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The observation of a superdeformed band in the nucleus ' Hg is reported. The band has six-

teen transitions with an average energy spacing of 36 keV and an average dynamic moment of in-

ertia St2~ of 112 IttMeV '. This band persists to rather low rotational frequency (Ate-0. 125
MeV) and is proposed to extend in spin from 10+ to 42+. No transitions linking the superde-

formed states and the low deformation yrast levels were found and the decay out of the superde-

formed band appears to be statistical. This is the second case of superdeformation in the A-190
region.

Recently, we have reported the first observation of su-
perdeformation in the mass A —190 region. ' A rotational
band of twelve transitions with an average energy spacing
of 37 keV, an average dynamic moment of inertia S of
110 5 MeV ', and an average quadrupole moment of
18~3 eb was observed in ' 'Hg. This band persists at
rotational frequencies hto as low as 0.175 MeV. These re-
sults were found to be in excellent agreement with
cranked Strutinsky Wood-Saxon calculations by Chas-
man which predict a spheroidal shape with an axis ratio
of 1.65:1 for the superdeformed shape in this nucleus.
The calculations of Ref. 2 found deep minima in the
total-energy surface at similar very large deformations for
many nuclei in the region A —185-205. These minima
are calculated to be yrast at spins above 30'. in many
cases and, furthermore, are found to presist to low spins.
Large deformations have also been calculated by Aberg
in cranking calculations using a modified oscillator poten-
tial. Superdeformed shapes have also recently been ob-
tained at spin I 0 for some nuclei in this region in several
Hartree-Fock calculations.

Clearly, it is of interest to find experimental evidence
for other superdeformed bands in this region in order to
address some of the questions prompted by the results of
Ref. 1 and the calculations mentioned above. For exam-
ple, the existence of an entire region of superdeformation
needs to be established. Also, additional information on
the properties of the superdeformed bands is very desir-
able. In contrast with the superdeformed bands in the
2 —150 region (where the decay out of the superde-
formed band towards the ground state feeds several yrast
states with varying intensities over an angular momentum
range LLI —3is-6h) the superdeformed band in ' 'Hg was
found to decay only to the '2' yrast state. It was not pos-
sible to obtain a firm indication of the spins of the super-
deformed states nor to assess whether the link between the
supcrdeformed states and the yrast levels is statistical in
nature as in the A —150 region or occurs only through a
few specific transitions. While the average value of 2
was found to be in agreement with the calculations of Ref.

2, a smooth increase of g(21 with 5 to was not reproduced.
It is important to study this behavior in other superde-
formed nuclei with the hope that it will contribute to the
understanding of the underlying microscopic structure as
is the case in the A —150 region.

We report here on the discovery of a band of sixteen
transitions in ' Hg with properties consistent with super-
deformation. This band is shown to extend to even lower
frequencies than in ' 'Hg (hat )0.125 MeV) and to feed
a number of yrast and near yrast levels, thereby suggest-
ing statistical decay out of the superdeformed minimum.
The data also allo~ us to propose spin values for the su-
perdeformed states. As a consequence, values are derived
for both the static and dynamic moments of inertia 2 '

and 1 which are found to increase with hto as in ' 'Hg.
This band in ' Hg has also been observed in an indepen-
dent experiment by Becker et al. '

The experimental conditions for the present measure-
ments were similar to those used in our studies'" of
' 'Hg. The states were populated with the ( S,4n) reac-
tion using 162 MeV beams delivered by the Argonne su-
perconducting linear accelerator ATLAS. The y rays
were detected with the Argonne-Notre Dame bismuth
germanate (BGO) y-ray facility where a sum-energy mul-

tiplicity array of 50 hexagonal BGO elements is surround-
ed by twelve Compton-suppressed Ge spectrometers. The

Gd target consisted of two 500 pg/cm2 self-supporting
foils (enrichment )97%) stacked together. A thick Pb
foil placed 10 cm downstream from the target (outside of
the "focus" of the Ge counters) was used to stop the beam
and the recoiling Hg nuclei. With a threshold of four on
the number of array elements firing in coincidence with at
least two Compton-suppressed Ge detectors, a total of
7.2x10 events were recorded and stored on magnetic
tape for subsequent analysis. Each event contained the
following information: the energy and time information
measured in the suppressed Ge detectors, the y-ray sum
energy, the prompt multiplicity, and the hit pattern of the
array.

The results presented belo~ were obtained from a y-y
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coincidence matrix where high multiplicity events were
selected by requiring that at least ten detectors of the ar-
ray fired in prompt coincidence with the Ge detectors.
The fold distribution for events in the 4n reaction channel
was found to peak at fourteen. Events from the strongly
competing Sn channel are characterized by a fold distribu-
tion peaking at ten and are partially suppressed by the
gating condition. The coincidence matrix contained
4.9X 10 events of which about 42% are in the 4n reaction
channeL (The remaining events are in the 3n and Sn
channels with respective yields of 3% and 55%).

A new band of sixteen transitions extending in energy
from 257 to 792 keV was observed in coincidence spectra
generated from the matrix. The band was seen in indivi-
dual spectra gated on each transition. The spectrum
shown in Fig. 1 was obtained by summing the strongest
and cleanest coincidence gates (257, 300, 341, 381, and
496 keV) and all the new transitions are labeled by their
measured y-ray energy. Also indicated in Fig. 1 are the
lines corresponding to known transitions' in ' Hg. The
band feeds the known levels up to 8+ in the positive-parity
yrast sequence and up to the 9 in the negative-parity
band. It is apparent from Fig. 1 that one of the transitions
in the band is only about 2 keV lower in energy than the
2+-0+ ground-state transition in ' Hg and the resulting
line shape is rather broad. Another transition coincides in

energy with the 4+-2+ transition. We note that a similar
situation is present in ' 'Hg where the '2' - '2' transition
was found to have the same energy as the second member
of the superdeformed band. ' A weak 215-keV transition
is reported as the lowest member of the band in Ref. 10.
This line is present in our spectra as well, but a major
fraction of its intensity is due to a contaminant from
another strong y ray in ' Hg. Consequently, we have no
conclusive evidence for its assignment in the new band.
The stretched-E2 character of all the transitions was es-

tablished from the angular correlation measured at 34.5,
90', and 145.5' with respect to the beam. The total flow

through the band represents 1.9% of all transitions in

Hg. Under the multiplicity gating conditions men-
tioned above, the corresponding number is 4%.

The energy spacing between y rays in the new sequence
decreases from 42.4 to 30.1 keV with increasing transition
energy. The average value of 36 keV is close to that re-
ported for the superdeformed band in ' 'Hg (37 keV). '

The corresponding average moment of inertia S( ) is 112
MeV ' and compares well not only with the average

value for '9'Hg (110 52MeV '), but with the calculated
value of Ref. 2 (109 h MeV '). In addition, the band
has many properties similar to those observed in ' 'Hg
(transition energies, intensity pattern, etc.). Therefore,
this band is referred to as a superdeformed band and it is
assumed to correspond to the rotation of the ' Hg nu-

cleus with a very large prolate deformation.
The intensity distribution along the superdeformed

band is presented in Fig. 2 for the spectrum gated
by the 341-keU line. The contributions of the 2+-0+ and
4+-2+ transitions (see above) were not removed: this ex-
plains the abnormally high intensity of the corresponding
points in Fig. 2. The decreasing intensity seen at frequen-
cies A, m & 0.23 MeV presumably reflects the initial feed-

ing population. At lower frequencies, the intensity
remains essentially constant and the decay out of the band
towards the yrast line occurs mainly from the lowest level,
even though there is a decay branch of about 10% from
the second state. Transitions which link the superde-
formed band with the known yrast states could not be
found: No y ray with intensity & 5% of the 341-keV line
and energy &4.9 MeV was observed. It is likely that
many diff'erent decay paths share the intensity. This as-

sumption is supported by the observation that the feeding
into the yrast states is spread over several states belonging
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FIG. 1. y-ray spectrum in ' Hg obtained by summing five

clean coincidence gates on transitions of 257, 300, 341, 381, and
496 keV. The y ray at 629 keV is an identi6ed contaminant
(seen in the 257-keV gate only).

FIG. 2. Relative transition intensity of the y rays in the su-

perdeformed band of ' Hg as obtained from the coincidence

spectrum obtained by gating on the 341-keV transition. The
data are normalized to the 381-keV transition. The data for
' 'Hg (Ref. 1) are given for comparison. The inset presents the

feeding from the ' Hg superdeformed band into the yrast line.



SUPERDEFORMED BAND IN ' Hg R15

to two bands of opposite parity. The relevant feeding pat-
tern of the latter states is presented as an inset in Fig. 2.
The resulting average entry spin into the yrast states is
-SA.

The spin of the lowest level in the superdeformed band
(fed by the 257-keV transition) was estimated to be 106.
This value follows from the deexcitation pattern out of the
superdeformed band (Fig. 2), the average entry spin into
the yrast states (8h), and the assumption of a hl 2h an-
gular momentum removal by the transitions linking the
superdeformed states and the yrast line. The highest spin
reported here is then 426. Because of the uncertainties
inherent to the procedure outlined above, the error on the
proposed spins could be as large as 3h.

It is interesting to compare the present data with the re-
sults obtained for the superdeformed band in ' 'Hg (Ref.
1) as well as for superdeformed bands in the A —150 re-
gion. The total y-ray intensity flowing through the su-
perdeformed bands is similar in the two Hg isotopes
(—2%) and is larger by a factor of —2 than for superde-
formed bands near A 150. For hiu) 0.17 MeV, the in-
tensity pattern as a function of rotational frequency is re-
markably similar in the two Hg nuclei (Fig. 2): 50% of
the feeding into the superdeformed band occurs at
hro 0.31 and 0.34 MeV and the decay out occurs very
suddenly at hm 0.13 and 0.18 MeV for ' Hg and
' 'Hg, respectively. The intensity patterns for the two
cases are even more similar when considered as a function
of spin (assuming I-21/2h for the lowest state in the su-

perdeformed band of ' 'Hg): in both cases, 50% feeding
occurs at I-30k and decay out at I-10h, . The only
difference between the two isotopes is that feeding into the
"normal" yrast states occurs over several states in ' Hg,
while feeding into a single state has been identified in
' 'Hg. However, in both cases the average entry spin into
the yrast states is similar (-8h).

The intensity patterns shown in Fig. 2 are similar to
those reported in the superdeformed nuclei with A-150,
but the spins and frequencies for the A —150 region are
always significantly higher. The average feeding into the
superdeformed bands of the A —150 region occurs for
1=555; we believe that the lower entry spin into the cor-
responding bands in the Hg isotopes is due to the lower
fission barrier in the A —190 region. ' The large differ-
ence in the spin at which the decay occurs in the two re-
gions (I—256 for A —150 vs I-106 for A —190) con-
tains substantive physics information since several factors
affect the decay: the well depth W and the excitation en-
ergy E of the superdeformed minimum; the level density
of the normal states at E*;and pairing, which has a large
influence on the inertial mass parameter. ' ' The per-
sistence of the superdeformed band to 1ower spin in the
Hg isotopes may imply a larger well depth Wof the super-
deformed minimum. At I-25h, W is calculated' to be
around 1.5 MeV in the A —150 region, whereas it is prob-
ably at least 0.5 MeV deeper for the Hg Isotopes at
I—105. (There is as yet no firm calculation of 8'at spin
10, because pairing needs to be included in the calcula-
tions of Ref. 2. However, at spin 40, W —3.5 MeV for the
Hg isotopes while W—2.5 MeV for the A —150 nu-
clei. ' ) We note that both cranked Strutinsky and
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FIG. 3. Static [S~'~ (2I —1)h~/E„] and dynamic (S~~~

45 /hE„) moments of inertia for '9~Hg. The dynamic mo-
ment of inertia of '9'Hg (Ref. 1) is also given. The computation
of S ' assumes that the lowest level in the band has a spin
I 10k. This value is uncertain by -3h (see text for details).
The data points for 2 ' are joined by a line to guide the eye.

Hartree-Fock calculations predict that the superde-
formed well presists in '9~Hg to spin 0. However, the data
show that the decay out of the superdeformed well occurs
at higher spin.

The static and dynamic moments of inertia 1 and
g(~) derived for '9~Hg are presented in Fig. 3 as a func-
tion of rotational frequency together with the published
values' of S for ' 'Hg. It is striking that (1) S is
significantly larger than 2 ' over a large frequency range,
(2) there is a large (40%) monotonic increase of S( ) with
h, m, and (3) the S( ) values for both Hg isotopes are very
close over the entire frequency range. All of these obser-
vations are not only a challenge for theory to explain, but
also provide insight into the structure of nuclei at large
deformation. The calculations of Ref. 2 reproduce the
average experimental values of S( ) satisfactorily, but not
the increase with Am.

Mean-field calculations which attempt to reproduce the
variation of S( as a function of hm for the superde-
formed bands in the A —150 region have suggested that
these variations may be attributed to three major factors:
(i) changes in pairing at large deformations, (ii) occupa-
tion of specific high-j intruder orbitalss9 (N 6 protons
and N 7 neutrons), and (iii) shape changes as a function
of rotational frequency. These three factors could sepa-
rately or cooperatively contribute to variations of $(~)
with hm. The data on S( ) for ' " Hg provide a test of
the importance of these factors for superdeformed bands
near A —190.

Lifetime data are available for the bands in ' 'Hg (Ref.
1) and ' ~Hg (Ref. 17) from measurements with the
Doppler-shift attenuation method, which indicate an
essentially constant quadrupole moment. The maximum
change in deformation allowed by the data cannot repro-
duce the large increase in S( ) in the superdeformed band
of either nucleus. ' In an attempt to understand if the in-
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crease in S could be attributed to high-j single-particle
intruder orbitals (with no pairing, as is done in Ref. 8 for
the A —150 region), we have examined calculated routhi-
ans (Ref. 3) which indicate that for N 112 and Z 80,
four N 7 neutron orbitals and four N 6 proton orbitals
are involved. The separate contributions of the protons
and neutrons each result in an essentially constant 2
with increasing @co. This is consistent with the calcula-
tions of Ref. 2 (mentioned above) which do not include
pairing and also yield an almost constant $(2). Thus, nei-
ther shape effects nor the occupation of high-j single-
particle intruder orbitals can explain the pronounced in-
crease in S( 1.

This points to the need to include the effects of pairing
as done in Ref. 9. If pair correlations are present at low
frequency in the superdeformed bands of the Hg nuclei,
an increase in J" could reflect a gradual decrease in

pairing or the rotational alignment of one or more pairs of
quasiparticles. In order to evaluate the latter possibility,
we have performed cranked shell model calculations with
the Warsaw-Lund code which uses a Wood-Saxon poten-
tial' with the universal parameters given in Ref. 19 to
calculate quasiparticle routhians and S( ) values for
elongated shapes (P2 0.45-0.55) in '9"92Hg. While
specific results depend on the deformation and the pairing
gap used, the following general conclusions can be drawn.
(i) An alignment of a N 7 neutron pair is calculated to
occur in ' Hg within 0.15 & hm &0.3 MeV. This align-
ment is blocked in ' 'Hg by the presence of an odd neu-
tron in the orbital involved. As a consequence a

significant change in S is expected in the frequency
range given above for ' Hg, but not for ' 'Hg. This
difference between isotopes is not seen in the data (Fig.
3). In the framework of our calculations this can only be
reproduced if the value of the neutron pairing is
significantly reduced. This finding suggests that proton
effects are partly responsible for the similar increases of
S( ) in ' 'Hg and ' Hg. (ii) An alignment of a pair of
N 6 protons is calculated to occur between 0.25
& hca(0. 4 MeV. An increase in S will result, but
again the exact details are dependent on the deformation
and pairing used. This increase should be similar in the
two Hg isotopes as seen in the data. Clearly, the conjec-
tures outlined above are qualitative and need to be sub-
stantiated further by detailed calculations which minimize
the energy with respect to pairing and deformation as
done in Ref. 9.

In summary, a superdeformed band of sixteen transi-
tions has been found in ' Hg and the data provide further
evidence for the existence of a new region of superdefor-
mation near A —190. The large increase of the moments
of inertia with rotational frequency (S increases by
40%) provides insight on the underlying microscopic
structure and on pairing at very large deformation.
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