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Three experiments using tHé*Yb(?**Mg,5n) *4Pb reaction have been undertaken at the Early Implemen-
tation of GAMMASPHERE to study the decay of known superdeformed staté€4b. A single discrete transition
with an energy of 2.74@) MeV carrying 82)% of the full superdeformed band intensity has been identified.
A discussion of our results and the assignment of the 2.746-MeV transition as a digcrate directly
connecting the superdeformed &nd low-lying 6" levels will be presented.

PACS numbds): 21.10.Re, 23.20.Lv, 27.86w

Despite the wealth of experimental information that existsmagic '°Pb will have a lower density of normal levels
on superdeformedSD) bands in theA~190 mass region through which the SD band can decay and into which the SD
(see[1] and references thergina number of the most fun- band intensity can be concentrated following decay. Mini-
damental properties of these structufesy., the excitation mizing the number of distinct decay pathways should serve
energy remain unmeasured. Direct experimental determinato maximize the intensity through a given branch.
tion of these quantities requires that the decay pathways link- Three experiments populating the yra$fPb SD band
ing superdeformed and low-lying states be delineated. Thevere performed using the Early Implementation of
most intense(yrasy SD band in'%Pb [2—6] is populated GAMMASPHERE. In each of these experiments a 130-MeV
using heavy-ion fusion-evaporation reactions witi% of  2°Mg beam was used to bombard three stacked teach
intensity of the normal low-lying transitions in this nucleus ~500 ug/cm?) foils of isotopically enriched’*b. The
and an intensity pattern similar to that of the other SD bandgredominant exit channels formed in this reaction were
known in this mass regioThe population of the SD band 1°31%41%Pp and %2Hg with relative populations approxi-
increases with decreasing spin until a plateau is reached. Fakately 10%, 60%, 20%, and 7% of the total yield, respec-
lowing a number of transitions of roughly equal intensity, thetively. In the first experiment a total of 27 AMMASPHERE
band abruptly depopulates with the full SD band intensitygermanium detectof8] was used. These were divided into
observed in transitions connecting low-lying level€om-  five rings—Ilocated at 173°, 147°, 143°, 13°, and 33° with
pared with other SD bands in this mass region, there are twrespect to the beam—of five detectors each with two addi-
important differences which mak&“Pb an optimal case to tional detectors placed at 37°. For the two following experi-
search for SD decay pathways. First, this band extends to theents five additional detectofsne at 37° and four at 90°)
lowest spin (& [7]) observed for any SD band in this mass were installed, bringing the total to 32 detectors. In each of
region. This favors a reduced number of distinct pathwayshese experiments data were collected with a trigger condi-
through which the SD band can decay. Second, the singliion of three or more clean germanium signals. A total of
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1.95x 10° (3.5x10%) unfolded threefold(fourfold) events
% meeting the trigger condition was recorded to tape. A pre-
- ) liminary report of this work is presented in R¢f)].

o8t o) . 1 §so During the initial analysis the data collected in the three

A x * J:WWMW experiments were kept separate, minimizing systematic er-
g rors arising from differences in array characteristics for the

20 oo 250 2800 three runs. In Fig. 1 we present the background subtracted

keV)
., Elew

spectrum which was obtained from the second dat#éceet-
taining ~2/3 of the total statistigsbhy summing all unique
pairwise combinations of gates set on the known yrast SD
band members if%Pb. A summary of the relative intensities
/ for the lowest energy SD and all other transitions in this
wwwu spectrum is provided in Fig.(8). Using these results we
have determined the average spin at which the SD band de-
200 500 600 700 cays and the average spin of low-lying levels populated by
Ey (keV) this decay. The average spin at which the SD band depopu-
lates is found to be 701.14. We have also conducted a
FIG. 1. Background subtracted spectrum of #3b superde-  search for a peak near 125 keV which would correspond to a
formed band generated by double gating the unfolded threefol§D 6— 4 transition. In contrast with what was reported in
events using all unique combinations of superdeformed band menRef. [6] we find no evidence for this transition with an upper
bers. The superdeformed band members are denoted by * with thenit of <3% of the SD band intensity.
Y denoting low-lying transitions known to be in coincidence with The level scheme of*Pb reported in Ref.10] was used
the superdeformed band. This spectrum was background subtract(ag; a basis to determine the average spin fed by the decay of
and logarithmically smoothed. The effects of the smoothing can b?he 194pp SD band. This analysis was complicated by two

seen by comparing the region below 200 keiét smoothefiwith factors.(1) The low-lying 8" level from which the 302-keV
the remainder of the spectrum. The insets show the spectrum in th[e )

region of 2.75-MeMwith the 2.746-MeV peak denoted by shading ralr;SI_lftlon foilglzates i% aUShort-Ilved ISI_omerCks;[jate with a
using two different background subtractions. The upper inset is thg'a -ire o (4) ns [10]. Using an earlienbacked target

continuation of the large spectrum, while the lower inset was balckd"’u"’l_Set described by Willsau and ?Ollabqraﬁmﬂ we de- .
ground subtracted using a normalized total projection and the dafi€rmined that €3)% of the SD band intensity populates this
averaged over two channels. The upper inset also shows a typical #Vel- The apparent intensity of this transition in our data was
to the peak(dashed lingto a Gaussian with an appropriate width. reduced by~1/3 due to the isomeric lifetime of the '8

Note that the 2.746-MeV transition is the only peak with an appro-level. (2) The primarily forward-backward geometry of
priate shape that appears in both spectra. GAMMASPHERE Early Implementation enhanced the detec-

tion of L=2 transitions. By gating on known cascades of
L=1 transitions, the detection probability for thegerays
was found to be 0.68) that for quadrupole transitions. The
uncertainty in this measure strongly affects the relative inten-

10° Counts
3

(C)] T ®) Lo sity of the low-lying 5 —4" transition which is known to
e BT be in coincidence with the SD band. Taking these factors into
Z’, f i1 account, the average spin at which the intensity of the SD

o - band reenters the normal states is#41924. The difference

of approximately 2 of angular momentum between the de-
cay and the reentrance of the intensity of the SD band is in
excellent agreement with similar values found in studies of

2746

—_—®)
T s;g)) Fia Lk
7 %

% 0 e the decay of other SD bands in tle~190 mass region
—'—“ 421 23(6) 8" [12 1?£|
595 21(6) _L_.s‘ 595 94(18)_____g- 1 . . i . i i
2 ] i B I X In addition to delineating the average spin at which the
l @ sy ——% o5 10509 199ph SD band depopulates/reenters, a search was under-
' . — taken for discrete transitions which depopulate the SD band.
s 70 s o519 Since this search took place at the limit of experimental sen-
o sitivity, four criteria were established to ensure that a candi-

date peak corresponded to a viable linking transiti@hThe
full-width at half-maximum of the candidate, corrected for

FIG. 2. (a) The low-lying level scheme in coincidence with the " . -
SD band. The italicized bold values denote the relative intensities orth_e energy of the transition, was required to be consistent

the associated transitions normalized to 100 for the average of th#ith the measured value for other peaks lﬁﬂ:‘b-‘ (2) The
256.4-, 298.8-, 340.3-, and 380.0-keV SD transitighs The low-  P€ak was checked to ensure that it was not visible in a total
lying level scheme in coincidence with the 2.746-MeV transition. Projection of the data, to minimize artifacts caused by inad-
The italicized bold values denote the relative intensities of the asequate background subtractidB) The intensity of a candi-
sociated transitions normalized to 100 for the average of the 298.8date was required to track the intensity of the SD band under
and 340.3-keV SD transitions. The intensity for the 170-keV SDdifferent gating conditions and variations in the background
v ray could not be extracted; an upper limit is quoted. subtraction(4) Any proposed candidate was required to ap-
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Thus, the 2.746-MeV transition is in true coincidence with

8o . * 7 * the SD band, and this coincidence is not a general feature of

sol * . ¥ LA R this energy region. Furthermore, in this gate all of the SD
* I [* transitions from 200 keV to 500 keV have relative intensities

40| ‘ consistent with the full population of the SD band, as would

‘ ' be expected if the 2.746-MeV transition corresponds tp a
1 e b ray associated with the decay of the band. We are unable to
o ‘ } definitively claim that the lowest-energy transition in the
199pp SD bandat 170 keV is not in coincidence with the
ad 2.746-MeV transition due to contaminants in this region of
: _ . . . the spectrum. If the 170-keV SD transition is in coincidence
200 300 E4(()l?eV) 500 600 with the gate, however, it would have a relative intensity less
i than half that of the SD band.

In Fig. 3 we have also marked the energies corresponding
f low-lying transitions known to be in coincidence with the
SD band. The low-lying 6—4" and 4" —2" transitions

Counts

FIG. 3. The background subtracted spectrum associated with
10-keV wide gate at 2.746 MeV. Th¥%Pb yrast superdeformed

band members are denotedbwith a Y denoting the known low- . .
lying transitions known to be in coincidence with the SD band andWlth energies of 595 and 575 keVand the 965-keV

+ + i inh i i
observed in this spectrum. The spectrum is compressed by a factgr —0 _tranS|t|0n which is not ;hovx)nare clearly. COIn-CI-
of 2 to smooth out fluctuations. dence with the 2.746-MeV transition. The normalized inten-

sities for both the low energy SD and normal transitions in

pear in each of the three experimental data sets, with angoincidence with the 2.746-MeY-ray is summarized in Fig.
variations in its intensity consistent with changes in the SD2(b). Of particular interest is the lack of evidence for the
band intensity. 8" —6" and 5 —47 transitions that feed and run parallel

Of the four criteria listed above, the fourth proved to beto the 6" —4" transition, respectively. Furthermore, within
the most important to our analysis. By initially keeping the errors, the 595-, 575-, and 965-keV transitions contain the
data collected from the three runs separate, we were able foll intensity of the SD band contained within this gate.
place stringent limits on discrete transitions depopulating thd herefore, we propose that the 2.746-MeV transition directly
SD band. While a large number of possible candidates wafeeds the low-lying 6 level. Finally, gates set on the low-
suggested by the data collected in the first experiment, blying 6" —4%, 4*—2%, and 2" 0" peaks show an inten-
applying the fourth criterion to subsequent data sets only aity of the 2.746-MeVy ray which is consistent with it origi-
single candidate remained. No evidence has been found fonating solelyfrom the decay of the SD band.
any other discrete transition in coincidence with the SD band Since the 2.746-MeV transition feeds the low-lying 6
in the energy range of 2 Me¥E < 4 MeV. Summing the level directly we can eliminate the possibility that this tran-
three data sets, an upper limit 3% (<5%) can be sition corresponds to the first step of a purely statistical cas-
placed on the intensities ofla=2 (L=1) discrete transition cade, which would populate all of the low-lying levels
with an energy of 3 MeV. Folding in the detection efficiency known to be in coincidence with the SD band. Furthermore,
of the Early Implementation of 8IMASPHERE, this corre-  since the initial level for this transition appears to be popu-
sponds to limits 0k<2%(<3%) and<4%(<7%) for dis- lated solely via the decay of the SD band, the anomalously
creteL=2 (L=1) transitions aE, = 2 and 4 MeV, respec- large intensity carried by the 2.746-Mey'ray is also incon-
tively. sistent with it being the final step in a multitransition statis-

The sole discrete transition found in our analysis has atical decay cascade. Thus, it appears that the 2.746-MeV
energy of 2.74@) MeV and was originally observed in the transition is ay ray that directly links the SD level fed by the
first data set at a level of B statistical significance. This 213-keV transition and the 6level in the first well.
transition was confirmed in the secof(ttird) data set at the Although the multipolarity of the 2.746-MeV transition
40 (30) level. By summing the three data sets the signifi-cannot be determined directly, from intensity balance argu-
cance of the 2.74@)-MeV transition increased to slightly ments it is apparent that this transition does not depopulate
less than & in accordance with the increased statistics. Duean isomeric level. Should the initial level have a relatively
to limited statistics we have been unable to measure the mulong lifetime (on the order of the 17 ns of the low-lying
tipolarity of the 2.746-MeV transition using standard tech-8" level), the intensity of the low-lying normal states in
niques. Assuming that the 2.746-Mepray is anL =2 tran-  coincidence with the 2.746-MeV transition would be measur-
sition, it carries 62)% of the intensity of the SD band. ably less than that of the SD band. Under the standard as-

As shown in Fig. 3, a background subtracted gate set sgsumption that promp¥ rays are either electric or magnetic
2.746 MeV on the ranE —E, matrix was found to be in dipoles or electric quadrupoles, the high-lying level depopu-
coincidence with all 11 members of tHé*Pb SD band with lated via the 2.746-MeV transition must have#<8. Fur-
energies in the range 200 keVE < 640 keV. Similar gates  thermore, by decaying solely to the low-lying @nd not to
were set 20 keV above and below the 2.746-MeV candidatéhe 4° state, the more probable assignment for this level is
transition. For the spectra gated 20 keV bel@bove 2.746  J"=7%,8". Since the yrast SD band #?*Pb has no known
MeV a total of 2(4) peaks were found with energies corre- signature partner, it is assumed to be built upoiKa0
sponding to the 11 SD band members(3 regions were bandhead, which means that the originating level for the
negatively correlated with the SD band members, arid)3 2.746-MeV transition would havd™=8". Therefore, we
regions had counts consistent with the average backgrountiave experimentally determined that the yrast SD band has
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positive parity, and—since the 213-keV is the final SD tran-in ratios consistent with their final intensity.
sition clearly seen in coincidence in the gate at 2.746 In summary, a series of three experiments using the
MeV—uwe have directly confirmed the spin assignment made’Mg(174b,5n) *Pb reaction have been undertaken using
in Ref. [7]. the Early Implementation of 8IMASPHERE A total of
Since the low-lying 6 level has an excitation energy of 1.95x10° unfolded threefold events was collected and used
2.1351) MeV, the excitation energy of the B, level is  to study the decay of yrast SD band in this nucleus. The
4.881(2) MeV. Using the values provided in Réf7], the SD  199ppy SD pand decays at an average spin of-1.0% and
band head energy can be determined by extrapolating thes intensity reenters the normal low-lying levels at an aver-
fitted parameters to a spin of:0 The SD band head then has age spin of 4.91.2%. We searched for one-, two-, and
an excitation energy of 4.478) MeV in reasonable accor- three-step cascades depopulating the SD band. A singig

dance with various theoretical calculations. For example, th@vith an ener ;
19 o . . gy of 2.74@) MeV depopulating the SD band
*Pb SD excitation energy is estimated to be 4.86 Ni¥| has been identified in these analyses. The most consistent

from Hartree-Fock calculations and 3.8 MgL5] using the interpretation of thisy ray is that it is a stretcheH2 transi-

Strutinsky method built on a Woods-Saxon average potentia directl ting the &, level with the 6" state i
Since the energies and relative intensities of the competin@qOn diréctly connecling the evel wi € o state in
e first well. This transition carries(3% of the full SD

+ + e
6<p and 2.746-MeV transitions are known we can es- . . . -
SD~ PSD band intensity and has B(E2)=4x10"* W.u. Using this

timate the reduced matrix eleme®¢E?2) for the 2.746-MeV ) o '
transition. Assuming that thB(E2) for the &, —6 5 tran- assignment the excitation e_nﬁrgﬁ/ of th_e ?D b_and head lies at
ition is 2000 W.u(as measured for the 8+ ray in 4.4.7](6) MeV, consistent with theoretica _estlma_tes. Upper
tsr: band 1'6 th 2 746-M V;gt SD.t.7 h limits of <3% and<5% of the SD band intensity can be
IS and [16]), € -rao-Me ransition as placed on additional single-stép=2 andL=1 decay tran-

_ —4
B(E.Z)_”A’Xloh W.u. d K | il h sitions, respectively, with an energy of 3 MeV, and these
inally, we have undertaken analyses similar to that prey pper limits can be scaled as a function of energy with the

sented by Atac and co-workers for the decay of the SD ban fficiency of the array. Although it is difficult to determine

in 14 H .
in “Eu [173]' Sfurrr:mg\g tge t(l;ree dz?)ta Sets, Sl?gllje %atﬁs er: imilar values for the unobserved two- and three-step decay
sfet ofnldeac of the g han members :‘; untoide t reeto athways, conservative limits two and four times that of

(fourfold) events, and the remaining twithreg transitions single-sted. =1 decays have been estimated. Clearly further

\(/jvere su dmmed It?{. se?r:chsg)rbdogmNEiplei) t_st?p ﬁtati_sti(_:?l experimental work aimed at fully characterizing the 2.746-
ecays depopulating the and. No statistically signiican ?V v ray, measuring thé&(E2) value for the gDﬂegD
candidate cascades were found in these analyses. A series O .. ; : S
transition, and(most importantly locating the remaining

s Tt TME! STzt f th SO decay ety i requred
estimate the upper limit for the intensity that can be carried We wish to acknowledge fruitful discussions with various
by unobserved multistep decay pathways using the Atastaff members at Oak Ridge National Laboratory. This work
analysis method. Conservative estimates of two and fouwas supported in part by the U. S. Department of Energy
times that associated with the search for 1 discrete de- under Contract Nos. W7405-ENG-48LNL ), DE-ACO03-
cays (for two- and three-step cascades, respectjvegve  76SF00098LBNL ), and DE-AC05-960R2246DRNL), in
been established. Therefore, the most intense multistep cagart by the National Science Foundati@Rutgers, and in
cades would be expected to have intensities lying slightlypart by the Research Corporation Grant No. 152 and an IPA
below the sensitivity of our experiment provided that thelndependent Research Agreement with the Division of Un-
low-lying states are populated via multistep decay cascadedergraduate Education of the N$ISU).
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