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AND M1 TRANSITIONS IN THE Pb REGION™

F. Petrovich
Department of Chemistry ‘
and Lawrence Berkeley Laboratory
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Berkeley, California 94720

August 1972

Abétract

The efféct of core polarization on magnetic moments in the Pb region
is investigated using first order perturbation theory with 8 éentral zero-range
cqupling interaction. The results are expressed in fhe_form of a state dependent
effective moment operator which includes an anomalous orbital g-factor intro- 5
duced previously. This operator gives a better account of the experimentél
data than a state independent operator proposed earlier 5y Maier et al.,
particularly in the case of the known M1 transition rates which are quite
sensitive to the magnitude of the polarization. The force required to fit the

data is somewhat larger thah realistic interactions Currently'in use,

]

Work done under the auspices of the U.S. Atomic Energy Commission.-
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1. Introduction

The deviation of experimental magnetic moments‘ffom the Schmidt values
and the retardation of M1 tramsition rates have been topics of intereét ever
sinée the inception of the shell model. The two arefintimately related and
the effects ﬁhich bring sbout the deviations are, by now, fairly well known;).
Most important is the effect of configurafion admixtures resulting from'the
interaction of the shell model valence nucleons with the core, i.e. core poléri?
zation. This was first investigated by Horie and Arimaz)vand Blin-Stoyle and
Perks3) in.l95h. Of lesser importance, and not so weil‘understood, are interac-
tion and mesonic effects which actually result in a modification‘of the form
of the "bare" magnetic operatorh). In addition to ﬁhése Bertéchs) has also
suggested thgt Bfueckner correlations can affect the‘magnetic momentsf

At present there is a‘substantial amount‘of experimental data available
on magnetic moments and M1 transition rates for nuclei‘in the Pb region. The
effect of core polarization in this region has been iﬂvestigated in several
theoretical cgléulations6‘;o). All of these succeed in giving a good qualita-
tive explanation.of the experimental data, but fail to account coﬁpletely for
the observed deviations. 1In #iew of the, as yet_unexplained, discrepéncy.
between theory and experimént Maie} et al.ll) have atteipted to parameterize-
the experimental data in terms of an effective moment operator. Their effort
wasvbnly partially Successful. |

| The "bare" magnetic moment operator is given byu

) = g ()T + g,(a)F = g, ()T +Gla)5 | e
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where G(q) = gs(q) - gz(q) and q is a charge index. For protons g,=1 and
g, = 5.58 while for neutrons 82 = 0 and g, = 3.82 all in nuclear megnetons.

The effective magnetic moment operator of ref.ll) is

Toee(@) = @+ 0@ T e

su(a) = Gy(a)s + 6, (a)p (2v)
where E'is a8 vector with z-component

Y, % E];

2
[ 2

p, =i (2¢)

and u*(q) is the "bare" magnetic moment operator modified by the inclusion of
an anomalous orbital g-factor, i.e. gl(q) —> gz(q) + Ggl(q). The term Su(q)
is associated with core polarization effects while the anomalous orbital g-factor

was first proposed by Yamazaki(gg_gi.lz) in order to explain the experimental

210

magnetic moment of the l1n 117> state in Po. It presumably can

9/2 11372}

l3). Meier et al. assumed that (1)

be associated with mesonic effects
Gi(n) = -Gi(p) (iso-vector assumption) and (2) that G, did not depend on the

orbital of the valence nucleon. With G.(n) = 3.43, G2(n) = 4,55, GgQ(p) = 0.09,

0
and ng (n) = -0.06 they obtained a reasonable fit to the known magnetic moments,
i —_— —_
but overestimated the retardation of the p3/2 pl/2 and f7/2 f5/2 M1

2O7Pb by 2-3 orders of magnitude.

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

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

moments and M1l 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 contribuﬁion to the magnetic moment operator of the
form given in éq. (2b). In this approach the Gi(q) are propor?ional to inte-
grals which expreés the overlap between the radial wave functioné of the valence
nucleons and”the core admixtures, therefore, the resulting effective magnetic
moment operator is state dependént. We find this state dependence to be quite
important. | | |

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

operators and diécuss 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 perturbafion theory the admixtures of core excited states in the single

particle state (Jm) are computed according tolk)
Gm) =lm) + (B, - B BVlgn) ) (3)

where V = :E: vijis the interaction between the single particle and the core,
i<y :

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

the calculations, and H, is the Hamiltonian which defines the energy of these

(0]

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

rank J, TJ = :E: tg,'between two such states is given by

i
M= M, + &M
M, = ¢ 'jflltJ(q)||ji) | | (4)
§M = ( ,ijITJ(EJi - ﬁo)’l PV + VP(EJf - Ho.)-lTJ'lj;)

- where M0 is the_single particle matrix element and 6M is the modification due to
core polarization. As before g is being used as & charge index.
' In order to obtain explicit expressions for &M 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

e
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13053035 3'mt ) =

Z Cyamml 31mn (3 :jh N mhIJM) (-1) -mh ggm(q) a's 0 (q') a m};(q'.)lc.)

o PP In
th - - (5)
we obtain
3-3. 35
L 1) P *h ‘h'p _
M= Z : (ph) B () pn| () ; SERCCRUERECIE NI )
deh |
@ (6)

where Pph.aéfs to the right and means.to interchange jp and Jh’

E, (ph) =E,  -E, -E, +E , and o’ , is the Jth multipole coefficient of
if B PR F SR h a9 , -

the intervact'i_o"_.r;v defined by

'jf jh_J.A ~2 | dpde! B , |
(J Jh. Jf.i ) = E (-1) _ ("J.p,.ij-'lquJthiJ' y .

35. 99,9

o) i

(1)

The two body matrix element in this equation is antisymmetrized but not normalized
and the subscript qq' distinguishes between the p-p(n-n) and p-n componénts of the
two body force. If we treat interactions between the core partiéles in the T.D.A.

o1

approximation8 ") then P projects ento correiated 2pélhjétateé

13a; gmt ) = E X3, 4 eI, T3 awy (8)
- Joon
e
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J s oy J . . 1 l ‘. PR
2 X (5 jh q')XV(.J ! Jh' a") W (-l -—-T-E—< "t ')lljp)uiq"(jp'Jh"JfJi)

v Up °p
Jth
s 1 s ]
Jp Jh
qull
v
1 p “h*h “p "J IR dJ te g s s '
fi d » o
where B . (v) = Eji - Ejf - Ev. The energies EV and the amplitudes i, are

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

excitations.

For a central zero-range force

| _ (a0 1 = == =
qu.(l,E) = (Aqq, t A0 qg)d(rl -r,) | (10)

the exchange component of a two body matrix element is equalvtb the direct

component and

J s s S+J LSJy . X LSJy .
aqq'(Jth’JfJ A g (-1) ( jp"T "Jh PR Jf"T  “Ji ) I(Epifﬁhli)

NIV

LS
(11)

where the reduced matrix elements contaln integrations only over spin and angu-

lar coordinates, TLSJ is the spin-angle tensor

Lsd L s
TMJ = z:<LSM)\|JMJ) i (12)

MA
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and I is the radial overlap integral

_ | | 2 »
I(R,pﬁl,flhﬂ,i) »— /unplp(r) unflf (r) unh,Q, nizi(r) rdr . (13) -

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

6M to be written in the following form

= (g lee (@), )

Gt; (q) - tLSJ TﬁSJ .'
JZqJ

LS

(14)

The reduced matrix element of the effective Qperator.StJ(q)_can be interpreted 
as’an integral over spin and angular variables only, in which case»tiSJ will
depend on the states ji and Jf through the radial integrals I, or it can be
inﬁerpreted.as an integral over all variables, in which case tLSJ_will be an
explicit functioh of r. If the firét intérpretation ié adopted, the expressions
for thJ corresponding'té eq. (6) and eq. (9)Iare

Z Ph) h,ngz IR I OO FIRXE 15575 1(8 Petnty)

Q° - g2 ph) 72 aq P b P
J

q'

where Q = E, -E, and E(ph) = E, -E, ,and
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LsJ ~ E(v) | J Iy o T
t = E —_—— X (3 3 q") X (33 ")
Jpah
t
jp jh’
q'q"
Vv

LT | |
—R2 P ,5 19 (gt )i TSIy oy (g '
ar-a Bgr Q3 le @y G Ty, o T(e e Ry DR (16)
- - . X Jd LsJ
respectively. In deriving these equations it has been assumed that .t and T

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

cal expressions, except that u (r)u .
' . anP nhkh (r) appears in place of I(lpkfﬂhli).

In the case of magnetic moments and M1 transitions_the one body operator

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

' the above development to this case immediately leads to the effective moment
operator definéd in eq. (2). Observe that the selection rules for u (and §")

are AT =1, AL = 0, and AS = AJ = 0,1 while J_,. allows AL = 2 as well. As a
result of the selection rules on ﬂ; the only particle-hoie admixtures which can
contribute airectly to 8p in lowest order are J = 1t states formed from spin-orbit
partners. In the Pb region these are the 1 h9/2 -‘l hii/Q proton and

1ijgp-1 i1§/2 neutron particle-hole pairs. Other particle-hole péirs do
contribute indirectly to S when core interactions are teken into account.

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

Gol@) = k() 6yla) = 2 (e 2 k(a)
2 (% + 1) | o
- :E : | E(ph) pp * 1yat |
Kla) - 6lpﬁh Q® - E(pn) pt 1 Blattgg I(Qplfzhzi)

Jth'
q'
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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 - Ee(ph) < 0. It is also interesting that

G, and G, are simply related in this approximation. From eq. -(16)

where

E(v)

Q® - E2(v)

" _ J J
A(phq', p'n'q", v) = XV(JP Jy 2" )X " I(Rp'lfzh'zi)

1 ] " 1) l
Wp' dy" ahelaAg,

(19)
Here contributions from J = l+ particle-hole statés other than those formed from
spin-orbit partners appear implicitly in the E(v) andfexplicitly in the unre-
stricted sum over jp' and jh' in the second of eq. (18). Theré is no simple
relationship between Go and G2 in this case, although déviépiop frqm the‘relé-
tionship of eq. (17) will be smell in the event that the 1 h9/2 -1 hzi/z

. -1 . . . .
111/2 -1 113/2 p~h pairs are not strongly mixed w1thnother p-h pairs by the

and

1

core interactions.
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3. Results and Discussion

There'is experimental information on eight singie particle (single hole)
magnetic ﬁoments in the Pb region and the B(M1) for the two single hole M1
' 207

transitions in Pb are known. In these cases we have calculated the Schmidt
values and experimental deviations assuming (1) that ng(p) = g, (n) = 0 and

(2) 8g (p) 0.09 and &g, (n) = -0.06 from ref. 11y - Estimates of the values
J'a 2

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

deviations by assuming that G.(q) = (ﬂ/2)1/2 Go(q) as suggested by eq. (17).

2

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

from eq. (2). For the magnetic moments

| _ 1, 1% (grye)lt
Go(q) = 6 exp {+ + l

RN TV Gty ()

and for the M1 transitions

- 8g .
Gola) = 2 6(a) 35(»«1)“2 ﬁ—ﬁﬁls S (21)

where B(Ml)exp_ls expressed as a ratio to the Schmidt velue. These results are .
summafized in Table 1.

The purpose here iS'toiliustrate the need for the anemalous orbital g-
factor and state dependence in the effective moment operator. The iméortance of
the anomalous orbital g-factor is quite evident if one compares the values of

Go(l) and GO(2) in the teble, particularly those for the 1 h end 1 i

9/2 13/2

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

is considerably stronger for the 1 h9/2 state than for the 1 i states -~ a

13/2°

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

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

i
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the radial wave function of the valence nucleons’ihcreaée. The 2f state

v T/2
in 209Bi is an exception to this, but there is a large experimental uncertainty
in the magneﬁic 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 Taeble 2.

The values of G.(2) should also be compared with the results of Maier

0
et al. who found that G,(n) = —G,(p) = 3.43 and G,(n) = =G,(p) = .55 which

)1/2. This comparison suggests

givg G2/Go = 1,33 which is quite close to (7m/2
that their searches were biased to the magnetic moments of thé high spin states.
They were able to fit the moments for the states with lower spin bécaﬁse the
L=0and L =2 terms in Gﬁ-cancel one another in the ﬁoment calculétibﬁs;"This
can be seen from eq.(20). In the case of the Ml transition rates the two terms
are additive which explains the larée'retardations they obtained.

Observe finally that the GO(E) for the f and p states deduced from the
transition rates are abouf 30% smaller than the corfesponding values obtained
from the megnetic moments. This ﬁeans that evén with the state dependence included
there will be a tendency to overestimate the M1 transition ratés, Eut not 5y orders
of magnitude. Deviations from the assumed rélationship between GO 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

-1 ) !
9/2 11/2 11/2 = * t13/2

observed experimentally. In the second calculation core interactions have been

that E(l h -1lh = 5,60 MeV and E(1 i ) = 5.86 MeV as
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treated by érojecting onto correlatéd 2p—lh states congtructéd from the T.D.A.
wave functions for the magnetic dipole states of 208P5 given in ref.lo). These
wave funétioné have been selected because they give a reasonable description of
the known propérties of the core states. In a more conéistent’calculation'the
core statés would be calculated with the same force that is used in estimating
the effect of éore polarization. Harmonic oscillator wave functions have been
used throughoﬁtawith b =’2.33fm17) and in béth calculations the fofce strengths
A;P and A;n as well as the anomalous orbital g-factors héve béen.varied to give
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 compére more favorably with
experiment that the results of Maier et al. particularly in the case of the
2071 (35, ,,) ana 2T 201

The magnetic moment for the 2f

Pb(3p3/2) magnetic moments and the-Ml transitions in Pb. -

209

state in Bi remains an exception. The state

7/2

dependence in the‘theoretical effective operator is somewhat more severe than

that indicated by fhé experimental data. This can be séen by comparing the values
of G, in Table 3 with the GO(2) of Table 1. If finite’ﬁell wave functionslB)

had been used ihstead of harmonic oscillator Wavevfuncfions the diffefences would

be larger still. In view of the approximstions involved in these calculatioqs

these differénces are not considered serious; It ié interesting that the calcu-
lations give a qualitative reproduction of the state dépendence in the M1 transition
rates. The retardation of these rates is still overéétimated, however, the dié—
crepancy in the M1 matrix elements is less than a féctor of 1.25 as cbmpared to

ll)

the factor ofvabout 17 obtained in ref.

We find 6g2(p) = -0.08 and 6g£(n) = -0.06 which is in reasonable agree-

11,12,

ment with the previous estimates . The major effect of the core interactions

o .
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is to push thg»isovector component of the magnetic dipole core strength up in
energylo). This is reflected in the force strengths which have been obtained.
The isovector component of the force obtained in Appr@ximation 2 1is about 29%
larger than that thained in Approximation 1. The agreement between the theo-
reticél and experimental M1 transition rates is a little better in Approximation
2 thap in Approximgtiqn 1l. This is partially due to the fact that G2 & ;.llG

0

in the former calculation as compared to G, = 1.25GO in the latter. In addition

2

the importance of Q in the energy denominators [see egs. (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 parameters
which have béen obtained additional fits were attemptedeith various pieces of
fhe 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_outvthis test the values for the anomalous orbital g-factors and the
isovector component of the interaction remained_constant.within 15%, but the
isovectbr component of the interaction exhibited lafge fluctuations. Tt is con-
cluded that both of the anomalous orbital g-factors but only one of the force
strength parsmeters are well determined. This is expected as the isovector
component of G(gq) is more than 10 times greater than the isoscalar compénent.

Magnetic_moments for other single particle states in the Pb fegion have
been calculated using the parameters given in Table 3._-The,resplps are given ih.
Teble 4. As the results in Approximation 1 and 2 do no£ differ greatly, only the
latter are shown in the»table.

Table 5 contains a summary of the results obtained in calculafions using-

6,10

more realistic interactions. The BGT and HJ results are from ref. ) respectively.
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The effect of cofe.iﬁtéractions have been included in these calcﬁlations and
Blomqvist'gz_gi.6) have also included a small correctionvfor interaction effects.
Thé KK results haeve been obtained in this work using the "éemi—realistic"
Kallio-Kolltveit‘foréelg). Approximation 1 has been uéed and the results have . '.i
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 fhan those obtained with the KK force, The formeilinteractions contain
repulsive odd central'cbmponents and non-central_components (the mosf imporﬁant
of which is the;tensor force) while the latter is an s-wave central interaction. : ;
As a result of these additionai components the BGT and HJ interactions give '
-larger isovector coupling than the KK force.

The KK'@atrix elements can be reproduced quite well with a zero-range
force with A;p = 124 MeV-fu> and A;n = -2l MeV-fm>. The average of the BGT and
HJ matric elements can be reproduced resasonably well with a zero~raﬁge force

with AT = 187 MeV.fmS
PP

and A;n.= -59 MéV'fm3. Results obtained with these forces
‘have also been included in Table 5 for purpose of comparison. The isovector
components of these forces are 74 and 123 MeV-fm3, respectively, asbcompared 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.

Mavromatié and Zamick8) have given detailed e#pressions for calculating
those correctioné to the magnetic moments which arise in 2nd order perturbation ‘ L
theof&. They have also indicated how certain terms wﬁich are first order in the
coupling to the valence nucleon mey be summed to all orders.: Application was
made .to the ‘1 h9/2 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 level in 2093i is

9/2
thought to be quite pure, while other single particle states in the Pb region

might be mixed appreciebly with. low lying particle vibration coupléd'states2o).

This mixing might have important consequences.

13/2
. ) ) . 21
Bi. A recent analysis™ )

As an éxample consider the mixing between fhe»l i
209

single proton state

'x 37;13/2 ) particle-vibration state in
209Bi*

agd | 1 h9/2

of the 209Bi(p,p') 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

22,23

is known to be 1.7 - 2.2 nm The correction to the magnetic'moment of the

1 113/2 state calculated according to

u(1 113/2) = .g2u , (1 i1g79) * 96 6u + .08y (1 ng ,, x 375 13/2) (?2)

with 8g,(p) = .08 mm turns out to —.3h.hm which is substantial. It is not known
if this correction might be cancelled b& other contributions, but it suffices .
to demonstrate that higher order terms besides the core interaction terms may bé
important in’sqme instances. Experimental magnetic méments for other low lying
vibrational states in 208Pb might provide useful iﬁformation concerning this
question.

' Following the phenomenological point of view téken in this wbrk, we point:
out that the above admixture might be compensated for by increasing 5sQ(P) to |
Y= 4,19 nm and u(1 i

0.11 nm. This then gives u(l h ) = 7.72 which is still

9/2

in reasonable agreement with experiment.

13/2
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L, Summary

It has heen shown that the single particle magnetic moments and M1 transi-

tion rates iﬁ the Pb region can be understood by introducing an andmalous orbital
g-factor in conjunction with & first order treatment of core polarization which
assumes ‘a zero-range coupling interaction.. The resuits have been expressed as &
 state dependent effective moment operator of the form given in eq. (2). The

properties of this operator mey be summarized by the relations

G, (a) = g;(q) IaQe
85(a) =!a g,(a)
g (n) = 8 & (p)

where Iave is the average radial overlép integral, oo = 1.11 - 1.25, B = .91, and
go(n) = 473 nm. This opefatéf gives a better reproduction of. the experimental
date than the earlier state ihdependent operator of Maier gg_gl}l)}

| It has also been found that the coupling interaction required to fit the
data is from. 1.4 - 2.3 times stronger than current reélistic interactiéns. In
addition the values for the anomalous orbital g-factors, SgQ(p) = 0.08 nm gnd
6g£(n) =‘—O.d6 nm, are larger than previous theoretical”estimates of corrections

h’6). Although a good, and hopefully useful

for mesonic and interaction effects
fit to the data has been achieved with this simple modél, theoretical puzzles

still remain.

<.
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Table 1. Summary of experimental informatioh on single particle (single hole)
magnetic moments and M1 transitions in the Pb region. Experimental Go(q) are
also shown.

Magnetic Moments® : v
A T b ' _
S?afe C o Mexp  Mgp(2) Su (1) Go(1)w (@) su (2) gy(2) .
2098i(ln.,.) . 4.08 2.63 1.45 -5.33  3.08 1.00 ~3.66

9/2 :
20931(21*7/2)_ © L.41(65) 5.79 -1.38(65) -3.31  6.06  -1.65(65) =3.96
209 '

Bi(li ) 1.9 8.79  -0.89 -2.23 9.3k -1.hk ~3.60
207T2(3‘1/éi?: 1.63 2.79  -1.16 —2.32 2,79  -1.16 = -2.32 é
~ 297Pb(3pl/2}?‘v 0.59 b"i,9}6h - -0.05 —  0.60 -0.01 - ;
2°7Pb(2f5/é§ C06s(5) 136 -0.7L(5) 331 19 -o.sh(s) a2 -
207Pb(3p3;éfg_ -1.09 -1.91 30.82 o 1.82 -1.97 0.88  1.96
2°7Pb(lilj/é)‘ -0.98  -1.91  0.93 - =2.33 -2.27  1.29 3.23
o M1 Trensitions® | |
‘Transition B(ML) o ip Go(1) Gy(2) ;
- = |
2°7Pb(p3/2:» Py /) .32t .08 R 1.2 E
207Pb(f7/2-f £5/5) .25 * ,06 1.70 1.64 %

au,du, end G, are all given in nm units. The arguments 1 and 2 differentiate

0

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 j

6-11

more complicated configurations. See ref. )s particularly ref.ll) for origin of 3

data.
is given in nm. é

c . . . . .
B(Ml)exp is the d1me§51onless quantity B(Ml)/B(Ml)Sp and G

; =
[ o
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Table 2. Overlap integrals in fm—3 computed with harmonic oscillator wave
functions with the range paresmeter b = 2.33 fm. , :

nf , ‘I(1h, nf, 1lh, nf) : -+ I(1i, nf, 1i, nk)
3s B 0.00k29 , - 0.00L418
3p ' 0.00357 S 0.00338
of 0.00421 . 0.00k02
1h 0.00783 - 0Q00692

1i 0.00692 - , 0.00666 .
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Table 3. "Summary of magnetic moments and M1l transition rates obtained in
calculations with zero-range interaction. Approximation 1 and 2 refer to
calculations made with uncorrelated and correlated intermediate states,
respectively.

Magnetic Moments"

Maier

’ Approximafipn 18 Approximation 2b g&,g},ll)

State | uexﬁ G0 M G0 G2 u u
209Bi(lh9/é) k.08 -3.82 4.06 -3.78  -h.26  L.10 3.98
2O9Bi(2f7/2). 4.41(65) =-2.08 5.16  -2.07  -2.33 5.15 I.65
“B1(11,5,,) 7.9 -3.k2  7.90  -3.41 -3.84  7.87  7.98
2°7Tz(3sl/2) 1.63 —2.12 1.73 =212 -2.38 1.73 1.08
2°7Pb(3p1/2) 0.59 1.64 0.60 1.61 1.7%  0.56 0.63
2O7Pb(2f5/2) 0.65(5)  1.95 0.78 1.91 2.06 0.7h 0.49
2°7Pb(3p3/2) -1.09 1.64  -1.23 1.61 1.7%  -1.23 . -0.hb
207Pb(li13/2) -0.98 3.22  -0.98 3.16 3.40  -0.96  =0.91

M1l Transitions -

Transition B(Ml)exp GO B(M1) G, . G, B(M1) B(M1)

207

| Pb(p3/2-+ pl/e) .32 .08 1.68 0.2k 1.63 1.75 0.26 0.001
207

- t
Pb(f,.{/2 f5/2) .25 .06 2,15 0.12 2.01 2.15 0.16 0.001
®These results are obtained with A;P = 221 MeV-fm3, A;n = -k9 MeV-fm3,
ng(p) = 0.08 nm, and Sg, (n) = -0.06 nm.
b X . 1 _ 3 ,1 _ 3
These results are obtained with App = 255 MeV+fm~, A = -94 MeV fm~,

pn
ng(p) = 0.08 nm, and Ggl(n) = 0,06 mm. '
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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.

Magnetic Maments

Maier
. | ‘et al.
State oMy G Gy N H

20931(3pl'/2)_ - .263 -1.75 ~1.97 i- .181 - .237.

20951(2f5/2) .86k ~2.06 -2.33 1.57 “ 1.83
#%81(3p,,) 3.79 -1.75 97 307 235
Tma(2a, ) 126 -2l 22 669 .TT2
a9 (iny, ) 119 ~3.78 k.26 6.62 - 6.87
207T£(2d5/2) | b9 -2 -2.72 '_ R 3.90 3.52

207T2(137/2) N -3.88 4,38 3.05 | . 2.90
209Pb(3d3/é) 1.15 1,42 1.53 .96 V'~}55u
209Pb(2g7/2) 1.49 1.72 1.86 .789 b2
2°9Pb(hsl/2) -1.91 .33 1.3 -1.25 | "-’.195
209Pb(1J15/2) -1.91 2.78 2.99 . -l19 f .989
209Pb(3d5/2) » §1.91_ | 1.h2 153 -k - .57k
209Pb(|ill/2) 1.62 3.16 3.40 291 .298
209Pb(239/2) - -1.91 1.72 1.86 -1.k2 . - 765
PTev 2z, ) -1.91 CL91 2,06 -L.2T = 67T
2Tev(Ing ) 1.56 3.37 3.64 286 .360

&In calculating Map it has been assumed that ng(p) = Ggl(n) = 0.

—
—
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Teble 5. Summary of theoretical magnetic moments and Ml rates obtained with _
realistic interactions. "Equivalent" zero-range results are also shown. g

—

Magnetic Moments ' s

a : b d e 4 ]

State v Guexp Sugam Sup s Sy Sbgr Suyp . i
“Prillng,) - 105 0.2 0.70°  0.43 0.8 0.k1
209Bi(2f7/2) ~1.60(65) -0.37  -0.63  -0.33
20931(!113/2) ~1.39 ~0.49 -1.01 -0.53

207 _ !

T2 : :

(351/2) -1.16 | -0.91 -0.47 ~0.76 -0.41 |

“Tev(3p, ),) 0.0 -0.19  -0.12  -0.01  -0.03 0 j

207Pb(2f5/2)  -0.54(5) -0.46 -0.40  -0.19 -0.32 ~0.17 '

2°7Pb(3p3/2) 0.88 0.52 0.31  0.52 0.28
2°7Pb(1113/2) 1.29 0.51 0.9 0.50

M1l Trensitions o 3 i

Transition : B(Ml)exp _ B(Ml),  B(ML),  B(M),.  B(M),. |

20719'::(p3/2--> pl/z) . 0.32 £ 0.08 | 0.4k 0.66 0.Lk 0.6L %

2°7Pb(f7/2-f £s/p) 0.25 t 0.06 0.57 0.3k 0.56 |

®The values of Ggg(q) given in Table 3 have been used in extrsacting 6uexp' A _

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

oscillator wave functions.

®This result has been taken from the work of Mavromatis'g§_§;: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. ' .«
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