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Identification of low-lying proton-based intruder states in 18%-19%pp
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Low-lying proton-based intruder states have been observed in the odd-mass isGtdge&®b in experi-
ments at the RITU gas-filled recoil separator. The identification has been performed by observing the fine
structure in thex decay of the parent®®1%:1%Pg nuclei in prompt coincidence with conversion electrons and
v rays in the daughter lead isotopes. Along with the literature data these results establish a systematics of
intruder states in the odd-mass lead isotopes fl8fib down to*®%Pb. Interpretation of these states involves
the coupling of the il;5, or 3ps, odd neutron to the 0 state in the oblate minimum in the even-mass lead
core. Conversion coefficients have been determined for some of the transitions, revealing mixing between the
coexisting states. The experimental results are compared to potential energy surface calculations.
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. INTRODUCTION 199 (see, for instancd12,20) and recently in'®Pb[13—
15] and in ¥%b[17]. The excitation energy of these states
Within the last decade the neutron-deficient lead isotopeshows a nearly parabolic dependence on the valence neutron
became the subject of extensive experimental and theoreticabmber with a predicted minimuf®] close to the neutron
studies, and a wealth of information on shape coexistence imidshell atN=104; the intruder states even become the first
these nuclei was obtained; gde-4] for a review. As a result  excited states in®-1%Pb. In some cases a rotationlike band
of the shell closure aZ=82, lead nuclei are spherical in built on top of the intruder state has been identified. Consis-
their ground stateég.s), but at higher excitation energies a tent with theoretical prediction$2,6], prolate rotational
subtle interplay between configurations with differentbands, presumably ofr(4p-4h) or w(6p-6h) character,
shapes—oblate and prolate—has been predides]. This  have been observed 14?184186.18 |n alpha-decay studies
has been observed experimentally; see, for example, recetite corresponding prolate’Obandhead can be populated, as,
in-beam and decay studies of the even-mass ndéfet®Pb  for example, in®%Pb [17]. In agreement with theoretical
([4,7-19 and references thergin predictions, the energy separation between the coexisting ob-
In particular, low-lying 0° 7 [two-particle—two-hole late and prolate O states in'%%Pb was found to be rather
(2p-2h)] proton-based intruder bandhead stdies), asso- small, of the order of 150 keV.
ciated with a deformed oblate shape, have been identified via In the odd-mass lead nuclei the coupling of a valence
- anda-decay studies in the even-mass lead nuclei down tmeutron to the states in the spherical, oblate, and prolate
minima in the neighboring even-mass lead core is expected
to result in corresponding coexisting configurations. Rather
*Present address: Department of Physics, Oliver Lodge LaboreeXtensive systematics of excited states exist for the odd-mass
tory, University of Liverpool, P.O. Box 147, Liverpool L69 7ZE, lead nuclei withA=193[21]; recent in-beam studies of the
UK. light odd-mass lead isotopes identified the lowest positive-
"Present address: BNFL Seascale Cumbria, CA20 1PG, UK.  parity states in'®718919pp [22-24. The structure of the
*Present address: Institut de Recherches Subatomiques, F-6708-lying states in8-1%Pb can be interpreted as a weak
Strasbourg cedex 2, France. coupling of the odd 1,5, neutron to the low-lying spherical
Spresent address: Laboratory of Radiochemistry, Department d$tates of the even lead core. 119319519 dipole bands
Chemistry, University of Helsinki, P.O. Box 55, Helsinki, Finland. have been observed which were interpreteldscascades,
'Present address: Steilyturvakeskus Laippatie, Helsinki, Finland.resulting from the coupling of thei 15, neutron hole to two
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protons excited across th&=82 shell gap, occupying the from two opposite sides to let the recoils pass through. These
1lhg; and 1iq5, intruder orbitals at small oblate deformation detectors were used to detect conversion elect{CES es-
(see, for exampld.21,24 and references thergirHowever,  caping from the PSSD in prompt coincidence with the fine
in contrast to the even-mass lead nuclei, information on thetructure « decays of the parent polonium nuclei feeding
low-lying deformed intruder bandheads is scarce. Excitedow-lying excited states in the daughter lead isotopes. Also
13/2" states have been observed in the high-spin isomer ignd g particles escaping from the PSSD without depositing
1919%Pb (via s-decay studies of the parent Bi nud@b,26)  their full energy were detected in the electron detectors. The
and in ¥Pb (via the a decay of**'P0[27,28). These states low-energy €,-<800 keV) part of the spectra in the EDs
are interpreted as the coupling of the,g, valence neutron a4 roughly calibrated with al*38a source. The determina-

to the oblatew(2p-2h) 0" bandheads in the even-mass (o, of the absolute efficiency of the EDs necessary for the

Ie:[ag cc;rggPFurigermlore,lw_] a rec_(tanctj fltn?—srt]ructgrelecfay q calculations of conversion coefficients will be discussed fur-
Sy 0 0[18], a low-lying excited state has been foun ther in the text. More details on the application of this

. 18 - . . .
in 18Pb which could be tentatively interpreted as the f'rStmethod are given elsewhef@4,18. In the data analysis,

%bassesr\;gggnngilziprolate deformed intruder state in the OddZz—particle decays in the PSSD were searched for in prompt

In the low-spin isomer in®%Pb an oblate intruder state, coincidence with either low-energy signals in the EDs or

resulting from the coupling of a8, neutron to the oblate with y-ray events in the germanium detecors.
0" state in the even-even core, has been obsd@e®8|.

In this paper we report on the observation, through fine
structure in thex decay of1931%1%Pq, of low-lying proton- . EXPERIMENTAL RESULTS
based intruder states in the daughté?***°Pb isotopes. A Excited states of #m9pp
Preliminary data from this study were given[i9]. Section

Il of the paper gives the details on the experimental setup g jjlustrate the analysis procedure, we present a detailed
and in Sec. Il we present the experimental data, which argiscussion of the19M9po_, 189M.9pp decay. Figure (&)

further discussed in ?’ec- IV on thg basis of poten_tial ENer9¥%nows a singleg-particle spectrum, collected between beam
surface(PES calculations. Conclusions are given in Sec. V. pulses for the %2S+16%r reaction. In addition to
99pg [E,=6949(5) keV] and 1°Po [E,=7004(5)
IIl. EXPERIMENTAL SETUP keV] [31], othera-particle emitters—for examplé®¥Po and
The experiment was performed at the gas-filled recoil ~ Bi—were produced with higher cross sections. Figure
separator RITU[30] at the Accelerator Laboratory of the 1(b) shows the samex-particle spectrum but requiring a
University of Jyvakyla (JYFL). The %Po nuclei were pro- prompt (AT,.-<40 ns) coincidence with a low-energy
duced in the'®Er(3%S,5)19Po [E,,(325)=169 MeV] re-  signal E.-<700 keV) from the backward EDs. Twa
action, while the ®Po nuclei were studied in the lines at E,=6194(20) keV andE,=6375(15) keV are
18TmM(32S,p5n) %P0 [E,p(%2S)=188 MeV] and clearly observed in Fig. (b).
189Dy (4°Ar,5n)1°Po  [E,.p(*°Ar) =189 MeV] reactions. The first line at 6194 keV is associated with the known
The nucleus'®’Po was produced in the latter reaction on thefine-structure « decay of *4Po [E,=6194(7) keV, b,
admixtures of the heavier dysprosium isotopes in the target=0.22%] to an excited 0 (2p-2h) intruder state at 658
Self-supporting targets of 500 wglcnt thickness were ex-  keV in 1%%Pb, decaying further solely by conversion electron
ELO'tEdlgV'th an enrichment of 96%, 100%, and 67% for emission to the 0 g.s.[32]. By comparing the intensity of
%r, '%Tm, and '°Dy, respectively. Pulsed bearf® ms  thjs line (after normalization to the known branching ratio
on /8 ms off of %S and *°Ar, delivered by theK =130 b,) with the intensity of the g-s-g.s. E,=6842 keV) «
cyclotron, were L!sed with an average intensity of abouhecay of1%Po[Fig. 1(a)], the absolute efficiency of the EDs
15 pnA afte.r_ pulsmg. . . for 570 keV conversion electrons was deduced. As the de-
The recoiling fusmn-evaporat_lon product_s, after PasSING,ced efficiency value applies to electrons with an energy of
through the separator, were 'mp'aT‘Fed Intoa 35 mmEef:658 keV—B.-, whereB,- is the electron binding en-
80 mm, 300xm-thick position-sensitive silicon strip de- ergy in the daughter lead nucleus, the electron efficiency for

tector (PSSD, where their subsequent-particle decays other energies was deduced ustepNT Monte Carlo calcu-
were registered. The energy resolution of the individual g GER

strips was about 20 keV. Four germanium detectors Weréations[%}, normalized to the abovg experimental value.
installed a few cm behind the PSSD for the measurement ojgal_he a line at 6375 keV was assigned to thedecay of
prompt and delayedup to a fewus) a-y-ray anda-x-ray 18911Po to an exmtgd sta_lte at 6(:"_L7 keV in the daughter _
coincidences. The energy calibration and absolute efficiency - P nucleus. This assignment is based on the observation
determination of the germanium detectors were performe@f nine 637515-6371) keV a-vy coincident pairs in the
using an intensity-calibrated®®Co source and mixed Prompt (AT,.,<40 ns)a-y matrix; see Fig. ). The sum
152Eu/*%3Ba y-ray sources. At the backward hemisphere theQ value Q, s ,m=7147 keV for the 6375-637 ke\k-y
PSSD was surrounded by six 5 & cm, 456um-thick  pairs is similar to theQ,=7152 keV value of theE,
silicon detectorgfurther referred to as electron detectors =7004 keV g.s—g.s.« decay of1®¥Po. There is a small
(ED9)], forming a 5 cmx10 cm, 5-cm-deep box, open shift to higher energies of the-particle energies of 10-15
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— 192gj _- e - . Sec. Ill). Spin and parity assignments are discussed further in the
W 300¢ l R - . . text.
200 forerr ., e . .
e . sat, Tt - . . .
100 "0 0 - ... 31 S T e c) transitions toL<2. Furthermore, by comparing the numbers

of a-y and a-e~ events for theE,=6375 keV a decay,
after correcting for the correspondingray and electron ef-
E, (keV) ficiency, a total conversion coefficient af,;=1.1(4) for the
637 keV transition was deduced. The deduced conversion
FIG. 1. (a) Singlesa-particle energy spectrum measured in the coefficient value is larger than the theoretical val[@4 for
%25+ 1%%r reaction in between beam pulsés. The same spectrum | <2 transitions[ a,o(E2)=0.017, ey (M1)=0.06, and
as in_(a) but_a prompt coincidence with a Iow-ene_rgy signal in the ayor(M2)=0.16], indicating a strong0 component in the
EDs is required(c) Prompt AT,.,<40 ns) a-y coincidence ma- 537 keV transition. Similarly, a total conversion coefficient
trix for the events from spectrur®). Arrows point toa-y coinci- aor=0.34(16) for the 549 keV transition was deduced, to be
?enlfeve)venés tt:at.arf Iabetlhed Vc‘i'ith m*;)arltide a?dy'Trﬁy enetr.giles compared with the theoretical values afy(E2)=0.024,
in keV) and the isotope ther decay belongs to. The-particle _ _ :
energy labels irfb) are corrected for-CE summing; see discussion cc:vgi:gl\gtle)n? Ow?ti?n ?r::tg;(r(';/lzb)a_rgzv?i.th-rthhee Iﬁ:;jsx;ﬂgev:lue
in the text However, as we will show further, a parity-changiig2
assignment can be ruled out. Therefore the 549 keV transi-
tion should be of mixede0-M 1-E2 character.

6% 00 6200 6400 6600 6800 700

keV in the a-e~ spectrum[Fig. 1(b)] compared to values

deduced from thex-y spectrumFig. (c)]. This shift is due The given uncertainties of the conversion coefficients are

to summing in the PSSD OT the-partlcle'energy with the_ mainly determined by the number afy and/ora-e~ events
energy, left by the conversion electron in the PSSD Wh"eregistered and by the uncertainty of abe20% in the EDs
escaping to the backward detectors, as discusset4iig. fficiency determination

This energy loss is in agreement with calculations performeg By coymparing the nﬁmber of registered 7004 keV and
with the GEANT Monte Carlo cod¢33], taking into account 6949 keV o decays between beam pulses and the corre-
the experimentally measured XY, depth, intensity

P ) ¥ BT _sponding sum of-e~ anda-y events(corrected fore™ and
position-implantation depth-intensity distribution of the re y-ray detection efficiencigs branching ratio values db,,

coils in the PSSD. Thg energy labels of the peaks in Rig\. 1 20.8(3)% for E,=6375 keV andb,=0.7(3)% for E..
were corrected for this effect. X
e . : 10 =6420 keV « decays were derived. Based on these data,
Similarly, fine structure in ther decay of > Po populat- . , .
. . . hindrance factoHF) values were deduced which provide
ing an excited level at 549 keV in the daughté®Pb was o : : . , .
crucial information on the spin, parity, and configurations of

!de_nt|f|ed bY obs_ervmg e|g_ht 64220)-5491) ke_:V @Y €O the states connected by thedecay. Thex-decay scheme of
incident pairs[Fig. 1(c)] with the corresponding value of 19n9pg is shown in Fig. 2; decay data are given in Table I.

Qu.sum= 7104 keV, close to the value d@,=7096 keV . : ! ) > :
for the 6949 keVer decay of ®®Po, In thea-e  coincidence The Q|sculssmn on the configurations dficassignments will
be given in Sec. IV.

spectrum[Fig. 1(b)] a corresponding weak transition at
E,=6420(20) keV could be tentatively observed as a
shoulder of the more abundant peakEgt=6375 keV.

The prompt character of the observeey coincidences Similarly to the case of®™9Po, fine structure in ther
limits the multipolarity of the 637-keV and 549-key-ray  decay of ***™9Po and of*MPo has been identified on the

B. Excited states of!°*™9Pb and 1%"ph
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TABLE I. The «a-particle energiesKE,), intensities (,), and HF values for the “main” and fine-structufés.) « decays of thd ™
=13/2" andl "=3/2" states in Po nuclei along with the spin and parlt§)(and excitation energies{) (relative to the lowest-energy state
of the same spin and par)tpf the excited states in the Pb nuclei. The total conversion coefficients,{ and multipolarity for some
transitions are given in the last two columns, respectively.

APo A=4pp
E, (keV) I, (%) HF ™ (Po) 1™ (Pb) E* (keV) Aexpt Mult.

19%pg_, 18%pp 694910) 99.325) 2.53) 3/12° 3127 0

f.s. 642@20) 0.7(3) 3.7(16) 3127 3127 5491) 0.34(16) EO-M1-E2
19anpg_, 189Mpy, 700410) 99.235) 2.1(3) 13/2" 13/2" 0

f.s. 637515) 0.83) 1.24) 13/2¢ 13/2F 637(1) 1.1(4) EO-M1-E2
199pg, 199pp 660610) 99.935) 2.4314) 3/12” 3/12” 0

f.s. 603@20) =0.1705) <6.519 3127 3127 597(1)

198Mp g, 191mpy, 669910) 99.9125) 1.9618) 13/2¢ 13/2° 0

f.s. 605@20) 0.20112) 2.8(15) 13/2° 13/2 670(1) 0.83) EO-M1-E2
19MMpg_, 193Mp, 6385%10) 99.335) 2.02) 13/2¢ 13/2° 0

fs. 562225) =0.053) <1.7(10) 13/2¢ 13/2" 757(1)

basis of theQ, sum-energy balance, by analyzing prompt The experimental results for the decay of 19319519pg
a-y and a-electron coincidences collected for the corre-are summarized in Table I. The hindrance factors, spin and
sponding reactions. parity assignments, and multipolarity values for someay

For ¥Mpo and ®9Po coincident pairs of 60%20)— transitions are discussed in Sec. IV. We mention that in the
670(1) keV a-y (nine events and 603020)-5971) kev  case of thea decay of **919™Po the deduced branching
a-y (six eventy were observed, respectively. This estab-ratios a_nd hint_dra_mce factor values represent Iowgr and upper,
lishes excited states at 620 keV in *™™Pb and at 59) re;peptwely, limits because of the nonobservatiorved™
keV in 1°8pb. In addition, ane line at E,=6065(20) coincidences.
keV [N,.-=43(6) a-e” event§ in the a-particle spec-
trum gated by the electrons in the EDs was observed. After IV. DISCUSSION
correcting for an energy shift of 10-15 keV due dee™
summing(see abovg an “unshifted” a-particle energy of
E,=6050(25) keV was deduced, which fits well to the
605020)-keV fine-structurea decay of ***™Po and is too
high to be consistent with the 60@WD)-keV fine-structurex

As discussed in our previous wofk2,27), a-decay fine-
structure measurements are a powerful tool to identify and to
study low-lying intruder states. The-decay hindrance fac-
tors can provide information on the structure of the states
195 ) : involved in both parent and daughter nuclei. In the daughter
decay of ™Po. On this ground the conversion electronsy, cjeys the characteristics of the decay of the intruder states
coincident with the fine-structure decay of 605(®5) keV ives information concerning the mixing between the coex-
were attributed as resulting from the deexcitation of the 67Qging states. Additional information on the structure of the

. lglrn . . .
keV level in **Pb and a conversion coefficient afo; gifferent states involved in the decay is provided by PES
=0.8(3) for the 670 keV transition could be deduced. Axgculations.

comparison of the measured and theoretifai,(M2)
=0.14, 4,¢(M1)=0.053, andx;,(E2)=0.015] conversion
coefficients shows also here the presence of a sti&bg
component in the 670 keV transition #*"Pb.

For ¥™Pg two a-y coincident pairs with 56225)— Unfortunately, no direct™ measurements have been re-
757(1) keV have been found, which result in a s, s,,,  ported for the ground state and isomeric state of polonium
value of 649625) keV. This value is in agreemeittvithin isotopes withA=<197 and for lead isotopes witA<193
lo) with the value ofQ,=6517 keV for the 6385 keV [21]. However, based on well-established systematics for
g.s—g.s.a decay of 1MPo. Therefore we tentatively iden- heavier odd-mass polonium and lead isotopes, Lfe
tify an excited state at 7%7) keV in 1%"Pb. Anticipating the =~ =13/2" assignment to the a-decaying states of
discussion in Sec. IV, we mention that the excitation energy!®*¥1%Mm19Mmpg and to the respective daughter products
of this state fits well in the systematics of the I3/M@truder ~ ¥M19MINMPK a5 well as the 372spin and parity assign-
states in the odd-mass lead nuclei with $89<197. ments to19%:1%9pg and8%1°Wpp have been suggested by

As a result of low statistics and a rather high backgroundnany authord21]. According to systematics and available
in the a-e~ coincidence spectra, we were not able to extracexperimental data these states are explained by a weak
the number ofa-e~ coincidences for'®919Mpq; conse- coupling of the 1,5, or 3ps, valence neutron to the 0
guently, no conversion coefficients for the 597 keV and 757%pherical states in the even-mass neighbeee, for ex-
keV transitions could be deduced. ample,[22,24,38 and references therginThe assignment of

A. Spin and parity assignment to the excited states identified
in 189,191,19"i_-)b
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r~rr 11111 1 117 a result of a different number of sub-orbitd® and 7, re-
spectively, the blocking of a single suborbital in thepg,

247 25/2'(sph) orbital appears to have higher impact on thearticle for-
. mation probability (reduced width 5i) compared to the

&(sph), » blocking of a single suborbital in thei f, orbital. This is

2.0 i indeed seen from the present data, asdhéecay between
o the 3/2° states of Po and PB{9:1%3:199pg) has a system-

atically slightly higher hindrance factor (H#2.5), com-

tions when evaluating hindrance factors. In tH&Po
—18Pp case, as discussed in Ré®7,29, the 7378 keVa
. decay proceeds between two 13/3tates. This decay is
W oﬂgph) strongly hinderedHF=26) due to different configurations
ﬁZ*(sph) T involved [pure intrudery(li,z,) ® w(4p-2h) in *Po and
/ normal v(1i5,) ® 7(0p-0h) in *¥Pb]. This strong hin-
0//t> 13/2*(obl) 7] drance is also evident from the long half-lifd,
=93(3) ms of the 13/2 state, to be compared to the 3/2
D////y‘ ] state in1%Po with nearly the same energy of 7334 keV,

/ 3/2'(obl) but a half-life of 22 ms; see discussion[i27].

We can further use the HF values to deduce information
on the spin and parity of the excited states®fi{1911%®p,
identified in our work. The low HF values for the fine-
0.0 A structurea decays of'9319°19pg establish the same spin and

182 184 186 188 190 192 194 196 198 200 202 parity for the states connected by these decéys:13/2"
have been assigned to the excited states, identified in
18I.19Im19Mppy  gnd |"=3/2" to the excited states in

FIG. 3. Low-energy level systematics for selected configurations'®®*°2Ph; see Table I. We remind the reader that some of
in the light lead isotopes. Yrast states are indicated by circlgs, 0 the hindrance factor values in Tabléincluding H=6.5 for
states by empty right triangles, 13/tates by filled down tri-  1°9Pb) are upper limits onlysee Sec. Ill B. Furthermore,
angles, and 3/ states by filled up triangles. The data fff®b  in some cases'¢®*°™Pb) the spin and parity assignment to
from [18] are shown with a solid diamond. Suggested deformationthe excited states is supported by a str&fycomponent in
assignments to most of the states are indicated. The excitation efhe decay of these excited states. The prompt character of the
ergies are shown relative to the @round state in the even-mass a-y coincidences together with the low HF values excludes
nuclei, and relative to the lowest 3/2 13/2" states, for the a parity-changingv2 component in the decay of the excited
negat.ive- and positive-parity states, respectively, in the Odd'mas§tates, resulting in a mixe80-M 1-E2 character of the tran-
nuc:(el. Results are taken frofidi—10,13,15,17—26and the present sitions.

WOTrK.

4'(sph) 0°(obl) pared to the decay between the 13/&tates (HF=2 in
1.6 - / - 193m.19m.19MMpg) - see Table I.
6*(prol) /1/2+(Sph We emphasize the importance of underlying configura-

1.2 14" (prol)

0, v

0.8 1

Excitation energy (MeV)

0.4_ A

Mass number

the same spin and parity to the parent and daughter nuclei B. Oblate intruder states

within each decay chain is strongly supported by the low The low-energy level systematics of the lead nuclei with
hindrance factor values HH2-2.5) for thea transitions  182<A<200 relevant for further discussion is shown in Fig.
between the respective stai@able ). The HF of odd-mass 3. As the energy difference between the isomeric 134ad
nuclei is defined as the ratio of the reducedwidth 8%,  3/2 states is not known for the odd-mass Pb nuclei, the
calculated by the method of Rasmusg8ii], of the transi- excitation energy of the negative- and positive-parity states is
tion relative to the reduced width of the unhindered g.s. given relative to the lowest 3/2and 13/2 states, respec-
—g@.s. (AL=0) transitions in the even-even neighbors. Antively. The values are taken frofiy—10,13,15,17—26and

HF value less than 4 implies unhindered decay betweethe present work.

states of equal spin, parity, and configurati@6]. The slight In the odd-mass isotopes with=191 the 17/2, 21/2",
retardation of thex decay of the odd Po isotopes, comparedand 25/2" states closely follow the 2, 4*, and 6" levels of

to the 0"—0" transitions in the neighboring even-even the yrast band in the neighboring even-mass nuclei. As men-
cores, can be qualitatively understood as a result of a blockioned above, this pattern can be explained by the weak cou-
ing effect by the P5), or 1i13, 0dd neutron. Assuming that pling of the odd 1,5, neutron to the ground state band in the
the a particle is essentially formed at the nuclear surface, theeighboring even-even core; s¢22,24 and references
occupation of an orbital at the Fermi surface by an odd partherein. The ground state band in these cases is of spherical
ticle will reduce thea-particle formation probability, analo- character although some mixing with the intruding oblate
gous to the well-known reduction in pairing correlations. Asstates occur§38].
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For nuclei withA<190 the observed band structure in the T~~~ " T T ]
odd- and even-mass lead isotopes differs considerably. Th ] a) ]
yrast states withi”=4" in the even-mas$®-18Pp isotopes

show an abrupt change compared to the yrast band of the 100 4 L/&\

heavier Pb isotopes. The nearly parabolic behavior of these. ] o
yrast states with a minimum aroumé= 103 can be associ- ]
ated with a prolater(4p-4h) structure intruding to low en-
ergy[6-9,19. In contrast, the yrast states 1"*8Pb do not
drop down in energy as much as in the even-mass nucle
The 17/2, 21/2", and 25/Z states are believel®?2] to re-
sult from the weak coupling of the odd 44, neutron to the
(yet unobserved spherical states in the even-even core,
which presumably become nonyrast in the light even-mass 13

Reduced o width
>
L
-

{1 ——4° g.s.tog.s, Rn
{ ——38° g.s.tog.s. ,Po

—A—82u'm g.s.tog.s.+¢.s.t0 i.s., Po

lead nuclei, although admixtures from a prolate structure, 104 108 112 116 120 124 128 132 136

resulting from the strong coupling of the odd neutron to the Neutron number

even-even core, cannot be ruled ¢R2)]. ——————
The excitation energy of the oblate" 07(2p-2h) in- 100 - t —a—25° for3/2" p) |

truder bandheads in the even-mass lead nuclei Wit 86 ] ——3° for3/2" ]

also shows a parabolic dependence as a function of the net _0_82“‘ for 13/2* ]

tron number{12—-17. These states become the first excited 3 5 tor13/2" ]

states in 8 1%%Ph and the hindrance factor for the fine- < N

structurea decay to these states evolves from 2.8%fPbto £ -~

0.56 in 8Ph[12-14,17. ER SR |
Figure 3 clearly demonstrates that the behavior of the3 ] ]

13/2" excited states inf®"-19"pp identified in this work, &

along with the literature data of¥5™19™pp[25 26, follows

closely the behavior of the 0 oblate intruder states in the =

even-mass lead core and the same trend is observed for tf

3/2" excited states if®®1%8pPp. Furthermore, similar to the B

0" oblate intruder states id®® 1%4Pb, the 13/2 and 3/2° 104 108 112 116 120 124 128 132 136

excited states become the first excited states intfiet*Pb Neutron number

nuclei.
Therefore the observed low-lying states in the odd Pt}or

isotopes are interpreted as intruder states, resulting from trlﬁamondss and for the sum of the 0—0; and 0°—0; decay of

: 8am—197n ' 00, 2
COUp“nggoIg?gn odd Iz, neugon ¢ Pb) or 3z neu-  pg 52 (solid triangles. (b) The same as ifa) but for the decay
tron (*2779Pb) to the band head of the oblate fthe 13/2 (circles and 3/2 (squaresstates in the odd-mass Po

77(2p-2_h) Conﬁgl_Jration in the even-even lead core. isotopes to the 13/2 3/27, respectively, states in Ph. Data are
As discussed in Ref$4,32], the ground state wave func- tgken from[12,13,15,17,18,21,27,28,32]39

tion of light Po nuclei contains both a nearly spherical nor-

mal and deformed intruder component. By comparing thedof the Po mother nucleus. The decay to the spherical
transition strength of the decay of Po to the oblate intruder 7(Op-0Oh) 07 ground state of Pb is retarded, while the
state and spherical state of the daughter Pb nuclei, one catecay to the excitedr(2p-2h) 0, intruder states in Pb is
obtain information on the configurations present in thegetting increasingly favored when moving towards the neu-
ground state of Po. The reducedwidth valuess? are plot-  tron midshell. Indeed, by summing up the reduced widths for
ted as open symbols as a function of neutron number for théhe @ decay to the ground and excited” Gstates 67 .,
g.s—g.s. (0" —0;) decay of the even-mass Po and Rn nu-shown by solid symbojs where data for the fine-structure
clei [Fig. 4@)] and for the 13/2—13/2" and 3/2 —3/2;  decay are known, the expected increaséjrwhen moving
decays of odd-mass Pidig. 4(b)]. Data are taken from away from theN=126 closed neutron shell is reproduced.
[12,13,15,17,18,21,27,28,32]39Ne note that the data for From Fig. 4b) it is clear that the total reduced widtlﬁvtot)
1881890 are preliminary; based on intensities frph8], no  of the « decay of the odd Po isotopes behaves in a similar
I ™ assignment td®®Po has been made so far. Unlike heavierway. The sudden drop in th&? values of18%1°™Pg is pos-
nuclei[see, for example, the even-mass Rn isotopes in Figsibly due to a structure change, as discussed in Refs.
4(a), where a gradual increase in the reduced width is 0bf18,27,28. From the Po reduced-width plot it is also clear
served when moving away from thé=126 closed shell  that thea decay of the odd-mass Po nuclei is slower com-
the 62 values for the even- and odd-mass Po nuclei remaipared to the even-mass nuclei; furthermore, the decay of the
constant down tdN=106. Wauterset al. [32] showed that 3/2” state is more hindered compared to the 13&ate.

the saturation behavior for even-mass Po nuclei is due to thBoth facts are qualitatively explained by a blocking effect, as
increasingm(4p-2h) intruder admixture in the ground state discussed above.

FIG. 4. (a) Reduceda widths as a function of neutron number
the 0" —0;7 decay,@i, of Po (open trianglesand Rn(open
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C. Potential energy surface calculations for the odd-mass lead  higher than the experimental ones. One should mention that
nuclei in Ref.[3] by using the same approach a rather good agree-
To further justify the intruder interpretation for the ob- Ment between calculated and experimental excitation ener-
served states, we performed PES calculations, details of tiiies of the O oblate bandheads in the even-ma$s*Po
calculations can be found in Ref40]. These calculations Was obtained. All this gives us confidence with the results of
were used to describe the odd-mass Po nijigigl, while in  the PES calculations. Potential energy surfaces for the posi-
the present work a summary of the results for the odd-mastive and negative parity states #°~*°Pb are shown in Figs.
lead nuclei is given. To check the reliability of the results, we5(a)—5(f). In agreement with the experimental data, the
performed PES calculations for the neighboring even-masdominant minimum in the PES of the positive- and negative-
lead nuclei which provide extensive systematics for the in{parity states in®%-1°Pb corresponds to the occupation of the
truder oblate 0 band heads; see Fig. 3. Rather good quali-li 3, or 3ps, neutron orbitals, respectively, producing
tative agreement between the calculated and experimentapherical 3,<0.05) 13/2 or 3/2" states lowest in energy.
excitation energies of the deformed ®andheads relative to In addition, an excited oblate configuratiof~0.18, y~
the spherical minimum was obtained, but quantitatively the—60) is predicted to coexist at low excitation energy, both
calculated energy values are systematically about 500 keYor positive- and negative-parity states. Bi¥9Pb these
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T T T to 98% of the spherical component in the ground state of
103 1 ] Pb).
] ] No exact values of mixing parameters through lifetime
measurements could be deduced from the current experi-
5 ment, but the conversion coefficients of the decay of the
g 109 3 intruder states reveal some information about the mixing be-
§ ] ¢ T 1 i ] tween the coexisting states. In Fig. 6 the experimental con-
5 1 version coefficients for the transition between the 13/2
§ i \_ ] states in odd-mass Pb isotopes are shown as a function of
5 103 — E mass number. All values are total conversion coefficients,
° \\ ] except for8’Pb whereK conversion coefficients are given.
=] The data for 18/pp, 19%b, and °Pb are taken from
. [28,25,28, respectively. In**>1°Pph, EO components have
10°

been observed in a number of transitid5,26. In this
work, as we are only sensitive to the lowest-lying states, we
will only discuss the transition from the first excited 13/2
FIG. 6. Experimentaltriangles and theoreticaE2 (squares  states. As mentioned before, the prompt decay of the intruder
andM1 (circles conversion coefficients for the transitions between states limits the multipolarity t&L<2; the low hindrance
t{gg 13/1% states ilr;fhe odd-mass Pb nuclei. Experimental data fof, s of thew decay exclude a parity-changing transition.
Pb, ®*Pb, and'*’Pb are taken f.ro.rﬁ27’25’26’ respectively. Al The experimental values therefore need to be compared with
values are total conversion coefficients, except fPb whereK the th tical val fOE2 dM1 t it Vi
conversion coefficients are given. e theoretical values 9 . an ransiions on y n
order to extract the contribution of tf& component. Figure

o ] _ 6 shows smalEO components for the transition between the
minima are seen as shallow shoulders in the PES, whichg ot giates inl1919%p indicating small mixing between

develop further and reach a minimum in excitation energy
187m,g i i i i
for Pb [28], while for lighter nuclei the oblate mini By moving to lower masses, if°*18Pb the 13/2 intruder

mum is predicted to rise in energy a_nd finally to disappearg,yeg drops down in energy and consequently the mixing of
Similar to the even-mass lead nuclei, the calculated energy,s opate and nearly spherical 13/8tates increases with a
values for the oblate states are higher compared to the ©%trongerE0 component as a consequence. HowevefTRb
perimental values(by ~300 keV for the positive-parity thjs trend is interrupted and the experimental conversion co-
states and by-200 keV for the negative-parity staleSlev-  efficient can largely be explained by &hl transition. Mix-
ertheless, the qualitative agreement between the measurm:b due to possib|e coexistence of the oblate state with pro-
and calculated energies—i.e., the trend of the excitation enate states could be the cause for the reduction ofEBe
ergy of these states as a function of neutron number iBtrength in the transition connecting the oblate and near-
189-199pjs rather good. A prolate minimum is predicted to spherical 13/2 states[27,28. In order to quantify the

lie =300 keV higher in energy than the oblate minimum inamount of mixing it is clear that dedicated experiments
18%pp, while in the heavier odd-mass Pb nuclei the prolateshould be set up to derive tH&0-M1-E2 strength.

minimum practically disappears. Thus, the results of the PES

calculations strongly support the interpretation of the excited V. CONCLUSIONS

13/2" states in'®M-19Mpp and 3/2 states in'®9199pp as
oblate intruder states with il;,® 7(2p-2h) and 3osp
® mw(2p-2h) configurations, respectively.

T T T T T T T T T T T
187 189 191 193 195 197
Pb mass number

he 13/2 intruder state and the nearly spherical }3/&2ate.

In an a-decay study of'®31919pg, produced in heavy-
ion comlete fusion reactions and separated with the RITU
gas-filled separator, fine structure in thedecay has been
observed. The data provide information on théli,s)
®m(2p-2h) intruder states in the®-19ph nyclei, ex-

Both fine-structurex-decay studies and PES calculationstending the systematics of the 13/@blate intruder states in
show a decrease in excitation energy of the deformed inthe odd-mass lead nuclei frod¥"™Pb down to the midshell
truder states in the Pb isotopes when approaching the neutronicleus *Pb. Oblate deformed 372 intruder v(3pa))
midshell; in all cases the spherical state remains lowest i (2p-2h) states have been observed 1®°9pb as
energy, but increased mixing between the low-lying coexistwell. These intruder states deexcite to the nearly spherical
ing shapes is expected. A direct measure of the mixing of thetates by transitions with different degree of conversion;
deformed intruder state and the spherical ground state is thgualitatively, the amount dEO strength can be understood as
EO transition strengtfi41,42. due to mixing between the involved configurations. Together

Lifetime measurements of the excited Ontruder states with theoretical potential energy surface calculations and in-
in the even-mas$%19219%bp isotopes indicate that the mix- beam andg-decay studies, the presenteddecay studies
ing between the deformed intruder state and the sphericainderline the richness of the neutron-deficient Pb region with
state increases with decreasing neutron nunb@}, but in its wealth of different shapes induced by only a small num-
all cases the ground state is of mainly spherical char@afer ber of active nucleons.

D. EO strength and mixing between coexisting shapes
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