
Lawrence Berkeley National Laboratory
Recent Work

Title
EFFECTIVE MOMENT OPERATOR FOR MAGNETIC MOMENTS AND Ml TRANSITIONS IN THE Pb 
REGION

Permalink
https://escholarship.org/uc/item/9fm411sw

Author
Petrovich, F.

Publication Date
1972-08-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/9fm411sw
https://escholarship.org
http://www.cdlib.org/


I 
J .; .. 

1 

Submitted to 
Nuclear Physics 

LBL-649 
Preprint ·. 

' ..... 

EFFECTIVE MOMENT OPERATOR FOR 
MAGNETIC MOMENTS AND M1 TRANSITIONS 

IN THE Pb REGION 

F. Petrovich 

August 1972 

AEC Contract No. W -7405 -eng-48 

TWO-WEEK LOAN COPY 

This is a Library Circulating Copy 
which may be borrowed for two weeks. 
For a personal retention copy, call 

Tech. Info. Division, Ext. 5545 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



iii 

EFFECTIVE MOMENT OPERATOR FOR MAGNETIC MOMENTS 
AND Ml TRANSITIONS IN THE Pb REGION~'< 

F. Petrovich 

Department of Chemistry 
and Lawrence Berkeley Laboratory 

University of California 
Berkeley, California 94720 

August 1972 

Abstract 

LBL-649 

The effect of core polarization on magnetic moments in the Pb region 

is investigated using first order perturbation theory with a central zero-range 

coupling interaction. The results are expressed in the form of a state dependent 

effective moment operator which includes an anomalous orbital g-factor intra-

duced previously. This operator gives a better account of the experimental 

data than a state independent operator proposed earlier by Maier et al., 

particularly in the case of the known Ml transition rates which are quite 

sensitive to the magnitude of the polarization. The force required to fit the 

data is somewhat larger than realistic interactions currently in use. 

f 

~:~ 
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1. Introduction 

The deviation of experimental magnetic moments from the Schmidt values 

and the retardation of Ml transition rates have been topics of interest ever 

since the inception of the shell model. The two are intimately related and 

the effects which bring about the deviations are, by now, fairly well known1 ). 

Most important is the effect of configuration admixtures resulting from the 

interaction of the shell model valence nucleons with the core, i.e. core polari

zation. This was first investigated by Rorie and Arima2) and Blin~Stoyle and 

Perks3) in 1954. Of lesser importance, and not so well understood, are interac-

tion and mesonic effects which actually result in a modification of the form 

of the "bare" magnetic operator4 ). In addition to these Bertsch5) has also 

suggested that Brueckner correlations can affect the magnetic moments. 

At present there is a substantial amount of experimental data available 

on magnetic moments and Ml transition rates for nuclei in the Pb region. The 

effect of core polarization in this region has been investigated in several 

theoretical calculations6-lO). All of these succeed in giving a good qualita-

tive explanation of the experimental data, but fail to account completely for 

the observed deviations. In view of the, as yet unexplained, discrepancy 

between theory and experiment Maier et al.ll) have attempted to parameterize 

the experimental data in terms of an effective moment operator. Their effort 

was only partially successful. 

The "bare" magnetic moment operator is given by 

(1) 
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where G(q) = g
8 

(q) - gR. (q) and q is a charge index. For protons gR,=l and . 

gs = 5.58 while for neutrons gR. = 0 and gs = 3.82 all .in nuclear magnetons. 

The effective magnetic moment operator of ref. 11 ) is 

where p is a vector with z-component 

P = .2[Y x -)1 
z ~ 2 s z 

· ( 2a) 

( 2b) 

( 2c) 

and ll*{q) is the "bare" magnetic moment operator modified by the inclusion of 

an anomalous orbital g-factor, i.e. gR,(q) --~ gR,(q) + cgR,(q). The term c~(q) 

is associated with core polarization effects while the anomalous orbital g-factor 

was first proposed by Yamazaki, et al. 12 ) in order to explain the experimental 

magnetic moment of the l1h
912 

li
1312

; 11-> state in 210Po. It presumably can 

be associated with mesonic effects13). Maier et al. assumed that (l) 

G.(n) = -G.(p) (iso-vector assumption) and (2) that G. did not depend on the 
~ ~ ~ 

orbital of the valence nucleon. With G0(n) = 3.43, G2(n) = 4.55, cgR,(p) = 0.09, 

and cgR, (n) = -0.06 they obtained a reasonable fit to the known magnetic moments, 

but overestimated the retardation of the p
312 

--~ P1; 2 and f
712 

--~ f
5

; 2 Ml 

transition rates in 207Pb by 2-3 orders of magnitude. 

The present study was undertaken in an effort to understand the above 

difficulty. We have investigated the effect of core polarization on the magnetic 

moments and Ml transition rates using first order perturbation theory with the 

assumption that the interaction between the valence nucleons and the core can 

be represented by a zero-range force. The results of these calculations can be 
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expressed, exactly, as a contribution to the magnetic moment operator of the 

form given in eg. (2b). In this approach the Gi(g) are proportional to inte

grals which express the overlap between the radial wave functions of the valence 

nucleons and the core admixtures, therefore, the resulting effective magnetic 

moment operator is state dependent. We find this state dependence to be guite 

important. 

In the following sections of this paper we review the theory of effective 

operators and discuss the results of our perturbative calculations. 
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2. Theory of Effective Operators 

The theory of effective operators is well known and is reviewed here 

for the purpose of deriving certain relations pertinent to this paper. In first 
. ' 

order perturbation theory the admixtures of core excited states in the single 

particle state (jm) are computed according tol4) 

(3) 

where V = L v
1
. jis the interaction between the single particle and the core, 

i<j 
P is a projection operator defining the core excited stated to be included in 

the calculations, and H
0 

is the Hamiltonian which defines the energy of these 

intermediate states. The reduced matrix element1 5) of a one body operator of 

J 
rank J, T = E 

i 
t~, between two such states is given by 

M = M0 + oM 

M
0 

= < j f II t J ( q) II j i > 

oM = ( jfiiTJ (Ej. - H )-l PV + VP(Ej - H )-lTJIIj .> 
1 0 f 0 1 

(4) 

where M
0 

is the single particle matrix element and oM is the modification due to 

core polarization. As before q is being used as a charge index. 

In order to obtain explicit expressions for oM the nature of the core 

excited states must be specified. If we ignore interactions between the core 

particles and take P to be the projection operator for uncorrelated 2p-lh states • 
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aj (q 1 )1c > 
. h~ 

(5) 

j -j j j 
(-1) p h :l!.:.E..(jhlltJ(q 1)11j >r:l l(j jh,jfj.) J p qq p l. 

jpjh 

q I ~~· 
. ,·',i: 

(6) 

where p h acts to the right and mea.hs.to interchange j and jh' p . • . p 

E.f(ph) = Ej· .····.-E. -E. +E. , andr:/ 1 is the Jth multipole coefficient of 
l. { Jf Jp h qq . 

the interaction defined by 
.,__ ... 

=~ 
j +j -JI,... "'2 

(-1) f h J Jl 

"' "' 
(JjfJ 1Iv 1 ljhj.J 1

) p qq l. 

Jl jpjf 
(7) 

The two body matrix element in this equation is antisymmetrized but not normalized 

and the subscript qq 1 distinguishes between the p-p(n-n) and p-n components of the 

two body force. If we treat interactions between the core particles in the T.D.A. 

8 16 . ' ' -
approximation ' ) then P projects onto correlated 2p--lh states 

I j('V)J; j 1m1
} = L X~(jp jh q 1 )l:j(jp ~)J; j 1m1

) 

jpjh 
ql 

(8) 
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and 

oM = 

~ XJ(. L..J v Jp 

jpjh 

jp I jh I 

q'q" 
v 

A A 

A A 

j '~j j I j I 
+ 1 ( 1) P h _h __ .E.(j lltJ( ')II·) cl (j ,. , .. ·) 

E (v) - J... p q Jh qq" h Jp ,J_fJl.. fi 
i 

where E
1
of (v) = E -E. - E . 

ji Jf v 
The energies Ev and the amplitudes i~ are 

(9) 

obtained by performing a diagonalization in the space of particle-hole core 

excitations. 

For a central zero-range force 

v I (1,2) = (A
0 

I + A
1 

I 01 :(J2)o(rl - r2) . qq qq g_q 
(.10) 

the exchange component of a two body matrix element is equal to the direct 

component and 

L: 
LS 

(11) 
where the reduced matrix elements contain integrations only over spin and angu-

1 d 0 t TLSJ 0 th 0 1 t ar coor 1na es, 1.s e sp1n-ang e ensor 

= L< LSM>-.1 JMJ ) i
1 

YLM 0~ 

MA 

(12) 
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and I is the radial overlap integral 

I(R-pR,fR,hR-
1
.) = Ju n (r) u n (r) u n (r) u n (r) r

2
dr (13) 

np)l,p nf)l,f ~)l,h ni)l,i 

The separation of the core and valence coordinates achieved in eq. (11) allows 

oM to be written in the following form 

(14) 

J The reduced matrix element of the effective operator ot (q) can be interpreted 

as an integral over spin and angular variables only, in which case tLSJ will 
q 

depend on the states ji and jf through the radial integrals I, or it can be 

interpreted as an integral over all variables, in which case tLSJ will be an 
q 

explicit function of r. If the first interpretation is adopted, the expressions 

for tLSJ corresponding to eq. (6) and eq. (9) are 
q 

where Q = E 
ji 

. E (ph) 

Q2 - E2(ph) 

4 j 2 
· P As ( j lltJ(q')lljh Hj IITLSJIIj·} I(R-pR-. ft_ R-

1
) 

.J2 qq' p p h '"h 

(15) 

Ej and E(ph) = EJ - Ej , and 
f p h 
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E ( \) ) XJ ( j j I ) XJ ( j I j I q" ) 
2 . 2 \) p hq \) p h 

Q - E (v) 

X (16) 

respectively. In deriving these equations it has been assumed that tJ and TLSJ 

have the same conjugation properties. The second interpretation leads to identi-

cal expressions, except that u n (r )u n ( ) • \ 
. np~Vp ~)l,h r. appears 1.n place of I(R,pR,fR,hR,i). 

In the case of magnetic moments and Ml transitions the one body operator 

of interest is the "bare" magnetic moment operator given in eq. (1). Specializing 

the above development to this case immediately leads to the effective moment 

operator defined in eq. (2). Observe that the selection rules for ~ (and ~) 

are ~~ = l, ~L = 0, and ~S = ~J = 0,1 while ~eff allows ~L = 2 as well. As a 

result of the selection rules on ~. the only particle-hole admixtures which can 

contribute airectly to oil in lowest order are J = 1+ states formed from spin-orbit 

partners. In the Pb region these are the 1 h
912 

- 1 h~i;2 proton and 

-l 1 i 1112 - 1 i
1312 

neutron particle-hole pairs. Other particle-hole pairs do 

contribute indirectly to 8~ when core interactions are taken into account. 

The following expressions for G0(q) and G2(q) are obtained from eq. (15). 

= L K(q) 
~ 

E(ph) 

= ~ (~)-1/2 K(q) 
3 

(17) 
• 
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Note that the above sum contains only two terms and that the sign of K{q) is 

negative for protons and positive for neutrons as AG > 0 and < in these cases 

for most reasonable forces while Q2 - E
2 (ph) < 0. It is also interesting that 

G0 and G2 are simply related in this approximation. From eq. (16) 

G0 (q) = ~1T 2: A(phq 1 , 

jpjh 

j 'j ' p h 
q'q" 

\) 

p'h'q", v) ott 
ph 

2: A(phq', 

jpjh 

p'h'q", 

jp 'jh' 

q'q" 
\) 

where 

A(phq', p'h'q", v) = 

1 )~1/2 
j"' t{ . 'IIT2llllj ' ) 

p Jp h 

(18) 

(19) 

Here contributions from J = 1+ particle-hole states other than those formed from 

spin-orbit partners appear implicitly in the E(v) and explicitly in the unre-

stricted sum over jp' and jh' in the second of eq. (18). There is no simple 

relationship between G0 and G2 in this case, although deviation from the rela

-1 tionship of eq. (17) will be small in the event that the 1 h912 - 1 h1112 and 

-1 1 i
11

;
2 

- 1 i
1312 

p-h pairs are not strongly mixed with other p-h pairs by the 

core interactions. 
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3. Res~ts and Discussion 

There is experimental information on eight single particle (single hole) 

magnetic moments in the Pb region and the B(Ml) for the two single hole Ml 

transitions in 207Pb are known. In these cases we have calculated the Schmidt 

values and experimental deviations assuming (1) that og~(p) = og~ (n) = 0 and 

(2) og~ (p) = 0.09 and og~ (n) = -0.06 from ref. 11 ). Estimates of the values 

of G0 (q) needed to fit the data have been obtained directly from the experimental 

deviations by assuming that G2(q) = (rr/2)1/ 2 G
0

(q) as suggested by eq. (17). 

The relations between a0 (q) and the experimental diviations are easily obtained 

from eq. (2). For the magnetic moments 

G ( ) - OlJ l + J 0 q - exp 2~ + 1 
+ 1 + (j+l/2) l-l 

8 (j+l) ~ (j=~±l/2) ( 20 ). 

and for the Ml transitions 

G0 (q) = ~ G(q) lll(M1)!~ -1 - O~t~r) ~ (21) 

where B(Ml) . is expressed as a ratio to the Schmidt value. These results are exp 

summarized in Table 1. 

The purpose here is to illustrate the need for the anomalous orbital g-

factor and state dependence in the effective moment operator. The importance of 

the anomalous orbital g-factor is quite evident if one compares the values of 

G
0

(1) and G
0

(2) in the table, particularly those for the 1 h
912 

and 1 i 1312 

states. Without this factor one is led to the conclusion that core polarization 

is considerably stronger for the 1 h912 state than for the 1 i 1312 states -- a 

fact which cannot be explained with the model being considered in this work. 

The values of G
0

(2) show a definite decrease as the number of nodes in 



• 
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the radial wave function of the valence nucleons increase. The 2f
712 

state 

in 209Bi is an exception to this, but there is a large experimental uncertainty 

in the magnetic moment for this state and there is some question concerning the 

purity of the configuration assumed in extracting this valuell). This state 

dependence is consistent with theoretical expectations, as can be seen from the 

overlap integrals given in Table 2. 

The values of G
0

(2) should also be compared with the results of Maier 

et al. who found that G0 (n) = -G0 (p) = 3.43 and G2 (n) = -G2(p) = 4.55 which 

give G2/G
0 

= 1.33 which is quite close to (rr/2)1 / 2 • This comparison suggests 

that their searches were biased to the magnetic moments of the high spin states. 

They were able to fit the moments for the states with lower spin because the 

L = 0 and L = 2 terms in c~ cancel one another in the moment calculations. This 

can be seen from eq.(20). In the case of the Ml transition rates the two terms 

are additive which explains the large retardations they obtained. 

Observe finally that the G0 (2) for the f and p states deduced from the 

transition rates are about 30% smaller than the corresponding values obtained 

from the magnetic moments. This means that even with the state dependence included 

there will be a tendency to overestimate the Ml transition rates, but not by orders 

of magnitude. Deviations from the assumed relationship between G0 and G2 will 

have additional bearing on this point. 

Two perturbative calculations have been made with a zero-range interaction 

as described in the preceding section of this paper. In the first calculation 

we neglected the effect of interactions between the core particles and assumed 

that E(l h912 - 1 h1~~2 ) = 5.60 MeV and E(l i 1112 - 1 i~~/ 2 ) = 5.86 MeV as 

observed expPrimentally. In the second calculation core interactions have been 
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treated by projecting onto correlated 2p-lh states constructed from the T.D.A. 

wave functions for the magnetic dipole states of 
208

Pb given in ref.
10

). These 

wave functions have been selected because they give a reasonable description of 

the known properties of the core states. In a more consistent calculation the 

core states would be calculated with the same force that is used in estimating 

the effect of core polarization. Harmonic oscillator wave functions have been 

used throughout with b =2.33fm17 ) and in both calculations the force strengths 

A1 and A1 as well as the anomalous orbital g-factors have been varied to give 
pp pn 

the best fit to the data. 

The results of these two calculations are summarized in Table 3. Both 

calculations give quite similar results and they compare more favorably with 

experiment that the results of Maier et al. particularly in the case of the 

207Tl(3s
112

) and 207Pb(3p
312

) magnetic moments and the Ml transitions in 207Pb. 

"'h t . t f th 2f t t . 209B ' . t ' Th t t 1 e magne ~c momen or e 
112 

s a e ~n ~ rema~ns an excep ~on. e s a e 

dependence in the theoretical effective operator is somewhat more severe than 

that indicated by the experimental data. This can be seen by comparing the values 

of G0 in Table 3 with the G
0

(2) of Table l. If finite well wave functions18 ) 

had been used instead of harmonic oscillator wave functions the differences would 

be larger still. In view of the approximations involved in these calculations 

these differences are not considered serious. It is interesting that the calcu-

lations give a qualitative reproduction of the state dependence in the Ml transition 

rates. The retardation of these rates- is still overestimated, however, the dis-

crepancy in the Ml matrix elements is less than a factor of 1.25 as compared to 

11 the factor of about 17 obtained in ref. ). 

We find Og~(p) = -0.08 and og~(n) = -0.06 which is in reasonable agree

ment with the previous estimates11 ,12 ). The major effect of the core interactions 

• 



• 
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is to push th~ isovector component of the magnetic dipole core strength up in 

10 energy ). This is reflected in the force strengths which have been obtained. 

The isovector component of the force obtained in Appr~xima~ion 2 is about 29% 

larger than that obtained in Approximation l. The agreement between the theo-

retical and experimental Ml transition rates is a little better in Approximation 

2 than in Approximation 1. This is partially due to the fact that G2 ~ l.llG0 

in the former calculation as compared to G2 = 1.25G0 in the latter. In addition 

the importance of Q in the energy denominators [see eqs. (17) and (19)] is diminished 

in Approximation 2 as the core strength lies at a higher energy in this case. 

In order to gain some estimate as to the uncertainty in the parame.ters 

which have been obtained additional fits were attempted with various pieces of 

the data omitted. This check is important particularly when there is a question 

concerning the purity of the configuration assumed in extracting a piece of data. 

In carrying_out this test the values for the anomalous orbital g-factors and the 

isovector component of the interaction remained constant within 15%, but the 

isovector component of the interaction exhibited large fluctuations. It is con-

eluded that both of the anomalous orbital g-factors but only one of the force 

strength parameters are well determined. This is expected as the isovector 

component of G(q) is more than 10 times greater than the isoscalar component. 

Magnetic moments for other single particle states in the Pb region have 

been calculated using the parameters given in Table 3. The .results are given in 

Table 4. As the results in Approximation l and 2 do not differ greatly, only the 

latter are shown in the table. 

Table 5 contains a summary of the results ootained in calculation~ using· 

more realistic interactions. The BGT and HJ resUlts are from ref. 6 ' 10 ), respectively. 
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The effect of core interactions have been included in these calculations and 

Blomqvist et al. 6 ) have also included a small correction for interaction effects. 

The KK results have been obtained in this work using the "semi-realistic" 

Kallio-Kolltveit force19 ). Approximation 1 has been used and the results have 

been reduced by 30% to account for core interactions. The BGT and HJ interactions 

are 'similar and give larger deviations which are in better agreement with experi-

ment than those obtained with the KK force. The former interactions contain 

repulsive odd central components and non-central components (the most important 

of which is the tensor force) while the latter is an s-wave central interaction. 

As a result of these additional components the BGT and HJ interactions give 

larger isovector coupling than the KK force. 

The KK matrix elements can be reproduced quite well with a zero-range 

force with A1 = 124 MeV·fm3 and A1 = -24 MeV·fm3 • The average of the BGT and 
PP pn 

HJ matric elements can be reproduced reasonably well with a zero-range force 

with A
1 

= 187 MeV·fm3 and A1 . = -59 MeV•fm3• Results obtained with these forces pp pn 

have also been included in Table 5 for purpose of comparison. The isovector 

components of these forces are 74 and 123 MeV·fm3 , respectively, as compared to 

the value of 175 MeV·fm3 for the interaction required to fit the data in Appro-

ximation 2 which has been given in Table 3. 

Mavromatis and Zamick8 ) have given detailed expressions for calculating 

those corrections to the magnetic moments which arise in 2nd order perturbation 

theory. They have also indicated how certain terms which are first order in the 

coupling to the valence nucleon may be summed to all orders. Application was 

made .to the 1 h
912 

single proton state in 209Bi where they found that by far 

the most important correction came from the term which corresponds to our use of 

• 
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correlated intermediate states (Approximation 2). The 1 h
912 

level in 209Bi is 

thought to be quite pure, while other single particle states in the Pb region 

might be mixed appreciably with low lying particle vibration coupled·states20 ). 

This mixing might have important consequences. 

As an example consider the mixing between the 1 i
1312 

single proton state 

and I 1 h9/2 X r; 13/2 ) particle-vibration state in 209Bi. A recent analysis 21 ) 

of the 209Bi (p ,p 1 ) 
209Bi * reaction at 61.2 suggests that these states are admixed 

about 8%. The magnetic moment of the 3-(2.62 MeV) vibrational state in 208Pb 

is known to be 1. 7 - 2. 2 nm22 •23 ). The correction to the magnetic moment of the 

1 i
1312 

state calculated according to 

with ogt(p) = .08 nm turns out to -.34 nm which is substantial. It is not known 

if this correction might be cancelled by other contributions, but it suffices 

to demonstrate that higher order terms besides the core interaction terms may be 

important in s~me instances. Experimental magnetic moments for other low lying 

vibrational states in 208Pb might provide useful information concerning this 

question. 

Following the phenomenological point of view taken in this work, we point 

out that the above admixture might be compensated for by increasing ogt(p) to 

0.11 nm. This then gives ~(1 h
912

) = 4.19 nm and ~(1 i
1312

) = 7.72 which is still 

in reasonable agreement with experiment. 
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4. Summary 

It has been shown that the single particle magnetic moments and Ml transi-

tion rates in the Pb region can be understood by introducing an anomalous orbital 

g-factor in conjunction with a first order treatment of core polarization which 

assumes a zero-range coupling interaction •. The results have been expressed as a 

state dependent effective moment operator of the form given in eq. (2). The 

properties of this operator may be summarized by the relations 

go(q) = a g2(q) 

gi(n) = f3 gi (p) 

where I is the average radial overlap integral, a= 1.11- 1.25, S = .91, and ave 

g0 (n) = 473 nm. This operator gives a better reproduction of.the experimental 

11. 
data than the earlier state independent operator of Maier et al ). 

It has also been found that the coupling interaction required to fit the 

data is from; 1. 4 - 2. 3 times stronger than current realistic interactions. In 

addition the values for the anomalous orbital g-factors, 6gt(p) = 0.08 nm and 

6gt(n) = .-0.66 nm, are larger than previous theoretical estimates of corrections. 

for mesonic and interaction effects 4' 6). Although a good, and hopefully useful 

fit to the data has been achieved with this simple model, theoretical puzzles 

still remain. 

i 

'l 
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Table l. Summary of experimental information on single particle (single hole) 
magnetic moments and Ml transitions in the Pb region. Experimental G

0
(q) are 

also shown.· 

State 

209Bi (I h9/2) 

209Bi(2f7/2) 

209B. (I . ) 
~ ~13/2 

207 ( '):. 
Ti 3~1/2 • 

207 . \• ··· Pb ( 3p
1

/ 2 ), 

207 Pb (2f ;)· 
5/2 

207 ' ' 
Pb(3p3/2) 

207Pb(l . ·) .. 
~13/2 

Transition 

Magnetic Momentsa 

b 
)Jexp 

4.08 2.63 

4. 41 ( 65) 5. 79 

7.9 8.79 

1.63 2.79 

0.59 0.64 

0.65(5) 1.36 

-1.09 -1.91 

-0.98 -1.91 

1.45 -5.33 

-1.38(65) -3.31 

-0.89 -2.23 

-1.16 -2.32 

-0.05 

-0.71(5) 3.31 

0.82 1.82 

0.93 • 2.33 

Ml Transitionsc 

B(Ml) exp 

207Pb(p3/2 ~ pl/2) 

207Pb(f7/2 ~ f5/2) 

.32 ± .08 

• 25 ± .06 

3.08 

6.06 

9.34 

2.79 

0.60 

1.19 

-2.27 

1.47 

1.70 

1.00 -3.66 

-1.65(65) -3.96 

-1.44 

-1.16 

-0.01 

-0.54(5) 

0.88 

1.29 

-3.60 

-2.32 

1.42 

1.64 

2.52 

1.96 

3.23 

a )J,O)J, and G0 are all given in nm units. The arguments 1 and 2 differentiate 

between the results with and without the anomalous g-factor. 

bNot all of the single particle moments shown are the result of direct experimental 

measurement. Some have been extrapolated from measurements on states involving 

more complicated configurations. See ref. 6- 11 ), particularly ref. 11 ) for origin of 

data. 

cB(Ml) is the dimensionless quantity B(Ml)/B(Ml) and G
0 

is given in nm. exp sp 
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Table 2. Overlap integrals in fm-3 computed with harmonic oscillator wave 
functions with the range parameter b = 2.33 fm. 

n.R. I(lh, n.R., lh, n.R.) I(li, n.R., li, n.R.) 

3s 0.00429 0.00418 

3p 0.00357 0.00338 

2f 0.00421 0.00402 

lh 0.00783 0.00692 

li 0.00692 o.oo666 
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Table 3. ·summary of magnetic moments and Ml transition rates obtained in 
calculations with zero-range interaction. Approximation 1 and 2 refer to 
calculations made with uncorrelated and correlated intermediate states, 
respectively. 

Magnet~c Moments 

Approximation la Approximation 2b 
MaJ.er 11 et al. ) 

State 11exp Go lJ Go G2 lJ lJ 

209Bi(lh9/2) 4.08 -3.82 4.06 -3.78 -4.26 4.10 3.98 

209Bi(2f7/2) 4.41(65) -2.08 5.16 -2.07 -2.33 5.15 4.65 

209B. (I . ) 
J. 1 13/2 7.9 -3.42 7.90 -3.41 -3.84 7.87 7.98 

207 Tt(3s112) 1.63 -2.12 1.73 -2.12 -2.38 1. 73 1.08 

207 
Pb(3pl/2) 0.59 1.64 0.60 1.61 1. 74 0.56 0.63 

207Pb(2f ) 
5/2 0.65(5) 1.95 0.78 1.91 2.06 0.74 0.49 

207 
Pb(3p3/ 2 ) -1.09 1.64 -1.23 1.61 1. 74 -1.23 -0.44 

207Pb(l il3/2) -0.98 3.22 -0.98 3.16 3.40 -0.96 -0.91 

Ml Transitions 

Transition B(Ml) Go B(Ml) Go G2 B(Ml) B(Ml) exp 

207Pb(p3/2 ~ pl/2) .32 ± .08 1.68 0.24 1.63 1.75 0.26 0.001 

207Pb(f7/2 ~ f5/2) .25 ± .06 2.15 0.12 2.01 2.15 0.16 0.001 

~ese results are obtained with A1 = 221 MeV·fm3, A1 = pp pn -49 MeV·fm3 , 

ogt(p) = 0.08 nm, and ogt (n) = -0.06 nm. 

bThese results are obtained with A1 = 255 MeV·fm3 , A1 = PP pn 
-94 MeV fm3 , 

ogt(p) = 0.08 nm, and ogt(n) = 0.06 nm. 

.J 

• 

I 
I 
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·~ ! 
' I 



-23- LBL-649 

Table 4. Predicted magnetic moments for single particle {single hole) states 
in the Pb region for which there is not experimental'data at present. Magnetic 
moments obtained with effective moment operator of ref,ll) are also shown. 

\) Ma_gnetic Maments 

Maier .. et al; a --State J.lsp Go G2 jJ 

209Bi(3pl/2) - .263 -1.75 -1.97 - .181 - .237. 

209Bi(2f ) 
5/2 

.864 -2.06 -2.33 1.57 1.83 

209Bi(3p3/2) 3.79 -1.75 _.1,97 3.07 2.35 

207TR.(2d ) 
3/2 .126 -2.41 -2.72 .669 .772 

207 
TR.(lhll/2) 7.79 -3.78 -4.26 6.62 6.87 

207TR.(2d ) 
5/2 4.79 -2.41 -2.72 3.90 3.52 

207 Ti(lg7/ 2) 1.72 -3.88 -4.38 3.05 2.90 

209Pb(3d ) 
3/2 1.15 1.42 1.53 .796 .554 

209 
Pb(2g7/2) 1.49 1.72 1.86 .789 .442 

209 Pb(4s112 ) -1.91 1.33 1.43 -1.25 - .195 

209 
Pb(ljl5/2) -1.91 2.78 2.99 -1.19 - .989 

209Pb(3d ) 
5/2 -1.91 1.42 1.53 -1.41 - .574 

209 
Pb(l ill/2) 1.62 3.16 3.40 .291 .298 

209 
Pb(2g9/2) -1.91 1.72 1.86 -1.42 - .765 

207Pb(2f ) 
7/2 -1.91 1.91 2.06 -1.27 ;:... .677 

.... 207Pb(l h ) 1.56 3.37 3.64 .286 .360 9/2 

(1 ain calculating J.l it has been assumed that ogt{p) = ogt(n) = o. sp 
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Table 5. Summary of theoretical magnetic moments and Ml rates obtained with 
realistic interactions. "Equivalept" zero-range results are also shown. 

Magnetic Moments 

OllKK 
d e 

OllzR OllzR State o a 
llexp 

209Bi (I h ) 9/2 1.05 0.72 0.43 0.78 0.41 

209Bi(2f7/2) -1.60(65) -0.37 -0.63 -0.33 

209Bi (I il3/2) -1.39 -0.49 -1.01 -0.53 

207TR. 
(3sl/2) -1.16 -0.91 -0.47 -0.76 -0.41 

207 
Pb{3pl/2) -0.01 -0.19 -0.12 -0.01 -0.03 0 

207Pb(2f ) 
5/2 -0.54(5) -0.46 -0.40 -0.19 -0.32 -0.17 

207 
Pb(3p3/ 2 ) 0.88 0.52 0.31 0.52 0.28 

207Pb(l il3/2) 1.29 0.51 0.94 0.50 

Ml Transitions 

B(Ml) B(Ml)HJ B(Ml)KK B(Ml)~R d Transition B(Ml)ZR exp 

207Pb( ~ ) 
p3/2 pl/2 0.32 ± 0.08 0.44 0.66 0.44 0.64 

207Pb(f7/2 ~ f5/2) 0.25 ± 0.06 0.57 0.34 0.56 

~he values of ogR.(q) given in Table 3 have been used in extracting Ollexp' 

bDeviations have been multiplied by 1.19 to correct for differences in harmonic 

oscillator wave functions. 

cThis res~t has been taken from the work of Mavromatis et al. 8 ) • 
. --

dResults obtained with zero-range force matched to BGT and HJ matrix elements. 

eResults obtained with zero-range force matched to KK matrix elements. 

j 
i 

. .,. i 
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