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The *3vb(?*Mg,5n) reaction atE(**Mg) = 134.5 MeV with a gold-backed target was used to populate
high-angular momentum states #i%Pb. Resultingy rays were detected with Gammasphere located at the
88-Inch Cyclotron. A discrete transition of enery = 2057.76) keV has been identified in the depopulation
the yrast superdeformg@D) band in 1%Pb. This transition has been tentatively placed in the level scheme
based on coincidence relationships. Thus, the excitation energy of the SD level populated by the 262-keV
in-band transition is tentatively assignég = 4.5721) MeV. Confidence limits are discussed. Other transi-
tions in coincidence with the SD band and general features of the band and its decay are also presented. In
particular, we confirm that the®® of the SD band decreases by13% at the lowest frequency. Also, by
comparing the masses of the SD ground state$3f°Pb to liquid drop model expectations and to each other
we have been able to confirm enhanced stabilityNer112 at superdeformatiofS0556-281@7)02511-9

PACS numbd(s): 21.10.Re,23.20.Lv,27.88w

[. INTRODUCTION was used to populate high-angular momentum states in
19%Pp. The target was 1 mg/énof enriched’3Yb evapo-

The excitation energies and spins of yrast superdeformethted on a 7-mg/cfgold backing. The target was oriented at
(SD) bands have recently been determined*iPb [1-3], an angle of 27° to the beam. This reaction was chosen as it is
1%99g [4], and possibly!®*3Pb[5]. These observations enable qualitatively similar to the reactions successfully used in
(1) the study of mechanisms involved in the decay of SD[1,3]. While it is a good choice for reducing the background
shapes, and2) a test of the validity of microscopic static due to fission, it does contain significant cross sections for
calculations which predict superdeformation, as for exampl@ther evaporation residues. The predominant exit channels
in Kriegeret al. [6]. In particular, the results presented herewere 911%%Pp and ¥¥%Hg, but 1%%b, °Hg, and 1°TI [12]
allow comparison between lead isotopes and test the predigvere also populated. To reduce contamination from these
tion [6], for example, that the excitation energy of the SDevaporation channels, and events due to inelastic scattering,
bandhead in**®Pb is lower than in'®Pb. A more complete conditions on observed sum energy and multiplicity were set
mapping of excitation energies, spins, and parities of SOduring the offline data analysis.
levels will allow us to extract new information on the shell  The y-ray spectroscopy was done with the Gammasphere
structure in the second well. In addition, a comparison ofarray, which consisted of 92 Compton-suppressed Ge detec-
excitation energies in odd-even and even-even isotopes witbrs with Ta-Cu absorbers placed in front to reduce x rays
enable us to extract information, albeit somewhat model deand low-energy interactions in the detectors. Hhey pulse
pendent, on the pairing energy in the second well. heights observed with the Ge detectors were recorded to tape

The SD band in'%Pb has been observed previously inwith an analog-to-digital converte(ADC) resolution of
several experimen{g—9] and its isotopic assignment is well about 3 ADC channels per keV. A total of X30° three-
established. Previous spectroscopic work has been done fold and higher coincidence events was collected. Time re-
the first well for this nucleus and the work by Plompstral.  lationships were also recorded.

[10] and Van Dupperet al. [11] was used in the analysis Relative photopeak efficiency and energy calibrations of
presented here. The semimagic nature of lead isotopes, tliee array over the range of 100-3548 keV were obtained in
expectation of a lower excitation energy for the second welkingles mode using standatéfEu, 182Ta, and*¢Co sources.
in 1%Pb compared witht*Pb, and the large amount of pre- By comparing the intensities of the 5-4" (E1) and
vious spectroscopic work available on this nucleus, makeg*—2* (E2) transitiong11] in **%Pb, which are of similar
192ph an excellent candidate in which to search for primaryenergies, the relative detection efficiency of stretched dipole
y-ray decay linking the SD states to yrast or near yrast state® stretched quadrupole transitions was determined to be
of normal deformation. From these linking transitions, the0.992). This is expected because of the large number of
excitation energy and” of SD states can be established. detectors in the array. Also, an energy-dependent, prompt
time gate was used in the analysis. The time window was
Il. EXPERIMENTAL AND ANALYTIC PROCEDURES larger f_or lower-energy rays and the cent__roid also varied as
a function of y-ray energy to account for jitter and walk. By

The experiment was performed at the 88-Inch Cyclotroncomparing the intensities of different lines i2Pb, we
Facility at Lawrence Berkeley National Laboratory. The found no measurable change in theray intensities for
7%b(**Mg,5n) reaction at a beam energy of 134.5 MeV E,, >250 keV in a time-gated spectrum. At about 125 keV,
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FIG. 1. Spectrum if®%Pb sorted with the spike-free methiB] with the 13 different SD double-gate combinations discussed in the text.
The band members marked with asterisks were used in the gating conditions. Dispersi@33skeV/channel.

however, there is a marked reduction in theay intensity lll. GENERAL FEATURES OF THE BAND
observed in a time-gated spectrum. No corrections to the AND ITS DECAY
y-ray intensities were made to take into account either the

effect of the prompt time gate or the angular distribution of The spectrum in Fig. 1 and individual double-gated spec-

. tra were analyzed in order to extract transition energies and a
the radiation. . . " ! . .
é:on5|stent set of intensities. The in-band energies and inten-

The seven in-band SD transitions V\.".th energies from 2(.5 sities are listed in Table |. The decay out of the SD band
to 499 keV were used as gating conditions when generatlnci

spectra in coincidence with the SD band. Double-gate ppears to occur at the four band mgmbers with lowest spin.
. . pproximately 80% of the depopulation occurs at two of the
events were sorted according to the spike-free method prag

. . . D levels. However, because there is only one transition

Eg’;ed by Beausanef al. [13]. Since th_e SD decay lines M with the maximum intensity, it is possible that the levels

b were expected to be .at energies close to the pamn\%rough which the band is fed and through which the decay
energy, A~1.6 MeV, there is particular reason to be con-

. S . out occurs are not exclusive of each other. Hence, the inten-
cern_ed_ with cont_ammatlpn compared W'th the other SUCCESSities cited in Table | and the text may be systematically too
ful linking experiments in theA~190 region. Background |5rqe Also listed in Table | are the normal deformed transi-
subtraction was carried out in all three terms using the flajjgns feq by the decay of the band. Since(3% of the
upper limit (FUL) method developed by Crowet al.[14].  gecay populates the!2level and 31)% populates the 2
In addlthn, 10 of the 21 double-gate conditions, listed a9evel, 284)% of the decay is not in prompt coincidence with
(Ey,E,) in keV, were excluded: the262,304, (304,385,  {he 2" .0, or 2; 0] transitions. The known isomeric
and (385,462 combinations, because of strong contamina-jgyels in 9%Pb are J™= 10.11°.12", with half-lives of
tion from %%Hg, and the(262,462, (262,499, (345,462, T, -10015ns, 9515)ns, 1.105)us [12,15, respectively.
(345,499, (424,463, and (462,499 combinations, because Qyerall, the decay of the band appears to enter the previously
of strong contamination from normal deformed states inknown level scheme at levels with spins between1®%.
192pp, and th&304,462 combination because of background  The y ray at 1236.94) keV is in agreement with the
subtraction problems. The resultant spectra in two energ;ng_>()l+ transition atE, =1237.73) keV previously ob-
regions are shown in Figs. 1 and 2. served inB ™ /electron capture decdyt1]. This is consistent
Corresponding to this spectrum, but not shown, is a specyith the observation of the 2—0; transition in the'®b
trum of the variance for each channel. At each step in th&spD decay experimeri8]. There is a line at 641 keV which
data analysis, the variance spectrum was generated in accaie associate with the 641.5-keV line previously placed in
dance with the statistics of the experiment and backgrounehe level schemgl0] as feeding the yrast'6level, and not
subtraction. This information was used to weight each chanas an SD band member. If this were an SD transition, the line
nel when fitting peaks. Additional details of the analysis ofshape would be broadened in our data set because of the
spectra can be found in Sec. IV. target backing and reaction kinematics, in contrast to the
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FIG. 2. Continuation of the spectrum displayed in Fig. 1. Dispersion @s66 keV/channel.

narrow line shape observed. In light of this, the candidate foenergy part of this spectrum is shown in Fig. 2. The spectrum
an in-band SD transition at 640 keV as proposed8h was divided into 12 overlapping regions and each region was
should be reconsidered. Also, [i], a line at 739.9 keV was fitted with thecr2 program[17] using the variance spectrum
observed and was assumed to be thé 1D~ transition discussed in Sec. Il to weight the fit. All fits had
[10]. In the present data set there is a weak line at 14L.8 0.9< )% v=<1.1. For each fit, a pure Gaussian was assumed
keV which is not consistent with our-ray energy of for the parent population of each ray, i.e., the “R” and
739.61) keV for the 11 —9" transition, which we ob- «STEP" Gr2 parameters were always fixed to zero. In addi-
served in an ND-gated spectrum. Instead, the 1818V ¥ tjon, the width of eachy ray was fixed, except in the cases of
ray has been placed as a transition which feeds the levghe higher spin members of the SD band, which were ex-
depopulated by the 641-keV line just mentioned. pected to have broadened line shapes because of the backed
The existence of a 214B-keV transition proposed if8]  target. The number of background channels always exceeded
at the bottom of the band has been confirmed. This transitioghe number of peak channels. Hence, because the parameters
is interesting because the energy spacing between in-banged to fit the background have stable minima, we feel jus-
transitions makes a significant upward change here. The efified in assuming that the errors in the position and height of
ergy spacing between the last two in-band transitions ishe peaks are accurately determined. For each peak we define
47.62) keV compared with 41(3) keV for the second and 5 confidence paramete=H/AH, whereH is the height of
third transitions. This corresponds to~al3% increase in  the peak determined from the fit and its associated error.
J?, the dynamic moment of inertia, as a function of increas+rom these fits, we have listed in Table Il fourteen previ-
ing rotational frequency. This has an important implication0u5|y unknowny rays with C=3.8. We chose 38 as a
for the determination of the SD bandhead energy. Fitting thetoff point because the probability of observingyaray
y-ray energies to a rigid rotor with a first-order correctionyjth c=>3.8 due to random background fluctuations is less
does not work well when including the new transition at 21551 509 for this value of. This does not mean that peaks
keV. Thus, the extrapolation to the bandhead excitation engith c<3.8 were not considered as linking transitions;

ergy will only be reliable to within~100 keV and care rather we expect all peaks with=3.8 to be real, and must
should be taken when drawing conclusions from such expe ynderstood.

trapolations. When the 215-key ray is excluded, the fitted  Therefore, it is important to point out that Table Il also
spin of the level populated by the 262-keV transition iscontains two negative peaks. Our experience with the diffi-
10.533)#, which is consistent with the previously calculated cyjties of background subtraction in multifold data is that
value[16]. these negative peaks represent the presence of systematic
error in the background subtraction. Neither of thesg *
rays” shows any evidence of being in coincidence or antico-
incidence with the band in spectra generated with a sum of
The entire spectrum in Fig. 1 from 100 keV to 3 MeV was double gates on the respective lines with the SD gating con-
considered in the search for linking transitions. The high-ditions. This type of systematic error in the background sub-

IV. CANDIDATES FOR DISCRETE DECAY
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TABLE |. Gamma rays in*b deduced from the spectra dis- highest energy candidate at 205B)7keV. The coincidence
played in Figs. 1 and 2. Intensities were derived from a spectrumgpectrum of this line with the seven SD gates is shown in
obtained with clean double gates on the topays in the band and  Fjg 4. The background subtraction for this spectrum was
normalized to the 345-keV SD-band transition. The intensities Ofdone in the same manner as discussed in Sec. Il for Fig. 1. In
higher-spin SD lines were derived from a double gate on the 304édditi0n the smooth Compton and continuum background

45-keV itions. ’ . o
and 345-keV transitions has been subtracted using the FUL metfib#l, modified for
one-dimensional, background-subtracted spectra. While this

Transition(keV) Placement Normalized intensity ) - o )

spectrum is not visually exciting, we believe that the data
214.82) SD 0.082)° conclusively indicate that the 20576J-keV transition is in
262.41) sSD 0.4%3)° coincidence with the SD band within at least a 99.97% con-
303.11) SD 0.873)° fidence limit with respect to random statistical fluctuations.
344.61) SD 1.0G4) ° In support of this conclusion, we have two important argu-
384.61) SD 0.857)° ments. First, as shown in Fig. 5, the relevant part of the
423.12) SD 0.676)° spectrum in Fig. 4 is consistent with a Gaussian distributed
461.52) sSD 0.314)° set of channels with a mean of zero counts. This confirms
498.712) sSD 0.275) P that the background subtraction procedure and the propaga-

tion of errors was done correctly and also justifies our as-
191 9 =7 0.164) © sumption that the confidence limit should be determined with
383 8" —6" 0.192) respect to random statistical fluctuations. Second, the sum of
463 7 —5" 0.234)° counts for each SD transition isot consistent with zero
486 9-8" 0.062) ¢ counts with at least an 89% confidence limit for six of the
502 4" 2t 0.695) © seven transitions that were used for gating conditions. These
504 5 4% 0.162) © counts are listed in Table Ill. Even if we assume that con-
565 6" —4* 0.494) ¢ taminant peaks are present in the spectrum and responsible
596.44) 0.063) ¢ for observation of the 2058-keV candidate link, the evidence
599 g 6" 0.133)¢ for the 2058-keV link is still strong. For example, if the
631.94) 0.02816) ¢ 345-keV and 385-keV transitions — the two lines with the
641 2562.6" 0.132) ¢ most counts — are excluded, the sum of counts in the other
741.86) 3304 2562 0.03816) ¢ five in-band transitions isot consistent with zero at a con-
854 2/ 0" 0.695) © fidence level of 5_99.97%. _The possibility that there _is a
1236.94) 270" 0.03214) © broader_structure in tr_le nelghborhoo_d of 2058 keV which is
1333.45) 0.02313) ¢ responsible for thg coincidence reIatl_onsh|ps in Table Il has
1477.76) 0.03713) ¢ been ruled out. This was done py gatmg on the regions above
2057.76) (SD -9) 0.04112) ¢ and below th_e 2Q58-keV candidate in comblnatlon W|th_ th_e

SD band. This failed to reproduce any evidence for coinci-
Taken from[10] except when noted in the text. dence with the SD band.
bCorrection due to electron conversion was estimated by calcula- AS can be seen from Table IlI, the data are consistent with
tion. the 214.82)-keV line being zero with a 66% confidence

‘Experimentally measured 1] conversion coefficients were used. level. Conversely, the intensity of the 21@BkeV line is
dNo correction for electron conversion was done for these intensiot consistent with the expected value of3B counts if the
ties. 214.82)-keV vy ray were part of the decay path which in-
cluded the 2057(B)-keV transition. Hence, we have tenta-
traction arises from oversubtraction or undersubtraction atively placed the 2057(8)-keV transition as depopulating
energies that are particular to a given gating condition. It ighe SD level which is fed by the 2628-keV in-band tran-
very unlikely that such systematic errors will result in a falsesition. We have also tentatively placed the 20%G)-keV

coincidence with the entire band. transition as decaying to the 9evel at 2.514 MeV based on
From Table II, the newy rays which are clearly in coin- the data listed in Table Ill. We believe this to be the most
cidence with the SD band if®Pb are 596.@)-, 631.94)-, likely placement based on these data. For example, all

741.86)-, 1333.45)-, 1477.76)-, 2057.76)-keV lines. In  known vy rays which populate theOlevel at 2.514 MeV are
some cases it was unclear whether or not a transition was igonsistent with zero counts. We cannot rule out, however,
true coincidence with the band, because it was too close ithat the 2057.(6)-keV line is part of a multistep decay cas-
energy to other lines in strong coincidence with the band. Itade, where the other transitishin the cascade is close in
is also possible that some of the other transitions included ienergy to a transition in Fig. 1.
Table Il are shifted components of the SD transitions which Analysis of the other linking transitions was done in the
have line shape due to the backed target. The placement sime manner as with the 2058-keV line. These transitions
the 742-keV line was discussed in Sec. Ill. The placement ohave confidence limits of at least 99%. The rays at
the 2057.76)-keV transition is discussed below. The 1333.45) and 1477.%) keV are sufficiently high in energy
596.44)-, 631.94)-, 1333.45)-, and 1477./®)-keV lines to be considered candidates for primary decay. However,
have not been placed. The level scheme associated with thleey show no evidence for being in coincidence with low-
decay of the SD band i#®%Pb is displayed in Fig. 3. spin yrast transitions. Theserays are, therefore, either de-
The most likely candidate for a primary decayay is the  caying to structures built upon the 10117, or 12" isomers
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TABLE II. Transitions newly identified to be in coincidence with the SD band®#®b. Lines present in
the spectra of Figs. 1 and 2 are listed here if the confidence para@etgr8. See text for further details.

Transition(keV) C Placement or comment

260.53) 5.87 Doublet with 262-keV line

425.94) 4,54 Doublet with 424-keV line

458.82) 9.43 Doublet with 461-keV line

465.33) 5.79 Doublet with 463-keV line

489.94) -4.29 Negative peak

495.83) 7.99 Doublet with 499-keV line

596.24) 4.24

631.94) 4.67 Similar energy to the £ +)—(%*) transition in
191pp[18]

645.84) -3.82 Negative peak

741.86) 4.01 3304~ 2562 keV

842.24) 3.94 Probablyn,n’ contaminant

856.44) 5.68 Doublet with 853-keV line

1050.74) 5.72 Contaminant from 424- and 345-keV gates

1236.94) 5.12 25 —0;

1333.45) 3.95

1477.76) 3.66

2057.76) 454 (SD-97)

or involved in decay paths which bypass the yrasts2ate. would have energies of 1991, 1829, or 1947 keV, respec-
For example, the excitation energies of thetively, if the placement of the 2058-keV transition is correct.
J7=10",11",12" isomers are 2581, 2743, and 2625 keV, Hence, if the 1333- or 1478-keV lines feed an isomer then
respectively. A single transition between the same SD levethey must be decaying to a level which is part of a structure
depopulated by the 2058-keV transition and these isomerguilt upon that isomer.
At a y-ray energy of 2 MeV we can place an upper limit
on the intensity of unobserved linking transitions<aB.8%

for a peak withC=3.0. The detection efficiency for events
which decay to thed™=10",11",12" isomers is somewhat
lower than events which decay to the ground state, because
5 the multiplicity of such events is lower, and a software con-
dition on multiplicity was used.
4L V. DISCUSSION
Sy A. Excitation energy of the SD band in *%?Pb
. —G;—EM \E\?g We have tentatively placed the 2058-keV transition be-
3 3 5| ! tween the SD band member fed by the 262-keV transition
% Tl ——0o \ and the 9 yrast state at 2514 keV. This placement is based
i gt — 18 = 9~  on the coincidence data discussed in the previous section.
o bre 18" p 7 The tentative nature of this assignment is due to the minimal
ol “’,L 1 —2';1 + g _ statistics in the current data set. As discussed above, this
0 6 I ° placement could be more definite if we had additional tran-
b 3 L + sitions which could be placed between the SD and ND levels
¥ ~ 4 to support the excitation energy assignment. However, the
1l R 2 N SD decay is observed to feed normal deformed levels of spin
g-r; 2 8-124, and the 9 level, in particular, is observed to be fed
g 3 by 164)% of the total decay. In the following we shall as-
o @ sume that this assignment is correct and the excitation energy
ol 3 ot of the SD state fed by the 262-keV transition is 48 %eV.
192Pp The placement of the 2058-keV transition between the SD

band and the yrast 9 state can be used to support a™10
FIG. 3. The level scheme associated with the decay of the SEPin-parity assignment for the initial SD state. There is every
band in9%Pb. The widths of the arrows are indicative of the inten- expectation that the yrast SD band#Pb should have posi-
sities listed in Table I. tive parity and even spin, because the yrast band4Rb has
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FIG. 4. (a) Spectrum in'®Pb obtained from coincidence spectra with one gate on the 2@3k&V transition and the other taken from
the set of seven SD gates between 262 and 499 Kk®\Epectrum obtained with one gate on the 1333.4-keV transition and the other taken
from the seven SD gating conditions. In order to guide the eye, the spectra have been smoothed over a range of three channels.

been measured experimentdlB] to have positive parity and function for normal deformed levels at high excitation en-
because'®Pb is even-even. Also, there is no known signa-ergy. These arguments supporfz= 8" or 10" value for
ture partner to the yrast SD band 1¥Pb, which argues that the initial SD state. When combined with the level spin
the band is built upon & =0 bandhead. Our current under- analysis discussed in Sec. Ill, a 10value is preferred.
standing of the SD decay process is that SD states at the efitherefore, the 2058-keV transition is proposed to be a
of the known cascades have a small admixture of normastretchedE1 transition that connects the 10SD level at
deformed states at high excitation enefdg]. It is likely = E,=45721) keV to the yrast 9 state at 2514 keV.

that AL=1 transitions will dominate[3,4] and the E1 Extrapolation to ascertain the {) bandhead energy is
strength function is typically larger than thd1 strength difficult. As discussed in Sec. Ill, there is a dramatic increase
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spectrum displayed in Fig.(d. The results are histogrammed in 0.5-unit wide bins. A Gaussian fit to the results is shown. For this fit,
x*lv=1.674,04=1.0079), and themean,u=0.018(37).
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TABLE Ill. Summary of y-ray transitions associated with the TABLE IV. Comparison between experimental and liquid-drop
spectrum shown in Fig. (4). The sum of counts over channels model calculations of mass differences f321%1%bh and'%Hg.
which were used as gating conditions is given; fits were not usedhe LDM parameters used wesg=15.56,a;,=17.23,a.,=0.697,
because of low statistics. Intensities were correctedfshell elec-  and a,,,=46.57 MeV[20]. The normal ground-state masses and
tron conversion and normalized to the weighted mean of the intenerrors were taken frorf21]. The errors quoted here also assume an
sities for each of the SD lines in the table, except for the 215-keVerror of 100 keV for the SD 0 bandheads. Energies and masses are
line. The higher spin SD transitions were normalized using the regiven in MeV.
sults in Table | before taking the weighted average. Further detail

are discussed in the text. Nucleus Eow— Etbu Mg M{By M= Moy
Transition(keV) Placement Sum of counts Normalized intensitylg4Hg -3.41) -2.733) -6.1(1)

199pp -3.41) -2.30(15) -5.7(2)
215 SD &17) 0.1029) 19%pp -3.10) -1.50(18) -5.2(2)
262 SD 4518) 0.7630) 19%pp -4.31) -0.6819) -5.02)
304 SD 3518) 0.6031)
345 SD 8619 1.5334)
385 SD 6120 1.1337) In order to highlight such microscopic effects, differences
424 SD 3919 0.7537) between the masses extracted from experiment and calcu-
462 SD 521) 0.1042) lated from the LDM,M32—M{Dy . are considered here for
499 SD 3723 0.7748) 192,193.19pp and!%Hg. This quantity can be broken into two
191 97" 38(20) 0.8243 parts so that
463 7 5" -2(20 -0.0442
502 a2t 40((27)) 0_82(58)) Me—Miow=(Egq—Efbw) + (Mgg—MIBy). (1)

— +

504 5,)_’4 _ 3729 0'79(54)a The macroscopic expression for the excitation energy of the
660 10(7 Hgﬁ 1318) 0.3244) superdeformed ground state in the LDM can be expressed to
740 11=9 -9(17) -0.2445) third order in the deformation parametey by [20]
854 2t —o0* 47(24) 1.3570)
&This intensity has not been corrected for electron conversion be- EESM(AvZ):ES g(l—x)ag—%s(l-FZX)ag )

cause its multipolarity has not been assigned.

wherex is the fissility parameteiic/2Eg, which is propor-
in 7() at the bottom of the SD band, where theay energy  tional to the ratio of the Coulomb energ¢) and surface
spacings are most sensitive to the spins of the levels. Howenergy at zero deformatiorEg) contributions to the LDM
ever, by excluding the 215-keV transition, we can estimatebinding energy. We have also assumed the deformation pa-
the excitation energy of the SD bandhead to be about 3.ameter to be constard,=0.41 (3=0.65. The first term of
MeV. This is consistent with the expected isotopic trend preEqg. (1) describes the macroscopic energy due to the defor-
dicted by calculations such as 6], which predicted 4.00 mation, and the second term accounts for a normal ground-
MeV for the SD bandhead i#?%Pb. The calculations predict state mass that differs from the LDM due to microscopic
4.86 MeV for the SD bandhead it?Pb, compared with the effects. The LDM predicts thaEfpy, (**Pb)=7.63 MeV,

extrapolated valu€3] of 4.6 MeV. more than 3 MeV off from the empirical extrapolated value.
The LDM model does a poor job at reproducing the magni-
B. Microscopic contributions in SD Pb tude of the excitation energy of the SD bandhead, because

_ o ) microscopic effects are important in this region of nuclei.
The existence of a superdeformed minimum in the potengowever, the LDM does serve as a reference for macro-
tial energy surface comes about from the competition bescopic effects and that is exploited here. The LDM parameter
tween macroscopic and microscojghel) degrees of free- values quoted ifi20] and the evaluated ground-state masses
dom. The shell effects can be highlighted by comparing thérom Audi and Wapstra[21] were used to determine

SD excitation energies in°Pb and 1%Pb. In the simple Mgm—MEDy - The results summarized in Table IV suggest

liquid drop model(LDM) the cold superdeformed’Ostate  that the superdeformed ground state'#Pb is slightly more
can be modeled as a deformed liquid drop and a macroscopisound — by 0.83) MeV — than in *Pb and, hence, the
comparison can be made between the difference in the noneutron numbemMN=112 is closer to a closed shell than
mal ground-state and superdeformed ground-state masses.Nir=110. In addition, the result fot*¥b may indicate that
the LDM, the addition of two neutronsA(Z)—(A+22Z), the pairing energy term is still present in the second well.
increases the ground-state mass. However, the increase isHartree-Fock-Bogoliubov (HFB) calculations more
expected to be larger in the superdeformed case compared tosely reproduce the microscopic effects that lower the ex-
the spherical liquid drop because the surface-energy terraitation energies of the SD bandheads in this mass region.
provides the largest contribution to the change in bindingHowever, there are still problems. In Table V the experimen-
energy for a deformed compared to a spherical shape. On thelly determined excitation energies are compared with two
other hand, microscopic effects are responsible for the stadifferent HFB calculations. The axial HFBBCS calcula-
bility of the superdeformed shape, and hence microscopitions using the Skrh effective interaction of Kriegeet al.
effects should be sizable in the second well. [6] are able to reproduce the data for the two lead isotopes,
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TABLE V. Experimentally determined excitation energies in particle levels and they are likely to play an important role
MeV compared with HFB calculations by Krieget al. [6] and  near the Fermi surface it%Pb.

Girod et al. [22]. Empirical results are taken frofi8,4] and the An increase in7%? as a function of increasing frequency

present work. can occur because of several factors. The most common rea-
son is the alignment of particles with lo®@ from orbitals

Nucleus E,(exp) E(Ref.[6]) E,(Ref.[22]) with high angular momentum, such as the neuthbs 7,

j1s2 intruder orbitals. However, such an explanation does not

19.

192::8 i‘% i‘%% i‘f_’i appear to be feasible it¥?Pb SD at low frequency. The main

1o ' ' ' problem is that by spir 10% the /2 of SD 1°%Pb is essen-
Pb (3.9 4.00 3.61

tially identical to that of SD'*4Pb. This would suggest that it
is the alignment of particles near the Fermi surface at zero
] frequency that gives rise to this apparent upbend at
but are 1 MeV too low for**Hg. A different approach by % ~ 100 keV. The likely candidate for such an alignment
Girod et al. [22] uses the Gogny effective interaction, but could be the 3/2 [751] orbital, which is at or slightly below
calculates the zero-point energy through the solution of thehe Fermi surfac§24]. The data suggest that the alignment
Bohr Hamiltonian, which allows for nonaxial degrees of of this orbital needs to be complete iy ~ 100 keV to
freedom and configuration mixing. These results are morattain essentially identical moments of inertia above
satisfying, but are 0.5 MeV too high fo®*Hg, while only  %w ~ 150 keV betweert®Pb and'®%Pb. To further compli-
0.3 MeV too low for 1%%Pb. cate this argument, thg(® in 1%Pb follows a smooth pat-
tern down to the 6 SD state, oriw ~ 96 keV, with no
evidence for any upbend at low frequency. Another cause for
a sudden increase in thg® as a function of increasing

In Fig. 6 we summarize the dynamical moments of inertiafrequency could be a sudden decrease in the pairing correla-
J@ for 19%Ph compared td%Pb. As noted in Sec. Il there tions. Again, the strong similarity in thé® values of'°%Pb
is a 13% decrease i® at the bottom of the'Pb SD  and ®%Pb aboveiw~ 150 keV suggests that the pairing
band. The only other case in the~ 190 SD region in which ~ correlations are rather similar. Since the increasg'm ob-
such a change it at low frequency is observed is for the Served in essentially all of tha~190 SD bands is under-
SD-4 band in1%Pb, as displayed in Fig. 6. However, the Stood as arising from the gradual alignment of both neutrons
decrease in7? at the bottom of the!®Pb SD band is con- and protons in intruder orbitals and a gradual decrease in the

siderably larger than observed #¥Pb SD-4. In[23] the pairing correlations, it is unlikely that a sudden decrease at
signature partner SD-3.4 bands are aésigned as H@ther low frequencies in®2Pb would not affect the pairing

9/2* [624] configuration. The SD band in tHé=110 iso- correlafuons at higher frequenmeg. 2) .
tone ®**Hg has not been observed to sufficiently low fre- A third cause for a decrease t* at IO.W frequency n
quency to allow a comparison with th&? of 19%Pb at low SD 9%Ph could be a sudden decrease in the deformation.

Near the Fermi surface is the oblate-driving 11/§505]
frequency. , , _orbital [24]. It is possible that at the lowest frequencies the
_ In the following discussion we will refer to the quasipar- occupation of this orbital is favored, which also favors a
ticle levels calculated in the cranked Woods-SaxGWs)  |qyer deformation. To obtain a 13% decrease/i?) would

approach of Wyss and co-workd24]. In these calculations require a decrease in deformation frgéa=0.65— 8=0.61
the 3/27[642], 3/27[761], 11/27[505], and 1/2°[640] orbit-  for irrotational flow or8=0.65— 8= 0.58 for rigid body ro-
als are just below thé\=112 gap in the neutron single- tation. A measurement of the lifetimes of the levels at the
end of the'®Pb SD band would be a critical, albeit difficult,
probe of the role of deformation in the dramatic change in
the 7% at low spin.

A final cause for the decrease jfi?) at the lowest spins
observed in SD'**%Pb could be due to an accidental degen-
eracy with a ND state and an increased mixing with the ND
levels. To obtain thé"**Pb pattern for theZ?) values at the
end of SD band in*®%®Pb, the 10 — 8" SD transition
should have an energy of about 220 keV, about 5 keV higher
than observed. For the case of two-level mixing, the mixing
matrix element between the SD and ND states could be as
small as 5 keV, if the 8 SD level were exactly degenerate
with an 8" ND state, to produg a 5 keV shift in the 8 SD
level. However, such a value for this mixing matrix element
is about two orders of magnitude larger than values extracted
T o0 o5 for the mixing between normal and SD levels at the end of

Rotational Frequency (MeV) the SD band in***Pb [26].

C. Dynamical moments of inertia

120 |

Dynamical Moment of Inertia
>
o

80

FIG. 6. Dynamical moments of inertigin #2/MeV) for
192,19419ph and®®Hg as a function of rotational frequency. Data
taken from[3,12,23 and the present work. Preliminary calculations ~ The semimagic nature of*2Pb and the lower excitation
from [25] are included. energy for the SD levels which decay to the normal levels

D. Implications for future SD —ND linking transition searches
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made %%Pb a good candidate in which to search for linking excitation energy of 2514(3) keV. However, because of
transitions. In retrospect, given the limited statistics observedninimal statistics, we cannot rule out that the 20%6)-keV

in candidates for discrete linking transitions in the presentine is part of a multistep decay cascade. We have argued
work, there are several difficulties which should be consid-that the spin of this SD level is most likely 10f our place-
ered in future experiments proposed to search for discrete SBent of the linking transition is correct. The excitation en-
— ND transitions in this mass region. ergy of the 10 SD level is then 4.572) MeV and the

The most important result comes from the study of thebandhead excitation energy is estimated to be about 3.9
quasicontinuum decaf27] of the SD bands in botit®®Pb  MeV. This result is consistent with the expectati@j that
and 1%Pb. These analyses suggest that the pairing-gap emle excitation energy of the yrast SD band at zero spin is
ergy is smaller at spir-11%, the approximate spin at which lower in 1%Pb than!®4Pb. Four other previously unidentified
the SD band in'%Pb decays to ND states, compared withy rays of energies 5962, 631.94), 1333.45), and
~7#, the approximate spin at which the yrast SD band in1477.76) keV have been shown to be in coincidence with
194ph decays. This smaller pairing gap energy has two efthe SD band, but have not been placed in the level scheme.
fects. First, it increases the phase space for multistep decalso, it has been shown that most of the decay of the band
to the yrast line. Because the range of excitation energy bdeeds previously known levels with spins of 8#4l2nd that
tween the pairing gap energy above yrast and the excitatios=28(4)% of the decay feeds isomeric levels.
energy of the SD band is increased, there is now a higher Given the deduced excitation energies of the SD bands in
density of normal deformed levels through which the SD%21%Ph, we have been able to extract the microscopic con-
band can decay, and through which multistep paths can prdributions to the SD masses. We have deduced that the mi-
ceed. Second, the smaller pairing gap decreases the enhancesscopic contribution in SOF¥*Pb is larger than int®%Pb,
ment of primary decay over multistep decay which comeswhich supports a larger shell gapMt=112 than aN=110
from the y-ray energy factor in the transition probability at large deformation, as expected from microscopic calcula-
[28]. tions, e.g.[24].

The other important factor which complicated the present The 2 of the SD band in**%Pb decreases by 13% at
analysis is that®Pb is a more neutron-deficient system thanthe end of the band. It is possible that the decrease at low
19pp. It is not possible to populate SD levels {¥Pb as frequency is due to a decrease in deformation. Alternatively,
cleanly as can be attained in a heavier system, because théreould represent the final transition in the alignment of the
are more evaporation residue channels open in the mor&2~ [751] configuration, although no similar alignment ef-
neutron-deficient compound system, as well as the increasddcts are observed at low frequency i#fPb.
cross section for fission. To search for discrete linking tran- It is unlikely in the near future that significant statistical
sitions, it is critical to have as many noncontaminated SDmprovements will be available to help identify transitions
transitions as possible on which to select the SD cascadénking the SD band to normal levels it¥2Pb. A completely
This is especially important when the phase space for multifiled Gammasphere array, for example, will only improve
step processes is large because the pairing gap energy sttistics by about 30% for a similar 12-shift experiment.
small. Not only are contaminant lines themselves a problemHowever, when an array such as Gammasphere is coupled to
but also the background is increased from Compton-scattereirecoil mass separator, such as the Fragment Mass Analyzer
and statisticaly rays present in a coincidence spectrum. Inat Argonne, it is possible that the signal may be enhanced for
the present work there were many double-gate conditiondiscrete transitions which link the SD band to states which
that had to be rejected. Overall, the statistics for the SD banbypass isomers in the ND well by selection on the mass of
in this experiment are about 15% of the statistics collectedhe events.
for the linking experiment int®*4Pb reported ir{3]. A more
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