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Abstract

The lifetimes of states with spins 26> I > 184 in the yrast superdeformed band1§#Pb have
been measured using the Doppler shift attenuation method. The results are consistent with a constant
quadrupole momentQg) = 19.6J_r8'f’1(stao =+ 2.0(sy9 eb. This result is comparable with the values
obtained for SD bands in Pb isofopes wiNh> 112, but could also be consistent with the smaller
guadrupole moment measured i?Pb. Reasons for the apparently lower deformation ofi8¥pb
(compared to its heavier neighbours) are considered in the light of total Routhian surface calcula-
tions, and the question of whether a similarly reduced deformation should be expet®&@tinis
addressed.
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1. Introduction
1.1. Mativation for lifetime measurementsin superdeformed nuclei

The first evidence for an island of superdeformation around mass numket90
came with the observation of a superdeformed barldiHg by Moore et al. [1] in 1989.

Since then, 83 superdeformed rotational bands have been observed in this mass region in
25 isotopes of Au, Hg, Tl, Pb, Bi and Po [2]. It is well established that the superdeformed
minimum in this region is associated with the presencd ef 6 (i13/2) proton andV =7

(j15/2) neutron intruder orbitals, which are close to the Fermi surface at large deformations.
However, the precise order of the orbitals close to the Fermi surface, and whether or not
the number obccupied intruder orbitals polarizes the nuclear shape, is not known.

Unfortunately, the experimental evidence needed to determine the microscopic structure
of SD bands has been very limited, mainly besmof the difficulty of connecting the SD
bands into the normal level scheme. Direct linking transitions between SD and ND states,
which allow absolute excitation energies, spins and parities to be established, have been ob-
served in only a handful of cases [3—7] in this mass region. With the exception of an excited
band in'®*Hg [4], all of the SD bands for which excitation energies have been measured are
the yrast bands in even—even nuclei, and are therefore associated with the superdeformed
“vacuum” state. The superdeformed states in nuclei witkr 190 occur at sufficiently
low spins that the SD nuclei are strongly affected by pairing correlations, and so the SD
vacuum is not simply described in a single-patrticle picture. Thus even where this detailed
information is available, little light has beshed on the underlyinguclear structure.

Uniquely in this mass region, it has been possible to obtain strong evidence for a partic-
ular configuration assignment in those cases whdextors can be extracted for signature
partner bands [8-11]. However, such information is limited to those cases where both in-
and inter-band transitions are observed: that is, to Adudiclei where the valence nucleon
occupies a relatively higltk orbital.

One other way in which information has been gleaned about the underlying single-
particle configurations is through the measurement of the lifetimes of the in-band su-
perdeformed transitions. With the construction of the high-efficiencsty detector arrays
Gammasphere and Euroball, it has been possiblperform comparative measurements,
in which several SD bands are populated \¢aations on a single target, and their life-
times measured using the Doppler shift attenuation method (DSAM). Such experiments
allow the lifetimes of states with comparable properties to be measured with good relative
precision, despite the large uncertainty (of the order of 10% [12]) in the stopping powers.
As the intruder orbitals are primarily responsible for the formation of the superdeformed
minimum, it might be expected that the higher the number of intruder orbitals occupied in
a particular SD band, the larger the nuclear deformation. It was hoped that measurements
of the quadrupole moments of SD bands across an isotopic chain, or of different SD bands
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within the same nucleus, would be sensitive to the polarizing effects of the active neutron
and proton single-particle orbitals and would thus provide insight into the configurations
supporting different SD bands.

1.2. Comparative lifetime measurementsin the A ~ 190region

Comparative measuremerttthe lifetimes of SD bands have been carried out in sev-
eral nuclei in theA ~ 190 region of superdeformation. Moore et al. used this method to
measure the lifetimes of yrast and excited SD band®3Hg and'®*Hg [13]; Busse et
al. measured the lifetimes of yrast and excited SD band$3rg and19Hg [14]; van
Severen et al. measured the lifetimes @& yinast SD bands in each of the Pb isotopes with
neutron number 11% N < 114 [15]; and recently, Rossbach et al. made a simultaneous
measurement of the lifetimes of yrast and excited SD bantf¥ib [16].

The excited SD band$?Hg, 1°*Hg and%®%Pb are based on octupole vibrational states
[17] and thus the difference in the qua@ble deformation of the zero and one-phonon
states should be minimal. The experimental measurements are consistent with the vibra-
tional interpretation and thus do not provide information on the shape-polarizing effects of
specific orbitals.

The comparative studies of bands'#fHg and3Hg and of yrast SD bands in the Pb
isotope chain, on the other hand, might be expected to reveal shape-polarizing effects if
they are present. The Hg study suggested that the active single-particle orbitals (primarily
N =5 andN = 7 neutron orbitals) have only a small influence on the degree of deforma-
tion. In contrast, the results of the Pb study suggested that the number of octugiéd
intruder orbitals has a marked effect on the SD deformation. The question of the degree to
which the SD shape is governed by the occupation of particular single-particle orbitals is
thus one which deserves further attention.

1.3. DSAM measurement of SD 192ph

This paper reports on a DSAM measurement of the lifetimes of states in the yrast band
in 192Pb. The results of this measurement are used to infer an average quadrupole mo-
ment of 196f8'2 4 2.0 eb, where the first error reflectset statistical uncertainty in the
measurement and the second the uncertainty due to the stopping powers. This result is
comparable with the measured quadrupole moments of the yrast SD bands in Pb isotopes
with N > 112; however, different experimental and analysis conditions between the current
measurement and the previous study of Pb isotopes [15] mean that there is the possibility
of some systematic difference, and when the uncertainties in the stopping powers are taken
into account, the result is also consistent with the measureméftrif. The reasons for
the reduced quadrupole moment'fffPb, and whether or not a reduced quadrupole mo-
ment should also be expected!{{fPb, are considered.

2. Experimental details

High-spin states if®2Pb were populated in th&Si(168Er, 5n) reaction at a beam en-
ergy of 154 MeV. The beam was provided by the 88" Cyclotron at the Lawrence Berkeley
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National Laboratory. Two targets were used: (i) a 1/omf layer of18Er on a 5 mgcn?

backing layer of Pb and (ii) a self-supporting foil §Er of thickness 1 mgem?. The

targets were placed at the focal point of the Gammasphere multi-detector array [18], which
was used to measugeray coincidences. For this experiment, the array consisted of 101
large-volume escape-suppressed Ge detectors situated at the following angles relative to
the beam direction: 17°331.7, 37.4, 50.1, 58.3, 69.8, 79.2, 80.7, 90.C°, 99.3,

100.8, 110.2, 121.7, 129.9, 142.6, 148.3 and 162.7. When target (i) was in place,

the Pb evaporation residues were slowed and stopped in the Pb backing; when target (ii)
was in place, they recoiled into vacuum. An event was written to tape when at least three
signals were obtained from the Ge detectors after escape suppression. Detector identifica-
tion, incident energy and time (relative to the RF signal of the Cyclotron) were written to
tape. In a measuring time of approximately 3.5 days, a total®k@.0° three- and higher-

fold events were collected with target (i) and X 10° three- and higher-fold events with
target (ii).

3. Initial analysis

In the offline analysis of the data taken with target (i) (the backed target), triple-gated
SD spectra were obtained for each of the ringdetectors in the aryeby requiring that at
least three SD transitions were detected in ahgpdetector. Care was taken to ensure that
each gate encompassed the full line shape ofytliay transition. The gating transitions
used in the analysis were the 215, 262, 304, 345, 385, 424, 462 and 499 keV SD transitions.
Although the last two of these gates overlap viittensely populated transitions of energies
463, 502 and 504 keV in the lower-spin part of the normal level scheme, it was found that
very few contaminant peaks were introducedhia triple-gated spectrum and, as the band
is in coincidence with these lower-lying transitions, they were retained as gates. Double-
gated spectra were also created following #ame procedure: these spectra were used to
allow a background-subtraction to be carried out. The background-subtracted, triple-gated
spectra obtained in this manner for the two rings of detectats=a87° andf = 142 are
shown in Fig. 1, along with the SD level scheme. The stopped peaks from the low-lying
part of the level scheme fed by the decay & 8D band are visible in these spectra at 502,
504, 565 and 854 keV.

In order to carry out a DSAM analysis, it is necessary to know what fraction of the pop-
ulation of each level is due to side-feeding@dause of the large width of the higher-energy
peaks in the backed-target data and the resulting overlap with transitions in other parts of
the level schemes, the intensity profile of the band (and thus the intensity of side-feeding at
each level) was obtained from the data obtainé@d target (ii) (the self-supporting target).
Measurement of the intensity profile of the band in these data proved more straightfor-
ward, since the SD transitions were better separated from contaminants and the results of
multiple-peak fits were more reliable. In addition, the better separation of the peaks made it
possible to use double-gated spectra, and the associated higher statistics allowed the mea-
surement of a more accurate intensity profiespectrum obtained by doubling gating on
the SD band in these data is shown in Fig. 2.
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Fig. 1. Background-subtracted triplé>$jated spectra detected at angles ef 142 (upper panel) and = 37°

(lower panel) with respect to the beatinection. Peaks belonging to the SBrid are marked with their unshifted
energies. The vertical dashed lines indicate the positions of these energies. The level scheme of the SD band is
shown on the right-hand side, indicating the spins of the levels connected by eagh

2500 : , ; : : : :
2000 - S . ]
R
1500 & 8
1000
500
0 M

Y-ray energy (keV)

Fig. 2. Double-gated spectrum obtad from the thin-target data. Gates have been set on all double combina-
tions of the 262, 304, 345 and 385 keV SD transitions. Ineb&D transitions are marked with their energies.
Transitions marked with stars are from low-lying levels#Pb which are fed by the decay of the SD band.

4. Lifetimesanalysis

In previous DSAM measurements in this mass region, two methods have been used
to extract the lifetimes of states within the SD bands. At high spins, where the SD band
is directly populated and the transition energies are relatively high, the levels decay ex-
tremely rapidly and the corresponding peaks contain only a fully-shifted component. In
these circumstances, a centroid-shift aygmh is appropriate: such measurements have
been carried out for the yrast bands in the heavier Pb isotopesMvith111-114 [15,
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16]. At lower spins, where the transition eniggjare lower and thus the lifetimes longer,
a lineshape analysis is required. In this region, the peaks contain contributions from fully-
shifted, partially-shifted and, towards the bottom of the band, fully-stopped components.
Because of the greater fissility of this neutron-deficient nucleus, the band was only weakly-
populated at high spins, and thus all observadditions were in this latter region. It was
thus not possible to perform a centroid-shift analysis in the present work. A lineshape
analysis was employed to measure the lifetimes of the states in the yrast SD band with
spins 2@ > I > 18h (at lower spins, no lineshape could be observed ang they peaks
contain only fully-stopped components).

Level lifetimes were extracted using a code based on that of Wells and Johnson [19].
The analysis was carried out in three steps:

() Monte Carlo simulations of the “slowing histories” 8¥2Pb recoils in the Er target

and Pb backing were performed. Five thousand such histories were produced, span-
ning a total of 2.16 ps in steps of 1.2 fs. The simulation included multiple scattering,
electronic and nuclear stopping effects. The stopping powers were calculated using
the tables of Ziegler [20].

(i) The resulting velocity distributions were combined with the detector geometries to
produce theoretical lineshapes for all decay times and all angles.

(iif) The theoretical lineshapes were comhingith information aboutransition energies,
side-feeding models, and side-feeding intensities; the resulting lineshapes were fitted
to the triple-gated spectra for different rings of detectors jf-aninimization.

The side-feeding was modelled by rotatal cascades with a moment of inertia the
same as the SD band at rotational frequebney~ 0.2 MeV (3@ = 100#2/MeV). This
model was chosen on the assumption that the yrast SD band will be predominantly fed
from excited states within the SD well. It was found that variations in the choice of this
moment of inertia of up to 20% had a negligible effect on the results. The results were
more sensitive to the number of transitions in the cascade—the cascade length giving the
minimum x2 and adopted in the final analysis was two, which is smaller than the length
adopted in DSAM analyses of other SD bands in Hg and Pb isotopes. The shorter side-
feeding cascades may be explained by the higher fissility of this neutron-deficient nucleus
compared to the heavier neighbours and the loi@nercury isotopes. This results in
a reduced cross-section at high spins. The spectra shown in Figs. 1 and 2 indicate that
the population of states in the SD band drops very rapidly with increasing spin, as the
competition from fission increases.

Due to the overlap of some of the SD transitions with transitions in the normal part of the
decay scheme, it was also necessary tauheIND stopped peaks in the fitting procedure
for all SD transitions except the 535 keV and 345 keVays. Transitions at 502 and 504
keV, originating from low-spin transitions in the normal decay'3Pb, were included
in the fit to the 499 keV 24 — 22* SD transition. Similar transitions at 463 keV and
383 keV were included in the fit to the 462 keV and 385 keV SD transitions, respectively.
A 416 keV transition associated witi®Hg and brought into the spectra by the 262, 304,
385 and 535 keV gates was included in the fit to the 424 keV SD transition. The centroids of
these peaks were measured in spectra which were not gated on the SD band. These values
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were used as input into the subsequent lineshape fits, and the intensities of the stopped
contaminants were free parameters.

Once the information regarding side-feeding and contaminant peaks was established,
the fit to the data was carried out with the in-band and side-feeding quadrupole moment as
free parameters. In all cases, the theoretioabes were fitted to data from detectors at five
angles § = 31.7°, 37.4°, 1426°, 1483° and 1627°) simultaneously.

Initially, the lifetime of each level was fitteindividually. The lifetime of the 535 keV
(26" — 24™) SD transition was fitted first, and the results of this fit were used as input in
fitting the lifetime of the subsequent 499 keV (24> 22%) SD transition. This procedure
was repeated iteratively for all transitions down to the 345 keV" (46 14") y ray. In
this process, it was found that the best fits were obtained when the side-feeding quadrupole
momentQs; was equal to or about 10% less than the in-band quadrupole mamettt
was also found that the lifetime of the lowest level included in the fit could not be measured.

Following this, the lifetimes of all levels were fitted simultaneously, starting with the
26" level and adding the lower-lying levels until all states were included. When the side-
feeding and in-band quadrupole moments were both treated as free parameters, the values
differed significantly for the 462 and 424 keV transitions. However, the fits to these peaks
in the simultaneous fit procedure is complicated by the need to fit fully-stopped ND lines
which overlap with the partially-shifted SD lines. The 462 keV transition is fed by the
499 keV transition, which must be fitted using a multi-peak fit due to its overlap with the
strong ND 502 and 504 keV transitions. Similarly, the 462 keV SD transition itself overlaps
with an intense, fully-stopped ND peak. This resulted in large uncertainties and broad
minima in thex? surface. Thus as a final step, all transitions were fitted simultaneously
but with constant, fixedss. The fit was repeated for values @&t between 15 and 24 eb
in steps of 0.1 eb. The best fit was obtained witky = 19.0 eb, but thex? was found to
be very flat for values between Brand 201 eb. The SDQ; values were then determined
by a simultaneous fit to all levels in the SD band in the regiol 26 > 18i. Examples
of the lineshapes obtained in this way are shown in Figs. 3 and 4.

5. Results

The Q; values obtained in this analysis are given in Table 1. This final fit, in which
all parameters were fixed to previously-fitted values except for the transition lifetimes,
resulted inx2_,,o=1.04.

Measurements of the lifetimes of the lowest levels in other SD bands in this mass region
[21] indicate that the deformation is constant to the lowest observed spins. Assuming a
constant deformation here, the values@f given in Table 1 are consistent wit);, =
19.6f8:2 eb, where the errors reflect the statistical uncertainty in the weighted average. The
uncertainty in the stopping powers contribateadditional 10% systematic error. Despite
this uncertainty, it is interesting to compare the present result with the quadrupole moments
measured for the heavier isotopes [15], particularly since the stopping material in that work
was also Pb, and the same stopping powers [20] were also used.
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Fig. 3. Fits of theoretical lineshapes to the 424 and K2 transitions. Fits to contaminant/stopped transitions
are indicated by long-dashed lines; fits to the shifted SDgitions are shown by short-dashed lines; total fits are
indicated by filled circles.

6. Discussion
6.1. Previousinterpretation of the SD Pb quadrupole moments

In their comparative measurement of the lifetimes of the yrast SD bantSRi to
196pph, van Severen et al. [15] found remarkably consistent quadrupole momedtsof
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Fig. 4. Fits of theoretical lineshapes to the 481 535 keV transitions. (See caption to Fig. 3).

Table 1
Values ofQ; obtained for levels in the yrast SD band#Pb

Spin of initial level §)
26 24 22 20 18

0 (eb) 190*0%8 192+314 21611148 2086138 216432
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19.5-2Q1 eb for all isotopes with masg > 112. The value obtained féP3Pb, however,

was measured to be significantly less than the heavier neighboursQwith17.3(7) eb.

This difference (around 15%) is much larger than the 4% statistical uncertainty in the mea-
surements of the individual moments. The rethrein the deformation was attributed to a
smaller number of intruder orbitals occupied in the lighter nucleus. In that work, intruder-
orbital configuration assignments were suggested such tH&8f, only one signature

of the 7% pair (described as df761]3/2 origin) is occupied, whereas both signatures are
occupied in all the heavier isotopes.

6.2. Total Routhian surface calculations and the second minimum in the Pb isotopes

In a naive single-particle interpretation, one would therefore expect the lowest-energy
yrast state if°2Pb to involve occupation of neither signature of theombital. If this were
the case, and the intruder-orbital occupation was the determining factor, it would be ex-
pected that this lightest isotope would also have a reduced quadrupole moment, perhaps
even smaller than that d#3Pb. However, it is well-established that pairing is important in
the SD bands in this mass region [22] and thus explanations which do not take pairing into
account are not appropriate. In order to fully understand the reductigh mbserved in
193pp, and to establish whether a reduggdshould be expected #92Pb, we have investi-
gated the potential energy surfaces and quasiigle configurations in the Pb isotopes with
110< N < 114. Total Routhian surface (TRS) calculations employing a Woods—Saxon po-
tential were performed for the vacuum configuration®8Pb,1°4Pb andt®%Pb, and for the
negative parity single-quasineutron configuration®fPb and'%Pb. The TRS method is
described in detail elsewhere [23]; in essence, the total Routhian of the nucleus for a given
guasiparticle configuration is minimized with respect to the deformation parangeters
B4, andy, at steps in rotational frequenay resulting in a TRS for each frequency. Each
TRS has a well-defined parity and signatumat no other quantum numbers are conserved.
Examples of the resulting daces calculated at rotatidnfaequencies corresponding to
spins of~ 254 in the SD minimum are shown in Fig. 5.

The second minimum responsible for the SBtss is clearly visible in each case close
to B2 = 0.475. In198Pb, a minimum is evident g ~ 0.475 atfiw = 0.0 which becomes
yrast at spins in the SD well around= 504. In 199Pb, this minimum moves to lower
deformation at the highest spins, with decreasing to 0.44 by = 70, but the deforma-
tion remains stable over the spins in which the SD bands are observed experimentally. In
194pp, the second minimum is calculated to acatthe marginally larger deformation of
B2 =0.485, and as in thé&y = 114 case, the deformation remairemarkably stable over
all rotational frequencies. F#2Pb and®3Pb, although the SD minimum (8 ~ 0.475) is
visible atiw = 0.0, it is significantly shallower than in the heavier isotopest¥iPb, this
minimum stays at the same deformation to the highest calculated rotational frequencies,
whereas fot92Pb the calculations suggest that the deformation is reduceg+00.43 by
I =~ 50i, where the minimum becomes yrast. However, as the SD band in this nucleus is
not populated aboveé ~ 40% in the reaction used in this work, the observed SD band can
be assumed to correspond to the region where the deformation is stalfig=td7 (3%
less than int®*Pb). The positions of the superdeformed minima obtained in these calcu-
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Fig. 5. Examples of the results of the TRS calculations performed for the Pb isotopes with ¥1Q 114.
Surfaces are shown for each isotope for spins cloge=t®54. The contours spacing is 200 keV.

lations thus suggest no significant change in the deformation of the yrast SD states as the
neutron number decreases.

Calculations of the quasiparticle orbitals close to the Fermi surface of these nuclei at
B2 = 0.47 have also been performed, using the methods described in Refs. [24,25]. These
show that the orbitals which are closest to the Fermi surface arestlséaté (which is
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predominantly of 32~[761] character, but has a large admixture g25[752]); the %
state (a highly mixed state with large admixtures g271[770] and 32~ [761] states); and
the 527[512] and 7/27[514] orbitals of f7/> andhg,> origin.

Arguments based on experimental moments of inertia, Routhians and signature split-
ting have been used to identify the yrast SD band®tPb with the single quasineutron
3/27[761] excitation [15,16], meaning that the single neutron occupies the favoured sig-
nature of the 7 pair. This assignment is the foundation of the interpretation of the lower
deformation as being due to the occupation of fewer intruder orbitals. However, this con-
tradicts the results of the TRS calcutais above, and in any case may be an unrealistic
expectation. One might expect that the minimum become shallower (and consequently
softer) with decreasing neutron number,tae Fermi surface moves further from the
intruder orbitals and the probability of scattering into them by the pairing interaction be-
comes smaller. This is indeed what is observed in the TRS calculations. When the SD states
have spin/ ~ 25/, the minimum aj, ~ 0.47 has a depth of around8lMeV in 1°4Pb; this
reduces to B MeV 193Pb and still further to 1L MeV in 192Pb. In193pPb, the occupation
of only one signature of theypair blocks scattering into that pair, and thus the well-depth
is decreased. If2Pb, the increasing distance from the Fermi surface of both stend
73 orbitals results in a decreased probability of scattering into those orbitals by the pairing
interaction, thus lowering their occupation probability and again reducing the depth of the
SD well. However, as noted above, the miinim remains centred at almost the sgfpén
each case. That s, a shallower well should not result in a lower deformation in the absence
of any other influences on the nuclear shape.

6.3. Athird minimumin the Pb isotopeswith N < 112

It is therefore necessary to investigate other possible causes for the significant reduction
in the quadrupole moment observed ¥&#Pb compared to the heavier neighbours, and try
to determine whether a “normal” or “reduced” superdeformation should be observed in SD
192pp, Closer inspection of the potential energy surfaces shown in Fig. 5 shows that in the
isotopes withV < 112 a third minimum develops & ~ 0.33, y ~ 20°. This minimum
first appears as a shallow “spur” off the SD minimum aroéad= 0.32 in the ever?’
nuclei andiw = 0.24 in the oddA nucleus, corresponding to SD states witk 207%. In
all three cases, it gradually deepens and becadmetter defined with increasing rotational
frequency. In the region over which the DSAM measurements of the quadrupole moments
are made, the minimum is somewhat better developéd3b. This minimum does not
appear in the calculations for the heavier isotopes at any frequency.

The orbitals close to the Fermi surfaceat= 0.33,y = 20° are the same/2[512]
and 7/2-[514] orbitals which are close to the Fermi surface for the SD shape. It is thus pos-
sible that mixing between states with a stra¥ig= 5 component in this minimum and the
SD minimum could affect the deformation of the SD bands. This effect might be expected
to be least profound iA%Pb, where the SD minimum is deepest and the third minimum
very shallow. The relative depths of the two minimalffPb and*®3Pb are similar, and
thus a reduced deformation might be expected in both of these lighter nuclei, but the third
minimum is most pronounced #¥3Pb and so the effect in each of these two nuclei will be
somewhat different. It should again be noted that the TRS calculations are performed for



24 AN. WIson et al. / Nuclear Physics A 748 (2005) 12-26

fixed rotational frequency—in order to make a more quantitative assessment of the effect
of the third minimum, calculations performed for fixed spin are required. Detailed calcula-
tions of this nature, which are beyond the scope of the current work, would be required in
order to predict precise deformations in each of these three cases. However, the presence
of this third minimum does suggest a possible factor which, combined with the decreasing
stability of the SD minimum, might cause a significant reduction in the deformation of the
SD nucleus.

In summary, the transition quadrupole moment of the yrast SD barld%®b has
been measured using the DSAM lineshape technique. The result is consistent with a con-
stant quadrupole moment @f, = 19.6"03, where the errors refer only to the statistical
uncertainty. Because of the additional systematic uncertainty, it is not possible to deter-
mine whether this value is similar to those of the heavier Pb isotopesith112, or
whether it is more like that of th& = 111 neighbour. Woods—Saxon calculations have
been performed with the aim of understanding the deformations of the superdeformed
Pb isotopes. These calculations do not indicate a lessening g ttessociated with
the SD minimum with decreasiny in the Pb isotopes. However, they reveal the pres-
ence of a third minimum, g8, = 0.33, y = 20°, in the isotopes withv =110, 111 and
112. It is suggested that this minimum, combined with the relative softness of the SD
minimum, may contribute to the reduction of the deformatiot%tPb compared to the
heavier neighbours. In order to understand the interaction of the different minima, more
detailed calculations, in which the potentiale calculated at fixed spin, are needed. It
is not clear whether a similar reduction should also be expectéd?®b. The current
data are not sufficient to determine whether the quadrupole moment 8#%D is the
same as, or less than, that of isotopes with> 112. A simultaneous measurement of
the moments of SB9%Pb, 193Pb and®4Pb is required if this is to be accurately deter-
mined.
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