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I. INTRODUCTION

A comprehensive understanding of superdeformed(SD)
bands requires knowledge of the quantum numbers(spin and
parity) and excitation energies of the levels in the second
well. In particular, these quantities allow for stringent tests of
configuration assignments and, more importantly, of the abil-
ity of theory to calculate shell-correction energies at large
deformation. However, although more than 250 SD bands
are known in theA=150 and 190 regions[1,2], only a few
SD bands in194Hg [3,4], 194Pb [5,6], 192Pb [7,8], and152Dy
[9,10] have the spins and excitation energies determined
through one-step linking transitions.

The yrast SD band in191Hg was the first one to be dis-
covered in theA=190 region[11]. It is especially interesting
to obtain the spins and excitation energies for an odd-A SD
band which, combined with data on neighboring even-even
nuclei, can give information on the relative pair correlation

energies in normal-deformed(ND) and SD states. So far, the
main information on single-particle configurations has come
from detailed analyses of theJs2d dynamic moments of iner-
tia of the SD bands. With a knowledge of the level energies
and the associated quantum numbers, calculations can be put
to more extensive tests and information can be obtained on
properties such as particle alignment.

The work of Vigezziet al. [12] and recent improvements
by Refs.[13,14] laid the theoretical foundation for treating
the coupling of an isolated, cold SD state with a high-density
of hot compound ND states, which forms the basis of the
decay mechanism. The decay of SD bands happens suddenly,
typically out of one to two SD states in the mass-190 region.
One possible mechanism responsible for this sudden decay
out of the SD band, proposed in Ref.[15], is chaos-assisted
tunneling. When the SD band decays, most of the strength is
fragmented over numerous pathways, thus forming a quasi-
continuum spectrum[16,17] with sharp lines at high energy,
which are due to direct decay to low-lying discrete ND lev-
els. The decay spectrum from SD states is similar[17] to the
spectrum following the decay of neutron-capture states[18].
In both cases, the decay originates from a discrete point in
excitation energy and spin and proceeds to a multitude of
final states. One way of determining the spins and excitation
energies of SD bands is to analyze the quasicontinuum decay
spectrum connecting SD and ND states.

The technique to extract the quasicontinuum decay spec-
trum was pioneered on192Hg in the work of Henryet al.
[16]. An improved method is described in detail by Lauritsen
et al. [19] and is the one used in this paper. The method has
been successfully tested in the case of SD band 1 in194Hg
[19], where it determined the same spins and excitation en-
ergies as those known from several one-stepg-ray transitions
connecting the SD band to known ND states[3,4]. The re-
sults from the quasicontinuum analysis are an important
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complement in cases where only one or two decay pathways
are known. However, in most instances, one-step transitions
are not observed, and it is then the only available option.

In this work the quasicontinuum spectrum following the
decay of the yrast SD band in191Hg has been extracted.
From this spectrum, we determine the excitation energy and
spin of the SD band and also derive information on pairing in
normal-deformed states. We also present two one-step decay
pathways, which directly connect the yrast SD band in191Hg
with known yrast levels in the ND level scheme. It will be
shown that the results from the two methods agree very well
and, thus, we can make a confident assignment of the spin
and excitation energy of the yrast SD band in191Hg.

The experimental results are compared with theoretical
calculations based on the Hartree-Fock-Bogoliubov(HFB)
theory with several Skyrme interactions. We shall also ex-
tract and discuss information on pairing in SD states by com-
paring the present results with those from the even-even Hg
nuclei.

II. EXPERIMENT

Superdeformed states in191Hg were populated using the
174Ybs22Ne,5nd191Hg reaction. The experiment was per-
formed with the GAMMASPHERE array[20], which had 96
Compton-suppressed Ge detectors at the time of the experi-
ment. The 120 MeV22Ne beam was provided by the 88-In.
Cyclotron at Lawrence Berkeley National Laboratory. The
3.1 mg/cm2 174Yb target had a 6.8mg/cm2 197Au backing to
stop the recoiling nuclei. The decay-outg rays were emitted
after the recoils came to rest in the backing, so that the tran-
sitions will correspond to sharp lines rather than Doppler-

broadened ones. A total of 23109 triple- or higher-fold co-
incidence events were collected.

III. ONE-STEP TRANSITIONS

The g-ray spectrum, obtained with pairwise coincidence
gates on SD transitions, is shown in Fig. 1. The lower panel
presents the high-energy part of the spectrum, in particular
the two transitions at 2778 and 3310 keV, which will be
shown to connect SD and known ND states[21,22]. The
stronger 2778-keV transition has an area of 6s, while the
3310-keV transition has an area of 3s, wheres is the statis-
tical uncertainty. The intensities of the 2778-keV and 3310-
keV lines are 0.8% and 0.4%, respectively, of the maximum
SD intraband intensity. Figure 2 gives the coincidence spec-
tra gated on a SD line and either the 2778-keV(upper figure)
or 3310-keV(lower figure) transition. Even though the sta-
tistics are low, the intensities of the ND lines suggest that the
2778-keV transition feeds the known ND 35/2− yrast level at
3222 keV. The 3310-keV transition has been assigned to
feed a 33/2− known ND level at 2690 keV. The deduced
decay scheme is shown in Fig. 3.

On the basis of the coincidence data, both one-step tran-
sitions place the deexciting SD level—i.e., the one fed by the
351-keV SD transition—at 6000 keV(see Fig. 3). The angu-
lar distribution coefficient of the stronger one-step line
s2778 keVd, A2=0.57±0.48, is consistent with aDI =0 di-
pole assignment, suggesting a 35/2" spin assignment for the
level fed by the 351-keV SD transition. We rule out the

FIG. 1. Theg-ray spectrum gated on clean pairs of SD transi-
tions. The 391-keV transition is a doublet, occurring both as a SD
and a ND transition. The SD transitions at the highest spins are
Doppler broadened. The lower panel gives the high-energy part of
the spectrum, which reveals the two one-step decayg lines. The
peak energies are given in keV.

FIG. 2. g-ray spectra obtained by demanding coincidences be-
tween SD transitions and the 2778-keV(top frame) or 3310-keV
(bottom frame) one-step transitions. The peak energies are given in
keV; peaks labeled SD belong to the SD band, while the others are
ND yrast transitions expected to be seen in coincidence. The inten-
sities of the SD transitions are distorted since some of them are used
as coincidence gates. The 391-keV transition is a doublet, occurring
both as a SD and a ND transition.
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possibility of it being a stretchedE2 transition, because that
would requireM3 multipolarity for the 3310-keV one-step
transition. The spin is consistent with a favoreda= 1

2, j15/2
configuration assignment, which is calculated to be yrast at
high spin [25]. The experimental data do not allow for a
parity assignment. However, thej15/2 configuration assign-
ment requires the SD band to have negative parity, implying
M1 multipolarity for the one-step transitions. ThisM1 as-
signment is discussed later.

The partial level scheme in Fig. 3 shows the levels fed in
the decay of the SD band. The energy of the 13/2+ state is
set at zero to facilitate the comparison of the experimental
and theoretical SD excitation energies and to circumvent the
22-keV uncertainity in its excitation energy[23,24]. Hence,
the 3/2s−d ground state, which is not populated by the SD
band, has an energy of −128s22d keV in Fig. 3.

IV. QUASICONTINUUM ANALYSIS

A method has been developed at Argonne[16,19] to iso-
late the quasicontinuumg-ray spectrum connecting the SD
and ND states. To confirm the results from the one-step link-
ing transitions, this method, which is described in detail in
Ref. [19], was followed here. First, the data were sorted with
double coincidence gates on SD transitions to obtain clean
spectra. Only double gates which produce clean SD spectra,

without significant contamination by ND transitions, were
used. The background subtraction was done using the flat-
upper-limit method[26]. Corrections were carried out for
g-ray summing[27] and for neutron interactions in the de-
tectors [28]. The spectra were unfolded[27] to eliminate
contributions from Compton-scatteredg rays and corrected
for the detector efficiency. The area of the spectrum was then
normalized to multiplicity by requiring that the sum of the
intensities of transitions feeding the ground state be 1. The
390-keV line is a doublet composed of a SD transition and a
transition feeding the ND ground state. The 390-keV SD
component is taken to have multiplicity 1, suggested by the
plateau in the intensity of the SD transitions[11,25]. The
total normalizedg spectrum is shown on a logarithmic scale
in Fig. 4, together with the equivalent spectrum, obtained by
gating on two ND yrast lines. Above 1 MeV, the spectra are
contracted to 32 keV/channel and below that to
1.33 keV/channel. There is clearly extra yield in the SD
gated spectrum between 1 and 2.5 MeV, which comes from
the decay out of the SD band[16,19].

The discrete peaks below 800 keV are subtracted from the
continuum spectrum. They can be identified as transitions
either along the yrast SD band or near the ND yrast line
(including previously unassigned transitions). The remaining
continuum spectrum contains contributions from components
(of statistical, quadrupole, andM1/E2 nature) that feed the
SD band, in addition to the sought-after decay-out spectrum.
To extract the decay-out spectrum, the feeding components,
starting with the one of statistical nature, have to be sub-
tracted. The feeding component of statistical nature cannot
be disentangled experimentally from the decay-out con-
tinuum. Instead, it is obtained from a Monte Carlo simulation
of the feeding of the SD band in191Hg. The Monte Carlo
code is described in Refs.[29,30]. One of the inputs in the
calculation of the statistical spectrum was the shape of the
entry distribution. This was not measured for191Hg in the
experiment, so the shape of the entry distribution for192Hg

FIG. 3. Partial level scheme, showing the one-step decay path-
ways connecting SD and ND levels. The intensities are 0.8% for the
2778-keV transition or 0.4% for the 3310-keV transition, of the SD
band intensity. To simplify the level scheme only levels fed by the
SD band are included and the low-intensity branches have been left
out. The energy of the 13/2+ state, which is the termination of the
SD band decay, has been set at zero since(a) it facilitates the com-
parison of experimental and theoretical SD excitation energies with
respect to this state and(b) it circumvents the uncertainty in its
energy(128±22 keV, given in Refs.[23,24]).

FIG. 4. The totalg-ray spectrum for191Hg, obtained from pair-
wise gates on SD(solid line) and ND (dotted line) transitions. For
Eg below 1 MeV, the dispersion is 1.33 keV/channel: above
1 MeV, it is 32 keV/channel.
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from Ref.[29] was used. The distribution was shifted to have
the right average entry spin and excitation energy
[33.9s1.7d" and 13.8s0.7d MeV], as found from the analysis
of quasicontinuumg rays feeding all states in191Hg. The
average entry point for cascades feeding only the SD band
was 44.1s2.2d" and 17.3s0.9d MeV, as given in Table I.

The feeding components of the spectrum are Doppler
shifted, since the speed of the recoiling compound nucleus is
v /c=0.019 (for 191Hg nuclei formed halfway through the
target). To take this into account, the spectra were trans-
formed into the center-of-mass system. After the statistical
feeding component was removed, the quadrupole and dipole
feeding components could be separated based on theA2 co-
efficient of the angular distribution in the center-of-mass sys-
tem (see Fig. 5). The low-energy componentsEg,600 keVd

is characterized by large negativeA2 coefficients, indicating
M1/E2 nature(as seen also in192,194Hg [19]). After extrac-
tion and subtraction of the quadrupoleE2 component, the
dipole M1/E2 feeding component and decay-out component
remain. A sharp drop around 850 keV in theM1/E2 spec-
trum (Fig. 6) and the drop in theA2 coefficients in the same
energy region indicates the presence of two components. The
upper component is assigned to the decay-out of the SD
band, following Refs.[16,19].

The different components of the continuum spectrum are
presented in the upper part of Fig. 6. The energy and spin
removed, on average, by the differentg-ray components are

TABLE I. The different feeding and decay components of the spectrum in coincidence with the yrast SD
band in191Hg. The total spin and energy removed, on average, by the different components areDI andDE;
kEgl and kdIgl are, respectively, the average energy and spin removed per photon. From Monte Carlo
simulations, the quasicontinuum decay-out and statistical feeding components have, respectively,kdIl
=0.5" and 0.66" per g ray. The unknown lines are defined as nonyrast discrete transitions.

Component in191Hg kMl kEgl sMeVd kdIl s"d DI s"d DE sMeVd

Statisticals 2.18 1.87 0.66 1.44±0.14 4.06±0.4

Quadrupoles 3.98 0.67 2.0 7.96±0.4 2.66±0.13

M1/E2 dipoles 2.51 0.48 1.0 2.51±0.13 1.22±0.07

SD transitions 14.50±0.7 3.64±0.18

Decay out:

Quasicontinuum 1.95 1.41 0.5 0.97±0.4 2.74±0.14

Nonyrast trans. 2.0±0.4 0.70±0.05

ND yrast trans. 8.21±0.4 2.24±0.14

Decay-out point 17.7±0.8 5.7±0.5

Level fed by 351-keV trans. 17.8±0.8 5.7±0.5

Entry point 44.1±2.2 17.3±0.86

FIG. 5. TheA2 angular distribution coefficients derived after the
statistical feeding spectrum was subtracted. This figure is shown in
the moving center-of-mass system, so theA2 coefficients for
Eg.850 keV, which are measured forg rays emitted after the
nucleus has come to rest, are compromised.

FIG. 6. The different components of the quasicontinuumg spec-
tra in 191Hg for decays going through the yrast SD band(upper
figure) and for decays through all(mostly ND) states(lower figure).
The spectrum for feeding statistical transitions are from Monte
Carlo simulations; all other spectra are from experimental data.
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listed in Table I. For comparison, the different components of
the spectrum feeding all states(mostly of ND nature) in
191Hg, from a similar analysis with two gates on yrast ND
transitions (390.5 keV and 750.2 keV), are shown in the
lower part of Fig. 6. There are two notable differences in the
two spectra in Fig. 6. First, the quadrupole component feed-
ing SD states has lower energy(0.70 vs 0.77 MeV), is nar-
rower, and has larger multiplicity(4.0 vs 3.1) than that feed-
ing ND states. The differences in this component, which
arise from excitedg cascades, are attributed to the larger
collectivity in the SD well. Second, the top spectrum has an
additional component, starting at 0.8 and extending to
3.3 MeV, which arises from the decay-out quasicontinuumg
rays connecting SD and ND states.

The decay-out spectrum connecting the SD and yrast ND
states(including statistical and discrete nonyrast transitions)
is given in Fig. 7. From Monte Carlo simulations[19,29] of
the statistical decay, it is found that each quasicontinuumg
ray removes 0.5s1d" of spin. The energy and spin removed,
on the average, by the decay-out components are found by

o
i

DEi = kEglkMl s1d

and

o
i

DI i = kdIglkMl, s2d

where kEgl and kdIgl are the average energy and spin re-
moved perg ray (for a given componenti) and kMl is the
average multiplicity of this component. The totalg-ray spec-
trum connecting SD and yrast ND states removesDE
=3.4s2d MeV and DI =3.0s6d". From the intensities of the
ND yrast transitions in our SD gated spectrum, the average
entry point into the ND yrast region is found to be
2.24s15d MeV and 14.7s4d". The yrast transitions are taken

from the ND level scheme of Ref.[21]. The energy and spin
of the level fed by the 351-keV SD transition are, therefore,
determined to beEexit=5.7s5d MeV andIexit=17.8s8d". Con-
tributions to the uncertainty come from the calculated feed-
ing statistical spectrum, the normalization to multiplicity, un-
certainty in the spin removed by the quasicontinuum decay-
out component, and the multipolarities of the unknown lines.
The errors are added in quadrature.

In Fig. 8, the experimental results from the one-step link-
ing transitions and from the quasicontinuum analysis are pre-
sented in a spin-energy diagram. The solid circles represent
the yrast ND and SD levels, as given by the level scheme
(Fig. 3), based on the one-step decay paths. The solid dia-
mond denotes the SD level, which is fed by the 351-keV
transition, and the open diamond the average entry point into
the ND yrast band, as obtained from the quasicontinuum
analysis. The box around the solid diamond shows the un-
certainty in spin and energy from the quasicontinuum analy-
sis. Clearly, the results from the one-step linking transitions
and from the quasicontinuum analysis are in good agreement
with each other. This gives confidence about the spin and
energy assignments.

V. MOMENTS OF INERTIA AND SPINS

With the spins now known, the kinematic moment of in-
ertia Js1d can also be determined. Figure 9 shows bothJs1d

andJs2d moments as a function ofv. The dynamical moment
of inertiaJs2d can be expressed in terms of the Harris expan-
sion [31]:

Js2d = J0 + 3J1v2 = dIx/dv. s3d

Integration of Eq.(3) gives

FIG. 7. The quasicontinuum spectrum connecting the yrast su-
perdeformed and normal-deformed states. Below 800 keV the spec-
trum is made up of only the nonyrast discrete lines. Transitions
along the ND yrast line, which follow the linking transitions, are
not shown.

FIG. 8. The spin and excitation energy of the level fed by the
351-keV SD transition, obtained from the quasicontinuum analysis
(solid diamond); the box represents the uncertainty in spin and en-
ergy. The circles represent results from the one-step lines(see Fig.
3). The results from the two methods are in agreement.
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Ix = J0v + J1v3 + i s4d

and

Js1d = Ix/v = J0 + J1v2 + i/v. s5d

Herev is the rotational frequency, given bydE/dIx<Eg /2;
Ix is the spin perpendicular to the symmetry axis andi, the
integration constant, represents the quasiparticle alignment.
For 191Hg, fits of Js2d and Ix vs v with Eqs.(3) and (4) give
J0=92.6"2 MeV−1, J1=68.1"4 MeV−3, i =2.4. The behavior
of Js1d of 191Hg is different from that of otherA<190 SD
bands, where the moments of inertia increase monotonically
with v. The U-shaped curve ofJs1d arises from thei /v term
(which causes the unusual rise at lowv) and provides a
characteristic signature for a band exhibiting finite align-
ment. Knowledge of the spins allows configuration assign-
ments to be made on a solid foundation. In the past, the
assignments were largely based on the variation with rota-
tional frequencyv of the dynamical moment of inertiaJs2d.
In only a handful of cases were spins extracted using a fit
method[using Eqs.(3) and (4)], with the assumption thati
=0. For SD band 1 in191Hg, which exhibits particle align-
ment, this method cannot be used and spins were proposed
by Carpenteret al. [25], based on the entry spin into the ND
yrast line after decay from the SD band. The present work
firmly establishes the spins and confirms the assignment of
Ref. [25], thus validating the interpretation that SD band 1 in
191Hg is based on theN=7 j15/2 [761] 3/2 configuration. The
alignment,i =2.4, is an important ingredient in this assign-
ment. Together, this work and Ref.[25] add confidence about
the single-particle orbitals calculated by theory. The Woods-
Saxon potential gives this orbital as the yrast configuration at
large deformation and at high spin. The neutron quasiparticle
Routhians for192Hg [32] suggest that this feature would also
be given by HFB theory. However, details are not always
correctly predicted; e.g., at the lowest frequencies, there is a
discrepancy of 2" in alignment between experiment and
HFB theory for SD band 1 in191Hg [32]. Altogether, mean-
field theories provide good descriptions of the general fea-
tures of SD bands in the mass-190 region, such as the rise of

Js2d with v (due partly to theN=7 orbital) and the conver-
gence at highv for most nuclei. This has been summarized
in work by Fallonet al. [33], which distills the main physics
results.

The assigned spin of the band is consistent with a favored
a=−1

2, j15/2 particle configuration assignment, which is cal-
culated[25] to be yrast at high spin. The experimental data
do not allow for a parity assignment. However, thej15/2 as-
signment requires the SD band to have negative parity, im-
plying M1 multipolarity for both of the one-step transitions.
From neutron-capture data, it is known that, atEg<8 MeV,
the decay is dominated byE1 transitions[34]. However, in
191Hg the one-step transitions have significantly lower en-
ergy,Eg<3 MeV. In fact,M1 transitions with similar energy
have been observed to compete withE1 transitions in the
decay-out of the SD band in194Pb [5,6]. In addition, in
neutron-capture experiments on162Dy targets, the M1
strength was found to be comparable to theE1 strength at
Eg<3 MeV [35]. The scissor mode[36] probably accounts
for the enhancedM1 strength.

VI. PROTON AND NEUTRON PAIRING GAPS

The g spectrum of Fig. 7 shows a region with depleted
yield between 2.3 and 3.3 MeV. Following Døssinget al.
[37], this depletion can be explained by the reduction in level
density in the interval from the ND yrast line up to the en-
ergy required to break the first pair of neutrons or protons. In
Ref. [37] it is seen that the width of the depleted region in
the g spectrum is around 1.5 times the average pairing gap.
The depleted region(which is most clearly defined by the
decay-out transitions withDI =1") occurs between 2.3 and
3.3 MeV, implying a pair gap of about 0.7 MeV. For the
nonrotating nucleus,Dp (or Dn) is approximately given by

the five-point mass formulaDp
s5d for a sequence of isotones

(or isotopes) [see, for example, Eq.(7) in Ref. [38]]. Around
191Hg, Dp,0.9 MeV (if one neglects mean-field contribu-
tions toDp

s5d, which are discussed in Ref.[38]). Although the
information from the tail of the decay-out gamma spectrum
is quite uncertain, it yields a pairing gap similar to that given
by Dp

s5d.
In Table II, the experimental SD excitation energies are

given for 191,192Hg. The excitation energies of the SD levels
of 192Hg are given by two tentative decay-out pathways[39]
from the 10+ level, combined with limits imposed by the
quasicontinuum analysis[19], giving ESD

10+=6.0−0
+0.3 MeV. The

SD bands are extrapolated to spin 2.9" and 0", where the
rotational frequencies are zero.[For 191Hg, Eq. (4) gives Ix
= i =2.4 atv=0 andI = Ix+1/2=2.9.] Table II also presents
the SD excitation energies from theoretical calculations
based on the self-consistent HFB approach with the effective
Skyrme interactions, SkP, SLy4, and SkM* and the density-
dependent zero-range interactions of Ref.[40] for the
particle-particle (pairing) channel. The theoretical results
were extrapolated in the same way as the experimental val-
ues in the case of191Hg, while the theoretical value for the
SD state in192Hg was calculated directly for the ground-state
spin of 0" [40]. The calculations with the SLy4 interaction
show the best overall agreement with the experimental data.

FIG. 9. The dynamical and kinematic moments of inertia,Js2d

(open symbols) andJs1d (solid symbols), for the yrast SD bands of
191Hg (squares) and 192Hg (circles).
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The excitation energies of SD states in odd-A and even-
even nuclei give information on pairing in the SD well. In
even-even nuclei pairing is stronger, so the ground state has
lower energy than that of the neighboring odd-even nuclei.
This can be seen by comparing the ND and SD yrast bands
of 191Hg and192Hg after accounting for the difference in the
mass excess of the two nuclei(see Fig. 10). The ground state
of 192Hg is taken as a reference—i.e., set to zero. One sees
that the 0+ state in192Hg has a more negative mass excess
than the 13/2+ state in191Hg, implying an extra binding of
the even-even nucleus by,1.5 MeV. The observed SD
states are also shown in Fig. 10. Here the energy of the SD
“ground” state in 192Hg is lower than that in191Hg by
0.8 MeV. This smaller value(compared to 1.5 MeV for ND
states) is consistent with reduced pairing in the SD well, as
suggested before—e.g., Ref.[25]—from the increase of the
Js2d moment of inertia with frequency. However, in addition
to pairing, mean-field effects(e.g., a change in the Fermi
energy and a polarization energy) contribute to the binding
energy[38]. The convergence of the yrast lines of191,192Hg
around spin 10" and 25", for ND and SD states, respec-
tively, may be attributed to a reduction of pairing due to
rotation.

An alternative but equivalent way to present the differ-
ences in binding energies in Fig. 10 is in terms of the neutron
separation energiesSn in the ND and SD wells.[Note that
Sn=mass excesss191Hgd−mass excesss192Hgd+mass excess
(neutron)]. Table II compares the experimental and theoreti-
cal neutron separation energiesSn in the SD and ND wells.
The Sn values and SD excitation energies from HFB calcu-
lations with the SLy4 force are compared with experimental
results in Fig. 11. The experimental neutron separation en-
ergy in the SD well is found to beSn=8.9−0.3

+0 MeV compared
to Sn=9.6 MeV in the ND well (to the 13/2+ state). The
difference of 0.7–1.0 MeV means that it is easier to remove
a neutron from the SD well than from the ND well.

As discussed above, part of the reduction inSn in the SD
well is due to a decrease in pairing, but other effects contrib-

ute as well. In order to gauge the reliability of extracting the
pairing gapDpair (and the difference in the ND and SD wells)
from nuclear masses, we write the equations for two-, three-
and five-point mass differences in the form discussed by Du-
guetet al. [38,43]:

TABLE II. The excitation energyE* of the yrast[761] 3/2 SD
levels in191Hg (above the 13/2+ state) from HFB calculations with
different interactions and from experiment are given near the point
of decaysI =35/2"d and atI =2.9", wherev=0 (marked by “a”).
The excitation energyE* of the yrast SD band in192Hg is given at
its band head,I =0". Extrapolations to the SD bandhead are de-
scribed in the text. The theoretical values for192Hg are taken from
Ref. [40]. The theoretical and experimental neutron separation en-
ergiesSn in the SD and ND wells are also given;Sn values to the
13/2+ level in 191Hg are indicated by “b” and to the 3/2s−d ground
state by “c”. The experimental masses for192Hg and 191Hg are
taken from Refs.[41,42], respectively.

191Hg 191Hg 192Hg Sn Sn

E* sI =35/2d E* sI =2.9d E* sI =0d ND SD

SkM* 5.7 4.3a 4.7 10.0b 9.6

SkP 5.5 4.2a 4.6 9.1b 8.6

SLy4 6.3 5.0a 5.2 9.6b 9.4

Expt. 6.0 4.7a 5.4−0
+0.3 9.6b, 9.5c 8.9−0.3

+0

FIG. 10. The spins and excitation energies of the SD and ND
yrast bands for192Hg (solid circles) and 191Hg (open circles), plot-
ted after correcting for the difference in the mass excess—i.e.,
Es191Hgd=Exs191Hgd−mass excesss192Hgd+mass excesss191Hgd.
The ground state of192Hg is set at zero. The solid lines are the
extrapolations of the191,192Hg SD bands to spin 2.9" and 0", where
the rotational frequencies are zero. The excitation energies of the
SD levels of192Hg are given by tentative decay-out pathways[39],
combined with limits imposed by the quasicontinuum analyis[19],
giving an uncertainty of−0

+0.3 MeV.

FIG. 11. The experimental(top) and theoretical(bottom) values
for the one-neutron separation energySn (ND), Sn (SD) in the ND
and the SD minima, and the excitation energiesE* of the SD bands
in 191Hg and192Hg. Sn (ND) values to the 13/2+ level in 191Hg are
given here. All values are taken at zero rotation—i.e.,I =0" for both
ND and SD states in192Hg andI =13/2" and 2.9" for ND and SD
states in191Hg. The SD bands had to be extrapolated to these spins
(see text)—except for the theoretical value of192Hg which was
calculated directly forI =0" [40]. The theoretical values are from
HFB calculations with the SLy4 Skyrme interaction.
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Ds2dsNd = s− 1dNSn , DpairsNd + EpolsNd + s− 1dN+1lsNd,

Ds3dsNd , DpairsNd + EpolsNd +
s− 1dN

2

] lsNd
] N

,

Ds5dsNd , DpairsNd + EpolsNd.

HereN is the neutron number,Dpair pair the pairing gap,Epol

the polarization energy due to time-reversal symmetry break-
ing (from the blocking of a single-particle level), andl the
Fermi level. These equations show that, in order to deduce
Dpair from experimental masses, theoretical values for each
well are also required forEpol, as well as forl or ]lsNd /]N
if Ds2dsNd or Ds3dsNd is employed. It would be best to use
Ds5dsNd, since that requires a calculation of onlyEpolsNd.
[The value ofEpolsNd is around ±100 keV, but there is some
uncertainty in its calculation[44,45].] However,Ds5dsNd for
SD states would need the SD excitation energies in five con-
secutive nuclides,191–194Hg, and would require new experi-
mental SD energies in190Hg (work on which is in progress
[46]), as well as in193Hg. For the NDground states, which
have measured masses,Ds5d yields

DND
pair + END

pol , 1.16 MeV.

Excellent agreement of 1.1 MeV is obtained using the ex-
perimental Ds2d, together with a theoreticallHFB

ND =
−8.4 MeV (obtained with the SLy4 force). This agreement
provides validation oflHFB

ND for Hg nuclides around192Hg
and is consistent with the reproduction ofS2n values(within
0.2 MeV) for the ND ground states of nuclides[40] in this
region with the SLy4 force. For the SD well,Ds2d and
lHFB

ND =s−7.9 MeVd give

DSD
pair + ESD

pol = 1.0−0.3
+0 MeV,

where the errors do not include the uncertainty inlHFB
SD . This

value ofDSD
pair+ESD

pol is a direct indicator of pair correlations in
the SD well. There appears to be a reduction of this value
with respect to that in the ND well, but the uncertainties do
not allow for a definitive conclusion.

VII. CONCLUSIONS

The spins and excitation energies of the yrast SD band in
191Hg have been determined from two single-step linking
transitions and from the quasicontinuum spectrum that con-
nects the SD and ND states. The results from the two meth-
ods are in good agreement, within the error bars, providing
confidence about the spins and excitation energies of the
yrast SD band. The SD level fed by the 351-keV SD transi-
tion hasEx=6000 keV andI =35/2". Excitation energies and
spins provide a stringent test of orbital assignments. The spin
is consistent with that expected for aj15/2 orbital configu-
ration, previously assigned to this SD band[25].

This is the first time that the excitation energies and spins
have been determined for a SD band in an odd-even nucleus
in the massA=190 region. By comparing the results with
those of neighboring even-even Hg nuclei, we have obtained
information on pairing in the SD states.

The neutron separation energies in the ND and SD wells
have been extracted by using data from191,192Hg. The sepa-
ration energy in the SD well is 0.7–1.0 MeV smaller than in
the ND well, due partly to a reduction in the pair gapDpair

with deformation and partly to an change inl.
We have compared the results with those from calcula-

tions based on Hartree-Fock-Bogoliubov(HFB) theory with
different Skyrme interactions[40] and have found that the
SLy4 interaction, which yields 6.32 MeV for the excitation
energy of theI =35/2" SD level, gives the best agreement.
Similarly, the same interaction gives the best reproduction of
the neutron separation energies in the ND and SD wells.
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