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The particle-plus-rotor model was employed to study the fine structure seen in deeay of even-even
neutron-deficient nuclei in the Hg-Po region. The configuration mixing resulting from the shape coexistence
between well-deformed prolate bands and sphet@adjuasirotational oblajestructures in the daughter nuclei
was considered. Experimentatdecay branching ratios are reproduced within one order of magnitude, except
for the case of®™Hg, where the daughter nucleti®Pt is expected to be triaxial in its ground state. The effect
of configuration mixing on the relative intensities is discussed in detail, together with the sensitivity of results
to the choice of thex-nucleus optical model parametef$0556-28137)04609-§

PACS numbgs): 21.60—n, 23.60+e, 24.10.Ht, 27.86-w

[. INTRODUCTION guadrupole component. This model has recently been ap-
plied to half-lives and angular anisotropies in thelecay of
Alpha decay has proved to be a very powerful tool tosome odd Rn, Fr, Pa, and U isotopé£].
observe heavy neutron-deficient nuclei and study their struc- Buck et al.[13], in a simple spherical semiclassical treat-
ture. The idea that am particle is first formed inside the ment, succeeded in reproducing alldecay constants of the
nucleus(preformation and then tunnels through an effective even-evernr emitters, and were able to describe the favored
potential barrier of the daughter system was described quanr decays of odd nuclei. Following the method introduced in
tum mechanically by Gamoyl] and Condon and Gurney Ref.[14], the semiclassical approach has recently been ap-
[2]. Rasmusse3] utilized the real part of thex-nucleus plied to describe ther-decay branching ratios of even-even
optical potential in the surface region, derived from elasticactinide nucle{15].
a-scattering experiment$4], to calculate the tunneling The absolutex-decay widths of lead isotopes, including
through the Coulomb and centrifugal barriers. Later, the phethe radial dependence of the formation amplitude, were cal-
nomenon ofx decay was given a microscopic description by culated within a realistic shell-model-based approach in a
means of the nuclear shell model; this approach was able targe configuration spadd6—1§. Absolutea-decay widths
reproduce relativer widths for Po and odd-At isotopes in have also been calculated in axially symmetric shapes and
theN=126 regior[5]. However, the shell model calculations applied to deformed even-evéh9,2( and odd-massrans
yielded absoluter-decay widths which were orders of mag- lead nuclei21,22,.
nitude too small compared to the experimental values, the In the lead region, manifestations of shape coexistence are
main reason being an improper treatment of the continuumy now clearly established in a large number of nuclei
Although configuration mixing effects were incorporated at a[23,24. In the neutron-deficient even-even Pt, Hg, [28],
later stage, they still could not account completely for theand recently also in Po nuclg25], intruder 0" states(often
discrepancy with the data. Today it is understood that thavith rotational-like structures built upon theraccur at low
crucial role in thea-particle formation process is played by excitation energy. In the Hg and Pb isotopes, the excited
strong correlations between two-particle states, associatddtruder configuration is believed to be more deformed than
with high-lying shell-model configurations and giving rise to the ground-state configuration, and the excitation energy of
strong clustering near the nuclear surfgsee the recent re- the deformed band reaches a minimum near midshell. In the
view [6]). neutron-deficient Pt isotopes, the deformed intruder configu-
In a series of works based on general reaction theory, theation becomes the ground state and the excitedstates
partial width of thea decay was estimated for spherical nu- can be associated with quasirotational oblate struc{@@s
clei using a two potential approafh—-10 (see also Sec. IIB In many cases the well-deformed prolate and weakly de-
of Ref. [6] and references quoted thergiiThis theory was formed oblate bands strongly interact and this gives rise to a
applied to the deformed case by Berggren and Olar{ddls  strong configuration mixing. It was shown that thedecay
who introduced anx-plus-rotor model. They assumed that to the 0° bandhead of the strongly deformed band is sensi-
the a-nucleus interaction, in addition to a spherical centraltive to the proton-pair configurations of the connecting states
potential, contains the rotationally invariant quadrupole-[26] and to the configuration mixing amplitudga7]. A mi-
croscopic description of the intrudes Gstates in Pb isotopes
and theira feeding was performed in the framework of the
*Deceased. random phase approximatiofRPA), including proton-
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neutron pairing vibration$28,29; the calculateda-decay A. Alpha-core Hamiltonian

hindrance factors turned out to be in good agreement with  ~gnsider a systerh (the nucleus’Z) formed by a sphe-
experimental data. _ _ _roidal coreC and ana particle. The interaction between the
The objective of this paper is twofold. First, we generalize ooy of mass of the core and theparticle is expressed as
the a-core model of Ref[11] to th? case of b.a.nd MIXING. 3 sum of a sphericak-core central potentidl(r) and the
Second, we demonstrate that configuration mixing due to thﬁwultipole-multipole term describing the coupling between

shape-coexistence effects does influence the fine structurg,, multipole moment of the cor@: (), and that of thex
. . . . Cm y
seen in thex decay. Partial widths forr decay to excited arbital, Q) (r). Under these assumptions, thecore Hamil-

states are calculated and the corresponding branching ratiqs . .
onian can be written as

w HA:Hc+Ha+Ta,+U(r)+VQQ, (2)
B(a)=5 (1)
qr(,()qr

whereH: andH , are the intrinsic Hamiltonians of the core

) and « particle, respectively, and
are determined.In Eq. (1) wq=I'q/A stands for the decay

width to a particular excited state in a daughter nucleus char- A
acterized by the set of quantum numbgrs Voo=2 Kk 2 (—1)MQNNQ (Q) 3
The paper is organized as follows. Section Il contains the A m=-X

description of the theory, including a number of new features . . . . :
pertinent to the region discussed. The method used for conis the multipole-multipole particle-core interaction. The cou-

puting the interaction between coexisting bands is discusse@find constantsc, in Eq. (3) are determined from the under-

in Sec. IIl. The results of calculations are presented in SedYind particle-particle interaction. o
IV. Finally, conclusions are contained in Sec. V. The principal dynamical variables in this model are the

a-core relative coordinate vecto=R,—R¢, the orientation
Q (given, e.g., by the Euler anglesf the intrinsic core
Il. FORMALISM reference system with respect to the laboratory reference sys-
tem, and the corresponding conjugate momentand Jc,
the latter being the core angular momentum. The individual
trinsic coordinates of the core and tleparticle are ig-

A quantal formulation of the theory o decay of de-
formed and/or oriented nuclei based on a reaction-theoretic

foundation was proposed some years ). The original nored, but their intrinsic states can be included in the formu-

verzloln, _|anlergent|n|g the édea IOf am—plz?\rncl)e-plus-rotr?r q lation if necessary. If we choosg, to be the relative kinetic

formed core and he partcle, used a narmonic-oscllator CTerdY ©f(te center of mass pihe. particle and the core
: . ) S . thenH, is the intrinsic Hamiltonian of the nucleus.

Jater employed o analyze the anisotropy measurement datg T Multibole moment of multpolatty) of the

[30] for odd-mass At and Po isotopg31]. A more recent a-particle orbital entering Eq(3) is defined as

version, based on Woods-Sax@VS) wave functions, was

first used 32] to reanalyze the same data so as to confirm the Q},;](r) =f,(r)

applicability of the model to a number of light actinides, 2r+1

especially those showing indications of octupole deforma- . ) i

tion. It is important to stress that the model is basically avhere fy(r) is the corresponding radial form factor. As a

phenomenological one. The formulation in terms of theconsequence of the rotational invariancerof, the form

particle-rotor model is dictated by the need to take angulafactor fy(r) must be entirely independent of angles. The

momentum conservatigfotational invarianceinto account,  Orientation-dependent core*gole moment is given by

When applying to realistic cases, empirical data must be \ ok

used to fix the parameters of the model. Thus, for instance, Qcm(€2)=QcDo(£2), 5

potential depths must be adjusted so as to reproduce the de- . \ \ )

cay energy Q,, value as given by empirical nuclide masses, Where the (electrig 2"-pole momentQc for a uniform

because this energy has a very strong influence on the decé§harge distribution with charge radiuRc is

rate (or equivalently the half-lifg of the nucleus considered.

The theoretical validity of the model is to be sought in its QL= ( 3Z¢

ability to use general quantal principles and structural ideas ¢ A7Rc

to reveal relationships between different pieces of empirical

data. On the other hand, the phenomenological nature of thehe formulation in terms of a multipole-multipole force as in

model implies that it cannot be used for predicting, e.g., theEg. (2) can be shown to be equivalent to using an axially

half-life for a parent nucleus if either its mass or that of thedeformed intrinsica-core potential with the symmetry axis

daughter is unknown, and the model is unreliable for calcucoinciding with the symmetry axis of the coige., the

lating intensity relations if the low-lying states of the daugh-daughter nucleys This potential generates single-particle

ter nucleus are unknown. It must also be pointed out that therbitals analogous to the Nilsson nucleon orbif{d@8] cor-

Pauli principle can only be imposed in an approximate wayrected for the Coriolis force. Since one is interested in the

because ther particle, a composite system, is treated as avave functions in the laboratory system, the entire calcula-

pointlike object. tion is carried out in the laboratory reference frame. As the

41

Yam(), (4

f r*P, (cos9)d>r. (6)
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interaction is expressed in terms of multipole-multipole op-and interband transitions. Because of conservation of angular
erators, the orientation dependence of the interaction prenomentum, only members of the same band having the same

sents no further problems. value ofJ can be coupled via the monopole operator. This
The intrinsica-core optical potentiaV/(r,€2) may be ap- means that only theadial components of the mass and
proximated by the deformed WS potential charge distributions can be affected by the monopole cou-
pling. Consequently, in the present model only the WS pa-
V(r,0)= Vws 7) rametersRys and a5 can change as a direct result of the

1+exp[r—R(0)]/aws}’ monopole transition. In the following, it has been assumed
. . that the monopole transition is associated with the change of
with the angle-dependent half-value radiR§&s) given by the radiusR,ys. Consequently, the coupling constantand

the form factorfy(r) to be used in conjunction with the

)‘max
R(6)=Rys| 1+ 2 B,Y,0(COS) | - ®) monopole moment operator are given by
min
_ - _ oV(r,Rws,aws)
Here 6 is the angle between the position vectoof the a wofo(r)=——p——ARws
particle and the symmetry axis of the core. The form factor ws
fa(r) in Eq. (4)_ can be obtained in th_e first order from a Vws  exd (r—Rws)/aws]
Taylor expansion of the WS potential ig,, and the ~ e 5ARws, (13)
2*-pole coupling constant, is given by the self-consistency ws {1+exr (r—Rws)/aws]}
relation[34]
whereRys=Rws(§=0) andARys=Rws({=1)—Rws(£=0).
1 20+1  VieRus The dynamical cause of the assumed chaaggys of the
=7 313 - (9) radial shape of the potential that generates dherbitals is
c A3 2apgrt)c not specified. As discussed in the Introduction, the predomi-
nant view at present of the underlying microscopic structure
B. Effect of shape coexistence is that the coexisting configuration differs from that of the
The problem presented by the data on neutron-deficie rg]u nd-state band by a two-nucleon-two-hole excitation

Pt, Hg, Pb, and Po isotop¢23] requires a modification of

L ; It is a reasonable expectation thataiparticle in anv’=0
the model Hamiltonian. These nuclei are examples of Shalo(‘)erbit surrounding the core in its'Oground state may interact
coexistence showing rotationgand/or vibrationgl bands 9 9 y

which, although they have the same parity and signatureWith the core and excite it to its next'Ostate, and that such

have quite different intrinsic structures and different defor-,i]ghzgﬁ]iggé?;ecnoéiitfete ZTS:::; |a|?%2ar¥]%§ggse?§eggee§ for
mation parameters. Transitions within the band show en; ere are primaril construpcted to éatis these eg e?:tations
hanced electric quadrupole rates, while electromagnetic trart]- b y fy P

sitions between members of different bands are strongly?ua.“tat'vely and to serve as a starting point fo_r more guan-
hindered. itative approaches. The validity of the quantitative imple-

‘%nentation of these ideas should then of course be subjected
o

In order to simulate the effect of shape coexistence, w - ) ;
severe tests and critically examined. The calculations pre-

assume that the excitddoexisting band is coupled to the ; , .
ground band by means of a monopole-monopole interactioﬁgzted here should be viewed as the first step in this direc-
which, by analogy with Eq(2), can be written :

k0Q(NQL(&), (10 C. Calculation of the decay rate

where the variabl& denotes the quantum numbers of the We now define a model Hamiltonia, as

core. In practice, we shall use the symioto distinguish  y —y _+H_+T_+6(R,—r)U(r)+ 6(r —Ry)Up+ Voo,

between the coexisting band structures, i.e., the ground band

(¢€=0) and the excited bandtE 1). (14)
According to Eq(6) the monopole moment of the core is where the last term, the multipole-multipole interaction, is

given by Eq.(3). Note that the monopole term E0) is also

(Ogy—o| "€ 3, — 2 included. Thea-core potential here is constadt=U,, for
c(§)=2 4mRc() j Po(cos)dr =2ZcRe(£)", r=R,, R, being the barrier radius. Therefold, may have
(1) pound stateghg | with energies in the interval 9E;=<Uy,.
where, to a good approximation, These states may be used as “initial states” in a process
leading to eigenstateB of the true Hamiltonian, Eq2), in
Re(€)2=R(&)ast 7m2a(€)ds (120  accordance with the formalism of Ref®,10]. It is to be

noted that the energy of the bound stdg, is not exactly
(see, e.g., Appendix C of R€f35]). We see that the mono- equal to the energy of the-particle resonance, the latter
pole moment of a WS distribution depends on bRl and  being associated with the real part of the pole in a matrix
aws- element of the full Green'’s functiof®]. However, as dis-
The strength of the monopole-monopole interactioncussed in Ref[36], the resonance shitE=E—E, is ex-
should be determined from the observed bandhead energig@mely small and can be ignored in the process of readjust-
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ing the depth of the potential well to reproduce experimentathat although only one solution is thought to be physically
Q value(see below Therefore, in the following we pu,= relevant, it will be seen that this choice is not always obvious
E. Since the truev-particle statesV'r are unbound and rep- when performing calculations. This is an important point that
resented asymptotically by free outgoing Coulomb waveswill be taken up more thoroughly in Sec. IV C. The solutions
they describe the decay of the initial stapg . are labeled according to their relative energy after diagonal-
The solutions tHy¢l, = E$}, with well-definedl andM ization, but before their individual tuning to adjust the poten-

are obtained by diagonalizirid, in the weak-coupling basis tial depth. Diagonalization and readjusting is performed until
the correct decay enerdy,, is obtained for a particular so-

lution. When this solution has the correct decay energy, the

730 , ) ; )
¢EnK((:3)‘g’)M(r’Q): % (/,mJc,M—m[I,M) relative feedings to excited states of the daughter nucleus are
calculated.
X[Xn/m(r)XJCMC(Q)]:\A , (15) For computational reasons we usually restrict éherbit-

Kct als to one or two major shells, viz., those compatible with the

assumed single-nucleon constituents ofdhgarticle accord-
ing to the so-called oscillator rule2],

Kl
n/Jcé”

function of thea orbital andxffcg,vIC is a wave function of

the core Hamiltonian corresponding to the diabatic configu-
ration ¢ [the quantum numbef introduced in Sec. Il B dis-
tinguishes between the ground barid=0) and the coexist-

resulting in coefficients, Here x,,m(r) is the wave

No=Np, +Np + Ny + Ny, . (18)

In deformed nuclei this rule loses precision because the
single-nucleon orbitals there have components from several

mr%.:é(t?gﬁdofb;r;dgozr;)i' Lheogutigtimmrngdgiisls otfht?] e spherical shells, but it remains useful as a rule of thumb for
bro) Pide y Y setting the major quantum numbidy, . The oscillator rule is

core, and stands for other quantum numbers labeling the ) o L
core states. also an approximate way of satisfying the Pauli principle for

Using the formalism of Ref§9,10] with the model eigen- the nucleons in thqx particle with respect to those in the
| . . core. The assumption made here is that the formation has
states ¢,, as initial states, the(partia) decay rate,

7 : already taken place when the decay occurs; it is grarticle
“’Jc_ch__FJcKc!/h’ for popul_atmg the daughter staFIab_eIed that penetrates the Coulomb barrier, not four separate nucle-
Ey its spinJc, bandhead spiK¢, and band labef) is given  ons which come together during or after the penetration.

y
D. Mixing of core states

wJCchZ#gg |a§;§L§|2|Tn/§|21 (16) A model of how bands of different kinds can interact in a
IcKe nucleus and give rise to modified bands with mixed proper-
ties was suggested by Dickmann and Dietlii8f] and later
applied by several group38—4Q for structure consider-
" ations. It has also been used by Wautetsal. [27] in
Thse= J FANV(r)Up,¢(r)dr (17)  a-decay analysis.
Rp The two-band model assumes that the states of the even-
_ . . L . . even daughter nuclidé~4(Z—2) can be approximately de-
is theajtran5|t|on amplitudg““transmission coefficient) in scribed as belonging to either of two bands, the “ground
the (n/) channel. In Eq(17), V(r)={U(r) ~Up}6(r—Ry)  phand” and the “intruder band.” We need not go further into
is the interaction causing the decay angl,(r) is the radial  the physical nature of these states; we simply assume that
wave function of thex particle. It is generated in a spherical they are eigenstates of a model core Hamiltoriiag and
\éVS E)j(()ategr?i \é)vgc?AI; (;J:gfceurse;é d'nintTﬁe“?ljlobﬁi?]dssz(ezggﬁs%ave different and distinguishable properties. The “true”
ws JEpEnds org. | . . 9 ' core HamiltonianH differs from the model Hamiltonian
the label¢ distinguishes between ttdiabatic (noninteract- H.~ by an interactiord — H. =V couplina the bands such
ing) core states whilel stands for the physicahdiabatic ¢ Y ¢ G ping
(mixed) core stateg.The functionF ,(r) represents the regu- that
lar scattering radial wave function of the Hamiltonian ; 7
T+V+U,. In practiceF , can be well approximated by the <X§|V|X§'>:VJ5JJ’(1_ Seer)- (19)
regular Coulomb wave function; the associated error on the .
decay width does not exceed 10086]. The influence of The ‘true” daughter statesX,, are eigenstates of
deformations of various multipolarities is incorporated Hc=Hc,+V; they are linear combinations of the model core

through the coefficientaif/cju'cg. statesX) and X7 :

The model described here, or its nearest predecessors, has
previously been applied to a variety of nuclei with masses in
the range 20&A<230. To interpret and judge the results

one T"“SF unders'tanc.j how the analy3|s'|s done. Initially th‘?ions between spherical and deformed states in the core sys-
Hamiltonian (14) is diagonalized assuming that one of the

. Kedl oy tem. As discussed in, e.g., R¢89], the observedO tran-
eigenvectors{a,7) ,} is the one that corresponds to the gjtion strengths result from the mixing of states with different
“ground state” of the parent nucleus. It must be elaboratedshapes.

where

Xea= g Xioot BriXi—y, {=0,1. (20)

The interactionV is usually associated with the0 transi-
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TABLE I. Results of band mixing calculations. Experimental
excitation energies have been taken from Rd#f]. Numbers in
brackets were obtained by assumm“(%=vO (see text The mixing
amplitudea Je [Eg. (20)] always corresponds to a weakly deformed
(or spherical structure. For instance, for the Hg isotopejsC de-

% creases from the value close to ondgt0 (oblate ground stajeo
s small values atlc=4 (prolate band becomes yrast
m
Nucleus Jc Unperturbed Experimental |V| |
energy(keV) energy(keV) (keV)
188g 0 16 0 90.0 0.985
506.7 522.7
2 422.9 405.4 58.8 0.959
603.7 621.1
FIG. 1. Calculated diabatic excitation energisslid line) as 4 1060.5 808.2 71.3 0.272
functions ofl (1+1) for the ground-bandg.b) and well-deformed 828.3 1080.7
intruder band(i.b.) in *®Hg. Experimental data are indicated by 1&g 0 19.8 0 83.9 0.973
symbols. 355.3 375.1
_ . _ 2 451.8 366.5 83.9 0.701
The decay theory presented in the preceding sections de- 4491 534.4
scribes hpw t.he “true” core statel, ; are populatg_d when 4 1078.1 653.3 66.8 0.155
an «a particle in the parent nucleus makes a transition from a 663.8 1088.6
| ) ‘ . .
meta_stab_le state, , a qua3|bou_nd elgens_tate _of the model 1824 0 23.4 0 84.5 0.964
HamiltonianH, Eq.(14), to the final state in which the core 304.6 308
|s.represente_d by, ; and thea particle is in c_Jutgomg st_ate 2 500.7 3518 845 0.494
with appropriate wave numbds. However, in developing 399 8 548.6

the decay formalism, we have tacitly assumed that the core

states are such that the matrix elements of the multipole op- 4 616.9 613.2 [84.5  0.0435
erators can be calculated as if the core states are pure VOt%Pt 0 29'2 0 2335  0.624
(or pure vibrator eigenfunctions. The actual values of the 186.7 478.7 ' '
matrix elements are specified in terms of deformations which ' :
are input parameters for the calculation. 2 7416 153.3 2655 0.411
The amount of mixing, i.e., the parameterg; and g, ;, 2r3.1 8614
is calculated based on experimental data. We should clearly 4 1186.6 410.8 2198 0.273
distinguish between the “true” core state labgls0, 1 and 472.3 1248.1
the labels¢=0, 1 introduced in Sec. Il B which define the Pt 0 217.8 421.9 2108 0.696
diabatic(noninteracting core states. The coefficierﬁ/cgl 204.1 0
, _ , , (Ict 2 [210.8 [0.490
which specify the solutions to the eigenvalue problem [288.5 1701
| | H : : .
Hodu=Ed¢), can then easily be expressed in terms of the 4 [210.8 [0.257
mixing parametersy, ; and 8, ;. [483.1 24971
176pt 0 75.2 0 166.3  0.90
Ill. BAND MIXING 367.8 4473
Band interaction¥/; and mixing coeficient&ﬁj andg, ; 2 263.9 [166.3 [0.703
have been extracted for the daughter nuctéil’8%pt and [449.9
182,184.18614 using the two-level model of Sec. Il D. Above 4 6354 564.1 (166.3 [0.329

spin 1 =6, the well-deformed prolate band becomes yrast in
these nucle{23]. The diabatic bandséE=0 and 3 can be  agon Ref [26].
parametrized using the standard expansion

For 190.192.19bp the band-mixing parameters were found
Ej:=As+BJ(JI+1)+CJI%(JI+1)% (21)  in Ref.[38]; for completeness they are shown in Table II. As
the ground states of the Pb isotopes are spherical, a deforma-
Because of the lack of experimental data, an assumptiotion of 8,=0.01 was assigned to the ground band, necessary
has been made that the interactions between thestates to perform the calculation.
and the 2 states in'®2'8Hg are equal. The results of band-
mixing calculations for'®Hg are illustrated in Fig. 1 where V. CHOICE OF PHENOMENOLOGICAL PARAMETERS
the | =6—12 band members of the deformed intruder band
were considered in the fit, EJ21). The resulting band-
mixing parameters for all Pt and Hg nuclei considered in our As was discussed earlier in Sec. Il C, only one eigenstate
study are listed in Table I. of Hamiltonian (14) is considered as the physical solution

A. Results
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TABLE II. Band-mixing parameters fot®>1%219ph taken from TABLE IlI. Calculated a-decay relative intensitieén %) ob-
Ref.[38]. tained in a local and global fitsee text Experimental relative
intensities (ex,) [26,27] are included for comparison.
Nucleus Jc Unperturbed  Experimental |V| lay
energieskeV) energiegkeV) (keV) Daughter JZ | expt | local | global
194pp 0 2.7 0 50.9 0.997 ®%Hg 27 8.4x 10 2 8.4x10°2  1.1x10!
927.9 930.6 05 1.5x10 2 1.5x10%2 1.0x10?
2 1066.1 965.0 157  0.834 25 1.4x107%  1.2x10°3
1207 1308.2 184Hg 27 6.0x 1072 6.0<1072  1.3x10°!
192pp 0 35 0 52.0 0.995 05 9.5x1072 9.5x10°2  1.7x10°!
764.9 768.5 25 1.1x1072  2.2x10°2
2 1066.9 853.8 191 0.668 !8%Hg 27 <7x10°? 7.0x10°2  4.3x10°3
1025 1237.8 0, 2x10t 2.0x10°t 25x107?
199pp 0 >9 0 >80 <0.99 25 28x10°t  23x10!
<649 658 180pt 27 4.2<10°* 42x10°t  6.4x10°t
2 871 773 [191] 0.457 0, 1.6x10°* 1.6x10'  1.5x102
1078.1 [1176] 178pt 27 8.4x10°* 6.7<10°t  2.1x10°*
05 3.4x10! 181071  5.8x10°2
17%pt 27 1.0x107? 27x10°t  7.0x107!

representing the ground state of theparent nucleus. Ini-
b g g hep 05 7.8x10 2 25x10°1  9.3x10!?

tially, the calculations were performed using WS parameters, 2 L, ., L,
found by DeVries in thex-scattering experiments off%Pb Pb 21 <3.6x10 3.7x10 2.8x10

[41] (set A:rys=1.32 fm,ays=0.65 fm. Subsequently, for 07 1.3x107°  1.7x107°  1.3x10°
each nucleus, the two parameters, i.e., the quadrupole cou- 2; 35x10°°  2.7x10°°
pling strengthx, and the monopole “radial shiftARys, PP 27 8.4x10°° 8.4x10°°  1.3x10°°
were adjusted until the theoretical relative intensities best 0, 2.2x107? 24x107%  3.2x10°?
matched experimental valuéscal fit). We found that these 25 46x107% 1.6x10°%
parameters fall into separate ranges for each group of isd*Pb 27 3.0x10°2  6.1x10°8
topes. Therefore the next step was to calculate a global least 0, 2.4x10°1 3.0x10t 26x10°?
squares fit with one set of parameters for all the isotopes of 25 2.3x10°%  9.7x10°4

each element. The resulting relative intensities are listed ir
Table Ill. The associated, and ARy parameter sets are

listed in Table IV. _ intensities are quite sensitive to shape mixing. This is further
For the Hg decays, the quadrupole coupling strength qirated in Fig. 2. Then-decay intensity to the 2 state

obtained in the local fit has a fairly similar value for all three o reases with increasing mixing while the intensity to the

decays. HowevetARg\,s becomes very small, in order to best 2, state increases. This is not surprising since the increased

fit the decay data of®®Hg. This might be due to the fact that d band-lik in th .

the ground state of the daughter nucletpt, has a differ- 9 oo -state-band-like component In t ¢ Btate is ex-

ent deformation as compared to thé and 4+' rast states pected to enhance the relative feeding and, by the same to-

b y " ken, it should result in a stronger hindrance for thelecay

Indeed, according to Ref42], the ground state of’®Pt is " ) . .
triaxial and not oblate as has been assumed in our calculéQ the 2, state. In Ref[43] this observation has been dis-

tions. Consequently, the global fit for the Hg decays is in
worse agreement with experiment than for the other isotopic TABLE IV. The coupling constants, and AR obtained in
chains considered. As mentioned above, #heotor model  local and global fit performed in this work.

does not predict half-livesi.e., absolutea-decay widthg

correctly (neglecteda-formation probability in the assumed Parent “2 ARws

parent statep}, , violated Pauli principlg but is able to re- nucleus (MeV/fm®) (fm)
produce the relative intensities to a rather good accuracy. 190y, 0.029 0.030
188pp 0.024 0.015
B. Effects of band mixing on relative intensities 186ppy 0.045 0.047
The effect of configuration mixing at the"2states on the ~Global Pb 0.037 0.035
a-decay relative intensitie¥*18218fq is shown in Table V. **Hg 0.028 0.161
The range of mixing amplitudes used in the calculation was®Hg 0.016 0.077
varied for the different isotopes around the experimentally'®Hg 0.010 0.001
deduced values displayed in Table I. It is to be noted thaGlobal Hg 0.052 0.041
because of the normalization condition in Ef). the relative  '%po 0.025 0.110
intensities to other states with-# 2 vary as well. 196pg 0.033 0.142
According to calculations, for the decay of %%b and  194pg 0.020 0.126
199pp, the effect due to shape mixing is rather weak. How-Global Po 0.035 0.118

ever, in the case of thé®*Pb—®¥Hg « decay, the relative
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TABLE V. Relative intensities for-decay to low-lying excited states i1#>18418fg as functions of a
mixing probability|a|? in the 2 state.

186Hg
I\ | ay|? 0.50 0.60 0.70 0.80 0.90
27 1.16x10°* 1.14x10°1 1.08<10°! 1.03x10°?! 1.04x1071
4 5.59x10°® 2.62x10°° 1.21x10°7 1.76x10°° 1.17x10°°
05 4.48<10°2 2.87x 1072 1.93x10°? 1.38x10°? 1.05x 1072
25 1.37x10°3 1.49<10 3 1.48x10°3 1.40x10°3 1.26x10 3
184Hg
I\ ap|? 0.50 0.60 0.70 0.80 0.90
27 1.31x10°! 1.58x<10°* 1.90x10°* 2.26x10°! 2.71x10°?
a7 7.13x10°* 8.05<10* 8.20x10* 7.23x10°4 4.43x10°%
05 1.62x<10°! 1.37x10°! 1.19x<10°* 1.04x10°1 9.22x10 2
25 2.16x10°2 1.67x10°2 1.33x10°2 1.08x 102 8.65x 103
182Hg
I\ ayl? 0.50 0.60 0.70 0.80 0.90
27 4.43x10°2 6.85x< 102 1.03x10°* 1.47x10°1 1.98<107!
4 8.09x10°® 115103 1.47x10°3 1.78x10°3 1.96x10 3
05 2.49x<10°! 2.83x10°? 2.92x<10°? 2.90x10°1! 2.81x10°!
25 2.23x10°? 1.35<10 ! 9.33x 102 6.87x 102 5.29x 1072

cussed in terms of the variation atdecay hindrance factors a,,s=0.70 fm) was employed. The main difference between
to 2, states in8218418fyq the sets A and B is a much smaller WS radius in set B.

As illustrated in Fig. 3 for thea decay of %o, the A least squares minimization was performed, for a set of
relative intensities of the Po decays do not exhibit a signifiisotopes, for both parameter sets to establish optimal values
cant variation with shape mixing. This might be due to theof x, and ARys. For the intermediate values of,s, the
fact that in our calculations the ground-state structure of Plgalculations were carried out by linearly interpolating other
was assumed to be spheridake Sec. Il and the intruder parameters between the two limiting “best-fit” values. For

configuration very weakly deformed. the Pb nuclei, the parameteks and ARy were found to
change very little. The variation of the relative intensities for
C. Choice of Woods-Saxon parameters the Pb decays as a function of the WS parameters is shown in

. . . . Fig. 4. The relative intensities show relatively little variation
To investigate the influence of the optical model param- : )
A " as a function of WS parameters. However, the calculations
eters on relative intensities, a second set of WS parameter% h h : | h f
roposed in Ref [12] (set B: rye=1.05fm and show that when using WS parame_ters close tot_ose of set B,
P CoowsT o the better agreement with experiment is obtained for the
eigenstate of Hamiltonia(il4) corresponding to the solution
“2" rather than the solution “3,” the latter being optimal

10 for the Pb decays using parametrization. This behavior is

—~ F illustrated in Fig. 5.

® T Part of the analysis in this work has been concerned with
g* 1 the choice of a particular solution. Fortunately, in most cases
8 F

g L

2107k

s F

& C

L [ L

1
0.0 0.2 0.4 0.6 08 1.0
ol

relative intensity (%)

FIG. 2. Relative intensities of®Pb decay versus the mixing
amplitude| «|, of the 2" states in®Hg. Lines represent calcula-
tion. The arrow on the abscissa shows the calculated mixing ampli-
tude from Table I. The upper limit on the experimental relative
intensity for the Z feeding is also shown. In the calculations, the ~ FIG. 3. Similar as in Fig. 2 except for th€%Po decay. The gray
parametersc, and ARyg obtained from the local fi{Table 1V) bar stands for the experimental value; its width corresponds to the
were used. experimental uncertainty.
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0 . . FIG. 5. Same as in Fig. 4 except for the two solutionsfPb,
L T 0, 4 namely, solution 3a) and solution 2b).
SE L e - I Lo "
10 v 15 13 significant effect on the relative intensities, except for the Po
Ty ) decays. Finally the influence of the WS parameters was stud-

ied. The Hg and Pb decays were found to be rather stable
FIG. 4. Dependence of the relative intensities in thdecay of agai.nst the variation of the opFicaI model parameFers. Fo.r the
186188199} on the radius,ys of the optical model potential. Po |§ot0pes, however, conS|de'rabIe changes in mu[tlpole
coupling strengths were needed in order to fit the experimen-

) ) ] ) tal relative intensities. Interestingly, a change in the radius of

only one solution provides a reasonable fit of the experimeng,q optical model potential, while having a significant effect

tal data. For instance, for thé_epb decay, only solution  on the calculateck-decay half-life, had considerably less
number “3” can match experimental relative intensities. qffact on the relative intensities.

Moreover, this choice is supported by the fact that this solu- o, primary concern for this work was to show the valid-
tion is rather sensitive to the mixing between 2tates, in ity and applicability of thea-particle-plus rotor model to
agreement with what is observed experimentd®$,43.  caiculate fine structure in the decay to nuclei that exhibit
Similarly, solution “3"” agrees best with experimental data ghane coexistence. We expect that the model can be used to
for the a decays of**®Pb and'®Pb. On the other hand, for caicyiate the relative intensities i decay of nuclei further

the Po decays, the optimal solutions vary from nucleus o4y from thez=82 shell closure where fine structure has
nucleus. been observed, e.g., Pt and Rn decays.
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