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Abstract: The influence of particle-vibration coupling on the s-factors of the \(ht/j)n > isomers in 

the N = 126 isotones is assessed using the .nuitiparticle octupole coupling model. According to 

the model, admixtures of the configuration |(n9/j)n~ l/T/a> in the yrast 8 + and 21/2" states, 

nominally associated with the configuration |(/ts/])n >, increase with n. On its own, the octupole 

i.ib ing mechanism therefore predicts ^-factors for these spates that increase with the number 

of valence protons. This tren- is the opposite of that predicted by core-polarization blocking. 

Combining multipartiele octupole coupling and first order core-polarisation blocking significantly 

reduces the discrepancy between the experimental and theoretical ^-factors of these states. We 

conclude that the observed breakdown in additivity for tfce ^-factors of the \(hg/j)n > isomers 

in the N = 126 isotones arises primarily from first order core-polarisation blocking and the com

bination of configuration mixing due to multipartiele octupole coupling and shell model residue! 

interactions. 



1. Introduction 

Although the magnetic moments of single-particle orbitals near the doubly magic nucleus 

2 0 S Pb deviate significantly from the Schmidt values, the magnetic moments of multiparticle 

states may, in many cases, be obtained accurately from these anomalous magnetic moments by 

application of the additivity rule [see, for example, refs.1-*) and references therein]. In the N 

= 126 isotones, however, the first excited 8 + (even Z) and 21/2" (odd Z) states, which have 

been associated with a relatively pure \{hg/2)n > configuration, display a small but signitkmt 

breakdown in additivity5) . 

Anomalies in the single-particle magnetic moments are attributed to three principal mech

anisms: core polarization6,7) , meson exchange") , and particle-vibration mixing9) . Of these, 

only the meson exchange process, which can be considered to give rise to an anomalous orbital 

magnetism for the nucleon within the nucleus8) , is expected to be essentially independent of 

the number of valence nucleons. 

The core polarization correction results in an attenuation of the effective spin ^-factor of 

the nucleon. In the lead region it is caused primari'y by mixing of the valence configuration 

with the particle-hole excitations \*{hi/2hii/2~1)'A+ > and l* ,(-n/a*i3/2 -1);l+ >• As protons 

are added to the core, Paili blocking will reduce the core polarisation correction10) , and 

the magnetic moment* are expected to depart from those predicted assuming additivity. For 

multiparticle states having configuration \[h9/3)n >> o n e expects a significant reduction in g-

factor as n increases. Towner, Khanna and Hausser10) ht»ve made extensive core polarization 

calculations for the yrast 8 + and 21/2" states in the N = 126 isotones. As we will refer 

to their work frequently, their calculaf ms are reproduced in fig. 1. To explain the observed 

magnetic moments5'1 1), Towner et al. were for ed to include a selected set of stcond and higher 

order contributions, leading to sore incompatibility with observed single particle magnetic 

moments 1 0 1 2) . Subsequently, Arima and Hyuga3'13) ihowed that the sum of all higher order 
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contributions to the single particle magnetic moment from core polarisation and mesonic effects 

effectively cancel, leaving, in essence, only the first order corrections. Although many of the 

higher order corrections are independent of the valence particle number, Arima has argued1,3) 

that the dependence of magnetic moments on the nucleon population in the valence shell is due 

principally to first order core polarization (curve a in fig. 1). In this case, the experimentally 

observed decrease in the ^-factors of the 8 + and 21/2" isomers in the sequence of nuclei 3 1 0 Po, 

2 I l At, 2 1 2 Rn, 3 1 3Fr, 2 1 4 Ra is not as pronounced as predicted by the core polarisation theory. 

While the contributions to the Ml operator from excitations of *"Pb having angular mo

mentum X" ^ 1 + have been calculated for the single-particle orbits by Hamamoto9) , the 

implications of particle-vibration coupling for the breakdown in additivity of the magnetic 

moments of multtparticle states has not been considered in requisite detail. 

In our recent work14) on 3 1 4 Ra , it was noted that the lowest two 8 + states, nominally 

\(th/2)6'<&+ > and 1(^9/2)*f7/2$+ >> are mixed much more strongly by the particle vibra

tion coupling than by the shell model residual interaction. The ^-factor of the lower, mainly 

K^9/j)6 > state, is therefore larger than that of a pure K/19/2)6 > configuration. The multipar-

ticle octupole coupling mechanism therefore may reduce the discrepancy between experiment 

and the magnetic moment of this state calculated assuming first order core polarization and a 

relatively pure configuration. 

The present paper employs the multipartide octupole coupling (MPOC) model15) to eval

uate the influence of particle-vibration coupling on the g-factors of isomeric states in the N = 

126 isotones associated with the configuration \(h9/2)n >, with n = 2 - 6 ( 3 1 0 Po to 3 1 4Ra). 

The model wavefunctions are tested independently through comparisons between measured and 

calculated transition rates B(E3;11~ -» 8 + ) and B(E2;8+ -» 6 + )or B(E2;21/2" -» 17/2'). Our 

results for 2 1 0 Po update and expand earlier work on this nucleus by Yamazaki16) . 
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2. The multiparticle octupole-coupling model 

The multiparticle octupole-coupling (MPOC) model was developed to explain the magnetic 

moments and E3 decays of many high-spin isomers in trans-lead nuclei15) . In this model, the 

well-known coupling of certain single-particle orbitals to the octupole vibration of 20*Pb is 

treated explicitly, although to some extent approximately, for many-particle configurations. 

Descriptions of the model have been given in refs. 1 5 , 1 7 , 1 8 ) . Briefly, the model consists of 

choosing a set of basis configurations in which couplings to the octupole vibration are explicit. 

The diagonal energies are evaluated, as in the empirical shell model, making corrections to the 

empirical single particle energies and two-body residual interactions where significant octupole-

coupied contributions are implicit. Off-diagonal matrix elements from shell model interactions 

are usually small and are evaluated usi: g the surface delta interaction (together with fractional 

parentage decompositions and angular momentum coupling algebra). The much larger particle-

octupole matrix elements between certain of the multiparticle basis configurations are derived, 

again using fractional parentage decompositions and angular momentum algebra, from the 

(single) particle-vibration matrix elements of Hamamoto19) . Diagonalization of the energy 

matrix yields the amplitudes of the basis configurations. From these, electromagnetic transition 

rai's and magnetk moments may be calculated. 

The multiparticle octupole coupling model makes some simplifying assumptions. For ex

ample, only the 3" vibration of the core is considered as other vibrational states in 20*Pb are 

at higher energies. Selected angular momentum couplings between the core vibration and the 

multiparticle configuration are considered (and others ignored) in certain cases, and sometimes 

simplified multiparticle configurations are assumed. The considerable success15, l 7 ' 1 8 ' 2 0 , 2 1 ) of 

the model, however, largely vindicates these approximations. As in previous w o r k 1 5 1 7 , 1 8 , 2 0 , 2 1 ) , 

we assume here that the core-vibration does not change in character as valence nucleons are 

added. In a more refined formulation, blocking of components of the 3" vibration, along with 
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the possibility of an increase in collectivity as the number of valence nudeons increases, would 

have to be included. It is probably because the core-vibration parameters are fixed from values 

applicable for the bare I 0 S Pb core that the model tends to underestimate B(E3) transition rates 

by up to 20% [refs . 1 5 > 1 7 , 1 , , 2 0 > 2 1 )] . Further discussion of this aspect appears in sect. 4.1. Other 

details of the model relevant to the present work are given in the following sections. 

3 . Basis configurations and wavelunctions 

In the even isotopes "°Po, 2 1 2 Rn, and 2 M R a the MPOC wavefunctions were evaluated for 

the 6 + , 8"" and 11" states, while for the odd isotones they were evaluated for the 17/2~ and 

21/2" states. Partial level schemes, indicating the levels of interest, are shown in fig. 2. 

As noted already, empirical single-particle energies and residual two-body interactions con

tain octupole-coupled contributions which must be removed from the diagonal energies of the 

basis configurations. The single-particle energies are readily corrected [see table 3 of ref.15)]. 

When considering high-spin isomers15, l 7 ' 1 8 > 2 0 , 2 1 ) , the two-body residual interactions of Kuo 

and Herling26) can be used as these do not include octupole interactions. However in the present 

application to low seniority states, for which we assume relatively pure configurations, other 

considerations force another approach. 

Shell model calculations, such as those reported in refs. 2 1 , 2 7) show that the 6 + and 8 + states 

in 2 , 2 Rn, or the 17/2" and 21/2" states in " 3Fr, have admixtures ~10% of the configurations 

Cl9/2)"-2(/7/a)o a n < ^ e*»/2)3~2(*i3/2)o ~ *•*• P*"" °f protons coupled to spin zero may occupy 

the l / 7 / 2 or 0il3/2 orbitals. If these configurations were to be considered explicitly here a much 

larger basis would be required and much of the transparent simplicity of the present approach 

would be lost. Since the main effect of ignoring these components is to underestimate the relative 

separation of the hn and hn~*f configurations, they were taken account of approximately by 

adjusting the diagonal (unperturbed) energies of these configurations to reproduce the observed 
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energies. This means the (h9f2)n terms in the MPOC wavefunction mvst be interpreted as 

empirtcal rather than pure configurations. In many cases only the energy of the empirical 

(̂ 9/2 ) B configuration had to be adjusted. Specifically, the adopted wavefunctions reproduce 

the observed energies of the two lowest 8 + states in a i 0 Po, a i a Rn and a M Rn. Likewise the 

energies of the lowest two 6 + states were reproduced is. 2 1 0 Po and 2 i a Rn. In other cases, for 

which the non-yrast states of interest are not known experimentally, the calculations reproduce 

the observed excitation energies of the yrast states. In all cases agreement within 10 keV was 

considered acceptable. 

As pairs of particles coupled to spin zero do not contribute to the magnetic moments, 

this approximation has only a second order effect on the derived magnetic moments of the 

empirical stat» through the difference in core-polarization blocking for the paired and unpaired 

components. The B(E3) rates are also insensitive to such components in the wavefunction. 

On the other hand, B(E2) values in nuclei with an approximately half full valence shell are 

extremely sensitive to small admixtures of such configurations, as discussed below in sect. 4.2. 

Off-diagonal shell model interactions were evaluated using the surface delta interaction with 

a strength of 160 keV. Care was taken to use consistent relative phases of off-diagonal matrix 

elements28) . [It must be remembered, for example, that the particle-vibration operator involves 

fermion creation and annihilation operators, along with a boson (vibration) creation or anni

hilation operator. The symmetry relation for the particle-vibration matrix elements has been 

given by Bohr and Mottleson29) ; note the incorrect phase was printed for <*i3/2|Vp t,|/i9 / 223" > 

in table A.l of ref.17) .] 

The basis configurations and resultant wavefunctions for the |(A9/2)n;J* > states with J* 

= 6*, 8*, 17./2- and 21/2" are presented in tables 1 and 2. For the 6 + , 8 + , 17/2" and 

21/2" states, the effect of the octupole coupling is mainly to enhance the mixing of the "shell 

model" components of the wavefunction, while the octupole-coupled configuration itself remains 

6 



relatively small. 

The wavefunctions of the 11" states are 

111" > = ai(k%72

li> + 0\[Wwlf\*&3- > ^ -fl(*)jS3- >, 

where Q = 0.920(0.931), 0 = 0.369(0.362), 7 = 0.132(-0.055) and n = 2(6) for a i 0 Po( a i 4 Ra). 

4. Transition rates 

The El rates for the 11" - » 8 + transitions in 2 1 0 Po and " 4 Ra were evaluated using transition 

matrix elements given previously [see e.g. table A.2 of ref.17) ]. For the E2 transitions an 

effective charge of 1.5e was employed and the radial integrals were evaluated with harmonic 

oscillator wavefunctions. The phases of these n.atrix elements were adjusted for consistency 

with the implied asymptotic behaviour of the wavefunctions used to evaluate the off-diagonal 

energy matrix elements28) . 

Results of the calculations are compared with experiment in tables 1 and 3. Also shown in 

table 3 are E2 rates from mixed configuration shell model calculations, similar to those reported 

by Zwarts and Glaudemans37) . We used the shell model code OXBASH30) with the protcns 

restricted to the 0/i 9 / 2, l / 7 / 2 and 0t 1 3 / 3 orbitals. The residual interactions were taken from 

Kuo and Herling25) . Again, the E2 rates were derived assuming an effective charge of 1.5* and 

radial integrals evaluated with harmonic oscillator wavefunctions. Our results agree with those 

of Zwarts and Glaudemans27) , where reported. 

4.1. E3 TRANSITION RATES 

The calculated E3 transition rates for the 11" -» 8 + transitions in a i 0 P o and 2 1 4 Ra are in 

satisfactory agreement with experiment (table 1). The total transition rate from the 11" state 

is underestimated by about 6% in 2 1 0 Po and by about 13% in a , 4 Ra. In a , 0 P o the relative 

branching ratios are well reproduced, whereas in a i 4 Ra the agreement between theory and 

experiment is not as good, probably because the admixtures of paired configurations in the 8+ 
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states have been treated approximately (see stct. 3, above). 

As noted in sect. 2, the underestimation of the E3 rates may be related to the assumed 

constant octupole vibration parameters, whereas the octupole collectivity is expected to increase 

as valence nucleons are added. While the octupole parameters could be adjusted to better fit 

the data, we do not consider this justified at present. Since the E3 transition rates depend 

on both the relative amplitudes of the components of the wavefunctions and the strength of 

the E3 core excitation, the shortfall in B(E3) transition rates is only partly to be ascribed to 

inaccuracies in the wavefunctions31) . In the present case, the total E3 transition strength 

depends as sensitively on the strength of the octupole transition contributed by the core as it 

does on the amplitudes of the components in the wavefunctions. Thus the agreement between 

the experimental and theoretical E3 rates can be taken to indicate that even in the worst case, 

2 1 4 Ra, the inaccuracies in those aspects of the wavefunctions that affect the E3 strength are at, 

or below, the level of 7% . 

4.2. E2 TRANSITION RATES 

Calculated and experimenta'. B(E2) rates between the highest spin members of the nominal 

1(^/2)" > states are compared in table 3. Along with the MPOC model results, estimates as

suming pure configurations and mixed-configuration shell model calculations (without octupole 

coupling) are shown. With the exception of 2 1 4Ra, to be discussed more completely below, all 

models give a satisfactory account of the measured B(E2)'s. Thus, inclusion of the octupole 

coupling does not seem to upset the already good description of the E2 transition rates. 

The MPOC and empirical pure configuration models underestimate the B(E2) in 2 ; 3 Fr 

because small admixtures, for example those having a pair of particles coupled to spin zero in an 

orbital other than h$/7, are ignored. This case is abnormally sensitive because E2 transitions are 

forbidden in a mid-shell nucleus such as 2 1 3Fr for the predominant part of the wavefunctions32) . 

It can be seen, without detailed calculation, that relatively small admixtures in the wavefunction 
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can explain the observed transition rate. 

On the other hand, the discrepancies between theory and experiment for B(E2;8+ -» 6 + ) 

in 2 1 4 Ra are not easily accounted for. In this case, since the number of valence protons is 

nominally past the middle of the A /̂j shell, the major component of the wavefunction gives rise 

to an appreciable E2 amplitude, but apparently the configuration mixing is sufficient to almost 

completely cancel out the resultant B(E2). This is surprising also because the experimental 

6 + -» 4 + transition is not nearly so quenched - as noted in our recent study1 4) , B(E2;6+ — 

4 + ) is about 60% of the pure configuration estimate. The problem of understanding the small 

experimental value of B(E2;8* -» 6 + ) in n 4 R a is not new. For example, Decman ef o i 3 3 ) fitted 

the B(E2;8^ -» 6 + ) values in the N = 126 isotones using pairing theory. A major difficulty 

with their interpretation, however, is that the position of the Fermi surface required to explain 

the transition iates is not realistic, particularly as the states are supposed to be 2-quasiparticle 

excitations. Also, of course, such a simple pairing calculation quenches equally the 8 + -• 6 + 

and 6 + — 4 + transitions in contradiction with experiment. 

Without performing detailed calculations, it is not possible to say categorically whether or 

not the combination of shell model interactions and particle-vibration mixing would explain 

these B(E2)'s in 2 1 4 Ra. Certainly, the MPOC model reduces the discrepancy between the 

pure configuration calculation and experiment, encouraging the pursuit of more comprehensive 

calculations. 

Given the difficulty of explaining the experimental value of B(E2;8+ -» 6 + ) in 2 1 4 Ra, it 

shomd al.«o be noted that the currently accepted transition energy of 45.5 keV was adopted in 

ref.14) only under the guidance of an early conversion electron measurement34) and that further 

experimental worx to clieck the transition energy would be wise. The experimental B(E2) is 

almost independent of transition energy down to 18 keV because the eneigy dependence of the 

conversion coefficient cancels the (E,) 5 factor. At 18 keV there is an abrupt change in the 
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conversion coefficient due to atomic shell effects and, for transition energies between 4.6 and 18 

keV, B(E2) = 0.4 e'frn4; between 2.6 ard 4.6 keV, B(E2) = 1.7 e f in \ etc. Thus reconciliation 

of theory and experiment for 2 I 4 Ra may yet not be entirely a theoretical problem. 

5. Magnetic moments 

5.1. MAGNETIC MOMENTS OF THE CONFIGURATION A» / 3

n 

The magnetic moments of the 8 + and 21/2" states calculated under various assumptions 

are compared with experiment in fig. 3. Values taken for the e-facton of the configuration 

(/i9 / 2) n in each case will be discussed below. For the f7/3 and il3/J orbitals and the 3~ vibration 

the adopted ^-factors were: g{iiy2) = 1-287, g(f7/3) = 1.525, and j(3~) = 0.62. The empirical 

^-factor of the i 1 3 / 2 orbital has been corrected to remove particle-octupole contributions15) . 

The theoretical value of Bauer et of.3 8) was used for the / 7 / 3 ^-factor as no experimental 

value was available. In a subsequent paper39) we derive a somewhat smaller empirical value 

for gifj/2) using the present results and the measured ^-factor of the 14+ state in 2 1 4Ra. If 

this new empirical value had been used, the present results would change by, at most, P 4%, a 

negligible correction compared with other uncertainties and approximations in the calculations. 

The experimental ^-factor adopted for the 3" state of 2 0 a Pb has an experimental error of 13% 

[ref.11)], but the present calculations are not sensitive to this uncertainty. 

The results labelled CPl in fig. 3 (which are identical to curve a in fig. 1) show the 

theoretical variation of the ^-factors due to first order core polarization for pure (^9/2)" con

figurations, as calculated by Towner et al.i0) . Using the MPOC wavefunctions (from tables 1 

and 2) and presuming additivity (i.e. no core-polarization blocking) gives the results labelled 

PV. Combining first order core-polarization blocking for the (h9/2)n terms and the particle-

vibration model wavefunctions gives a much improved description of the data, as shown by 

calculation CPVl. The remaining disparity between theory and experiment becomes more 
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pronounced as the number of valence protons increases and may re attributed to the neglect 

of: (a) higher order core polarization corrections, (») a possible increase in the strength of the 

particle-vibration coupling as the number of valence nudeons increases, and (c) extra configura

tion mixing due to shell mode1 residual interactions in a larger configuration space, particularly 

terms like (A9/2)*~2(/7/2)o * ° d (*»/2)*~a(*i3/2)o m i n e empirical (A9/2)" »tate for n > 4. All 

of these effects, which may be considered second order corrections, have been mentioned in 

prvious sections. We discuss them in turn. 

(a) As aUided to in the introduction, the core polarization blocking correction is expected1,2) 

to follow the first order lp-lh blocking calculation approximately, with the actual dependence 

lying between it and the calculations incorporating selected higher order corrections. The 

evaluation of higher order corrections to the core polarisation calculation is beyond the scope 

of the present .7ork. Rather, we seek the extent to which the experimental data can be explained 

with the core polarization correction taken to first order only, as Arima contends1-2) , together 

with configuration mixing due to multipartide octupole coupling and known shell model residual 

interactions. 

(b) The shortfall in calculated E3 transition rates discussed in sect. 4.1 suggests an increase 

in octupole collectivity with the number of valence protons. Such an increase would also 

be expected to increase the strength of the particle-vibration mixing, and lead to a more 

pronounced increase in calculated ^-factors than obtained in the calculation denoted PV,'and 

consequently better agreement than obtained in the calculation CPV1. Obviously, the octupole-

vibration and particle-vibration parameters could be adjusted to better fit the data, but in the 

absence of a more fundamental theory there would be no gain in physical insight. 

(c) The last effect, which, as noted in sect. 2.1, has a second order effect on the derived 

magnetic moments, can be estimated schematically. Guided by shell model calculations21'27-30), 

for 2 , 2 Rn, 2 1 3Fr and 2 1 4 Ra, we estimate that the empirical (h9/2)'j configurat:ons contaan con-
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tributions of the order of 20%, 25% and 30%, respectively, from zero-coupled pairs in the / 7 / 2 

and i 1 3 // 2 orbits. Taking account of these gives the results labelled CPV2 in fig.3. There is a 

significant improvement between theory and experiment. 

In 2 1 0 Po the difference g{8+) - g{6+) = 0.006(3) has been measured more accurately40) 

than the absolute ^-factors. The calculations imply that both the core polarization and the 

particle-vibration mixing mechanisms contribute to this difference. 

Finally, taking an alternative approach, the MPOC model was used to remove t v influ

ence of particle-vibration coupling from the experimental ^-factors, thereby obtaining a semi-

empirical estimate of the effects of core-polarization alone. The resultt, shown in the final 

column of table 4, are required below in sect. 5.2. Table 4 also shows the ^factors of the vari

ous components of the octupole-mixed wavefunctions used to obtain the "octupole corrected" 

experimental ^-factors. 

5.2. MAGNETIC MOMENTS OF STATES INCLUDING AN h9/3

n TERM 

The octupole corrected empirical ^-factors (table 4) were used to calculate the magnetic 

moments of states in the N = 126 isotones that have been ass igned 1 4 , 1 6 , 2 1 , 3 3 , 2 8 ) configurations 

involving an [h9/3)n term together with one or two protons in the l / 7 / 2 or 0 i 1 3 / 2 orbitals. 

Calculations assuming the nominal configuration are compared with the MPOC model and 

experiment in table 5. Note that for the nominal configuration calculation, the empirical g-

factor of the i13/2 proton (g = 1.246) was employed, while the octupole corrected value (1.287) 

was used in the MPOC calculation. In both cases the theoretical value of Bauer et al.M) was 

employed for the / 7 / 2 proton. 

With but one exception, the calculated p-factors in table 5, assuming either pure nominal 

configurations or the octupole mixed wavefunctions, are in satisfactory agreement with experi

ment. It is mainly for 2 1 4 Ra that these ^factors are sensitive to the breakdown in additivity of 

g{hn). For the lighter isotones one obtains reasonable agreement with experiment using either 
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the octupole corrected values or g(hn) - 0 913 throughout. 

There remains a significant disparity between the calculated and experimental ^-factor of 

the 14* state in z l 4 Ra. This state is the only case to date whose ^-factor has been measured 

t with sufficient precision to be sensitive to the ^-factor of the I/7/2 proton orbital. We therefore 

attribute the discrepancy between theory and experiment for this sta*e to the assumed theo-
w 

retical value of y ( l / 7 / 2 ) = 1.525. In a following paper, A smaller experimental value of 9(1/7/2) 

= 141(2) is obtained from the ^-factor of the 14+ isomer in m R a . 

# 6. Summary and conclusions 

The contribution of particle-vibration mixing to the nagnetic moments of states associated 

with the configuration (h9/2

n) in N = 126 isotones has been evaluated using the multiparticle 

,•' octupole coupling model. In the absence of other effects, these calculations predict a monotonic 

increase in g(h9/3

n) with increasing n. The experimentally observed decrease in the ^-factors 

results from the combination of core polarization corrections and configuration mixing due 
» 

to shell model residual interactions and particle-vibration coupling. The main effect of the 

^ particle-vibration coupling is to increase the mixing of certain shell model configurations. The 

. breakdown m additivity for the experimental magnetic moments, then, is due principally to 

the first order core polarization blocking together with mixing due to octupole coupling effects 

which partially cancel the core polarization correction. 
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Figure Captions 

Figure 1 Theoretical ^-factors from Towner et aL10) . The solid lines illustrate the blocking in 

the core polarization calculations taken (a) to first order in perturbation theory; (b) to all 

orders for ip-lh inteimediate states; (c) to all orders for lp-lh and 2p-2h intermediate 

states, and (d) to include in additional configuration mixing [see ref.10) for details]. All 

curves were separately shifted to fit the measured ^-factor of the ground state of 2 0 9 Bi. 

The ^-factor data shown are from refs. 5 , 1 1) . 

Figure 2 Partial level schemes of (a) 2 1 0 Po, 2 1 2 Rn and 2 l 4 Ra, (b) 2 U A t and 2 1 3Fr. Data are 

from refs. 1 4- 2 1' 2 5) . 

Figure 3 Calculated ^-factors for 8 + and 21/2" states, nominally of the configuration (A9/2)". 

compared with experiment5,11) . The core-polarization contributions to the departure of 

g(h9/3

n) from g^hg^) = 0.913 are taken from the calculations o/ Towner et o/.10) . CPl: 

first order lp-lh core polarization alone; PV: multiparticle octupole-vibration coupling 

alone; CPVl: first order lp-lh core polarizrtion plus multiparticle octupole coupling; 

CPV2: as for CPVl but including an estimate of the effect of admixtures having a pair 

of protons removed from the /19/2 orbit and coupled to spin zero in the / 7 / 2 or i13/} orbit 

as discussed in sect. 5.1. This effect is present when there are 4 or more valence protons. 
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TABLE 1 

Wavefunctior.s and B(E3) rates for states in the even N = 126 isotones 

Nucleus n J: hn 

Amplitude 
A n " 7 (hn-mli)M®3~ 

B(E3; 11" — 8^) 
(e2fm6 x 103) 

Theory Experiment 

2 1 0 Po 2 Sf 0.985 0.149 0.087 

8^ 0.979 0.188 0.082 10.6 9.4 (4)a) 

8J 0.204 -0.942 -0.267 52 49 (3)°) 

2 1 2 Rn 4 6f 0.972 -0.211 -0.103 

»r 0.964 -0.249 -0.096 

82

+ 0.266 0.929 0.256 

2 1 4 Ra 6 er 0.971 -0.214 -0.104 

sr 0.957 -0.271 -0.102 9.9 8.34(24)6) 

K 0.289 0.921 0.260 50 59.0 (16)6) 

"jFromref.") 

b) From ref.M) 
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TABLE 2 

Wavefunctions for selected states in the odd N = 126 isotones 

Nucleus n J* Amplitude 

2 U At 3 21/2- 0.970 0.255 0.094 

2 1 3Fr 5 21/2" 0.955 -0.278 -0.101 

20 

A T 7 (A?-1*)23/2®3- I 

2 1 1At 3 17/2" 0.993 0.107 0.046 

2 I 3Fr 5 17/2" 0.996 -u.084 0.003 

. r 



TABLE 3 

Experimental and theoretical B(E2) transition rates') 

Nucleus 
B(E2; 8 + - 6 + ) or B(E2; 21/2" -> 17/2-) (e 2 ^! 4 ) 

Reference 
Pure Config MPOC Shell Experiment 

2 1 0 P o 84 76 84 81(4) ref.3 5) 

2 1 1 At 168 171 171 136(14) 

or 200(29) 

ref.3 6) 

ref. 3 7) 

2 1 2 Rn 9 13 14 9.8(8) ref.2 1) 

2 i 3 F r 0 0.12 9 3.63(15) ref.2 5) 

2 1 4 Ra 9 5 0.4 0.103(5) ref.1 4) 

') See sect. 2.2 of text for details of calculations 
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TABLE 4 

Particle-vibration corrections to y-factors of (^9/2)* states in the N = 126 isotones 

Nucleus r ^-factor r 
Experiment hn-l A—1/ h"-1^- hn 

2 1 0 Po 6 + 0.913(8) 0.913 1.153 1.394 0.904(8) 
8 + 0.919(6) 0.913 1.181 1.319 0.906(6) 

2 1 1 At 21/2" 0.905(10) 0.906 1.071 1.203 0.893(10) 

m R n 8 + 0.894(2) 0.893 1.169 1.308 0.871(7) 

2 i 3 F r 21/2" 0.888(3) 0.871 1.046 1.178 0.872(4) 

m R a 8 + 0.885(4) 0.872 1.158 1.296 0.859(7) 
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TABLE 5 

Experimental and theoretical ^-factors for multiproton states in N = 126 nuclei 

Nucleus J" 
Nominal 

configuration 

-̂factor 
J" 

Nominal 
configuration Pure-) MPOC*) Experiment0) 

2 1 0 Po 11" ki 1.110 1.113 1.109(8) 

2 1 1 At 29/2+ h2t 1.058 1.065 1.056(9) 

2 1 2Rn 14+ h*f 1.051 1.059 1.07(3) 
17" h3i 1.028 1.037 1.05(1) 

2 1 3Fr 29/2+ h*i 1.039 1.045 1.049(2) 
45/2" h3i2 1.081 1.088 1.03(3) 

2 I 4 Ra 11" hsi 1.093 1.100 1.089(7) 
14+ A 5 / 1.035 1.048 1.021(4) 
17" h*i 1.015 1.022 1.021(3) 

°) Calculated y-factor for nominal configuration, lee e.g. refc . , 4 • 1 6 • a l • a • a , ) 

) Calculated y-factor for multiparticle octupole mixed wavefunctiona 
c ) Experimental g-ftcton from reft.».».".«.») 
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