PHYSICAL REVIEW C VOLUME 58, NUMBER 2 AUGUST 1998

Study of 29%2%Pg through B* and electron-capture decay and the manifestation
of shape coexistence in the lighter Po isotopes
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Levels in 29020P¢g were studied via thg™ and electron-capture decay of mass-separated At isotopes.
Multiscaled singlesy, x, and conversion-electron spectra as wellyagt, y-e -t, and x-€ -t coincidences
were measured. These isotopes contain key information for the presentépe?h intruder configurations in
the light Po isotoped.S0556-28188)02008-1

PACS numbgs): 23.40-s, 21.10-k, 21.60—n, 27.80+w

[. INTRODUCTION ity, they calculated the quasiparticle-random-phase approxi-
mation (QRPA) wave functions of the 2 states. Their
Extensive studies on™0intruder states in even-even Pb, results emphasize the critical role of thelhy, and the
Hg, and Pt isotopes have been performed at several on-lingli,5, orbitals in the onset of collectivity in the polonium
mass-separators over the last ten years ugig and isotopes. Although the non-yrast 2and 4" can be satisfac-
electron-capture and/ar decay(see, e.g., Refi1] and ref-  torily described(especially in *°°'%Pg) as predominantly
erences there)n A large set of data on these low-lying'0  multiphonon excitations, the model fails to reproduce the 0
excited states has now been established with, in some caségyels.
deformed rotational-like bands built on top of them. The de- In this article, the detailed level schemes 820
formed configurations can be interpreted in terms of awhich result from theg-decay studies of *?*At are pre-
proton-pair excitation across the clos@d=82 shell gap. senteq. It is advocated that thes_e isotopes revegl the key in-
These structures “intrude” into the low-energy structure dueformation for the presence of intruder states in the low-
to a gain in total pairing energy and an increase in totaNergy level structures fo¥°®Po and lighter Po isotopes.
proton-neutron interaction energy, which gives rise to two
coexisting structures. Also in the odd-mass ZH81) and
Bi (Z=83) isotopes intruder states have been observed at
low energy and have been interpretedmd&p{ 1hy,]-2h) and The 290299t nuclei were produced in a fusion-
m(2p-1H3s,,5]) configurations, respectivelf2—4]. A strin-  evaporation reaction of 200 Me\VNe on "Re at the
gent test for the description of intruder states would be the. ISOL facility [14] in Louvain-La-Neuve. The beam energy
identification of shape coexistence basedmdp-2h con-  was optimized for every product nucleus separately by using
figurations above th&=82 closed shell in the Po isotopes, degrader foils. After extraction from the FEBIAD ion source
corresponding to the excitation of two extra protons to thg15] the reaction products were separated in Q/M in the ana-
next major shell. Low-lying 0 states have been observed in lyzing magnet and implanted into an aluminized Mylar tape.
1980 and 1%pPo fed by thea decay of 2°2Rn and ?°Rn,  The radioactivity was periodically moved from the implan-
respectivel)f5—7], and in ?°®2°Po populated by thg decay tation chamber to the decay position. For the detectioy of
of 2002027t [7]. Extra 2" and 4" states have been observed rays, two high-purity germanium detectors were used, with
in 19%81%pg by Alberet al. [8] and have been interpreted as respective efficiencies of 70% and 90% for the 1332.5 keV
belonging to a band built upon the"Oexcited states. This line of ®°Co relative to the efficiency of an 3 in&t8 inch
assignment has been questioned by Younes and Ciz¢9jski Nal(Tl) detector at a distance of 25 cm from the source. A
who described the Po energy levels including the recentljow-energy germaniuniLEGe) detector, with an active area
observed levels ot 199Po[10—13 within the particle-core  of 1500 mn¥, was used to detect x rays and low-energy
model(PCM) where the two protons are coupled to a vibrat-rays. Standardy-calibration sources were used for energy
ing core. To explain the microscopic evolution of collectiv- and intensity calibration of these detectors. A coole@.i$i
detector(Schlumberger type with a thickness of 4 mwas
used to detect conversion electrons. A resoluteWwHM) of
*Present address: Mokwon University, 24 Mok Dong, Chung-Ku,2.1 keV was obtained for the 624-keV dine of 13'Cs. This

II. EXPERIMENTAL DETAILS

Taejon, 301-729 Korea. e detector was placed in the decay chamber at a distance of
TPresent address: Warsaw University, Institute of Experimentat cm from the Mylar tape. Energy and intensity calibrations
Physics, Hoza 69, 00681 Warsaw, Poland. of the electron detector were performed using transitions
*Present address: University of Notre Dame, Notre Dame, Indiansvith known conversion coefficients. With this setup time-
46556. sequentialy-, x-, and electron-singles spectra were taken and
Spresent address: IMEC, Kapeldreef 75, B-3001 Leuven, Bel-y-t, y-Xx-t, y-€ -t, and x-€ -y coincidence events were
gium. collected.
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FIG. 2. They spectrum obtained foA=202 in coincidence
with the 666-keV 2 —07 transition. The most intense lines are
indicated with their energyin keV).
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FIG. 1. They-ray spectrum obtained fok=202. Selected tran- the transitions that belong to the decay?8fAt are given in
sitions have been indicated with their energy in keV. Those linesTable | together with their conversion coefficients and the
resulting from decay of a contaminant are labeled. multipolarity that has been deduced. A check was made if
the corresponding elines were coincident with the charac-

Il EXPERIMENTAL RESULTS teristic Po-K x rays. A representative coincidence spectrum

A. The B* and electron-capture decay of?%%At

Previous to this paper, the most detailed information
about the excited states 8¥%Po was available from in-beam
studies of Beuschast al.[16] and Fanet al.[17]. The study
of the doubly-odd Fr-At-Bia-decay chains has yielded a
rudimentaryB* and electron-capture-decay scheme& Bt
[18]. B+ and electron-capture decay 6t2Po was observed
from two states; th€7 ") isomer[T,,=182(2) 4 as well as
the (2*, 3™) ground statdT,,,=184(1) 4. The heavy-ion
fusion-evaporation reaction used in this study favors the
high-spin isomer, but a non-negligible population of the low-
spin ground state can be expected. From these results it i
expected that the8™ and electron-capture decay %At
will feed low-spin levels as well as high-spin levels up to
|~8% in 2%%Po.

Figure 1 shows ay-ray spectrum obtained foA=202.
The transitions that are identified with the decay’®#t, on
the basis of their half-life and x-eor -y coincidence rela-
tions, are indicated with their energy in keV. The spectra are
contaminated by decay from isobars ang-decay daughter
nuclei. The most intense lines contaminating the spectra are
labeled. For the 677.2 keV2-0" transition approximately
2.5X 10° y-ray counts have been collected in each Ge detec-
tor. A y-ray spectrum that has been gated on this-20"
transition with background subtraction is shown in Fig. 2.
This results in a clearf®At 8 and electron-capture-decay
spectrum where all the lines fromdecay daughter activity
and the ?°?Po isobar are suppressed. True summing of the
most intensey rays yields the most intense lines in the en-

ergy region>1 MeV. Figure 3 shows electron spectra ob- obtained forA=202. The electron transitions which belong to the
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FIG. 3. The low energya) and high energyb) e  spectra

tained forA=202. The most intense electron transitions thatdecay of2°?At are indicated with their transition energin keV).
belong to the decay of°?At are indicated with their transi- (c) shows an & spectrum in coincidence with Pog x rays.
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TABLE |. The relative y-ray intensities(l ,) for transitions identified to thgg* and electron-capture
decay of?°?At, conversion coefficientsa, ande«, ), and multipolarity of transitions iR°Po. The theoretical
conversion coefficients are taken from $ebet al. [19]. “Cal.” indicates that the known multipolarity of
these transitions has been used for ¢he- y intensity calibration.

Energy I, Experiment Theory Multipolarity
(keV) E2 M1 El

364.12) 3.605 K-0.0365) 0.044 0.26 0.017 E2

387.05) 1.805)

416.53) 2,993 K-0.092) 0.033 0.18 0.012 61%2/39%M 1

L-0.0233) 0.014 0.031 0.0021

418.63) 1.23) K-0.12(4) 0.033 0.178 0.012 M1

436.32) 1.86) K-0.13(4) 0.03 0.159 0.011 M1

443.02) 55(4) K-cal. 0.0288 E2

479.74) 1.4(4) K-0.0338) 0.024 0.123 0.0092 E2

502.82) 2.6(7) K-<0.012(4) 0.022 0.11 0.0085 EQ)

525.85) 1.4(5)

526.35) 2.7(5)

536.03) 0.5(3)

571.32) 87(8) K-cal. 0.0172 E2

L-cal. 0.00514

591.02) 0.89)

603.22) 17.28) K-0.0574) 0.016 0.068 0.0058 M1

617.63) 14.95) K-0.00606) 0.015 0.063 0.0056 El

619.03) 1.25 K-0.06(2) 0.015 0.063 0.0055 M1

625.32) 3.605 K-0.0244) 0.014 0.062 0.0054 T9ER/2190M 1

677.22) 100 K-cal. 0.0122 E2

L-cal. 0.00314

854.33) 0.7(4)

878.93) 2.1(5) K-0.0062) 0.0075 0.026 0.0029 E2

886.12) 0.8(2) K-0.009(3) 0.0074 0.025 0.0028 E2

908.05) 0.7(2)

990.43) 1.33) K-0.0062) 0.0057 0.019 0.0023 E2
1005.52) 1.13) K-0.0052) 0.0058 0.018 0.0022 E2
1034.23) 0.6(3)

1098.12) 1.13)
1148.12) 0.7(2)
17582) K->0.027 0.0021 0.0043 EO

is shown in Fig. &). The tables of Reelet al.[19] are used lines that have been observed in this study, will be discussed
to determine the theoretical conversion coefficients. Due tat the end.
the doublet structure and the low intensity of the 526-keV A first new level has been found at 1302.5 keV from the
transition, we could not confirm tHe1l multipolarity known  observation of a coincidence relation between the 677.2-keV
from a previous measuremefrit7]. 2t 07, the new 625.3-keV, and the 387.0-keV transition.
In Fig. 4 the level scheme ot’°%Po, developed from co- The 625.3-keV transition was originally reported in Ref.
incidence relations and the Ritz principle, is shown. The lev{18]; but could not be placed. The coincidence relations ob-
els that were known from previous studigds,18 and con- served here together with the intensity of the 625.3 and
firmed in our experiment are indicated with an asterisk.387.0-keV transitions argue for a placement of the 625.3-
These are the yrast’24", 6%, and 8" states as well as the keV transition on top of 677.2-keV level. The measurement
5~ and 9 states. The exact energy position of the 8o-  of ax=0.024(see Table)lis consistent with an assignment
mer is not known because only some feeding transition®f 79%E2/21%M 1 multipolarity for this transition. On the
were observed. The Slevel at 1866.6 keV has been sug- basis of this result and the systematics of the heavier Po
gested from decay studi¢$8], while the 9™ is known from  isotopes, we assign‘2for the spin and parity of this level at
in-beam work 17]. The additional energy levels will be dis- 1302.5 keV. No feeding to the ground state is observed down
cussed, concentrating first on the prompt coincidence transto the experimental limit of }<0.3% relative to
tions that feed the ground state, and then on the delayed(2; —0;).
coincidence transitions that feed the isomerit Bvel at A second 4 level is observed at 1667.4 keV. This as-
1691.5+ A keV[T,,=85(15) ng16,17]. Some new weak signment is based on two new transitions: a 990-Kkex/
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transition coincident with the 2—0; transition and a
418.6-keV M1 transition which is coincident with the based on a 617.8-keV transition populating thi gtate, is
47 —27 transition as well as with the;2-0; transition.
Feeding from this 4 level at 1667.4 keV to the 2 state at
1302.5 keV is not observed down to the experimental limitseparated as a 617.6-kel/1 transition (5 —4%) and a
of 1,<0.4% relative to J(2; —0;). The level at 1689.5 619.0-keVM1 transition. The 2127.5-keV level is assigned
keV is based on the coincidence relation of the 387.0 keV on the basis of an observed 878.8-kE¥ transition to the
ray. Thisy ray shows only coincidences with the 625.3 andyrast 4" state and a 436.3-keM 1 transition to the yrast 6
677.2-keV transitions. Spin and parity for this level could notstate. A spin and parity assignmenti&t=(6") for this level
is preferred due to the similarity withPo[17]. A level at

be deduced.

As discussed in Ref7], the position of a second'Ostate
at 17582) keV is based on the observation of a fully con- coincidence
verted transition to the ground state. This transition is coin{ o, =0.036(5) together with the energy of this level pro-
cident with Po-K,; X rays as can be seen from Fig.cB
From its half-life behavior, the absence of a correspondinghowever, ncE1 transition from this level to the 6level has
y-ray partner(resulting in a conversion coefficient much peen observed. This is in contrast with the Po isotopes of
larger than for aM 1 transition), and the absence of a coin- |argerN, where a relatively strong 7—6" is observed, but

cidence relation with the 2—0; transition, we assign it as

an EO ground-state transition iR®®Po. This electron transi-
tion has an
| (27 —07). We did not observe feeding from this Gstate
to the 2 state down to the experimental limit 0f40.5%
relative to (2, —07).

intensity of 1.3(10 4
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FIG. 4. The level scheme of
20%pg, resulting from thed™ and
electron-capture decay of°%At.
An asterisk is placed before the
levels that are known from previ-
ous studies and are confirmed in
our study.
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The previously observed 5level at 1866.6 keV[18],

confirmed in our measurement. Theray originally ob-
served at 617.8 keV18] is in fact a doublet which can be

2230.8 keV is based on the 364.7-k&2 transition and its

relations. The E2 multipolarity

vides support for a spin and parity assignment 57",

in the lighter isotopes’®®Po and'°®Po) the E2 strength to

the 5 level is higher than th&1 strength to the b level
[10,20. Therefore an assignment bf=7" is not excluded.
An excited state at 2282.6 keV is established from the ob-
servation of a 416.5-ke\E2/M1 transition to the 1866.1-

keV 57 level.

Transitions from this level have also been
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observed to the 6 and 4" states at 1691.5 and at 1248.5 B. The B* and electron-capture decay of?*’At

keV, respectively. This decay pattern supports a spin and The |eye| scheme fof%Po is similar to that observed for

parity assignment of"=(5") for this 2282.6-keV level. 202p, |t has been studied by in-beam gamma-ray spectros-
Three transitions showed a delayed coincidence relat|oeOpy by Majet al.[20]. In addition, the study of the doubly

with the 6 —4; —27 —0; cascade. From the TAC Spectra oqq Fr-At-Bi a-decay chains has yielded a rudimentgy

a half life of ~100 ns was determined. These transitions argynq electron-capture-decay scheme& At [18]. Similar as
placed feeding into the Bisomeric state which is known to j,, 202a¢ i is mainly the (7+) isomer[T,,=47(1) § at 104

have a half life of 8615) ns[16,17). No transitions could be av in 29t from which B+ and electron-capture decay

placed feeding out of the '8level, thus the energy of this occurs. The arguments given f&¥At can be used foP%At

isomeric state could not be obtained in this study. The trany 4 jead to a smalle8* and electron-capture decay intensity
sition energy between the'8and 6" states is indicated with o the (3*) ground statd T,,=43(1) §. From these re-

aA symbol. . sults, it is known that thgg™ and electron-capture decay of
The 502.8-keV transition depopulates a level at2o0a; feeds low-spin levels as well as high-spin levels up to

2194.3+ A keV which has been assignéd=7",8", or 9 | ~8% in 20%o.

based on a conversion coefficient @<0.012(4) which Figure 5 shows a-ray spectrum obtained fak=200. In

indicatesE1 multipolarity. The 526-keVE1L transition, al- 3 manner similar to Fig. 1, transitions frofi%t as well as
though rather strong in in-beam measuremé¢a®, is not  the most intense contamination lines are indicated with their
intensely fed in ourg-decay study. Furthermore, the 526- energy in keV. For the 665.9-keV'2-0" transition more
keV y ray consists of a fast and a delayed component withhan 3x 10° y rays have been collected in the two Ge detec-
different coincidence relations and slightly different energiesors. A y-ray spectrum which has been gated on this 665.9-
which complicates the analysis. Nevertheless, from the dekeV y ray with subtraction of the background is shown in
layed component we can confirm the placement of de%el  Fig. 6. This results in a clea’°At 8 and electron-capture-
at 2217.8-A keV [16,17. The most intense delayed line is decay spectrum where all the lines framdecay daughter
the 603.2-keV transition, which was also observed in a preactivity and the?°Po isobar are suppressed. Due to the high
vious measuremeritl8]. This y ray depopulates a level at efficiency of the germanium detectors, true-summjngays
2294.7+A keV which has been tentatively assignedfrom the most intense transitions have yielded the most in-
I”=77,8", and 9" based on a conversion coefficient of tense lines in the energy region above 1 MeV. Figure 7
ax=0.0574), indicatingM 1 multipolarity. shows electron spectra obtained fr=200. The € lines

In this study, several wealy rays from the 3™ and  which belong to the decay di??At are indicated with their
electron-capture-decay of’’At have also been observed. transition energy. The coincidence relation between the e
The lines that are placed in the level scheme®®Po are |ines and characteristic Po-K x rays was checked. A repre-
discussed in this paragraph. There is an indication for a levedentative coincidence spectrum is shown in Fig).7The
at 1585.2 keV out of the coincidence relation of the weakenergies and the relativeray intensities for the transitions
908.0-keV y ray with the 2 —0; transition. A level at that belong to the decay di°°At are given in Table Il to-
1774.3 keV is established from the fast component of theyether with the conversion coefficients and the multipolarity
526-keV transition. One third of the total intensity, corre-that has been assigned for some transitions. Due to doublet
sponding to the low-energy part of this transition, for bgth structures in the singles spectra, ®2 multipolarity of the
rays and € lines, is coincident with the #4—2; —0; cas- 323.8 keV 7 —5~ transition and theE1l multipolarity of
cade but not with the 443.0-keV'6-4" transition. This the 373.8 keV 7—6" transition[20] could not be con-
indicates feeding into the yrast™4state and supports the firmed in our study. In Fig. 8 the level scheme @Po is
placement of the 1774.3-keV level. The level at 1775.3 keVishown. The levels, known from previous studi&8,2q that
is based on a 1098.1-keyray and its coincidence relations. are confirmed in here are indicated with an asterisk. These
For both levels, no spin and parity could be deduced. Therare the yrast 2, 4*, 6%, and 8" states as well as the 5
is an indication for a 2102.8-keV level via a 854.3-keVay 77, and 9 negative parity states. All these states were
and its coincidence relations. A level at 2254.0 keV is basednown from in-beam work20] and confirmed in decay stud-
on the observation of a coincident 1005.5-keYay with the  ies[18]. We now discuss the additional energy levels, first
4* 2% 0" cascade. It has been tentatively assignedy using the prompt coincidence relations and secondly by
|™=(2"—6") based on th&2 multipolarity of the 1005.5- using delayed coincidence relations due to the feeding of the
keV transition. Al7= (3" —7") state at 2345.8 keV is ob- isomeric 8 state at 1773.5 ke\[T;,,=61(3) ns[20] ].
tained from the coincidence relation of the 479.7-kE¥ New weak lines, that have been observed in this study, are
transition with the 5—4"—2"—-0" cascade. The 619.0- discussed at the end of this section.
keV M1 transition from the doublet at 618 keV is coincident ~As mentioned in Ref[7], the position of a second™
with the 617.6-keV transition indicating a level at 2485.1 state at 1136.5 keV is based on the observation of a fully
keV with spin and parity”=4", 57 or 6°. A 886.1-keV  converted transition to the ground state. This transition is
E2 transition is coincident with the;6—4, —2] —0; cas-  coincident with Po-I; x rays as can be seen from Fidc)
cade and thus depopulated &=(4"—8") state at 2577.6 From its half-life behavior, the absence of a corresponging
keV. A level at 2839.6 keV has been obtained from theray (resulting in a conversion coefficient larger than for an
1148.1-keVy ray which is coincident with the same cascade.M1 transition, and the absence of a coincidence relation
A yray of 536.0 keV shows a coincidence relation with thewith the 2 —0; transition, it has been assigned a£@
603.2-keVy ray, indicating a level at 283047A keV. ground-state transition iR°Po. This 1043.4-keV K-e line
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has an intensity of 4(80) 10 * relative to [y(21+_,01+)_ 808.7-keVy ray also shows a coincidence relation with the

Feeding from this § state to the 2 state is not observed 41 —21 —0; cascade. The level at 2085.5 keV has been
down to the experimental limit of k0.3% relative to tentatively assigned”=(2"—6") based on a conversion
|y(21+_>0+)_ coefficient of ax=0.009(2) that indicateE2 multipolarity
The level at 1392.3 keV is based oryaay of 1392.3 kev ~ for the 808.7-keV transition. The 409.3-key/ray shows a
which feeds the ground state and the 726.4-keV transitiogoincidence relation with the 54, —2; —0; cascade.
which has a coincidence relation with thg 2:0; transition. ~ The level at 2220.4 keV has been assighed! ™, 5~, and
Spin and parity, 2, of this level are assigned by the strong 6~ based on a conversion coefficiefik=0.15(5)] that
EO component in the conversion coefficient of the 726.4-indicates 749 1/26%E2 multipolarity.
keV transition. The corresponding 633-keV K-dine is Two transitions showed a delayed coincidence relation
clearly coincident with the 665.9-keV;2-0; transition but ~ with the 6" —4; —2; —0; cascade. The population of the
not with the 610.9-keV #—2; transition. The 2—0,  361.5-keVy ray into the 8 isomeric state at 1773.5 keV,
transition is not observed down to the experimental limit ofwhich is known to have a half-life of @3) ns[20], has been
0.2% for this transition relative to,(2; —0;). The 1652.0- ~ confirmed. The 564.6-keV transition showed the same de-
keV level is assigned on the basis of a 986.1-kexay that  layed behavior; from the TAC spectra a half-life 570 ns
populates the yrast 2 state. The 496.3-keV transition de- was determined. The placement on top of tHeBate is in
populates a level at 1773.1 keV that has been tentativelgontradiction with previous studyl8] where the 564.6 keV
assignedl =3", 4", or 5" based onax=0.11(4) which was found to populate the,4state.
indicatesM1 multipolarity. A level at 1791.4 keV is as-  Similar to the 526-ke\E1 transition in?°%Po, the 488.0-
signed on the basis of a 514.6-kejfay that shows a coin- keV E1 transition, although rather strong in in-beam mea-
cidence relation with the 42, —0; cascade. Thigrray  surementg20], is not intensively fed by thes-decay. We
has been reported in RdfL8], but was not placed. The new observed a weak coincidence relation with tHe-64; tran-
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FIG. 7. The low energy@ and high energy(b) e spectra

. L . . . . obtained forA=200. The electron transitions belonging to the de-
sition and coincidence relations with the™4:2; and 5y of 200a¢ are indicated by their transition energin keV). (c)

2, —0; transitions. Based on these observations the 9 shows an e spectrum in coincidence with PozK x rays.
level at 2261.5 keV is confirmef@0].

Some weaky rays which have been observed, are dis- IV. DISCUSSION
cussed below. The 1110.3-keY ray and its coincidence
relation with the Z — 0] transition support the placement of
a level at 1776.2 keV. Two weak rays show a coincidence

. . + + . _
relation with the 4 —2; —0; cascade: the 573.7-key/ray 2%0. First, a review on the present understanding of the

depopulat!ng alevel at 1850.5 keV, anpl the 606.3-keMdy Vstructure of the negative and positive parity states will be
depopulating a I_evel at 1_883'1 ka. Ih's Iel/el at 1883.1 ke given followed by a discussion of the properties of specific
has been tenta}tlvely assigned 37, 47, or 5 based on the levels in 2229, The two isotopes in this stud§®22°Po,
M1 multipolarity of the 606.3-keV transition. It should be cqver a transition region between the heavier isotopes
noted here that our final analystsking all the data from all - N> 118 which can be satisfactorily described, and the lighter
detectors into accountesulted in a largey intensity for this isotopes which show a more complex behavior. We will
606.3-keV transition, leading to the current conversion coefshow that the?°22°%po isotopes contain key information nec-
ficient[ a=0.6(2)] which is lower than previous published essary to understand the properties of the lighter isotopes.
value[7] [ax=0.94(12). We attribute aM1 character to
this transition where the previous value assue&M 1/E2. ) )

The 603.2-keV and 650.8-keyrays have been observed A. Negative parity states
in coincidence with the 5—4; —2; —0; cascade. The Due to their striking similarity with the Pb isotopes, the
603.2-keV EO/M1/E2 transition argues for anothdb™) 57, 77, and 9 states up t0'%¥o have been classified as
state at 2414.3 keV. The 2461.9-keV level has been assignatutron statef20]. The two-neutron configurations involve a
|"=4",5,0r 6 based on tht11/E2 multipolarity of the  v(1iy3,) hole coupled to a §,, ps;», oOr f;, neutron hole.
650.8-keV transition. The level at 2461.5 keV is based on th&he energy of thé7 ) level in 2°%Po that has been found in
700.3-keVM ltransition and its coincidence relation with the this study is very consistent with the 7levels observed in
6t —4%t—2*—-0" cascade. other Po nuclei. The systematic trend in these levels is very

Figure 9 shows the positivd € 2*—8") and negative
parity yrast statesl5~ —117) as well as the nonyrastQ
25, and 4 states for the even-even isotopes fréfPo to
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TABLE Il. Relative y-ray intensities(l,) for transitions identified to the decay éf%At, conversion
coefficients ¢ ande, ), and multipolarity of transitions iR°®Po. The theoretical conversion coefficients are
taken from Reelet al.[19]. “Cal.” indicates that the known multipolarity of these transitions has been used
for the e™ — vy intensity calibration.

Energy I, Experiment Theory Multipolarity
(keV) E2 M1 El
323.82) 2.4(6) K-0.236) 0.057 0.36 E2)?2
L-0.04713) 0.0026 0.061
361.52) 0.7(2)
373.82) 7.(7) K-<0.09 0.042 0.24 0.016 E1)?
409.32) 2.54) K-0.155) 0.034 0.19 0.013 7494 1/26%E2
484.42) 48(4) K-cal. 0.0239 E2
L-cal. 0.00838
488.42) 1.8(6)
496.32) 2.2(6) K-0.11(4) 0.023 0.11 0.0086 M1
Lb
514.62) 4.56)
518.53) 1.54)
534.32) 16(3) K-0.007514) 0.021 0.091 0.0081 El
549.32) 0.7(3)
564.62) 13(3) K-0.092) 0.018 0.081 0.0066 M1
L-0.0143) 0.005 0.014 0.0011
573.12) 0.903)
603.22) 0.6(2) K-0.154) 0.015 0.068 0.0058 EO/M1/E2
L-0.083) 0.0043 0.012 0.00094
606.34) 1.1(4) K-0.06(2) 0.015 0.067 0.0058 M1
610.92)  84@8) KP E2
L-cal. 0.00418
650.82) 1.22) K-0.0337) 0.013 0.056 0.0050 53&2/47%M 1
665.92) 100 K-cal. 0.0126 E2
L-cal. 0.00329
700.33) 1.0(6) K-0.09(5) 0.011 0.046 0.0044 M1
726.46) 1.4(2) K-0.11(3) 0.011 0.042 0.0041 EO/M1/E2
808.17) 2.94) K-0.0092) 0.0088 0.031 0.0033 E2
986.12) 3.0(6) K-0.011(3) 0.0068 0.019 0.0023 66E2/34%0M 1
1110.32) 1.1(3)
1136.56) K->0.08 0.0046 0.013 0.0018 EO
1392.33) 1.2(4)

&The multipolarity in brackets from a previous stu®0] could not be confirmed due to doublet structures.
®No values have been deduced due to doublet structures.

similar to these states observed in Pb isotopes. It should k@n is dominant, giving rise to the well known shell-model
noted, however, that it°Po the similarity with the’®Pb  broken-pair structure. Ir°Po the opening of the neutron
isotone(see Fig. 10 in Refl20]) is less pronounced. shell results in 2, and to a lesser extent also” 4devels
As can be seen from Fig. 9, the 11level, identified as a decreasing in energy. For thé Ztate this drop in energy has
mhgy, i3, configuration[23], shows a rather constant be- peen described as a structure change from the proton con-
havior. However a remarkable increase has been observed f@uraﬂon to a rather pure neutron-hole configurafiaf].
the B(E3; 11 —8™) values from a few W.u. for%Po to Down to %o the energy of the 2 yrast state stays
27(5) W.u. in '%%P0[8,20. It has been suggested in REB]  ather constant while the 4 6%, and 8 states show a
that this is due to small (3 ®(8") admixtures in the I1  gmooth increase in energy for reducing neutron number.
state. From g-factor measurements of thé @&omer andB(E2;
8t —6") values, it has been suggested that the wave func-
tions of the 8 and 6" levels remain reasonably pure two-
The ?'%0 (N=82) levels up to~3 MeV have been de- proton configurations up t8°Po [20], while the energy of
scribed using a modified surface delta interactiMSDI)  the 2" and 4" states deviates from a purg(1hg,)? level
within the proton (1h,,2f7,1i13,) model spacg24]. For  structure. Recently Younes and Cizew$R] showed that
the yrast 2 —4"—6"—8" states, ther(1hg,)? configura- this deviating energy can be explained by coupling of the

B. The yrast 2%, 4%, 6%, and 8" states



762 N. BIINENSet al.

(1.5)
(13)
0.7)
(06)
700.3
650.8

(18)

1.0)
(12)

(2.5)
603.2

(7.9
(2.4)
518.5
564.6
549.3

0.7)

(29)
488.0

409.3

373.8

3615
323.8

)
808.7

(0.9)

27)
(16)

534.3

(30)
(48)
(2.2)
(1103 (1)

484.4
L L 1606.3

496.3
514.6
| 1573.7

M

986.1

(12)
(14)

(84)
13923
726.4

1392.3

610.9

1276.8

136.5

136.5

(100)

665.9

665.9

200P g

two outer protons to a vibrating core. Within this particle-
core model, the energy of thet24", 67, and 8" states
down to 2°%Po were reproducefD]. In this framework, the
2" and 4' levels are explained as pure 1 and 2 phonon state:
respectively, while the 6 and 8" states are interpreted as
pure zero-phonon excitatiofise., (1hg,,)?].

The nucleus?®Po, seems to be the transition point in this
smooth trend of the properties of the heavier isotopes. Fron
2090 on the 6 and 8' states separate from each other. The
B(E2:8"—6") value drops from 9.4&) W.u. in 2°°Po down
to 2.01) W.u. in %%0 which is suggested to result from a
configuration change in the*6state[20]. Furthermore the
2" and 4 levels also smoothly decrease in energy. Until
now this gradual change of the low-energy level structure for
A=<198 has been interpreted in two different ways. A first
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FIG. 8. The level scheme of
200 which results from theg™*
and electron-capture decay of
200at. An asterisk indicates that
the level was known from previ-
ous studies and is confirmed in
our study.
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0
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description is based on mixing between the normal states and F|G. 9. The positive ("=2"—8") and negative yrast parity
the intruding deformed ban@,26]. A second interpretation states ("=5"—-11") as well as the nonyrast;0 25, and 4
has been given within the PCM mod#&]. Younes and Ciz- states for the even-even isotopes frdf&Po to 2'%o. Data have
ewski showed that the decreasing trends of the£", and  been taken from Ref9,12,21,22 and present work.
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6" levels are reproduced only by including a sharp rise of TABLE lll. Relative intensity branches for known,Ostates in
the proton-core interaction parameter. The PCM phonoifo.
wave functions become increasingly mixed when going to

the lighter Po isotopes. This has been interpreted as a change B(E0;04 —0;)
in the intrinsic structure of the phonon core. To get more lel=m
insight into the microscopic nature of the vibration, QRPA e
calculations have been carried out to extract semimicro- 202p ~8.3x102
scopic wave functions for the 2 states, which have been 200p ~1.2x10°2
interpreted as the analogs of the phonons in the PCM calcu- 198 =5(3)x 1073
lations. From this comparison a link was established between 196p, ~10°3

the v1i,5,, orbital which becomes dominant in the neutron
component of the 2 wave function and an increase of col-
lectivity in the lighter Po isotopes. The PCM phonon wavedence for missingy-ray intensity due to at0 component.
functions give a good description for the>200 Po iso- This leaves the question about an import&6t component
topes, however, fof%Po and lighter isotopes the model fails in the 2 —27" transition for °>**Po open but, out of the

to reproduce some experimental states, in particular, fhe 0€nergy systematics as given in Fig. 9, the structure of this 2
states. state in the lighter A<200) differs from the heavier iso-

topes @=202). An interpretation of the 2 state in?°Po as
member of a vibrational two-phonon multiplet is doubtful
because of thANy,= =2 selection rule folE0 transitions
For almost all currently observed Po isotopes whkh and theAN,,= =+ 1 selection rule foE2 transitions. Instead
=208, second 2 and 4" states have been identified. In theEO component in the 2—2; transition in2°%o is com-
198,190, these states have been interpreted as members opatible with the occurrence of an intruder configuration and
m(4p-2h deformed oblate band with {ms,,,) “?(7hg)*]  thus of shape coexistence in this nucleus. When the tivo 2
configuration[8]. However, it should be noted that thg 2 states have a different deformation and are mixed, stéhg
and 4 states are always close in energy to theahd 6 _transitions can indegd be observed as was the case.in the Pb
states respectively, which, within the PCM model, can beSotopes[1,27]. Additional support for this interpretation is
ascribed to the predominantly multiphonon character of thesé€ ratioXz;;=B(E0;0, —0;)/B(E2;0, —2;). These ra-
latter description, as they should be nearly degenerate witAe€n observed. The decrease of g, values when going
the 4" and 2 states. In a previous papi@f], these § states 0™ €.9., "Po to *Po, can again be explained by an

were interpreted asr(4p-2h deformed intruder configura- increased mixing of the 2 states. This increased mixing
tions. The 2 states in'62%Po and the 4 states in'%1%Pg corresponds to an increased contribution of the deformed

. , , omponent in the 2 wave function. The decay of the de-
were interpreted as the first members of a collective ban§ d 0 stat h faster t ds the def d
built on top of these ) intruder states. The main argument ormed O, state goes much faster towards the deforme

used was the characteristic lowering of the excitation energ omponent of the 2 wave function than to the normal com-
of the O, 27, and 4 states when reducing the neutron ! onen't. When redu+cmg neutron numl()gnd thus approach-
number towards midshell betwesh=82 and 126 similar as "9 Midshel) the 2 state decreases in energy due to the
in the Pb, Hg, and Pt isotopd4]. In order to resolve the Parabolic behavior of the})pandhe+ad energy and a consid-
disagreement between the two different theoretical interpre€rable increase in mixing with the; 2will result [7,26]. So
tations for the low-energy structure of the lighter Po nucleian increased mixing of these’ 2states will give rise to an
(A<200), more detailed data on the positive parity statedncrease in th&(E2;0, —2;) values. The arguments given
were needed. However, it is clear that tHf9Po and?%%Po  above to interpret the decrease of ¥ig, values as due to an
nuclei play a key role in the discussion since the interpretaincreased mixing between the Ztates are depending on the
tion in the framework of the PCM modg®] is satisfactory fact that theB(EO) value is not changing dramatically. This
for the heavier Po isotoped{202) while for the lighter Po is indeed expected for the polonium nuclei with masses be-
isotopes two distinct descriptions are suggested. Thereforgveen 202 and 198. As calculated in Rgf| the contribution

we examine the properties of the nonyrastand 4 states of the intruder configuration in the Po ground state is for
of these two nuclei more carefully. these nuclei below the 10% level. Frot#®Po on, this mix-

ing starts to become important, growing from 11%#Po
to 58% in °Po and thus th&,,; values will depend on a
20 N ) delicate ratio of mixing between all involved states.

In ?%Po, the 2 state decays only to the; 2state via a Finally, it should be noted that in a recemtlecay experi-
79%E2/21% M1 transition(the ground-state transition was ment of 19%Po, evidence was found for considerable mixing
not observed; J<<0.3%). This is similar to the heavier Po of the m(4p-2h intruder band head with the ground state of
isotopes but in contrast to the decay of the state in*®®Po.  19%pg py itsa decay[28]. When the difference in tunneling
This 2; state decays via aB2/M 1/EQ transition to the 2 probability due to the difference in-particle energy is taken
state and via a-ray transition of 1392.3 keV to the ground into account, ther decay of the’®®Po 0" ground state pref-
state. An indication for similaEQ strengths in'%Po and erentially decays to the intruder state i#Pb rather than to
198 exists from in-beam measuremep®. However a the Pb ground state, indicating that the ground stat®%fo
more recent in-beam experimeftO] did not provide evi- is predominantly ofm(4p-2h character.

C. The 0F, 27, and 4] states

D. Properties of the nonyrast states in?°22°Po
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V. CONCLUSION forces the interpretation of low-lying intruder*Ostates in

the lighter Po isotopes, but for the interpretation of the
#0 states, more experimental ddtmnversion coefficients,

transition rates, etcas well as theoretical studies in a PCM
§r intruder framework are needed to exclude one or the
ther.

We have presented a detailed level schem&%£°Po
resulting from thepB-decay and electron-capture study of
202200t at LISOL. These nuclei were expected to be very
similar to the heavier Po isotopes. We showed that due to th
special deexcitation pattern of the nonyrastdnd 2, states,
20p0 and 2°Po cover a transition region between the
heavier Po isotopes where the positive parity states can be
explained as members of pure two-phonon multiplets in a We would like to thank J. Gentens and P. Van Den Bergh
quadrupole vibrational model ant’®o where am(4p-29  for running and maintaining the LISOL separator. M.H.,
deformed band intrudes into the low-energy part of the exciG.V., and S.F. would like to thank the FWO Belgium for
tation spectrum and mixes with the ground state. This enfinancial support.
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