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The « decay of'®¥Pb has been studied in detail at the focal plane of the RITU gas-filled separator. The four
previously knowna: decay branches have been ordered into the decay of two isom&%m The deduced
decay scheme and the interpretation of the inferratecay hindrance factors andrays observed at the focal
plane are strongly in favor of the recent suggestion of triple shape coexistence—oblate, prolate, and near-
spherical in the daughter nucled&Hg.
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Shape coexistence is a common phenomenon in the light An independent approach to the issue of shape coexist-
lead and mercury isotopdd]. While all the known lead ence, and a technique which has been successfully employed
isotopes are believed to have spherical ground states, it is locating the triplet of 0 states in*®*%Pb[4] among others,
now well-established that, in the light lead nuclei, a prolateis to study thea decay into the nucleus of interest.decay
intruder configuration becomes yrast at low spin, reaching gnay be particularly revealing since it is very sensitive to the
minimum for neutron numbeN=103[2,3]. The most im-  strycture of low-lying states in both the parent and daughter

pressive example to date of shape coexistence in the lighf,clei. Analysis of decay branches, lifetimesyrays corre-
lead nuclei has been found #¥%Pb, where the lowest three lated with « decays at the focal plane, and especially

states.populated in the deca_ty Oflgop.o all havg]”=0* and gecay hindrance factors, may be highly instructive.
were inferred to be associated with spherical, oblate, an In the present Rapid Communication, we have aimed to

prolate minima, respectively]. . . . ! th
. ! 181,183.18 .. investigate the claimed shape coexistencé’fhg by study-
In the light oddA mercury isotopes, Pig, a simi (j’gg the & decay of 18Pb. A 200 MeV #*Ca beam from the

lar situation pertains. However, in this case the competitio 130 cvelot t the University of Jughyvlz oo
is between low-lying prolate rotational bands and excited cyclotron at the University ot Jysayla was Inci-
configurations built on a 13/2 oblate isome{5-7]. Two dent on a target consisting of two stacked 50@/cn? self-

recent studies by Kondest al. have supplied evidence for a SUPPorting 14%Sm metallic foils, producing*®Pb via the
new phenomenon in the context of both the light mercury’” Sm(*’Ca,3) reaction. Gamma rays at the target position
and gold isotopes, namely, the existence of three differerivere detected by the JUROSPHERE Il array consisting of
shapes: oblate, prolatand near-spherical, at low excitation seven TESSA-typgl0], five Nordball[11], and 15 Eurogam

in "*Hg [8] and *"°Au [9]. In the case of-"*Hg, the basis of Phase | detector§12]. Fusion-evaporation residues were
this assignment rests on the interpretation of a high-spin deseparated from scattered beam and fission products using the
cay scheme obtained by correlatingrays detected in the RITU gas-filled separator. The fusion products were im-
Gammasphere array with recoils and the charactertéidg  planted in a 80 mm 35 mm silicon strip detector at the focal
a decay at the focal plane of the Fragment Mass Analyzeplane. The subsequelt decay of these residues was re-
(FMA) [8]. This analysis of thé"*Hg decay scheme differs corded in the strip detector and tlhedecay spectrum was
strongly from the known oblate/prolate shape coexistence igalibrated using the known activities dfHg, *"*Hg, and
the heavier odéh mercury isotopes and it is, therefore, nec- 17%Pt. The focal plane was surrounded by three Nordi4l)
essary to obtain additional information to further constrainand two TESSA-typ¢10] Ge detectors affording a total ef-
this interpretation. ficiency of about 1% at 1.3 MeV.
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Two a decay lines were initially reported fot**Pb by
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TABLE |. « particle energiesQ, values, absolute intensities, branching ratios, andiecay hindrance
factors(HF) for the & decay of'®%Pb. HF are calculated assuming no angular momentum chaige,
and under the assumption that, = 100% taken from systematics. HF are evaluated relative to the reduced
a widths for the 0 —0" « decays of the neighboring even-even lead nuclei using the Rasmussen prescrip-
tion [23]. The table is divided into those decays from the low-spin isottws) and the high-spin isomer

(bottom.

From Ref.[16] Present work

E, (keV) I, (%) E, (keV) Q. (keV) I, (%) Branch (%) HF
657915) 5.520) 657010) 671710) 4.36) 28(4) 2.04)
6781(15) 20(4) 67757) 69247) 11.008) 72(5) 4.4(5)
671210) 72(4) 66985) 68485) 82.715.4) 97(6) 1.31)
687415) 2.510) 686011) 701311 1.95) 3(1) 20355)

ments in the literature which present only one half-life for all

Schreweet al.[13]; this original work was subsequently con- the observed activity, variously quoted as @) ms [13]
firmed by Tothet al. [14]. Later work such as that of Keller and a later value of 43336) ms [17]. The details of the

et al.[15] and Tothet al.[16] resolved four distinctr decays

observedy decays are presented in Table | and exhibit good

(see Table )l However, prior to the present work, the de- correspondence in terms afparticle energies and branching
tailed « decay scheme fof®¥Pb had not been established, ratios with the earlier work of Totlet al. [16]. Since in this
and it was assumed that the fowr decays represented earlier work the activity was not implanted in the detector
branches from a single decaying state. The present work but rather was transported and implanted on a rotating wheel

confirms the existence of these four previously known

with a detector at some distance away, the effects of electron

decays(see Fig. 1 and, for the first time, with the added summing will have been minimdll6], and we can safely

possibility of studying correlations withy rays in both
prompt and delayed coincidence with tlhe decay at the

infer from the close correspondence in branching ratios be-
tween these independent studies, thatdhpeaks observed

focal plane, we have been able to construct a consisterh the present work originate solely from decays and do

scheme for ther decay of 18Pb (see Fig. 2

Each of the four observed lines is seen to be correlated
with the single knownx line in the daughter nucleus/*Hg
(see Fig. 3 This clearly demonstrates that all of thede-
cays proceed directly or indirectly to a singtedecaying

not represent spurious peaks due to electron summing.

Observing coincidences with rays at the focal plane, we
find that the 669¢) keV and 6570L0) keV « decays feed
excited states in*"°*Hg which decay byy emission. The
66985) keV a decay is correlated with twag/ rays with

state in1"®*Hg. Moreover, measuring the lifetimes associatedenergies of 110(8) and 60.62) keV which are in prompt
with the four « decays allows them to be divided into two coincidence with each other, but in delayed coincidence with
pairs of decays from two different states—one with a half-the emission of thex particle [see Fig. 4(bottom]. The

life of 415(20) ms and one with a half-life of 5330) ms(see

half-life of the isomeric state at 172 keV from which these

Fig. 2. These values supersede earlier half-life measuretransitions decay is determined to be 6.4(2% by fitting
the time difference between the 6698keV « decay and the

FIG. 1. Totala spectrum obtained in the present work. Tdae
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T T T 7 T T T T T The 657010) keV a decay was found to be in prompt
coincidence with a 217 ke\y ray [see Fig. 4(top)]. No
delayed gamma rays were observed in coincidence with this
a line. Since the 217 keV transition is in prompt coincidence
with the « decay, the available multipolarities are limited to
E1l, E2, andM1/E2. The observeK x-ray lines allow a
conversion coefficient ofrx, =0.16(5) to be deduced for the
217 keV transition. Given thatg(E1) is calculated to be
0.05,E1 multipolarity can be ruled out. The measured con-
version coefficient is close to that expected forBa (ak
=0.14) transition and much smaller than that for a pdre
transition; ax = 0.75[18]. However, given the extended na-
ture of the source and, hence, the inherent uncertainties in the
efficiency of y-ray detection at the focal plane, we cannot
rule out the possibility that it is a mixe 1/E2 transition

FIG. 3. a-particle energy spectrum for parentdecays in*8%b, ~ With a largeE2 admixture.
correlated with a subsequeh®™g o decay of 6288 keV, within a Using the recoil-decay-tagginRDT) technique, it was
search time of 1 s. possible to correlate rays at the target position measured

by the JUROSPHERE Il array with each of the twode-
subsequent 111 and 61 keyrays or associated x rays from caying states. The results of this analysis will be reported in
a total of 93331) coincident events. detail elsewher¢19].

By matching the intensity of the observedrays to the The light lead nuclei are all believed to be spherical at
intensity of the coincident 6698) keV « decay we may low excitation energy due to the presence of %82 shell
straightforwardly obtain total conversion coefficients for thegap. Long-lived isomeric states in the light oddead nuclei
two 7y rays. This yields a total conversion coefficient for theare produced by coupling a neutron single particle to the
111 keV transition of av,,,;=46.3(8.5) which corresponds to spherical core, leading to the systematic appearance of two
the calculated valueg,,;=47.3 for anM2 transition[18]. a-decaying isomeric states with very similar half-lives. For
Moreover, sincek shell internal conversion may only occur example, in'®Pb, two isomers have been located and have
for the 111 keV transition and not the 61 keV transition, webeen shown by means of laser spectroscopy to have spin/
can also obtainy,=43(10) for the 111 keV, which is con- parities of 3/2 and 13/Z, respectively{20]. Two isomers
sistent with the expected=31.5[18]. The half-life of with the same spin/parity as thoseifPPb are also proposed
6.4(9) s associated with this transition is comparable tofor *¥Pb [21,22. These two isomers arise naturally from
the Weisskopf estimate for avi2 transition of 1.2 us. Ap-  placing the odd neutron in thay, andi 3, orbitals, respec-
plying the same methodology, we obtain a total conversiorively. Isomers of similar origin should occur it#*Pb, al-
coefficient, ;= 5.6(7) for the 61 keV transition, in close though for lower neutron numbers it will become progres-
conformity to the expected value,,,=6.3 for anM1 tran-  sively more favorable to create a hole in the neuthgp
sition. shell, leading to the possibility of a spin/parity of 9/Zor
the low spin isomer.

— T Let us review the decay of the twe-emitting states in

Gate on 6570(10) keV ] 18%p in turn, in view of the expectations from the behavior

217 1 of the heavier oddk lead nuclei. The strongest line ob-

served in the present work of 6683 keV would be most

. consistent with a 13/2—13/2" decay. Indeed, the strongest

J a decay from botht®Pb[20] and ¥’Pb[21] has been given

1 such an assignment. This is not surprising, since the*13/2

i Gate on 6698(5) keV - state serves as an yrast-trap catching the majority of the flux

150 o - from high spin states populated in a fusion-evaporation reac-

- Hg K x-rays . tion. While the 13/2 state in the lead nuclei is a spherical

loor 61 // 7 single particle state, in the oddmercury isotopes the 1372

oL ] state is believed to correspond to the weak coupling of an

L 111 | i 132 Neutron with an oblate core. Using the Rasmussen for-

05—l IOOA—W T S — malism[23], we extract a hindrance factor for the 6698
keV « decay of 1.81), i.e., essentially unhindered, which is

entirely expected for a transition connecting states with the

FIG. 4. Gamma rays coincident with particles at the focal Same spin/parity, corresponding to the one-step removal of
plane of the RITU spectrometeitop) vy rays in prompt coincidence two protons to change from the(Op—0h) lead core to the
with the 657010) keV « decay;(bottom v rays in delayed coin- 7(0p—2h) oblate mercury core. The inferred 13/2tate in
cidence with the 6698) keV « decay. "g decays byy-ray transitions of 60@) keV and
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110.83) keV with multipolarities deduced to b1 and spherical state in the daughter with change in angular mo-
M2, respectively. Assuming a stretched cascade, this impliesmientum, which would have a more typical hindrance factor
that they decay to a state wifif of 7/2”. This is in complete around four. Large hindrance factors are most commonly as-
conformity with the spin/parity of 7/2 assigned to the sociated with structural change between parent and daughter
ground state of'’®Hg by Kondevet al. [8]. Moreover, the states. For exampley decays have not been observed from
9/2” state at 61 keV to which the 111 key ray decays, the spherical 3/2 isomer in %Pb and'®’Pb to the 1/2
coincides with the location of a 972state in the in-beam ground state in the daughter nuclghe bandhead of the
decay scheme of Kondest al. [8]. The ground-state spin/ 1/27[521] prolate configuration The lower limits for the
parity of 1"°*Hg was assigned on the basis of the unhinderediindrance factors, calculated farL =0, for sucha decays
« decay to a 7/2 state in'"*Pt[24], followed by an unhin- were set at around 600 and 500 f§PPb and®"Pb, respec-
dereda decay to the first excited state f'Os[25] which ~ tively [20]. The hindrance factor associated with the
has been assigned a spin/parity of 7/2s a member of the 686011) keV « decay in the present work is large, indicat-
5/27[523] ground-state banf6]. ing structural change, but is significantly lower than the val-
A consistent interpretation of the low-lying statesififHg ~ ues associated with the highly forbidden decays®h'®Pb,
now emerges and, in contrast 1#'1%Hg where the separa- especially when the angular momentum change € 3) is
tion of the 13/2 isomer and the 1/2 ground state is un- taken into account. We conclude that the deduced hindrance
known[5,6], it has been possible to extract the energy sepafactor for thea decay is not inconsistent with the structural
ration between the oblate 13/2somer and the ground state change associated with a decay connecting a spherical state
in 17°Hg, which is 172 keMsee Fig. 2 We note in passing in #Pb with the ground state df *Hg which has been sug-
that the associated half-life for tdé2 decay from the 13/2  gested to arise from the coupling ofhg,, or f;, neutron to
state in*"*Hg implies a hindrance factor relative to the Weis- a weakly-deformed prolate cofé&].
skopf estimate of 5(Z). For comparison, the hindrance of = The 6775 keVa decay from the low spin isomer also
the M2 transition in the present work is of similar order to feeds the 7/2 ground state in‘’*Hg directly. The low hin-
the decay from the 13/2isomer in 18| [27], where the drance factor of 4() for this decay again points to a decay
large hindrance is attributable to the decay connecting a prdrom a spherical isomer if®¥b to a near spherical ground
late 13/2 bandhead to a weakly oblate 9/3tate. state in1"*Hg. However, the hindrance factor is around four,
Kondev et al. argue on the basis of their decay schemesuggesting a modest change in angular momentum. The sec-
that the ground state of®Hg does not have a large prolate ond branch from the low spin isomer has arparticle en-
deformation, but is near-spherical with a weak prolate deforergy of 6570 keV and feeds an excited state 217 keV above
mation (e,~0.15) [8]. Their argument rests on several fac- the ground state. On the basis of associated x-ray intensities,
tors. Firstly, from their decay scheme it is clear that considthe y ray which deexcites this state is most likely &2
erable structural change occurs at low excitation energy witlransition, although our analysis cannot exclude the possibil-
a number of levels with irregular energy spacing in the firstity of it being a mixedM1/E2 deexcitation. The inferred
700 keV. There is evidence for a sequence built on thénindrance factor for the 6570 keW decay is very low
ground state with a very low moment of inertia, indicative of[2.0(4)] and would be most consistent with andecay con-
a low deformation. This sequence is crossed around spinecting states of the same spin and parity in the parent and
15/2" by a well-deformed, strongly-coupled band which wasdaughter. Accepting this usual interpretation for the hin-
assigned a 5/ 512] configuration. The only plausible man- drance factor leads to two different scenarios depending on
ner in which to account for the existence of the 7round  whether the)™ values of the low spin isomer itf*Pb remain
state is to place the odd neutron in thg, or f,, orbitals  3/27, as in the heavier odé-lead nuclei or have changed to
which only lie near the Fermi surface at small prolate defor-9/2~ due to the ability to access tliwg,, orbital. The former
mations[8]. By establishing a spin/parity of 7/2for the  possibility seems the more likely as the 6570 ke\WWecay
1"Hg ground state in the present work, we require similarwould correspond to a favored 3/20 3/2° « decay with a
arguments to explain the parentage of the ground statsubsequent decay to tHé*Hg ground state by a 217 kel&?2
Moreover, the fact that we do observe a 6880 keV «  transition—the most likely multipolarity deduced from the
decay from the 13/2 state in'®%Pb to the'’®Hg ground state  observedK x-ray yield. The alternate possibility involves a
indicates major structural differences betweétHg and the  9/2~ assignment to thé®Pb isomer which would be diffi-
heavier oddA mercury isotopesi®:1®Hg since a second  cult to reconcile with the possibility of a relatively fast2
decay branch from the 13/2isomer has not been observed transition (half-life ~us) connecting the two isomers in
in 8518Pp[20]. This is unsurprising since the latterde-  83Pb—our decay scheme implies a separation between the
cays should be highly forbidden as they involve both a majohigh and low spin isomer if®3Pb of 796) keV. The relative
structural changand a large change in angular momentum, « intensities and half-lives of the isomers #i°Pb do not
given that 818Hg have J"=1/2" ground states arising support such competition. We, therefore, strongly prefer the
from the strong coupling of g3, neutron to a prolate 3/2” assignment to the low spin isomer #°%Pb. Clearly, it
m(4p-6h) core. The deduced hindrance factor for thewould be desirable to more rigorously assign the spin/
686011) keV decay is 20®5) [or 67(18) if the angular mo-  parities of both isomers directly. Such a determination has
mentum dependencal =3, is taken into accouhtThis is  recently been performed for both isomers ##Pb by An-
too large for a decay from a spherical state in the parent to dreyevet al.[20] using resonance laser ion spectroscopy.

011301-4



RAPID COMMUNICATIONS

CONFIRMATION OF TRIPLE SHAPE COEXISTENCE IN. .. PHYSICAL REVIEW 66, 011301R) (2002

Let us review the information supplied by the detailed ties of thea decays from*®3Pb support the suggestion that
decay spectroscopy of*¥b. Firstly, it is clear that a pro- the ground state of’*Hg is near spherical made by Kondev
nounced structural change has taken place on moving frond; 51 on the basis of their in-beartf®Hg decay schems]
181,18 17 : ’

Hg to *™Hg. We have observed a secondbranch  1pic" noar spherical configuration completes the triplet of

H i~ 18
from the 13/2 isomer in ***Pb to the grounq state 6179"!9‘ hapes—prolate, oblate, and near spherical near the ground
Such ana branch has not been observed in the heavier lea tate in17%Hg

nuclei, nor would it be expected to be since such a decay
would correspond to considerable structural rearrangement This work was supported by the European Union Fifth
as well as a large change in angular momentum f@m Framework Program “Improving Human Potential—Access
=13/2" to J™=1/2". The observed hindrance factor of the to Research Infrastructure,” Contract No. HPRI-CT-1999-
13/2" to 7/2° « decay in8%Pb is inconsistent with a decay 00044 and by the Academy of Finland under the Finnish
between a spherical state in the parent and a spherical state@enter of Excellence Program 2000-200Broject No.

the daughter nucleus. The magnitude of the hindrance facte¥4875, Nuclear and Condensed Matter Physics Program at
suggests structural change and would be consistent with thE/FL). This work was also supported by the U.S. Depart-
a decay connecting a spherical state in the parent with anent of Energy Grant Nos. W-31-109-ENG38 and DE-
weakly prolate deformed state in the daughter. Our confirmaFG02-95ER40934 as well as National Science Foundation
tion of the ground-state spin/parity f*Hg and the proper- Grant No. PHY95-14157.
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