtained in the RPA calculatiofsee Fig. $and the states(there will be no positive-parity one-phonon octupole
measured values for this band. Although the detailed behawibrational states It is possible that the lowest positive-
ior of the band is not accurately reproduced by the calculaparity two-quasiparticle excitations are populated at lower
tions performed with fixed pair gaps, the overall magnitudeexcitation energies than the higher vibrational states. Pre-
is. If pairing is allowed to reduce dynamically with increas- sumably the first positive-parity two-quasiparticle state will
ing frequency, the agreement between calculation and data isvolve the occupation of both signatures of thg, heutron
much improved. orbitals. TheJ® moment of such a band would be expected
The behavior of thé®) moment of band 3 is very similar to display behavior similar to that of band 3; however, this
to that of band 1; however, there are some minor differencedand is not observed to high frequencies and therefore it has
At low frequency its magnitude is slightly larger and the not been possible to observe whether the crossing of the
increase with w is a little less pronounced. When compar- N=7 orbitals, responsible for the rapid rise in th&) mo-
ing this behavior to the results of the RPA calculations withment of band 1 towards higher frequencies, also occurs for
fixed pair gaps, one can see from Figbjrthat there is rea- this band. Clearly, in view of this situation, no definite con-
sonable agreement with the second excited octupole stafiguration assignment for band 3 can be made.
(K=2, a=0, i.e., the signature partner of bangdder most Band 4, like band 2, has a dynamic moment of inertia that
of the frequency range in which band 3 is observgd- bears little resemblance to those typical of this mass region.
though the K values are only strictly appropriate as Itis approximately constant in thlew=0.25-0.40 MeV fre-
L w—0, they will be used as labels for the states which carfguency rangéin this respect it is similar to band 2with an
be identified with them afkw=0 throughout this discus- average value of-113i%/MeV. At the lowest frequencies,
sion) However, there is no sign of the calculated sharp riseoelow zw=0.23 MeV, it shows a dramatic increaseZf?)
abovefw=0.3 MeV. Also, theK=2, a=0 state is pre- reaching values of almost 26&MeV. This rise in theJ(®
dicted to be the next available excitation above Kve2, = moment suggests a sudden change in alignment due to a
a=1 state(see Fig. 5 Thus one would expect that if band 3 band crossing.
was based upon this state, it would be more strongly popu- The RPA calculations predict that crossings will occur at
lated than is experimentally the ca&@though there is sig- frequencies arounflo=0.23 MeV between the band based
nature splitting between the tw§=2 modes, it is not suf- on thea=0 signature of th&=1 mode and a two quasi-
ficient to explain the large difference in the intensities of theparticle band involving the occupation of the favonde- 7
two bands$. Similarly, one would not expect to observe any and the unfavored=6 neutron orbitals. The crossing fre-
other excited bands with intensities in between those of banduency is very much dependent on the pairing forces in-
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cluded in the calculations. Above the crossing, the two-egion, with an intensity comprising about 0.04% of the total
guasiparticle excitation is favored. For such a configurationintensity of the reaction channel. This band displays the gen-
in which only one of the pair oN=7 orbitals is occupied, eral properties associated with the majority of SD bands in
the alignment of these orbitals is blockgtb] and thus one the mercury isotopes. The other new band, band 4, exhibits a
would expect the associatedf?) moment to be relatively crossing at low frequency~0.23 Me\) and has a fairly
constant as a function of frequency. This is in good agreeeonstant dynamic moment of inertia at higher rotational fre-
ment with the observed behavior of band 4. Figufe) 7 quencies.
shows a comparison between & moments calculated for Two of the excited SD bands in this nucleands 2 and
the vibrational state which can be identified with thes0  4) display unusual properties which cannot be explained con-
signature of th& =1 mode ati w=0 and that of band 4. It sidering only quasiparticle excitations. The decay of band 2
can be seen that the predicted interaction between th® the yrast bandand its large value 05®)) indicated the
K =1 state and the two-quasiparticle state is slightly strongepossible presence of octupole vibrational modié$ All
than that observed here. three excited SD bands have been discussed here, and it has

Although the agreement between the calculated behavidreen shown that it is possible to account for their behavior
of this configuration and the experimentally observed charconsistently within the framework of RPA calculations in-
acteristics of band 4 is fairly good, there is another possibilcluding an octupole vibrational component. Band 2 has been
ity which must be considered. The calculations have beeassociated with the lowest octupole vibrational m@aéh
performed with fixed pairing gapsA(=0.8 MeV,A,=0.6 K=2 and a=1 at zero rotational frequengyBand 3 is
MeV); if these gaps are allowed to reduce dynamically withthought to be a positive-parity two-quasiparticle excitation,
increasing rotational frequency, all the band crossings argost likely involving the occupation of the two signatures of
lowered and the crossing between the two-quasiparticle statbe N=7 neutron orbital. The band crossing which perturbs
and theK =2, =0 mode is brought down to approximately band 4 at lower frequencies is interpreted as a crossing be-
fw=0.28 MeV. This interaction is weaker than that involv- tween an octupole vibrational mode and a two-quasineutron
ing the K=1 state and thus the rise in the calculaté®  excitation involving the occupation of the unfavorbid-6
moment will be sharper. Therefore it is possible that band 4rbital and the favoret=7 intruder orbital.
may be the signature partner of band 2. From all the available evidenc€®Hg can be regarded as

If band 4 is based on a vibrational state at low frequenthe superdeformed nucleus which exhibits most clearly the
cies, one might expect to observe some deoagr a smaller properties associated with collective excitations. It will be
frequency range than band dto band 1. The experimental interesting to see if similar excitations can also be found, not
evidence for such a branch is very weak; however, the calenly in other nuclei of theA~190 region of superdeforma-
culations for theK =2, =0 state suggest that in this case tion, but also in nuclei of theA~80, 130, and 150 mass
the decay to the yrast SD band should be much weaker thaiegions.
that which is seen to occur for band 2. Taken with the un-
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